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Foreword
480 participants asked the organizers to provide a printed book of abstracts; I
therefore take the opportunity to welcome the 1190 persons registered at the time of
this writing as active participants. Let's hope that the conference will be satisfactory
for all of us. Over fifty people have been involved in the organization, from the
electronic set-up, to the collection of abstracts, to fundraising and the organization
of events such as the romantic sunset reception at Boboli Gardens. The scientific
breadth of the conference is extensive and I hope that everyone will find his/her
niche of interest as well as a broad vision of the field. I would like to remind you
that the first chemistry conference was held in Karlsruhe in 1860 and that there
were 140 participants. At that conference Cannizzaro brought Avogadro's principle,
which allowed the determination of molecular weights, to the attention of the
participants. Since then the atomic weight of carbon moved from 6 to 12 and that of
oxygen from 8 to 16. Of course Mendeleev, who was a participant, enjoyed the
conference. Here we risk being 1200, and we risk missing the great
achievements. The conference will therefore be closed by three speakers, who will
try to summarize the main achievements in their field at the plenary level.
This book, besides the abstracts of the various actors, contains the names of the
members of the Program Committee. There are fifteen of them, and they have
contributed to suggesting a group of invited speakers with a wide range of
competences. There is also a National Welcoming Committee, which has
encouraged us, the local organizers, to overcome those difficulties that are of course
encountered when you undertake big challenges. Then there are the various
committees composed of colleagues and pupils from the University of Florence who,
as mentioned, have taken care of many important things as well as many details. As
far as this book is concerned, I would like to highlight the Abstract Committee
(Stefano Chimichi, Francesca Cantini, Claudia Andreini, and Angelo Gallo). Most if
not all of you have interacted with Francesca Morelli. She has been the soul of the
organization. Another soul has been Paola Turano, who took care of every activity
involving more than 1 Euro, from the young participant grants to the renting of the
convention center. Then of course there are Claudio Luchinat and Lucia Banci, who
have not done much because they assisted me, and I haven't done anything. Still, I
hope that we contribute to providing a pleasant, fruitful, and stimulating
atmosphere.
Ivano Bertini
Chair
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1. Ampere, ISMAR and Andrew Prize Lectures

Ampere Prize Lecture
Energy Storage and Conversion: Using Local Structural Probes to Understand
and Optimise the Functioning of Battery and Fuel Cell Materials
Baris Keya, Rangeet Bhattacharyyaa, Lucienne Buannica, Frederic Blanca and Clare P. Greya,b
a

Department of Chemistry, Stony Brook University, NY 11794-3400, Stony Brook, USA, bDepartment of Chemistry, University of Cambridge, Lensfield
Rd, CB2 1EW, Cambridge, UK (cpg27@cam.ac.uk)

The application of new NMR approaches to correlate structure and dynamics with function in materials lithium-ion
batteries and solid oxide fuel cells will be described. A particular focus is the development of methodology to allow these
systems to be investigated in-situ, i.e., under realistic operating conditions. This allows processes to be captured, which
are very difficult to detect directly by ex-situ methods. For example, we can detect side reactions involving the electrolyte
and the electrode materials, and processes that occur during extremely fast charging and discharging. The approach will
be demonstrated for the anode materials silicon and lithium metal. Lithium-ion batteries (LIBs) containing silicon have
been the subject of much recent investigation, because of the extremely large gravimetric and volumetric capacity of this
anode material. This material undergoes a crystalline-to-amorphous phase transition on electrochemical Li insertion into
crystalline Si, during the first discharge, hindering attempts to link structure in these systems with electrochemical
performance. We apply a combination of static, in-situ and magic angle sample spinning, ex-situ 7Li and 29Si nuclear
magnetic resonance to investigate the changes in local structure that occur in the actual working LIB. In another example,
we use the skin-depth effects associated with metals to develop a methodology to distinguish between the dendritic and
bulk lithium ion metal that is plated and stripped during lithium-ion battery cycling. In the second area, we illustrate the
use of NMR to investigate the nature of the defects in materials that have been proposed for use as electrolytes that
operate via either oxygen-ion or protonic conduction in solid oxide fuel cells. For example, BaZrO3 or BaSnO3 can be
doped with Y3+ or Sc3+ to create oxygen vacancies. These vacancies can be filled with H2O, the water molecules
dissociating to form mobile ions that contribute to the long-range ionic transport in these systems. NMR experiments are
used to examine the local structure, the locations of the vacancies and how this affects protonic/oxygen ion motion in
these systems.

ISMAR Prize Lecture
High Field Dynamic Nuclear Polarization – The Renaissance
Robert G. Griffin
Massachusetts Institute of Technology, Cambridge, MA (rgg@mit.edu)

Dynamic nuclear polarization (DNP) is rapidly moving to high fields and frequencies and evolving as an approach to
significantly increase sensitivity in MAS and solution NMR and imaging experiments. This renaissance is due to
advances on several fronts including new instrumentation, new polarizing agents tailored for specific experiments, and
magnetic resonance methodology. In this presentation we review new developments in each of these areas. Advances in
instrumentation include frequency tunable gyrotron sources that circumvent the requirement of a superconducting sweep
coil and developments in low temperature probe technology. New polarizing agents include molecules that more
effectively exploit the cross effect DNP mechanism or are more efficient at polarizing certain nuclear spin species such as
low-γ nuclei. New methods for performing DNP involve time domain experiments. In addition, we discuss applications of
these techniques to structural studies of amyloid and membrane proteins.
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Andrew Prize Lecture
Solid-state Magic-Angle Spinning NMR methods for tensor measurements and
protein structure refinement using chemical shift tensors
Benjamin J. Wyliea, W. Trent Franks, Lindsay J. Sperling, Andrew J. Nieuwkoop, Donghua H. Zhou,
Heather L. Frericks Schmidt, Charles D. Schwietersb, Eric Oldfieldc and Chad M. Rienstrac
a

Department of Chemistry, Columbia University, MC 3178 3000 Broadway New York, NY 10027, USA, (bw2276@columbia.edu)
Imaging Sciences Laboratory, Center for Information Technology, National Institutes of Health, Building 12A, Bethesda, MD 20892-5624,
Department of Chemistry, Department of Biochemistry and Center for Biophysics and Computational Biology, University of Illinois at UrbanaChampaign, Urbana, IL 61801
b
c

Solid-state NMR possesses the unique ability to measure structurally dependent anisotropic properties, including
chemical shift and dipolar tensors. Here we present multidimensional SSNMR experiments to measure tensor magnitudes
and orientations in the streptococcal β-1 immunoglobulin binding domain of protein G (GB1). Experimental techniques
presented include: three-dimensional experiments that recouple 13C or 15N chemical shift tensor (CST) powder lineshapes,
slow magic angle spinning analysis of highly-13C,15N-enriched solid proteins using 2D heteronuclear correlation at 750
MHz, and precise distance measurements using TEDOR. This work culminates in the first structure of a solid protein
solved and refined using Cα CST magnitudes and orientations to constrain backbone conformation. This is achieved by
comparing the experimental CST elements to ab initio chemical shielding calculations as a function of local
conformational degrees of freedom. To this end, a customized CST force field was generated and used as a restraint class
in the XPLOR-NIH simulated annealing algorithm. By combining CST information with vector angles and TEDOR
distances we generated a family of highly precise (~0.18 Å backbone RMSD) and accurate (up to 0.5 Å relative to the
2QMT crystal structure) protein structures. These results demonstrate that de novo structure calculations utilizing Cα CST
data can yield atomic-resolution structures of solid proteins.
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__________________________________________________________________________________________________

Speed
Ray Freemana and Ēriks Kupčeb
a

Jesus College, Cambridge, CB5 8BL, UK (rf110@hermes.cam.ac.uk)
Agilent Technologies, 6 Mead Road, Yarnton, Oxford, OX5 1QU, UK

b

Multidimensional methods have revolutionized NMR spectroscopy, ever since the early initiative of Jean Jeener. The
one fly in this particular ointment has been the long duration of some of the experiments, particularly when several
dimensions are used. Several ways for speeding up these measurements are discussed – multiple parallel receivers,
Hadamard spectroscopy, spatially-encoded single scan methods, and projection-reconstruction. Applied to biological
macromolecules such as proteins, these investigations tend to favour higher and higher dimensions in order to combat
spectral overlap and to accommodate carbon-13 and nitrogen-15 isotopic enrichment. The concept of hyperdimensional
spectroscopy has been introduced to pave the way for high dimensionalities, for example spectra from the ten-dimensional
spin systems of two adjacent aminoacid residues.
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__________________________________________________________________________________________________

NMR on Surfaces
Lyndon Emsley
Université de Lyon, Centre de RMN à Très Hauts Champs, CNRS / ENS de Lyon / UCBL,5 rue de la Doua, 69100 Villeurbanne, France,
(lyndon.emsley@ens-lyon.fr)

Catalysts are the key actors in many chemical processes. The precise understanding of their active sites is the key to
controlling these complex systems and improving their design in a rational way. When the catalyst is grafted on a surface,
many characterization methods are compromised. We have shown over the last few years that multi-dimensional magicangle-spinning solid-state NMR spectroscopy can play a major role in characterizing single site heterogeneous catalysts,
obtained by grafting organometallic compounds onto an oxide support.
We will present new methods for studying heterogeneous organometallic systems using ultra-fast magic angle
spinning (>60 kHz). Ultra-fast MAS is found to profoundly change 1H spectra in these systems, which in turn allows the
development of a range of new approaches to characterization and structure determination.
The first direction is the study of diamagnetic systems. One example here will be the effect of ultra-fast MAS on the
assignment of the 1H NMR spectra of phenolic species grafted in the interior of mesostructured organic-inorganic hybrid
materials. The change in resolution between moderate and fast MAS in these materials is spectacular, allows the
implementation of multi-dimensional 1H-1H correlations, and is determinant for the full characterization of the structures.
The second direction we pursue is the complete characterization of paramagnetic metal complexes and materials. Here
we will demonstrate how to determine full crystal structures by using both the isotropic pseudo-contact shifts and the
anisotropy of the paramagnetic shifts. This requires ultra-fast MAS and the development of sophisticated adiabatic pulse
schemes, including “single-band” methods for obtaining perfect inversion in highly paramagnetic systems.
Finally, methods for sensitivity enhancement in organometallic systems will be investigated.

__________________________________________________________________________________________________

Why NMR and MRI, as useful as they are for analyzing art, are sometimes
outperformed by other techniques, such as RAMAN
Richard R. Ernst
Laboratorium für Physikalische Chemie ETH Zürich, 8093 Zürich, Switzerland (ernst@nmr.phys.chem.ethz.ch)

NMR is a great tool, also in the arts. However, it requires special circumstances to render it applicable. As is well
known, its major handicaps are low sensitivity and size-limitations of the objects that can be handled by conventional
high-sensitivity and high-spectral-resolution techniques. Obviously, the NMR mouse is the method of choice for
exploring arbitrarily large objects, however again with severe sensitivity and resolution limits. NMR mouse investigations
are focusing usually on the study of bulk materials, mostly by relaxation measurements, providing information on
molecular mobility. Plaster, gypsum, concrete, and other bulk materials can be studied very efficiently by NMR. –
Another approach would be sample taking from artworks for conventional NMR studies, for example, sampling pigment
layers on a painting. But in nearly all cases, the degree of destruction of the artwork would by far exceed the potential
information gain.
X-ray based techniques, especially X-ray fluorescence analysis (XRF) are valuable non-destructive alternatives for
obtaining rather specific local information, primarily on the elemental composition of pigment layers and of the
supporting material. However, a full chemical identification of compounds with similar elemental composition is often
not possible. Also depth information for multi-layer paintings is not easily obtainable. To a limited extent, also Fouriertransform infrared (FTIR) can be applied nondestructively.
A nearly ideal technique is RAMAN microscopy. It can be applied nondestructively; it has high spatial resolution, it is
surface-specific, and it is fully characteristic for a wide range of chemical compounds, such as pigments. - In the lecture,
optimized instrumental set-ups and techniques are described and fascinating applications to Central Asian, in particular
Tibetan scroll paintings are presented.
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Molecular Dynamics and Neurodegeneration as seen by NMR spectroscopy
N.-A. Lakomeka, O. F. Langeb, K. F. A. Waltera, M. Funka, D. Bana, D. Leea, H. Schmidta, K. Seidela,
C. Farès c, D. Eggerd, P. Lunkenheimerd, R. Kreee, J. Meilerf, Ö. Poyrazg, M. Kolbeg, A. Zychlinskyg,
H. Grubmullerb, X. Salvatellah, R.B. Fenwickh, S. Beckera, B. de Grootb, P. Karpinara,j, S.
Ryazanova,j, M. Babua,i,j, H. Heisea,j, J. Wagnerm, C.O. Fernandezk, A. Fischerj,l, N. Wenderk,l, N.
Resaei Ghaleha,j, S. Eimerj,l, H. Jäcklei, A. Leonova,j, A. Giesem, J. Schulzj,n, A. Langea, M. Baldusa,j,
M. Zweckstettera,j and Christian Griesingera,j
a

Dept. for NMR-based Struct. Biology, Max-Planck Institute for Biophysical Chemistry (cigr@nmr.mpibpc.mpg.de)
Dept. for Theoretical Biophysics, Max-Planck Institute for Biophysical Chemistry; cMax-Planck Institute fürKohleforschung; dUniversity of Augsburg,
Experimental Physics V; eUniversity of Göttingen, Institute for Theoretical Physics; fVanderbilt University, Department of Chemistry, Center of
Structural Biology; gMax-Planck-Institute for Infection Biology, Cellular Microbiology; hInstitute for Research in Biomedicine Barcelona; iMolecular
Evolution Biology, Max Planck Institute for Biophysical Chemistry; jDFG-Center for the Molecular Physiology of the Brain; kInstituto de Biología
Molecular y Celular de Rosario - Facultad de Ciencias Bioquímicas y Farmacéuticas - Universidad Nacional de Rosario Suipacha; lEuropean
Neuroscience Institute Göttingen; mCenter for Neuropathology and prion research, LMU; nDept. of Neurodegeneration and Restaurative Research,
Center of Neurological Medicine
b

The possibility to explore dynamics of proteins and other biomolecules will be presented based on the accurate
measurement of anisotropic parameters such as residual dipolar couplings.1 Rates of interconversion between ensembles
will be measured by low temperature relaxation dispersion and related to other biophysical methods. The amount of
correlated motion will be characterized by cross correlated relaxation.2 The impact on protein recognition will be
discussed. In a second part, folding and refolding upon aggregation in infection biology and neurodegeneration will be
described on two examples that require a combined approach of liquid and solid state NMR.3 It is shown how the
information from NMR is used for drug development.4
References:
1. Lange, O. F., et al., Science, 320, 1471 – 1475 (2008)
2. Reif, B., Hennig, M., and Griesinger, C., Science, 276, 1230 – 1233 (1997)
3. Ö. Poyraz et al., Nat. Mol. Struct. Biol. in press (2010); P. Karpinar, et al. EMBO J 28, 3256 – 3268 (2009)
4. A. Giese et al. WO 2010/000372 A2, Jan. 7. 2010

__________________________________________________________________________________________________

Structural and Dynamic Basis for the Assembly of Protein Machineries by NMR
Charalampos Kalodimos
Department of Chemistry & Chemical Biology, Rutgers, 599 Taylor Rd, Piscataway, New Jersey, 08854, USA
(babis@rutgers.edu)

We will discuss the application of NMR spectroscopy to characterizing supramolecular protein systems. Our lab is
actively applying NMR to determine the functional mechanisms of many machineries: the protein translocase, the
transcription machinery and the type III secretion machinery. Recent results will be discussed.
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In vivo applications of MR physiological and metabolic imaging
Sarah J. Nelson
Department of Radiology and Biomedical Imaging, University of California San Francisco, 1700 4th Street, San Francisco, CA 94158
(sarah.nelson@radiology.ucsf.edu)

With the availability of higher field whole body MR scanners, in vivo studies are increasingly integrating anatomic
with physiological and metabolic imaging. When combined with the development of multi-channel radiofrequency coils,
this has provided 2 to 10-fold increases in sensitivity and spectral resolution of the MR data being acquired. For patients
with neurological diseases, this has been used to either decrease the acquisition time for routine 3T scans by a factor of 4
or to improve the coverage and/or spatial resolution of the data being acquired. This is critical for predicting whether
patients are likely to respond to therapy, for planning focal therapy and for evaluating the effectiveness of new treatments.
Preliminary results using high resolution angiography and phase imaging with 7T whole body scanner have underlined the
potential for improved visualization of vascular and anatomic lesions in Multiple Sclerosis and other neurodegenerative
diseases. The use of hyperpolarized C-13 agents is a promising method for improving the sensitivity and specificity of
metabolic imaging. DNP polarization has been shown to provide a >10,000 fold signal enhancement for detecting 13C
probes of endogenous, nontoxic substances and have the potential for monitoring fluxes through multiple biochemical
pathways such as glycolysis, the citric acid cycle and fatty acid synthesis. Preliminary studies performed using a whole
body MR scanner in pre-clinic models of prostate, liver and brain cancers have provided promising results in terms of
using this technology to assess disease severity and response to therapy.

__________________________________________________________________________________________________

Developments and Applications of Multi-Extreme THz ESR System
Hitoshi Ohtaa,b,c, Eiji Ohmichib, Susumu Okuboa and Takahiro Sakuraic
a

Molecular Photoscience Research Center, Kobe University,1-1 Rokkodai-cho, Nada, 657-8501, Kobe, Japan
Graduate School of Science, Kobe University,1-1 Rokkodai-cho, Nada, 657-8501, Kobe, Japan
c
Center for Support to Research and Education Activities, Kobe University,1-1 Rokkodai-cho, Nada, 657-8501, Kobe, Japan, (hohta@kobe-u.ac.jp)
b

Developments of our multi-extreme THz ESR system1 and its applications are presented. Our ESR system, which
covers the frequency range of 30 GHz to 7 THz using Gunn oscillators, backward wave oscillators (BWO) and farinfrared laser, can be operated under multi-extreme conditions, such as the pulsed magnetic field up to 55 T,1 the
temperature down to 1.8 K, the pressure up to 1.4 GPa2 and the detection of micrometer order sample.3 The pulsed
magnetic field is applied using reinforced Cu-Ag wire magnet and 300 kJ (10kV) capacitor bank. The examples of high
spectral resolution measurement of finite Haldane chain antiferromagnet4 and the magnetic phase transition measurements
of magnon Bose-Einstein condensation system will be shown. The pressure is applied using the clamped type piston
cylinder pressure cell, which enables the transmission of electromagnetic wave using sapphire or zirconia pistons. The
pressure dependence of spin gap in KCuCl3 dimer antiferromagnet will be shown. Finally, highly sensitive THz ESR
measurement system using micro-cantilevers will be shown, and we achieved the sensitivity of 1011 spins/G3.
References:
1. Ohta H., et al., Appl. Magn. Reson., 35, 399 – 410 (2009)
2. Sakurai T., et al., Rev. Sci. Inst., 78, 065107/1 – 6 (2007)
3. Ohta H. and Ohmichi E., Appl. Magn. Reson., 37, 881 – 891 (2010)
4. Yoshida M., et al., Phys. Rev. Lett., 95, 117202/1 – 4 (2005)
Acknowledgments: This work is partly supported by Grants-in-Aid for Creative Science Research (No. 19GS1209), Young Scientists (A) (No.
19684012), Exploratory Research (Nos. 16654057 and 1954051) from Japan Society for the Promotion of Science (JSPS), by a Grant-in-Aid for
Scientific Research on Priority Areas “High Field Spin Science in 100T” (No. 451) from the Ministry of Education, Culture, Sports, Science and
Technology (MEXT), by funding provided by Research for Promoting Technical Seeds from the Japan Science and Technology Agency (JST).
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Force-detected nanoscale MRI: recent progress and challenges ahead
Daniel Rugar
IBM Research Division, Almaden Research Center, 650 Harry Rd., San Jose, CA 95120, USA (rugar@almaden.ibm.com)

Motivated by the quest for a molecular structure microscope, we are working to dramatically enhance the resolution of
magnetic resonance imaging (MRI) using a technique called “magnetic resonance force microscopy” or MRFM. MRFM
achieves a 100 million-fold improvement in sensitivity over conventional MRI by replacing the traditional inductive
pickup with ultrasensitive detection of magnetic force. By combining this sensitivity improvement with novel methods for
spin manipulation, we have successfully detected individual electron spins and nanoscale ensembles nuclear spins. By
carefully measuring the magnetic force from nuclear spins as a function of position, 3D images of nuclear spin density can
be reconstructed with resolution better than 10 nm.1
In this talk we will review the basic principles of nanoscale MRFM. The measurement of statistical spin polarization,
double resonance in statistically polarized ensembles and techniques for MRFM signal multiplexing will be discussed.
Prospects for pushing the resolution below 1 nm and turning this technique into a useful tool for structural biology will be
addressed. A key challenge will be overcoming near-surface force noise at close tip-sample distances.
References:
1. Degen C. L., Poggio M., Mamin H. J., Rettner C. T. and Rugar D., Proc. Natl. Acad. Sci. U.S.A., 106, 1313 – 1317 (2009)
Acknowledgments: This work was performed in collaboration with John Mamin, Christian Degen, Martino Poggio, Ginel Hill and Beth Pruitt. Partial
support from the NSF-funded Center for Probing the Nanoscale at Stanford University and the US Army Research Office.

__________________________________________________________________________________________________

Resolving antimicrobial and amyloid peptides in membranes
Frances Separovic
School of Chemistry, Bio21 Institute, University of Melbourne, Melbourne, VIC 3010, Australia (fs@unimelb.edu.au)

The results of solid-state NMR studies aimed at determining the orientation and location of antimicrobial peptides
obtained from Australian tree frogs and amyloid peptides in phospholipid membranes will be discussed. The detailed
structure of these peptides in membranes is difficult to determine as they disrupt the phospholipid bilayer. Solid-state
NMR techniques are being used to determine the conformation and mobility of these pore-forming peptides in order to
understand the mechanisms by which they exert their biological effect that leads to the disruption of biological
membranes. Both static and magic angle spinning techniques have been applied to antimicrobial peptides in a range of
model membranes, which reveal that the peptide activity is strongly dependent on the lipid composition of the bilayer and
correlate with the selectivity for bacterial membranes. Similarly, the membrane interactions and structural changes of
Aβ(1-42) and Aβ(1-40) from Alzheimer’s disease are dependent on the presence of cholesterol and metal ions, which
have been implicated in the disease. The data from both the amyloid and antimicrobial peptides reveal the importance of
using appropriate membranes systems for studying membrane-active peptides.
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Solid-State NMR Analysis of H+-ATP Synthase Subunit c-Ring in Membranes
Hideo Akutsu

Institute for Protein Research, Osaka University, 3-2 Yamadaoka, Suita 565-0871, Japan and Department of Biophysics and Chemical Engineering,
Seoul National University (akutsu@protein.osaka-u.ac.jp)

The subunit c-ring of H+-ATP synthase (Foc-ring) plays an essential role in the proton translocation across membranes
driven by the electrochemical potential. To understand its structure and function, we have carried out solid-state NMR
analysis of membrane-reconstituted Foc-rings under magic-angle sample spinning. The uniformly [13C, 15N]- and
specifically labeled Foc from E. coli (EFoc) and thermophilic bacterium PS3 (TFoc) were reconstituted into lipid
membranes. AFM images of TFoc/membranes revealed ring structures. Reconstitution of the ring to FoF1 complexes
recovered the proton-translocation activity coupled with ATP hydrolysis. The high-resolution two- and three-dimensional
spectra were obtained, and the 13C and 15N signals were assigned. The obtained chemical shifts suggested that EFoc and
TFoc take on hairpin-type helix-loop-helix structures in membranes. The results on the magnetization transfer between the
EFoc and deuterated lipids indicated that Ile55, Ala62, Gly69 and F76 were lined up on the outer surface of the ring. This
is in good agreement with the cross-linking results previously reported. Distance analysis of the 13C nuclei distance of [313
C]Ala24 and [4-13C]Asp61 in the Foc-ring did not agree with the model structures proposed for the EFoc-decamer and
dodecamer. Interestingly, the carboxyl group of the essential acidic amino acid in the membrane-embedded Foc-ring
turned out to be protonated as COOH even at neutral pH.

__________________________________________________________________________________________________

New developments in low field Nuclear Magnetic Resonance
Friedrich W. Häsinga, Ali Gordji-Nejada, Stephan Glögglerb, Ulrich Sielinga, Quingxia Gongb,
Bernhard Blümichb and Stephan Appelta
a
b

Zentralinstitut für Elektronik, Forschungszentrum Juelich, Wilhelm-Johnen Straße, 52428 Juelich, Germany (st.appelt@fz-juelich.de)
ITMC, RWTH Aachen University, Worringerweg 1, 52074 Aachen, Germany

We report about advances in high resolution low field NMR spectroscopy. Three fundamental issues are addressed: 1)
the problem of limited access to chemical shift information in low field, 2) the signal to noise problem (SNR) for small
number of spins and 3) the dual correspondence between high and low field NMR spectroscopy.
With respect to problem 1, 1H chemical shift differences of small organic molecules in the ppm range can be measured
down to the ultimate limit of the static field, where the chemical shift differences correspond to the line width. We show
that this limit can be broken if different hetero-nuclear J-couplings for the corresponding chemical groups are present.
We tackled the problem of insufficient SNR in low magnetic fields by application of continuous flow PHIP
technology, resulting in the ability to detect a few nl of samples in a single scan and with mobile low field NMR
spectrometers.
Concerning issue 3 we derived a theory describing the structure of strongly and weakly J-coupled NMR spectra over
the entire B-field range. This can be delineated into two weakly and one strongly J-coupled regime. The theory predicts
the existence of boundaries Bi where the complexity of J-coupled NMR spectra changes in terms of the number of lines.
Moreover the spectra of the two weakly coupled regimes at high (~ 1 T) and low field (~ 10-7 T) are in dual
correspondence to one another in the sense that in both cases the chemical structure may be unambiguously determined.
References:
1. Appelt S., Glöggler S., Häsing F. W., Sieling U., Gordji-Nejad A. and Blümich B., Chem. Phys. Lett., 485, 217 – 220 (2010)
2. Appelt S., Häsing F. W., Sieling U., Gordji-Nejad A., Glöggler S. and Blümich B., Phys. Rev. A, 81, 023420 – 023431 (2010)
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New developments in dissolution-DNP for in vivo imaging
Jan H. Ardenkjaer-Larsen
GE Healthcare, Park Alle 295, 2605 Brøndby, Denmark (jan.henrik.ardenkjaer-larsen@ge.com)

Magnetic Resonance continuous to make great progress on several technological fronts, and sensitivity has been
improved dramatically over the last decades. However, despite these advancements the sensitivity of MR is still limited
by a low thermal polarization. During the last decade several techniques for hyperpolarizing nuclear spins in molecules in
solution have become available; in particular para-hydrogen induced polarization (PHIP) and DNP in the solid state
followed by dissolution (dissolution-DNP). These methods offer many new possibilities in MR.
This talk will summarize some of the recent developments in the field of dissolution-DNP for in vivo imaging (MRI).
Dissolution-DNP is being developed for MRI and is currently in clinical development. To make this a viable clinical
method several technological and scientific advancements will have to take place. The talk will focus on four main areas:
1) Strategies for reaching the highest nuclear polarization by DNP: Doping with Gd-chelates,
new radicals and magnetic field and temperature dependence
2) Strategies for sample formulation to enable new compounds
3) Dissolution physics: How to retain polarization and control relaxation; optimize fluid
dynamics for complete sample recovery and achieve a homogenous liquid sample
4) Clinical polarizer technology: How to ensure a safe and sterile solution by appropriate inline quality control, improve sample throughput for patient flow, automate process,
eliminate liquid cryogen handling and large mechanical pumps
Dissolution-DNP is a young and immature field with still many scientific questions to be
addressed and resolved. Despite of this it has progressed rapidly into clinical development.
References:
1. Ardenkjær-Larsen J. H., Fridlund B., Gram A., et al., Proc. Natl. Acad. Sci. U.S.A., 100, 10158 – 10163 (2003)
2. Ardenkjaer-Larsen J. H., Macholl S. and Johannesson H., Appl.Magn.Reson., 34, 509 – 522 (2008)
3. Jóhannesson H., Macholl S. and Ardenkjaer-Larsen J. H., J Magn Reson, 197, 167 – 175 (2008)
4. Macholl S., Jóhannesson H. and Ardenkjaer-Larsen J. H., Phys Chem Chem Phys, 12, 5804 – -17 (2010)
5. Jam J., Ardenkjaer-Larsen J. H., et al., Proceedings of the ASME Summer Heat Transfer Conference 2008, 2, 559 – 567 (2009)
6. Urbahn J., et al,., International Cryogenic Engineering Conference 22 and International Cryogenic Materials Conference 2008, Seoul, Korea (2008)

__________________________________________________________________________________________________

Interaction of cisplatin with transport proteins: solution and in-cell NMR studies
Fabio Arnesano
Department Farmaco-Chimico, University of Bari “A. Moro”, via E. Orabona 4, 70125, Bari, Italy (arnesano@farmchim.uniba.it)

NMR spectroscopy has two distinctive features that make this technique an excellent tool for structural studies of
biological macromolecules: i) the sensitivity of the chemical shift of an NMR-active nucleus to changes in its chemical
environment; ii) the ability to gather information about molecules under physiological or near-physiological conditions.
Thanks to these features, NMR allows to study the interaction of biological macromolecules with several classes of
binding partners, including clinically relevant drugs and metal ions. In particular, NMR can address key biological and
mechanistic issues related to cellular processes involving metal ions. In vitro studies are essential to provide a high
resolution structural characterization of the metal-protein adducts, the overall conformation of the protein in solution as
well as the coordination geometry and the nature of the ligands around the metal center. For this purpose, tailored isotope
labeling strategies are applied; in some cases the metal nucleus can be directly detected.
Furthermore, the non-invasive character of NMR spectroscopy makes it ideal to probe the
binding mode and interactions of proteins with metal ions inside living cells.1 It is crucial for incell biomolecular studies to distinguish the resonance frequencies of the macromolecule of
interest from those of all other cellular components crowding the sample. Solution and in-cell
NMR spectroscopy is used to monitor the interaction of the anticancer drug cisplatin with
proteins involved in copper trafficking.2 Membrane transporters and soluble chaperones of
copper ions also mediate cellular uptake of and resistance to platinum-based drugs.3
References:
1. Serber Z., Selenko P., Hänsel R., Reckel S., Löhr F., Ferrell J. E. Jr., Wagner G. and Dötsch V., Nat. Protoc., 1, 2701 – 2709 (2006)
2. Arnesano F., Scintilla S. and Natile G., Angew. Chem. Int. Ed., 46, 9062 – 9064 (2007)
3. Arnesano F. and Natile G., Coord. Chem. Rev., 253, 2070 – 2081 (2009)
Acknowledgments: I thank the CIRCMSB (www.circmsb.uniba.it) and the CERM Research Infrastructure (www.cerm.unifi.it).
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Structural genomics of chromatin interacting proteins
Cheryl Arrowsmith
Ontario Cancer Institute and Department of Medical Biophysics, University of Toronto Suite 700, 101 College St. Toronto, Ontario Canada M5G 1L7
(carrow@uhnres.utoronto.ca)

We are taking a protein family approach to understand how human protein domains act as recognition modules for
specific histone tail sequences and their post translational modifications (PTMs). Covalently modified histones within
chromatin are the “language” of the histone code that determines whether associated genes are transcriptionally active or
not. A variety of biophysical techniques (peptide arrays, ITC, fluorescence polarization, differential scanning fluorimetry)
together with structural studies (NMR and x-ray crystallography) help explain mechanisms of binding selectivity for these
proteins. NMR has played a crucial role in elucidating the mechanism of recognition of these modules in several cases
where crystallography provides an incomplete picture. I will discuss the role of NMR in structural genomics including our
current strategies for rapid, parallel protein structure determination by NMR as well as hybrid approaches for more
challenging systems. Strategies that will be discussed include non uniform sampling of multidimensional spectra
processed with multidimensional decomposition (MDD)1,2 and protein resonance assignment and solution structure
determination using ABACUS3,4 and CS ROSETTA. Structural genomics allows one to objectively assess the advantages
and disadvantages of these approaches and has helped drive the development of methods for evaluation of solution
structures by various techniques.
References:
1. Luan T., et al., J Biomol NMR, 33, 1 – 14 (2005)
2. Luan T., et al., J Magn Reson, 174, 188 – 99 (2005)
3. Lemak A., et al., J Biomol NMR, 41, 29 – 41 (2008)
4. Grishaev A., et al., Proteins, 61, 36 – 43 (2005)
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Structure and dynamics of bitopic and politopic membrane helical proteins
Alexander Arseniev, Eduard Bocharov, Zakhar Shenkarev, Konstantin Mineev and Alexander
Paramonov
Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russian Federation (aars@nmr.ru)

Helical membrane proteins are a major class of membrane proteins that are essentially involved in key processes
including bioenergetics, signal transduction, ion transmission, catalysis, and so on. This class of proteins is characterized
by the presence of highly hydrophobic stretches of ca. 20 amino acids, which span the membrane in a helical
conformation. Helical membrane proteins can exist as simple structures, with just one or a few helices spanning a
membrane, as well as large oligomeric complexes with many transmembrane helices.
The lecture will present our experience with high-resolution NMR study of structure and dynamics of several homo
and hetero dimers of transmembrane domains of EphA and ErbB families of bitopic receptor tyrosine kinases and fourhelical voltage-sensing domain of the archaeal potassium channel KvAP. The following issues will be discussed: a)
effective peptide/protein expression, b) choice of solubilization media and prove of the native fold, c) search for NMR
constraints, d) specificity and details of helix-helix interactions and e) what can we learn at present about functioning of
the membrane proteins based on NMR data.
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NMR sppectroscopy provides an element-specif
e
fic probe of local structurre and dynam
mics in solid
ds, without anny
requirement for long-rangge order. Whiilst techniques such as magic-angle spinnning (MAS) can achieve high-resolutioon
spectra in many
m
cases, foor disordered systems we typically see a distributionn of NMR paarameters and
d correspondinng
broadening or
o splittings inn the spectrum
m, hindering annalysis. There has been connsiderable receent progress in
n the calculatioon
of NMR paraameters from “first principles” in perioddic systems, aiiding both speectral assignm
ment and interrpretation. Herre,
we combinee high-resoluution NMR experiments with DFT calculations
c
to
investigate disorder
d
in (Y
Y2Ti2–xSnxO7) pyrochlore ceeramics. Thesse materials are
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of particular interest for thheir applicatioon in the longg-term storagee of radioactivve
waste.
In additioon to 89Y andd 119Sn MAS NMR,
N
we also compare ex
xperimental annd
calculated vaalues of the 89Y/119Sn cheemical shift anisotropy
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SA). These are
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measured ussing a two-ddimensional approach,
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MRI can elucidate the interior structture of an optiically opaque object in unparalleled detaail but is ultim
mately limited by
b
the need to enclose
e
the object
o
within a detection cooil; acquiring the image
with increasiingly smaller pixels reduces the sensitivity because each pixel
occupies a proportionately
p
y smaller fracction of the detector’s
d
volu
ume. Here,
we overcomee this limitatiion using rem
motely detectedd MRI: imagees of fluids
flowing in ann object are encoded
e
into the
t phase andd intensity of their
t
NMR
signals and decoded
d
by a single
s
volumee-matched dettector after theey flow out
of the sample. Using rem
mote detectionn, we accelerrate MRI acq
quisition in
microfluidic devices by 1006, obtaining microscopic
m
( to 10 μm)) images of
(up
flow and vellocity distribuutions. In the context of reemote detectio
on, we introduuce compressiive sampling techniques thhat
further reducce the time reqquired to acquuire these imaages, particulaarly when a priori
p
data aboout the flow geometry
g
can be
incorporated into the imagge reconstructtion algorithm
m. Finally, we provide illusttrative examplles of remotelly detected MR
RI
velocimetry in microporoous systems such as packked bead miccroreactors annd chromatoggraphy colum
mns. Our resuults
illustrate thee facile integrration of MRII with microsscale assays and
a suggest generalizations
g
s to other sysstems involvinng
microscopic flow, includinng microvascuulature in livinng organisms.
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Selective membrane transport systems investigated by solid-state NMR
spectroscopy
Christian Ader, Abishek Cukkemane, Sabine Gradmann, Deepak Nand, Marie Renault and Marc
Baldus
Bijvoet Center for Biomolecular Research. Structure, Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands (m.baldus@uu.nl)

Cellular membranes are critically involved in elementary cellular functions such as partitioning, signal transduction or
molecular transport. In our contribution, we describe recent progress to dissect the structural details of ion channel
transport and inactivation.1 Recent ssNMR studies in our group also reveal a remarkable interplay between protein
structure and dynamics in the permeability barrier of nuclear pore complexes (NPCs). These protein networks control all
molecular trafficking between the nucleus and the cytoplasm in eukaryotic cells. Yet. the structural details of their
function has remained elusive. Using ssNMR, we identified specific transient hydrophobic interactions between Phe and
methyl side chains as well as intermolecular β-sheets between Asn-rich spacer regions in the 62 kDa FG/FxFG repeat
domain of the yeast nuclear pore complex protein Nsp1p. These results not only provide novel insight into the structural
aspects of nucleo-cytoplasmic exchange but also establish a functional link between molecular trafficking and
Amyloidosis.2
References:
1. Ader C., Schneider S., Hornig S., Velisetty P., Vardanyan V., Giller G., Ohmert I., Becker S., Pongs O. and Baldus M., Embo J., 28, 2825 – 2834
(2009)
2. Ader C., Frey S., Maas W., Schmidt H. B., Goerlich D. and Baldus M., Proc. Natl. Acad. Sci. U.S.A., 107, 6281 – 6285 (2010)
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Magnetic resonance in semiconductor nanostructures: EPR, ESE, ENDOR and
ODMR studies
Pavel G. Baranov
Ioffe Physical-Technical Institute, Politekhnicheskaya 26, 194021, St.-Petersburg, Russia (Pavel.Baranov@mail.ioffe.ru)

High-frequency electron paramagnetic resonance (EPR), electron spin echo (ESE), electron-nuclear double resonance
(ENDOR) and optically detected magnetic resonance (ODMR) spectroscopy is shown to be excellent tools for the
investigation of the electronic properties of semiconductor nanostructures. Results are presented on doped ZnO and CdS
quantum dots (QDs). Shallow donors (SDs) have been identified in this material. The shallow character of the wave
function of the donors is evidenced by the multitude of ENDOR transitions. The spatial distribution of the electronic wave
function of a SDs in a ZnO semiconductor QDs has been determined in the regime of quantum confinement, the effect of
confinement on the g-factor of SD's in ZnO as well as in CdS QD's are observed. Hyperfine interactions as monitored by
ENDOR spectroscopy quantitatively reveal the transition from semiconductor to molecular properties upon reduction of
the size of the nanoparticles. An almost complete dynamic nuclear polarization (DNP) of the 67Zn nuclear spins in the
core of ZnO quantum dots and the 1H nuclear spins in the Zn(OH)2 capping layer can be achieved by saturating the EPR
transition of the SDs with resonant high-frequency microwaves at low temperatures. DNP manifests itself as a hole and an
antihole in the EPR absorption line of the SDs in the QDs and a shift of the hole. Spin-dependent electron-hole
recombination has been studied by monitoring tunnelling afterglow and ODMR in ZnO QD’s.
The results are reported of application of ODMR and level anticrossing (LAC) spectroscopy for the investigations and
local diagnostics of GaAs/AlAs and GaAs/AlGaAs quantum wells and superlattices and self-organized oriented
semiconductor nanocrystals embedded in crystalline matrix. ODMR, ESE and EPR have been applied for detection of
nitrogen-related centers: isolated N donors and nitrogen-vacancy (NV) defects in nanodiamonds.
Acknowledgments: The work has been supported by Ministry of Education and Science of Russia, contract no. 02.740.11.0108, the Programs of
RAS:‘‘Spintronics’’; ‘‘Support of Innovations and Elaborations’’; ‘‘Basic Researches of Nanotechnologies and Nanomaterials’’ and by the RFBR under
Grant no. 09-02-01409.
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HF-EPR study of Magnetic anisotropy in Tetrairon(III) Single-Molecule Magnets
Anne-Laure Barraa, Andrea Corniab, Dante Gatteschic, Roberta Sessolic and Lorenzo Soracec
a

LNCMI-CNRS, 25 rue des Martyrss,38042, Grenoble, France (anne-laure.barra@lncmi.cnrs.fr)
Department of Chemistry, University of Florence, Via della Lastruccia3-13, 50019 Sesto Fiorentino, Italy,
Department of Chemistry, University of Modena and Reggio-Emilia, Via G. Campi 183, 41100 Modena, Italy

b
c

Molecules showing slow relaxation of the magnetization at low temperature, known as Single Molecule Magnets
(SMMs), have represented a major breakthrough in nanomagnetism. Especially, they exhibit classical and quantum effects
in the dynamics of the magnetization. HF-EPR spectroscopy has demonstrated to be a key tool to characterize these
quantum systems and provide information on their magnetic anisotropy. SMM are complexes displaying a large spin
ground state S associated to an Ising type magnetic anisotropy, leading to the presence othe reversal of the magnetization
at low temperature. Axial anisotropy terms govern the height of the barrier whereas transverse magnetic anisotropy terms
influence the quantum tunneling of the magnetization.
Tetrairon(iii) complexes with a propeller-like structure, of formula [Fe4(L)2(dpm)6], are providing an important class
of Single Molecule Magnets displaying synthetic flexibility and ease of functionalization (Hdpm = 2,2,6,6-tetramethylheptane-3,5-dione). We report on a series of derivatives prepared by using tripodal bridging ligandsL. HF-EPR spectra at
low temperature have been collected on polycrystalline samples of several complexes in order to determine the zero-field
splitting (zfs) parameters in the ground S = 5 spin state. In all these compounds, a remarkable correlation is found between
the axial zfs parameter D and the pitch γ of the propeller-like structure. The origin of the relationship will then be directly
illustrated on the newly synthesized heterometallic complex [Fe3Cr(L)2(dpm)6], with H3L = 2-phenyl-2-hydroxymethylpropane-1,3-diol, together with its Cr- and Fe-doped Ga4 analogues, which contain chromium(III) in the central position
(for the Cr doped Ga4) and iron(III) in two magnetically-distinct peripheral sites (for the Fe doped Ga4). The doped Ga4
complexes allow establishing the single ion contributions to the magnetic anisotropy of the parent SMM complex.

__________________________________________________________________________________________________

The sticky fingers of influenza visualized by modern solution NMR
Justin Lorieau, Alex Grishaev, John Louis and Ad Bax
Laboratory of Chemical Physics, NIDDK, NIH, Bethesda, MD 20892, USA (bax@nih.gov)

All but five of the N-terminal 23 residues of the HA2 domain of the influenza virus glycoprotein hemagglutinin (HA)
are strictly conserved across all 16 serotypes of HA genes. The structure and function of this HA2 fusion peptide (HAfp)
continues to be the focus of extensive biophysical, computational, and functional analysis, but most of these analyses are
of peptides that do not include the strictly conserved residues Trp21-Tyr22-Gly23. The heteronuclear triple resonance NMR
study reported here of full length HAfp of sero subtype H1, solubilized in dodecylphosphatidyl choline (DPC), reveals a
remarkably tight helical hairpin structure, with its N-terminal α-helix (Gly1-Glu11) packed tightly against its second αhelix (Trp14-Gly23), with six of the seven conserved Gly residues at the interhelical interface. The structure is stabilized by
multiple interhelical C H to C=O hydrogen bonds, characterized by strong interhelical HN-Hα and Hα-Hα NOE contacts.
15
N relaxation analysis at high pH (7.4) indicates the structure to be highly ordered on the nanosecond time scale, and
NOE and paramagnetic relaxation enhancement analysis indicates HAfp is located at the water-lipid interface, with its
hydrophobic surface facing the lipid environment, and the Gly-rich side of the helix-helix interface exposed to solvent.
Although the structure is predicted to change by lowering the pH, no such structural transition is observed and pH 4 RDC
and NOE data fit well to the high pH structure. However, relaxation experiments at pH 4 indicate low populations of an
alternate conformer in rapid exchange with the dominant conformation, and likely a key intermediate in the fusion
mechanism.
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Studies of Dynamic Nuclear Polarization (DNP) in Liquids: Understanding the
Overhauser Mechanism for New Experimental Designs
Marina Bennati
Max Planck Institute for Biophysical Chemistry, Göttingen, Germany (bennati@mpibpc.mpg.de)

Dynamic nuclear polarization of nuclei coupled to paramagnetic centers has been known since the early years of
magnetic resonance to obtain information about molecular motion and electron-nuclear spin relaxation. In the past few
years, this technique has experienced a renaissance because of recognition that it could provide a means to overcome the
sensitivity limits in solution and solid state NMR towards studies of macromolecular complexes. EPR spectroscopy at low
and high fields represents the essential tool to investigate the conditions to develop an experimental set up for DNP.
Enhancement of the nuclear spin polarization via DNP requires optimized pumping (saturation) of the electron spins with
highly efficient microwave irradiation, suitable polarizing agents and knowledge about electron-nuclear spin relaxation.
This contribution summarizes some recent efforts towards understanding the physical and instrumental aspects of DNP in
aqueous solutions using nitroxide radicals as polarizers at 9 as well as 94 GHz EPR frequencies.1-6 This studies allow
optimization of an experimental design for liquid DNP that opens the door to applications in NMR spectroscopy of
biological samples.
References:
1. Höfer P., Parigi C., Luchinat C., Carl P., Guthausen G., Reese M., Carlomagno T., Griesinger C. and Bennati M., J. Am. Chem. Soc., 130, 3254 –
3255 (2008)
2. Reese M., Türke M.-T., Tkach I., Parigi G., Luchinat C., Marquardsen T., Tavernier A., Höfer P., Engelke F., Griesinger C. and Bennati M., J. Am.
Chem. Soc., 131, 15086 – 15087 (2009)
3. Türke M.-T., Tkach I., Reese M., Höfer P. and Bennati M., Phys. Chem. Chem. Phys., 12, 5893 – 901 (2010)
4. Bennati M., Luchinat C., Parigi G. and Türke M.-T., Phys. Chem. Chem. Phys., 12, 5902 – 10 (2010)
5. Krahn A., Lottmann P., Marquardsen T., Tavernier A., Türke M.-T., Reese M., Leonov A., Bennati M., Höfer P., Engelke F. and Griesinger C., Phys.
Chem. Chem. Phys., 12 5830 – 40 (2010)
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Principles and practice of projection-decomposition tools for resonance
assignments and protein structure
Martin Billeter, Jonas Fredriksson and Doroteya K. Staykova
Department of Chemistry, University of Gothenburg, PO Box 462,40530 Gothenburg, Sweden (martin.billeter@chem.gu.se)

Projection spectroscopy followed by computational decomposition for resonance assignments and structure
determination of proteins is reviewed.1 Principles of the approaches are discussed and exemplified by applications
covering various proteins: choice of spectral projections and artefacts related to this choice, ‘model-free’ approach of the
decomposition algorithm, and the option of combining several experiments (triple-resonance, NOESY …) for
simultaneous decomposition.
The figure shows an example (HN of Phe 66 of a histone
protein) resulting from five projection series, including two tripleresonance experiments (HαβCαβCONH, HαβCαβNH), two
NOESYs (13C and 15N resolved) and one TOCSY. From the 109
possible input projections, 54 planes were used in a simultaneous
decom-position. The resulting ‘shapes’ (figure) provide chemical
shifts for the selected HN, for its neighbouring five carbons (αβ
of F66 and D65) and attached six aliphatic hydrogens, as well as
for the entire preceding side chain (TOCSY) and all spatially
neighbouring hydrogens (NOESYs; illustrated for V61 and D65).
References:
1. Staykova D. K., Fredriksson J. and Billeter M., Bioinformatics, 24, 2258 – 2259
(2008)
Acknowledgments: EU project Extend-NMR; CCPN; Bruker Biospin.
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EPR/ENDOR on complex metal centers in enzymes – from single crystals to whole
cells
Robert Bittl
Fachbereich Physik, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany (robert.bittl@fu-berlin.de)

Multi-nuclear metal sites are the catalytic cores of many enzymes. In Photosystem II (PSII), the oxygen-evolving
complex (OEC) consists of four Mn and a Ca ion as the site of photosynthetic water splitting. Spectroscopic information
on this metal center is important, as the crystallographic model cannot provide the details necessary for a mechanistic
understanding. The center cycles through different oxidation states with two paramagnetic intermediates S0 and S2.
However, EPR spectroscopy on theses states is challenging as their signals cover a spectral width beyond 0.1 T. The
situation is even worse for 55Mn-ENDOR spectroscopy with a spectral width of the ENDOR signals covering about 100
MHz with little structure of spectra. In order to increase the spectral resolution and to correlate magnetic interaction axis
with molecular axes we recorded orientation dependent 55Mn-ENDOR spectra on the S2 state in PSII single-crystals. The
analysis of the data allows an assignment of the largest Mn hyperfine coupling, i.e. likely the ion in the Mn(III) state, to
two out of four Mn positions in the structural model.
Instead of spectroscopy on the extreme protein environment in a single-crystal we went to the similarly challenging
situation of EPR/ENDOR in whole cells for investigation of the [NiFe] center in oxygen tolerant hydrogenases catalyzing
the reversible cleavage of molecular hydrogen. By comparing the hyperfine structure of the protons coupled to the metal
center in an oxygen tolerant membrane bound hydrogenase (MBH) with standard, oxygen-sensitive hydrogenases we
could show a high similarity of the metal centers and that the oxygen insensitivity of this enzyme is very likely not
determined by alterations of the catalytic core. For a soluble oxygen-tolerant hydrogenase (SH) the “in cell” experiments
again show a standard catalytic core in variance to earlier experiments on isolated protein and thereby questioning a
model invoking a modified metal center as origin of the oxygen tolerance of this enzyme.
Acknowledgments: This work has been supported by Deutsche Forschungsgemeinschaft (SFB-498 and UniCat).
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Measurement of complex diffusion in the micro-sec time scale and 10 nm length
scale by electron spin resonance
Yael Talmon, Ekaterina Suhovoy, Michael Shklyar, Lazar Shtirberg and Aharon Blank
Schulich Faculty of Chemistry, Technion – Israel Institute of Technology, Technion City, Haifa, 32000, Israel
(ab359@tx.technion.ac.il)

The critical roll of diffusion in the mechanism of various biological and chemical processes has led researches to an
ongoing search for methods to quantify the diffusion coefficient. The measurement of diffusion occurring over relatively
long distances (of at least few microns) can be carried out with techniques such as nuclear magnetic resonance (NMR) or
fluorescence recovery after photo-bleaching (FRAP), and are well-established. However, methods for the direct
measurement of diffusion over short distances (in 10-100 nm range), occurring in the micro-sec time scale, have not yet
been developed. Here we show that by utilizing the well known NMR pulse sequence pulse gradient spin echo (PGSE), in
an electron spin resonance (ESR) experiment; one can measure the diffusion coefficients over such short distance and
time scales. In order to adapt PGSE to ESR we had to develop high sensitivity micro-resonators and a capability to
generate very intense and short gradient pulses of ~1 micro-sec in length and > 100 T/m in magnitude. Our preliminary
work included the measurements of the non-restricted isotropic diffusion coefficient of three types of radical solutions:
trityl radical in water, N@C60 in chloronaphthalene and N@C60 in CS2. The experimental results were compared to the
theoretical diffusion coefficient calculated by the Stocks-Einstein equation, and revealed an excellent agreement.1 This
preliminary work was recently extended to the measurement and characterization of restricted diffusion of N@C60 and
trityl solutions in a porous media made of deep sub-micron sized spheres. The effects of restricted diffusion in such type
of porous media were well observed in the PGSE ESR data.2 Possible applications and future directions of this
methodology will be discussed.
References:
1. Blank A., Talmon Y., Shklyar M., Shtirberg L. and Harneit W., Chem Phys Lett, 465, 147 – 152 (2008)
2. Talmon Y., Shtirberg L., Harneit W., Rogozhnikova O. U., Tormyshev V. and Blank A., Phys Chem Chem Phys, accepted
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Maltose and vitam
min B12 im
mporters: modelin
ng the con
nformatioonal chang
ges during
transporrt with intterspin diistance restraints
Enrica Borrdignona, Beenesh Joseppha, Gunnar Jeschkea, Mathias
M
Grooteb, Erwin Schneiderb, Birke A.
c
c
Götz and Kaspar
K
Loccher
a

ETH Zurich, Laaboratory for Phyysical Chemistry, Wolfgang-Paulii-Str. 10, 8093 Zu
urich, Switzerlandd (enrica.bordignnon@phys.chem.eethz.ch)
Department of Biology/Division
B
n of Microbial Phyysiology, Humbooldt University off Berlin, Chauseesstrasse 117, 101115 Germany
c
ETH Zurich, Innstitute for Molecuular Biology andd Biophysics, Schaafmattstrasse 20, 8093 Zürich, Sw
witzerland
b

In this woork we applieed site directed spin labelinng EPR to two
o types of AB
BC transporterrs: the maltosee importer froom
E.coli (MalF
FGK2-E) and the
t vitamin B12
B importer from
f
E.coli (B
BtuCD-F). Thhe first belonggs to the classs I of importerrs,
where the allternating acccess mechanissm of substratte import hass been establiished. For thee second (classs II) a distinnct
mechanism of
o action has been
b
proposedd.1 Crystal struuctures are av
vailable for thee two bacteriaal importers in
n different stattes
with differennt degrees of resolution.
r
Thee study aims to
t unveil the molecular
m
detaails of the unrresolved regio
ons of the class I
importer duriing the transport cycle and to elucidate thhe distinct meechanisms of action
a
in the tw
wo classes of importers.
In the case
c
of MalF
FGK2-E the study focuseed on the peeriplasmic MalE
M
and MaalF-P2 loop. The reciproccal
communicatiion between MalK
M
and MallF-P2 loop meeditated by MalE
M
gave insigghts into the sstimulatory efffect of MalE on
o
the ATPase activity.2 Based on a set of interspin disstance constraaints a first model
m
of the pperiplasmic reegion during the
t
complete traansport cycle is presented. The periplassmic and cyto
oplasmic gatees of the vitaamin B12 imp
porter BtuCD
D-F
investigated with pulse EPR
E
techniquees provided clear
c
evidencees for the disstinct displaceement of the transmembraane
subunits sugggested from thhe crystal dataa. A mechanissm of substratee import in thee class II impoorters is propo
osed.
References:
3
1387 – 13900 (2007)
1. Hvorup R. N.., et al., Science, 317,
2. Grote M., et al.,
a J Biol Chem, 284, 17521 – 6 (22009)
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Optimiziing the reelaxivity of
o macrom
molecularr MRI con
ntrast ageents
Mauro Bottta
Dipartimento dii Scienze dell’Ambiente e della Vitta, Università dell Piemonte Orientale “Amedeo Avvogadro”, Viale T
T. Michel 11, 101
121, Alessandria,
Italy (mauro.bottta@mfn.unipmn..it)

The use of
o macromoleecular construccts, including polymers, deendrimers, miccelles and lipoosomes, chem
mically modified
viral capsidss and silica naanoparticles iss an emergingg technology for the devellopment of hiigh relaxivity Gd-based MR
RI
contrast agennts.1 These sysstems possesss high molecullar relaxivity (r
( 1) resulting from
f
both
the additive effect of all of the active GdIII centers and the redu
uced tumblingg rate that
enhances thee r1 of each coomplex. How
wever, in spitee of the high relaxivities
r
peer particle
found for theese systems, thhe r1 values for
f the individdual gadoliniu
um centers aree typically
modest [10-220 mM-1s-1 att 298 K, 0.47 T] and well below theoreetical expectattions. The
two major liimiting factorrs are the use of neutral Gd complexes (DTPA bisam
mides and
DOTA monoamides) exhhibiting slow water exchaange (kex = 1/τ
1 M) and/or fast local
rotation of thhe GdIII compplex around itts linker to thhe nanoparticlle.2 An optim
misation of
several physsico-chemical parameters (hydration nuumber q, watter exchange rate and
rotation flexiibility of the chelate)
c
allow
ws to obtain rellaxivity enhan
ncement up too 200% withouut compromissing the stabiliity
of the paramagnetic buildiing blocks.
References:
J L., Bumb A. annd Brechbiel M. W.,
W Chem. Rev., 110,
1
2921 – 2959
9 (2010)
1. Villaraza A. J.
2. Aime S., Bottta M. and Terrenoo E., Adv. Inorg. Chem., 57, 173 – 237 (2005)
b funding from Regione
R
Piemontte (PIIMDMT andd Nano IGT Projects) and ESF CO
OST Action D38..
Acknowledgmennts: This researchh was supported by
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Can MRI be Used to Improve Microreaction Technology?
Carson McFadden and Louis-S. Bouchard
Department of Chemistry and Biochemistry, University of California, Los Angeles, CA 90095 USA (louis.bouchard@gmail.com)

Micro-structured reactors that consist of multiple parallel channels may some advantages: higher selectivity and yield,
better control of the reaction parameters, less waste and increased safety. It is unclear if the current technology has
reached its limits of efficiency or not. We explore the possibility of optimizing the fluid distribution inside the reactor.
MRI is capable of providing measurements of various physical parameters in operating catalytic reactors.1 In a chemical
reactor the reaction product originates from the porous catalyst bed and travels downstream due to mass transport and its
flow is affected by obstacles. We model the reacting flow velocities defined at each cell on a grid. Each cell is a vertex,
each of which can have any number of streams running through it. Adjacent vertices are connected by edges. Cells are
labeled using Strahler indexing, except that when two streams diverge, their index remains the same. This preserves the
memory of the branching pattern, and allows us to index a tree which branches both in and out. A dynamic tree is defined
in which the streams merge or break apart according to the streaming velocity. This tree has a different hierarchy and
topology than the static one. Depending on the dynamics, some of the static-tree branches might be completely cut off,
either due to a blockage that prevents transport along these branches or due to the absence of conditions for downstream
transport. At the outlet of the reactor, the collection of all Strahler indices forms a statistical distribution which reports on
the complexity of the flow inside the reactor. I will discuss how this can be used to optimize reactor topology.
References:
1. Koptyug, et al., Catalysis Today, 69 (2001); J Am Chem Soc, 124, 9684 (2002); Chem Eng Sci, 55, 1559 (2000); Science, 319, 442 (2008)
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High-Resolution Pulsed EPR: Separating and Connecting Peaks
Michael K. Bowman, Alex A. Cruce and Preethi Vennam
Department of Chemistry, The University of Alabama, Box 870336, 35487-0336, Tuscaloosa, Alabama, USA, (mkbowman@as.ua.edu)

The ability to accurately measure resonance frequencies, and to assign
280 MHz window from a 1.5 GHz wide spectrum
and correlate transitions lies at the heart of much of magnetic resonance
Top: echo detected EPR, Lower: projected FTEPR
spectroscopy. Fast relaxation times and strong spectral overlap despite large
spectral widths present challenges for high-resolution pulsed EPR
spectroscopy of most paramagnetic species. Two-dimensional and multiple
resonance approaches can enhance the resolution of pulsed EPR with little
or no penalty in sensitivity.
A two-dimensional alternative to the classic field swept echo detected
EPR spectrum provides an EPR spectrum with higher resolution and
sensitivity by using a skew projection of data measured at several field
steps. The effective resolution can be increased in ENDOR or HYSCORE
spectra by spectral subtraction to remove overlapping lines from nuclei that
are not of interest. Reference spectra can be obtained from samples with altered isotopic composition or with minor
chemical perturbations in metalloprotetins.
The same two-dimensional Mims ENDOR spectrum provides both TRIPLE and ENQOR spectra when properly
normalized and processed. Correlations between peaks in the spectra aid in the assignment of transitions to different sites,
different species and different electron spin manifolds.
Acknowledgments: This work was supported by the NIH through GM061904 and HL095820. Thanks to Ralph Weber and Peter Höfer of BrukerBiospin for technical advice.
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Detection of brown adipose tissue using intermolecular zero quantum coherences
Rosa T. Branca and Warren S. Warren
Department of Chemistry, Duke University, French Family Science Center, 27508, Durham, North Carolina (USA) (tamara.branca@duke.edu)

Spatial resolution limits in magnetic resonance imaging can be overcome by exploiting signal that is refocused by
intermolecular dipolar coupling. Because these couplings yield sub-voxel imaging resolution, the technique can be used to
differentiate Brown Adipose Tissue (BAT) from the more abundant White Adipose Tissue (WAT).
BAT is thought to have a large impact on long-term energy balance, thanks to its capacity to burn calories.1 Despite its
importance, this tissue is very hard to detect in vivo and to differentiate from the more abundant white fat.
BAT can be differentiated from the more abundant WAT through measurement of the hydrolipidic ratio with CSIbased methods,2,3 but the partial volume effect, which arises from the limited spatial resolution available in magnetic
resonance, limits this capability in vivo. Signals from intermolecular zero quantum coherences between water and fat
spins that are separated by around 100 microns offer a solution to this problem. Our in vitro data shows that the signal
from these coherences is characteristic only of BAT tissue and it can be used to detect the presence of BAT depots that are
scattered over different regions and that are impossible to detect using standard NMR techniques. We use this signal to
localize BAT depots in mice, and the water-fat iZQC maps that we obtain are well correlated with more conventional
BAT maps obtained with 18FDG-PET scans.
Since this signal is intrinsically insensitive to local magnetic field inhomogeneities at length scales exceeding the
selected correlation distance, it can be used to analyze large volume samples without a need for localization, shimming, or
water suppression. We also show how this method is sensitive to temperature shift, and could thereby be used to track
BAT activity, providing a non-invasive alternative to 18FDG-PET for the detection of BAT activation.
References:
1. Nedergaard J., et al., Am J Physiol-Endoc M, 293, 444 – 452 (2007)
2. Hu H. H., et al., J Magn Reson Imaging, 31, 1195 – 1202 (2010)
3. Lunati E., et al., J Lipid Res, 40, 1395 – 1400 (1999)
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Detecting tumour responses to treatment using hyperpolarized 13C magnetic
resonance spectroscopic imaging
Kevin M. Brindle

a

b

c

Department of Biochemistry, University of Cambridge, Tennis Court Road, CB2 1GA, Cambridge, UK (kmb1001@cam.ac.uk)

Patients with similar tumour types can have markedly different responses to the same therapy. The development of
new treatments would benefit significantly, therefore, from the introduction of imaging methods that allow an early
assessment of treatment response in individual patients, allowing rapid selection of the most effective treatment. We have
been developing methods for detecting the early responses of tumours to therapy. This has included a targeted MRI
contrast agent for detecting tumour cell death and MR imaging of tumour cell metabolism using hyperpolarized 13Clabelled cellular metabolites. We showed that exchange of hyperpolarized 13C label between lactate and pyruvate, in the
reaction catalyzed by the enzyme lactate dehydrogenase, could be imaged in tumours and that this flux was decreased in
treated tumours undergoing drug-induced cell death.1 We compared this method for detecting treatment response with
measurements of fluorodeoxyglucose uptake.2 We have shown, more recently, that hyperpolarized [1,4-13C]fumarate can
be used to detect tumour cell necrosis post treatment.3 We have also shown that tissue pH can be imaged from the ratio of
the signal intensities of hyperpolarized H13CO3 and 13CO2 following intravenous injection of hyperpolarized H13CO3 .4
References:
1. Day S. E., Kettunen M. I., Gallagher F. A., et al., Nat Med, 13, 1382 – 1387 (2007)
2. Witney T., Kettunen M., Day S., et al., Neoplasia, 6, 574 – 582 (2009)
3. Gallagher F. A., Kettunen M. I., Hu D. E., et al., Proc. Natl. Acad. Sci. U.S.A., 106, 19801 – 19806 (2009)
4. Gallagher F., Kettunen M., Day S., et al., Nature, 453, 940 – 943 (2008)
Acknowledgments: We thank CRUK, GE Healthcare and the Leukemia and Lymphoma Society for supporting this work.
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High-resolution solid-state NMR methods for the structural characterisation of
organic solids
Steven P. Brown
Department of Physics, University of Warwick, Coventry CV4 7AL, U.K. (S.P.Brown@warwick.ac.uk)
1

H double-quantum (DQ) spectroscopy is being increasingly applied as a probe of proton-proton proximities across a
range of applications.1 Enhanced resolution as compared to MAS alone can be achieved in a 1H DQ CRAMPS
experiment.2 For example, 1H DQ CRAMPS spectra have identified that the anhydrous and not the hydrous form of an
active pharmaceutical ingredient is present in a tablet formulation.3 Based on applications to systems with known crystal
structures, a rule of thumb has emerged whereby the observation of 1H DQ peaks is indicative of a H-H proximity within
3.5 Å.1 Quantitative information about H-H proximities can be obtained from the build-up of DQ peak intensity in 1H DQ
CRAMPS spectra recorded with increasing numbers of POST-C7 recoupling elements,4 which allow the reliable
determination of relative H-H distances, even in dense networks of many dipolar-coupled spins.
The disaccharide β-maltose represents a challenging case because of the 24 distinct protons (14 aliphatic and 10 OH)
having 1H chemical shifts that all fall within a narrow range of approximately 3 to 7 ppm. Nevertheless, the 1H resonances
due to the 24 distinct protons can be assigned from 1H DQ CRAMPS spectra and 1H (DQ)-13C correlation spectra
obtained with a new pulse sequence that correlates a high-resolution 1H DQ dimension with a 13C single quantum (SQ)
dimension using the refocused INEPT pulse-sequence element to transfer magnetization via one-bond 13C-1H J couplings,
with the assistance of first-principles chemical shift calculations based on the GIPAW (Gauge Including Projector
Augmented Waves) plane-wave pseudopotential approach.5
References:
1. Brown S. P., Prog Nucl Magn Reson Spectrosc, 199, 50 (2007)
2. Brown S. P., Lesage A., Elena B. and Emsley L., J. Am. Chem. Soc., 126, 13230 (2004)
3. Griffin J. M., Martin D. R. and Brown S. P., Angew. Chem. Int. Ed., 46, 8036 (2007)
4. Bradley J. P, Tripon C., Filip C. and Brown S. P., Phys. Chem. Chem. Phys., 11, 6941 (2009)
5. Webber A. L., Elena B, Griffin J. M., Yates J. R., Pham T. N., Mauri F., Pickard C. J., Gil A. M., Stein R., Lesage A., Emsley L. and Brown S. P.,
Phys. Chem. Chem. Phys., in press (2010)
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Protein Dynamics, NMR, and Force Fields
Dawei Li and Rafael Brüschweiler
Department of Chemistry & Biochemistry and National High Magnetic Field Laboratory, Florida State University, Tallahassee, FL 32306
(bruschweiler@magnet.fsu.edu)

Every NMR parameter of a protein reflects to a certain extent both underlying structural and dynamic properties. This
makes NMR uniquely suited for the detailed assessment of molecular ensembles generated via computer simulations and
modeling. The utility of spin relaxation parameters, dipolar couplings, and scalar J-couplings has been demonstrated for a
number of proteins. By contrast, the most prevalent type of NMR parameter, the protein chemical shift, has not been
systematically harnessed for this task. We will describe the quantitative assessment of molecular dynamics ensembles of
wide range of folded proteins generated by different force fields, including Amber ff99, ff99SB, and ff03, based on their
back-calculated Cα, Cβ, and C' chemical shifts in comparison with NMR experiment.1 For the latest generation of force
fields, a substantial improvement is found for ensemble-averaged chemical shifts over individual snapshots. Explicit
inclusion of protein dynamics provides the largest improvement for Cβ chemical shifts, which are dominated by the ϕ, ψ,
and χ1 dihedral angle distributions. NMR chemical shifts are available for a vast number of proteins via the BMRB
repository, which makes it now feasible to quantitatively certify molecular dynamics simulations on an unprecedented
scale. Moreover, the systematic exploration of differences between experimental and calculated chemical shifts opens up
the possibility to directly improve molecular mechanics force fields.
Reference:
1. Li D. W. and Brüschweiler R., J. Phys. Chem. Letters, 1, 246 – 248 (2010)
Acknowledgments: This work was supported by the National Science Foundation (grant MCB-0918362).

28

4. Session Lectures
__________________________________________________________________________________________________

Electron Paramagnetic Resonance and the graphite world
Marina Brustolon and Antonio Barbon
Dipartimento di Scienze Chimiche, Università di Padova, Via Marzolo 1, 35131, Padova (Italy) (marinarosa.brustolon@unipd.it)

Electron paramagnetic resonance has long provided a valuable probe of the electronic properties for carbon-based
materials with extended π-electron systems. Since the first EPR studies the attention has been focused on itinerant πcarriers in the graphitic conduction band and more recently on the magnetic properties of the electron spins localized on
open edges of nanographenes. In this communication we report the results of an EPR study on nanographites obtained by
grinding for different time graphite by a ball-milling equipment. A parallel Raman study has been done on the same
samples.1 The EPR spectra of the samples, given by ensembles of layered structures of graphene sheets of various
dimensions and thicknesses, show how the milling affects progressively the mobility of the carriers and the density-ofstates at the contact point between the valence π and the conduction π* bands. By an accurate simulation of the EPR
signals inhomogenously broadened we obtained the g tensors, the lineshapes and the homogeneous linewidths of the spin
packets. We have been able to separate the EPR contributions due the mobile electrons with paths in the range of μm
(dysonians broad bands) from those in smaller particles (gaussians broad bands) and from the non bonding electrons on
the edges (lorentzians). The lorentzians are exchange narrowed by the interaction with the itinerant electrons. We have
established a clear correlation between the amounts of defects created by the grinding with the spin lattice relaxation rate
and the g anisotropy. These results confirm that for nanoparticles the main relaxation mechanism is due to the scattering
of the electron momentum by the edges, and that the g anisotropy in graphitic samples increases by increasing the degree
of stacking disorder of the graphitic layers. A sound correlation between EPR and Raman results has been found.
References:
1. Brustolon M., Barbon A., Zerbi G. and Tommasini M., to be published
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Novel NMR tools for the study of folded and unfolded proteins
Bernhard Brutscher
Institut de Biologie Structurale Jean-Pierre Ebel, 41 rue Jules Horowitz, F-38027 Grenoble; CEA; CNRS; Université Joseph Fourier; France
(bernhard.brutscher@ibs.fr)

Enhancing spectral resolution and sensitivity, while preserving reasonable experimental times are important challenges
for the study of proteins and protein complexes of increasing complexity, low concentration, or limited life time. This is
especially true for intrinsically disordered proteins (IDPs) that are characterized by high frequency degeneracy and thus
low spectral resolution. Here we present spectroscopic methods (BEST, SOFAST) for enhancing steady-state proton spin
polarization in multidimensional NMR experiments of proteins. Polarization enhancement techniques allow faster
repetition rates of the pulse sequence while preserving, and often significantly improving the overall experimental
sensitivity both for folded and unfolded protein states. We also demonstrate how magnetization that is "lost" during the
pulse sequence by spin relaxation can be partly recovered using fast-pulsing experiments. Amino-acid type editing in 1H15
N correlation spectra is another powerful tool for the study of proteins. Sequential and intra-residue HADAMAC
experiments present an additional useful tool for sequential resonance assignment of IDP's.
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Biological Interface Dynamics from Magnetic Relaxation Dispersion
Robert G. Bryanta, Galina Diakovaa, Yanina Goddarda and Jean-Paul Korbb
a
b

Chemistry Department, University of Virginia, Charlottesville, VA, USA (RGB4G@virginia.edu)
Physique de La Matière Condensée, Ecole Polytechnique, CNRS, 91128 Palaiseau, France

The spin-lattice relaxation of nuclear spins with I = ½ is driven by magnetic noise created by relative motions of the
interacting spins. The magnetic field dependence of the relaxation rate constants provides a map of the power spectrum
created by these motions that include molecular rotation, translational diffusion, intramolecular conformation fluctuations,
and chemical exchange events. Relaxation dispersion measurements at high frequency provide a characterization of the
molecular dynamics of the interfacial region of biological macromolecules. Although the diffusive exploration is biased
by the excluded volume of the large molecule, the average interfacial translational correlation time for water at the protein
interface is approximately 30 ps, about a factor of 3 slower than in pure water.1, 2 In proteins labeled with a paramagnet,
the electron-nuclear dipolar coupling dominates the relaxation rate constant, but similar translational correlation times are
found. However, when a protein is spin-labeled with a nitroxide radical with a long T1e, the apparent strength of the
electron-nuclear coupling to water protons in solution experiments may be larger than expected because of contributions
from long range dipolar couplings between the electron spin and long-lived protein bound water molecules that are
rotationally correlated.3 In tissues, the magnetic field dependence of the apparent spin-lattice relaxation rate constant is
complex because it represents the superposition of effects from several classes of molecular interactions. Nevertheless,
measurements on excised tissues over from 10 kHz to 300 MHz show that the relaxation is generally described by a
power law over this range of Larmor frequencies suggesting that the underlying dynamics that drive the relaxation are
common over this range.
References:
1. Diakova G., Goddard Y. A., Korb J. P. and Bryant R. G., Biophys. J., 98,138 – 146(2010)
2. Grebenkov D., Goddard Y. A., Diakova G., Korb J. P.and Bryant R. G., J. Phys. Chem. B, 113,13347 – 13356(2009)
3. Diakova G., Goddard Y. A., Korb J. P.and Bryant R. G., J. Magn. Reson., submitted(2010)
Acknowledgement: Supported by the National Institutes of Health , USA and the CNRS, France.
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Detection of nuclear magnetization with optical magnetometers: from remotedetection imaging to measuring J-couplings at zero field
Micah P. Ledbetter and Dmitry Budker
Department of Physics, University of California, Berkeley and LBNL, Berkeley, CA 94720-7300, USA (budker@berkeley.edu)

In this talk, we will describe the approach to low-field NMR and MRI based on remote detection utilizing all-optical
magnetometers that our group has been pursuing in collaboration with the group of Prof. Alexander Pines (UC Berkeley,
Chemistry). An imaging system based on atomic gradiometer has been demonstrated,1 which achieved sum-mm
resolution2 with pre-polarization with a permanent magnet and encoding at the Earth’s field. The system was applied to
imaging of porous metal3 and a variety of other NMR and non-NMR studies.
More recently, in collaboration with the group of Dr. John Kitching (NIST, Boulder), we have been using
microfabricated atomic sensors for such applications, which has resulted in the demonstration of the first microfluidic
device with NMR-detection capabilities.4 We are currently using such device for a systematic study of zero-field scalar
(“J”) coupling in a variety of organic molecules in the liquid phase.5 In the talk, we will present the results of the recent
attempts to combine this approach with “non-brute-force” hyperpolarization techniques, such as the use of parahydrogen
(allowing one to do away with the pre-polarization magnet altogether), promising a significant boost in the signal-to-noise
ratio and a much expanded applicability of the method. A complete up-to-date bibliography of our group’s work can be
found at http://budker.berkeley.edu.
References:
1. Xu S., Yashchuk V. V., Donaldson M. H., Rochester S. M., Budker D. and Pines A., Proc. Natl. Acad. Sci. U.S.A., 10.1073/pnas.0605396103
2. Xu S., Crawford C. W., Rochester S., Yashchuk V., Budker D. and Pines A., Phys. Rev. A 78, 013404 (2008)
3. Xu S, Harel E., Michalak D. J., Crawford C. W., Budker D. and Pines A., J Magn Reson Imaging, 28, 1299 – 1302 (2008)
4. Ledbetter M. P., Savukov I. M., Budker D., Shah V., Knappe S., Kitching J., Michalak D., Xu S. and A. Pines, Proc. Natl. Acad. Sci. U.S.A.,
10.1073/pnas.0711505105
5. Ledbetter M. P., Crawford C. W., Pines A., Wemmer D. E., Knappe S., Kitching J. and Budker D., J Magn Reson Imaging, 199, 25 – 29 (2009)
Acknowledgments: This research has been supported by NSF, ONR MURI, and by the Director, Office of Science, Office of Basic Energy Sciences,
Materials Sciences and Nuclear Science Divisions, of the U.S. Department of Energy under Contract No. DE-AC02-05CH11231.
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Multi-component Protein: Protein Complexes: The Impact of Long-range
Restraints Derived from PRE, PCS, RDCs, Intermolecular NOE, and SAXS Data
R. Andrew Byrda, Ranabir Dasa, Yinghua Chena, Jess Lia, Aaren Kinga, Jennifer Marianob, Allan M.
Weissmanb, Yu-He Liangc, Xinhua Jic and Daniel Haussingerd
a

Structural Biophysics Laboratory (byrdra@mail.nih.gov)
Laboratory of Protein Dynamics and Signaling
c
Macromolecular Crystallography Laboratory, National Cancer Institute, Frederick, MD, 21702,USA
d
Department of Chemistry, University of Basel, Switzerland
b

Our laboratories are engaged in a multi-disciplinary investigation of the ubiquitination
process and the role of protein regulation via proteosomal degradation. In particular, we
are interested in the multi-protein complexes associated with the E2:E3 recognition and
ubiquitin transfer to substrate. Our previous studies1 demonstrated that the E3 ubiquitin
ligase gp78 uses a novel binding region to establish a high affinity complex with the E2
ubiquitin conjugating enzyme Ube2g2. The result of this binding complex is to
allosterically increase the binding affinity between another domain of the E3, a RING
domain, for the E2, resulting in more efficient ubiquitination. In order to understand this
complex machinery, we have employed a combination of NMR methodology and
complemented it with crystallography and molecular biology. This presentation will focus
on the NMR aspects of examining the structure and interactions of these multi-component complexes by combining the
use of intermolecular NOEs, long-range and intermolecular paragmagnetic relaxation enhancements (PRE) and
pseudocontact shifts (PCS), residual dipolar couplings (RDCs), and small angle X-ray scattering (SAXS) data. We utilize
tagging of the protein to introduce paramagnetic spin labels and lanthanide ions. In addition to the solution structures
determined using this combined approach, we have determined crystal structures of some complexes and integrate all of
the data with molecular biology in order to develop a global understanding of the molecular machine.
References:
1. Das R., et al., Mol. Cell, 34, 674 (2009)
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Conformational Exchange and Dynamics in Membrane Transporters Determined
by Site-Directed Spin Labeling
David S. Cafiso
Department of Chemistry and Biophysics Program, University of Virginia, McCormick Road, Charlottesville, Virginia, 22904-4319
(cafiso@virginia.edu)

Site-directed spin labeling (SDSL) and EPR spectroscopy have been used to investigate structural transitions that
accompany ligand binding in a series of outer-membrane bacterial transport proteins. The measurements reveal order-todisorder transitions that appear to initiate the transport process, as well as the dynamics and structural changes at ligandbinding sites. However, the structures and structural transitions observed by SDSL are often not consistent with highresolution crystal structures. These differences appear to be due to environment, including the precipitants (or osmolytes)
that are used to crystallize membrane proteins. The crystal lattice also plays a role in modulating conformational
exchange, as revealed by both EPR and diffraction of membrane protein crystals. Regions of membrane proteins that are
dynamic are generally modified by environment, while sites on proteins that are well-structured are not. A combination of
CW and pulse EPR spectroscopy has been used to quantitate the conformational exchange in these proteins and to
measure the effect of environment on the protein energy landscape.
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Intracellular activation of integrin membrane receptors
Iain D. Campbell
Department of Biochemistry, University of Oxford, South Parks Road, Oxford OX1 3QU, UK (iain.campbell@bioch.ox.ac.uk)

Cell migration depends on the formation of transient self-assembling complexes called integrin adhesions (IAs).
Integrins are membrane spanning adhesion receptors that can send signals from inside to out and outside to inside the
cell.1 The protein components of IAs are generally constructed from multi-domain proteins, often with flexible linkers; as
well as integrins, they include the extracellular matrix protein fibronectin,2 numerous intracellular proteins, including
talin,3,4 kindlin5 and filamin.6 Integrin activation is an essential biological process that can be triggered via interactions of
intracellular proteins with short cytoplasmic tails.1,3 These interactions are regulated by phosphorylation,7,8 proteinprotein4 and protein-membrane interactions.9 I will review our recent studies of some of the dynamic complexes formed
by IA proteins using NMR and other methods. The general features of such the complexes will be discussed, including the
common use of unstructured peptide regions.
References:
1. Wegener K. L. and Campbell I. D., Mol. Membr. Biol., 25, 376 – 87 (2008)
2. Vakonakis I., et al., EMBO J., 26, 2575 – 83 (2007)
3. Wegener K. L., et al., Cell, 128, 171 – 182 (2007)
4. Goult B. T., et al., J Biol Chem, 284, 15097 – 106 (2009)
5. Goult B. T., et al., J Mol Biol, 394, 944 – 56 (2009)
6. Lad Y. et al., J Biol Chem, 283, 35154 – 63 (2008)
7. Oxley C. L., et al., J Biol Chem, 283, 5420 – 6 (2008)
8. Anthis N. J., et al., J Biol Chem., 284, 36700 – 10 (2009)
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Mechanisms of Intermolecular Recognition and Drug Design by INPHARMA:
Theory and Applications
Julien Ortsa,b, Christian Griesingerb, Ulrich Wendtc, Stefan Bartoschekc and Teresa Carlomagnoa
a
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Chemical Sciences Structural Biology, Sanofi-Aventis, Germany

b
c

Small molecules play a fundamental role in the regulation of the function of proteins, nucleic acids and molecular
machines. The development of specific binders that selectively alter the function of one or a few cellular targets relies on
the availability of structural information for the target active site and its mode of interaction with low affinity ligands,
typically identified in screening experiments. When this structural information is not available, the rationale design of
selective drugs is impossible and the process of drug development has to rely on the screening of large libraries of
molecular fragments accompanied by lengthy, parallel routes of chemical synthesis. Recently we have developed a new
NMR methodology, INPHARMA,1,2 which provides access to the relative binding mode of low-affinity ligands to a
common target. The method is based on the observation of interligand, spin diffusion mediated, transferred-NOE data,
between two ligands A and B, binding competitively and weakly, to a macromolecular receptor T. In accordance with
existing SBDD workflows, the INPHARMA NOEs are used to select the correct binding mode among many possible
binding orientations obtained by molecular docking.3 Here we show further developments of INPHARMA and
benchmark its performance with respect to the parameters and information used in the evaluation of the data.4 Finally, we
demonstrate the application of INPHARMA to the design of ligands targeting membrane proteins.
References:
1. Sanchez-Pedregal V. M., et al., Angew. Chem. Int. Ed., 44, 4172 – 4175 (2005)
2. Reese M., et al., Angew. Chem. Int. Ed., 46, 1864 – 1868 (2007)
3. Orts J., et al., Angew. Chem. Int. Ed., 47, 7736 – 7740 (2008)
4. Orts J., Griesinger C. and Carlomagno T., J. Magn. Reson., 200, 64 – 73 (2009)
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Solid-State NMR Study of the Formation of Steric Zipper in Amyloid Fibrils
Hsin-Mei Cheng and Jerry C. C. Chan
Department of Chemistry, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, 106, Taipei, Taiwan (chanjcc@ntu.edu.tw)

Steric zippers, where the residues of two neighboring beta-sheet layers are tightly interdigitated, have been proposed
as fundamental structural units of amyloid fibrils by Eisenberg and co-workers. The steric zipper formed by polypeptides
containing the palindromic sequence AGAAAAGA has a distinctive feature that the distance between two interdigitated
beta-sheet layers is comparable to the inter-strand distance within an individual beta-sheet layer,1 which presents a
particular challenging case in structural characterization of amyloid fibrils. In this work,2 a solid-state NMR strategy
exploiting the multiple-spin effect in homonuclear dipolar recoupling has been developed to probe the molecular structure
of the amyloid fibrils formed by the peptide fragment, A113 to G127, of Syrian hamster prion protein (SHPrP). Although
the polypeptide sequence contains hydrophobic residues only, the SHPrP(113-127) fibrils do not form any in-register
parallel beta-sheet structure. On the contrary, the target fibrils adopt the structural motif of class 7 steric zipper, which is
formed by stacking of two antiparallel beta-sheet layers. Our structural model reflects a compromise among the extent of
the zipper region and the number of hydrogen bonds between SHPrP113–127 molecules. Because the AGAAAAGA
sequence is highly conserved in prion proteins of different species, the steric zipper formed by this palindromic sequence
(alanine zipper) may play a vital role in the formation of scrapie prion proteins.
References:
1. Lee S. W., Mou Y., Lin S. Y. Chou F. C., Tseng W. H., Chen C.-h., Lu C.-Y. D., Yu S. S.-F. and Chan J. C. C., J. Mol. Biol., 378, 1142 – 1154
(2008)
2. Cheng H.-M., Tsai T. W. T., Huang W. Y. C., Lee H.-K., Chou F.-C. and Chan J. C. C., submitted
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Structure, Dynamics and Ca2+-Binding Properties of Intrinsically Unfolded And
Folded βγ-Crystallins
Atul K Srivastavaa, Ravi P. Barnwala, Yogendra Sharmab and Kandala V. R. Charya
a
b
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Center for Cellular and Molecular Biology, Hyderabad-500007, India

βγ-Crystallins belongs to a superfamily of diverse proteins having members from prokaryotes and eukaryotes, which
have similar topology as that of lens β- and γ-crystalllins. Structurally, each domain comprises of an eight stranded βsandwich made of two Greek key motifs. These motifs consist of a partially conserved signature sequence
“Y/FXXXXY/FXG” that interacts with a generally conserved serine at the start of the fourth β-strand in each motif,
which provides the stability to the scaffold. The functions of members of this family are not yet known.
In this backdrop, we investigated diverse members of putative βγ-crystallin superfamily, one from the genome
sequence of the archaebacterium Methanosarcina acetivorans, a methanogen (named as M-crystallin), and another from
the genome sequence of Hahella chejuensis, a marine bacterium which secretes a red pigment that has lytic activity
against a red-tide dinoflagellates (named as Hahellin).
In this presentation, we provide structural and dynamic characterization of M-crystallin and Hahellin. Our study
demonstrates that M-crystallin has the features of the lens βγ-crystallin fold and structurally nearest to the vertebrate lens
βγ-crystallins. The observed structural resemblance of M-crystallin with vertebrate lens βγ-crystallins and phylogenetic
analysis suggest that evolutionarily, lens βγ-crystallins descended from the archaeal crystallins (M-crystallin). This study
allowed us to demonstrate the presence of βγ-crystallins in all the three domains of life, and to classify them as archaeal,
microbial and eukaryotic βγ-crystallins. On the other hand, Hahellin shows unusual characteristics generally not seen in
βγ-crystallins. βγ-crystallin domain of Hahellin is natively unfolded in apo form and folds upon binding Ca2+, thus
providing a clue for its function in the bacterial survival under high saline conditions. This prompts us to propose that
such intrinsically unstructured βγ-crystallins constitute a separate sub-class of the superfamily. Thus, the members of
βγCrystallin superfamily, which have evolved from primordial organisms to vertebrates to function mainly as structural
proteins, indeed show significant functional role.
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Solid siliccates often exxhibit subtle coombinations of
o short- and long-range
structural ordder and disorder, as maniffested by solidd-state 1D an
nd 2D 29Si
1,2
NMR and X--ray scatteringg measuremennts. Such feaatures generallly arise in
the presencee of cationic species
s
that strongly
s
interaact with and direct the
formation off co-assemblinng silicate netw
works, whose resulting stru
uctures are
often difficullt to establishh. Nevertheless, homonuclear 29Si{29Si} scalar and
dipole-dipolee interactions,, in conjunctioon with moleecular modelin
ng, can be
used to estaablish the inteerconnectivities and local bonding env
vironments
among diffeerent sites in ordered siliccate framewoorks.3,4 In com
mbination,
these provide important constraints
c
onn candidate strructures that yield new
insights for analyses
a
of zeeolites, layereed silicates, annd surfactant--templated
silicate netwoorks, several examples
e
of which
w
will be presented.
p
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Biophysiical and structurall approach
hes in fra
agment-baased screeening: pro
obing
moleculaar recogniition for chemical
c
b
biology
and drug discovery
d
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Fragmentt-based screenning is now esstablished as a new paradigm
m for the disccovery of highh-quality ligan
nds for chemiccal
biology and drug discoveery. Crucial too fragment-baased approach
hes is the
ability to ideentify bona-fidde fragment “hits”
“
that binnd weakly to the target
protein, and to validate these from both
b
structuraal (binding mode)
m
and
energetic (liggand efficienccy) stand-poinnts. My talk will focus on
n how we
have implemented liggand-based NMR speectroscopy, including
Y and STD teechniques, forr fragment scrreening, and how
h
these
WaterLOGSY
are integrateed within a cascade
c
of biophysical
b
annd structural methods,
including theermal shift, issothermal titraation calorimeetry, and prottein X-ray
crystallograpphy (Figure).1
I will present
p
how fragment-bassed approachhes were app
plied and
developed a)) to probe “hhot spots” at protein
p
bindinng sites, and to mature
new conceppts, e.g. grooup efficiencyy;2 b) to design
d
new leads for
antimicrobials against TB
B, by combinning and conttrasting both fragmentgrowing and fragment-linkking strategiess;3 c) to optim
mize methodolo
ogies, e.g.
w extending ouur interests in new areas, for example
ILOE NMR.4 We are now
targeting prootein-protein interactions. I will present recent wo
ork using fraagments to innterrogate thee plasticity annd
druggability of functional protein interfa
faces within thhe context of complex
c
multii-protein assem
mblies.
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Hybrid structure determination methods, paramagnetic relaxation and
differential relaxation
G. Marius Clore
Laboratory of Chemical Physics, NIDDK, National Institutes of Health, Bethesda, MD 20892-0520 (mariusc@mail.nih.gov)

This talk will focus on recent developments in our lab on three topics. (1) The use of hybrid strategies to solve the
structures of large multimeric proteins and complexes based solely on dipolar couplings and SAXS/WAXS data coupled
with conjoined rigid body/torsion angle/cartesian simulated annealing. This will be illustrated with regard to the structure
determination of the 128 kD enzyme I dimer and the 146 kDa Enzyme I-HPr complex from the bacterial
phosphotransferase system. (2) The use of PRE titration measurements to probe for heterogeneity in protein-protein
encounter complexes illustrated with regard to the interaction of the N-terminal domain of enzyme I with HPr. (3)
Differential relaxation measurements to probe exchange between monomeric proteins/peptides and large
oligomeric/fibrillar structures.

__________________________________________________________________________________________________

NMR studies of protein-protein interactions
Shibani Bhattacharyaa, Zimei Bua,b,c, David Cowburna, Kaushik Duttaa, Fabien Ferragea,d, Ranajeet
Ghosea,c, Dongsheng Liua and Rong Xua
a
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c
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d
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b

Systematic approaches to the structural features of protein interfaces require new methodological developments in
NMR, prioritized by leading edge systems of practical biological interest. Such interfaces have been characterized by
NMR spectroscopy mostly by using chemical shift perturbations and cross-saturation via intermolecular cross-relaxation.
Although powerful, there remains a need for unambiguous estimates of distances between interacting proteins. We have
developed an alternative approach1 to do so with greater accuracy using multiple sites, based on monitoring the crossrelaxation from a source protein (or from an arbitrary ligand that need not be a protein) with high proton density to a
target with low proton density by using isotope-filtered NOESY. This technique is illustrated for two different protein–
protein complexes.
The role of ‘unstructured' regions can be assessed using heteronuclear nOe's and improved measurements have been
developed.2 Segmental labeling permit the synthesis of isotopically labeled complex proteins like tyrosine kinases.3
The roles of multiple PDZ domains in the sodium/ hydrogen exchange regulatory factor 1(NHERF1) had remained
unclear. Detailed structural characterization of the PDZ2 domain indicates a much extended structure compared to
‘canonical' PDZ domains. By combining NMR and small angle scattering experiments, a conformational transition in
PDZ2 CT(C-terminal) section and release of the intramolecular domain-domain couplings between the PDZ2 and CT
domains upon binding to ligand proteins was found.4
References:
1. Ferrage F., Dutta K., Shekhtman A. and Cowburn D., J Biomol NMR, 47, 65 – 77 (2010)
2. Ferrage F., Cowburn D. and Ghose R., J Am Chem Soc, 131, 6048 – 9 (2009)
3. Liu D., Xu R. and Cowburn D., Meth Enzymol, 462, 151 – 75 (2009)
4. Bhattacharya S., Dai Z., Li J., Baxter S., Callaway D. J., Cowburn D. and Bu Z., J Biol Chem, 285, 9981 – 4 (2010)
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Structure-activity studies of cyclotides:ultrastable plant proteins with applications
in drug design
David J. Craik, Norelle L. Daly, K. Johan Rosengren, Richard J. Clark and Conan Wang
Institute for Molecular Bioscience, The University of Queensland, Brisbane, QLD 4072, Australia (d.craik@imb.uq.edu.au)

Cyclotides are topologically unique proteins in that they have a head-to-tail cyclised peptide backbone and a cystine
knotted arrangement of disulfide bonds. This makes them exceptionally stable to chemical, thermal and enzymatic
treatments and, indeed, they are amongst nature’s most stable proteins. They occur in plants from the Rubiaceae (coffee),
Violaceae (violet) and Cucurbitaceae (cucumber) families of plants. Because of their exceptional stability and welldefined structures cyclotides make excellent templates for drug design applications. NMR has played a vital role in
characterising their structures and examples of their applications in drug design will be described.
This presentation will describe the discovery of the cyclotides in plants, their structural characterization, evolutionary
relationships and their applications in drug design. Their stability and compact structure makes them an attractive protein
framework onto which bioactive peptide epitopes can be grafted to stabilize them. The structures of cyclotides will be
related to other examples of cyclic peptides from bacteria, plants and animals.
References:
1. Craik D. J., Cemazar M., Wang C. and Daly N. L., Biopolymers: Peptide Science, 84, 250 – 266 (2006)
2. Craik D. J., Cemazar M. and Daly N. L., Curr. Opin. Drug Discovery Dev., 9, 251 – 260 (2006)
3. Craik D. J., Science, 311, 1561 – 1564 (2006)
4. Gruber C. W., Elliot A., Ireland D. C., Delprete P. G., Dessein S., Göransson U., Trabi M., Wang C. K., Kinghorn A. B., Robbrecht E. F. and Craik
D. J., The Plant Cell, 20, 2471 – 2483 (2008)
Acknowledgments: Work in our laboratory is support by the Australian Research Council and the National Health & Medical Research Council.
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Sorting Structural Reality from Among the Artifacts: The M2 Proton Channel
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Anfinsen’s thermodynamic hypothesis states “that the native conformation (of a protein) is determined by the totality
of inter-atomic interactions and hence by the amino acid sequence in a given environment.” Too often these last four
words are ignored. For membrane proteins the membrane environment can have a substantial impact on the protein
structure. Here, I will discuss structures of the M2 proton channel from Influenza A virus that is a proven drug target.
With solid state NMR we have characterized both the transmembrane domain (residues 22-46) with and without the
antiviral drug, amantadine, and we have recently characterized the longer conductance domain (residues 22-62) that has
very similar electrophysiology to that of the full length protein. These structures were all characterized in a native-like
liquid crystalline lipid bilayer environment. In comparison the transmembrane domain has been characterized by x-ray
crystallography, both with and without amantadine where the crystals were formed out of an octyglucoside solution. In
addition, the conductance domain has been characterized by solution NMR in DHPC micelles. Both the solution NMR
and x-ray crystallography show significant structural distortions as a result of the membrane mimetic environment that
prevent achieving a functional understanding of the protein.
The solid state NMR conductance domain represents a highly constrained backbone structure with key sidechain
restraints. In restrained Molecular Dynamics a detailed model of the key HxxxW sequence responsible for acid activation,
gating and conductance has been achieved at neutral pH. Based on this model it has been possible to develop a
mechanism for proton conductance showing in detail how the charge on the histidine residues is stabilized and how
protons are shuttled from the N-terminal pore to the C-terminal pore of this protein. The mechanistic details explain a
broad range of chemical and physiological data.
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In the lasst two decadees several new
w materials haave been disccovered whichh exhibit
strong electtron-electron interactions that lead too novel gro
ound states such as
superconducttivity, coexistting antiferrom
magnetism annd supercondu
uctivity, and ”hidden”
”
order. NMR//NQR are ideeal probe of these
t
new staates, several of
o which onlyy emerge
under extrem
me conditions in high magnnetic fields, low
w temperaturees and high prressures.
By taking advantage
a
of the hyperfinee interaction, NMR/NQR can provide detailed
information about
a
order paarameters andd their dynamiics throughoutt the phase diaagram of
these system
ms. Furthermoore, NMR proovides a locaal spectroscop
py of the respponse of
these system
ms to impurityy doping. Sevveral heavy feermion and irron pnictide materials
m
will be discuussed.
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The bioloogical activityy of lead com
mpounds can be
b affected drramatically byy the presencee of a fluorinee moiety that is
placed in a particular
p
posiition within thhe molecule. This
T is somettimes the resuult of an improoved membraane permeabiliity
and/or metabbolic stability of the fluorinnated compouund. Howeverr, the presencee of a fluorine moiety can also strengthhen
the interactioons of the moolecule with thhe desired targget. This is du
ue to the favoourable interaactions of the fluorine moieety
with the fluorophilic prootein environm
ments. 19F NM
MR-based fraagment screenning, in combbination with
h computationnal
chemistry annd X-Ray strructure determ
mination, reppresents a po
owerful and sensitive appproach for id
dentifying theese
fluorophilic spots on the proteins. For this purpose we have gen
nerated a libraary of fluorinne fragments, known as LE
EF
library, compposed of fragm
ments with different chemiical environmeent around thee fluorine mooiety.1 The librrary is screened
in mixtures with
w 19F NMR
R spectroscoppy. Proper sett-up of the ex
xperiments, acccording to ruules derived from
f
theoreticcal
simulations, allows the iddentification of
o very weak--affinity ligan
nds and the siimultaneous ddetection of multiple
m
ligannds
contained wiithin the samee tested mixturre. In additionn, a modificatiion of the pulsse sequence oof the used NM
MR experimennts
allows for raapid acquisitioon resulting in the screeningg of few thoussand fragmentts in just one dday. The identtified NMR-hhits
are then usedd in the FAXS
S experimentss for the fragm
ment optimizaation process via
v fluoroscann, for the follo
ow-up screeninng
and for bindding constant measurementts.2,3 The prinnciples of thee combined appproach and a selected application to the
t
identificationn of fluorinateed fragments binding
b
to tryppsin, a serine protease
p
enzyyme, will be prresented and discussed.
d
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Self-assembling natural and artificial light-harvesters
Swapna Ganapathya, Gert T. Oostergetelb, Michael Reusc, Alina Gomez Maqueo Chewd, Franco
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Solid state NMR is combined with quantum mechanical calculations and cryo-EM
imaging or X-ray diffraction to image the stacking and supramolecular organization of
chlorophyll light harvesters. By constructing a triple mutant, the heterogeneous BChl c
pigment composition of chlorosomes of the green sulfur bacteria Chlorobaculum
tepidum was simplified to nearly homogeneous BChl d. Computational integration of
two different bio-imaging techniques, solid-state NMR and cryoEM, revealed a
previously undescribed syn-anti stacking mode and showed how ligated BChl c and d
self-assemble into coaxial cylinders to form tubular-shaped elements. Helical Hbonding networks form the basis for ultrafast, long-distance transmission of excitation
energy. The structural framework is robust and can accommodate extensive chemical heterogeneity in the BChl side
chains for adaptive optimization of the light-harvesting functionality in low-light environments. In a next step, we used
this knowledge to generate biomimetic systems and study their structure by proton MAS HETCOR NMR experiments,
which provided the resonance assignments of the chlorin rings, allowing for readings of ring currents. Density functional
theory calculations revealed that in the biomimetic system the chlorins self-assemble in anti-parallel π-stacks in planar
layers in the solid-state, while X-ray powder diffraction measurements revealed the 3D lattice of the packing.
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NMR approaches for studying intermediate dynamics in organic solids and their
applications in the study of electroluminescent polymers
Marcio Fernando Coboa, Katerina Malinákováb, Gregório C. Fariaa, Anja Achillesb, Ovidiu Pascuib,
Detlef Reichertb, Tito J. Bonagambaa, Kay Saalwaechterb and Eduardo R. deAzevedoa
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Institut für Physik, Martin-Luther-Universität Halle-Wittenberg, Friedemann-Bach-Platz 6, D-06108 Halle – Germany

Chain relaxation due to molecular motions produces major effects on the properties of organic macromolecular solids
such as polymer materials, affecting their softening, toughness, creep and solid-state processability features, as well as
their dielectric and conducting behaviors. For instance, it has been shown that the conformation and dynamics of the
polymer chains are especially important for the luminescent and transport properties of conjugated polymers used as
active layers in polymer diodes, transistors and solar cells. Particularly, motions occurring in the range of hundreds of
milliseconds to some microseconds (the so called intermediate regime) deserve special attention because the onset of
molecular rotations in this regime usually triggers important modifications in the chains packing and conformation, which
affects the materials properties. Although there are many NMR approaches capable of probing intermediate regime
motions, the study of chemically and structurally complex materials often require some development and adaptation for
either improving their performance or increasing the amount of information they provide. The acquisition of 13C natural
abundance high resolution MAS spectra is desired, but the use of MAS decrease the precision of the dynamic information,
for example as compared with 2H static spectra. In this lecture we will discuss recent developments and adaptations of 1H13
C separated local-field NMR experiments dedicated to obtain quantitative information on intermediate regime motions
in organic solids. We will explore two well-known experiments namely Dipolar Chemical Shift Correlation (DIPSHIFT)
and Lee-Goldburg Cross-polarization (LG-CP), using a combination of dynamical spin dynamics simulations and an
analytical treatment to estimate the correlation times and activation energies of intermediate regime molecular rotations.
Furthermore, we will present some applications of these methods for studying molecular rotations in electroluminescent
polymers and, by comparing the results with many electro-optical characterizations, their effect on the desired materials
properties, specifically the photo- and electro-luminescence and carrier mobility.
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Molecular basis of viral pathogenicity
Nicolas Wolffa, Elouan Terriena, Nicolas Babaulta, Christophe Préhaudb, Mireille Lafageb, Matthias J.
Schnellc, Henri Bucd, Monique Lafonb, Florence Cordiera and Muriel Delepierrea
a

Unité de RMN des Biomolécules, Institut Pasteur, CNRS URA 2185, Paris France (murield@pasteur.fr)
Unité de Neuroimmunologie Virale, Institut Pasteur, CNRS URA 3015, Paris France
c
Departments of Microbiology and Immunology, Thomas Jefferson University, Philadelphia, PA, USA
d
Institut Pasteur, Paris France
b

Rabies Virus (RABV) infects exclusively neurons and causes lethal encephalitis. Pathogenic RABV strains favor
neuronal survival, whereas non-pathogen strains lead to neuronal apoptosis. The use of recombinant RABV showed: (i) the
G protein determined the induction of the survival or death phenotypes; (ii) the last 4 C-terminal amino acids of the G
protein cytoplasmic domain (CytoG) are critical. These residues form a binding site for PDZ domain (PDZ-BS). Only one
of the 6 amino acid that differ between survival and death G-proteins is located in this PDZ-BS. Results of two-hybrid
experiments indicated that the CytoG of the two strains, pathogenic and non pathogenic, recruit host proteins containing
PDZ domains. CytoGsurvival was found to interact with serine-threonine kinases (MAST), while CytoGdeath interacts also with
three additional PDZ containing host proteins, predominantly with the tyrosine phosphatase PTPN4. To understand the fine
structural basis for the specificity of the PDZ-CytoG complexes, we determined the 3D structures of the MAST-CytoG and
PTPN4-CytoG complexes both by NMR and X-rays. The structures, as well as the affinities and kinetics parameters, of the
MAST2 PDZ complexes with the two viral peptides are similar. We conclude that a single amino acid change in the PDZBS between the two strains cannot drastically modify the interaction with MAST2-PDZ, in agreement with the double
hybrid data and confocal microscopy imaging on neuronal cells. The differential interaction of CytoGdeath with the cellular
partner PTPN4 blurs the pro-survival signals engaging the infected cells through apoptotic trails.
References:
1. Terrien E., Simenel C., Wolff N., et al., Biomol NMR Assign., 3, 45 – 48 (2009)
2. Préhaud C., Wolff N., Terrien E., et al., Science Signaling, 105 (2010)
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Spatial Proximity of Acid Sites in Microporous Zeolites as Studied by 1H and 27Al
DQ MAS Solid-state NMR Spectroscopy
Feng Deng
State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan Center for Magnetic Resonance, Wuhan Institute of Physics
and Mathematics, Chinese Academy of Sciences, Wuhan 430071, P.R. China (dengf@wipm.ac.cn)

The widespread application of microporous zeolites in petrochemical industry is mainly attributed to their acidcatalyzed activity. Many investigators found that a mild hydrothermal treatment of zeolites, which results in the release of
aluminum from the zeolite framework and the formation of extra-framework aluminum (EFAL) species, can highly
enhance the acid-catalyzed activity.1 Generally, Brønsted acid sites are usually associated with framework tetrahedral Al
and bridging hydroxyl group (SiOHAl), while Lewis acid sites correspond to the EFAL species in zeolites. Although
direct experimental evidence was absent, the increase of catalytic activity was ascribed to the enhanced acidity due to the
Brønsted acid and Lewis acid interaction or synergy.2 The information on the spatial proximity of acid sites is crucial for
understanding the synergetic effect. In this work, we employed 1H and 27Al DQ MAS solid-state NMR to probe the
detailed spatial proximity of differeent acid sites in various zeolites. In combination with DFT calculations, the
Brønsted/Lewis acid synergy was studied as well.
References:
1. DeCanio S. J., Sohn J. R., Fritz P. O. and Lunsford J. H., J. Catal., 101, 132 – 141 (1986)
2. Mirodatos C. and Barthomeuf D., J. Chem. Soc. Chem. Commun., 2, 39 – 40 (1981)
Acknowledgments: The support of the National Natural Science Foundation of China (Grants 20933009 and 20773159) is acknowledged.
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Non linear spin-dynamics of dissolved hyperpolarized xenon
Hervé Desvaux
Laboratoire Structure et Dynamique par Résonance Magnétique, IRAMIS/SIS2M, UMR CEA/CNRS 3299, CEA/Saclay, 91191 Gif sur Yvette, France
(herve.desvaux@cea.fr)

Large magnetization in liquids induces the presence of two types of non-linearity which affects the spin dynamics.
They result from the coupling between the rf coil and the magnetization (radiation damping) and from the distant dipolar
fields. For very large magnetization, several effects such as NMR instabilities or spectral clustering have been reported.1
Exploring this type of effects using dissolved laser-polarized xenon appears appealing since we benefit from variable
concentrations, very high polarization (up to 0.5), and variable coupling between the coil and the magnetization.
We have recently reported the observation of spontaneous multiple chaotic maser emissions in such a spin system.2,3
For better understanding this unexpected behaviour, we have developed alternative approaches for its investigation. In
particular we have introduced spin-noise measurements of hyperpolarized species4 which allows the monitoring of the
spin dynamics without applying rf pulses which destroy and alter the transient magnetization. More recently an
experiment based on multiple dipolar echoes was developed for allowing a direct local characterization of the
magnetization.4 These experiments performed at very low spin temperature (about 10mK for a magnetic field of 11.7T)
have driven us to question the existence of a spin-temperature in such an ex-situ hyperpolarized system5 or to develop a
protocol for ensuring a perfect tuning of any probe, leading to a general method for NMR signal improvement.6
References:
1. Jeener J., Encyclopedia of NMR, 9, 642 – 679 (2002)
2. Marion D. J.-Y., Huber G., Berthault P. and Desvaux H., ChemPhysChem, 9, 1395 – 1401 (2008)
3. Marion D. J.-Y., Berthault P. and Desvaux H., Eur. Phys. J. D, 51, 357 – 367 (2009)
4. Desvaux H., Marion D. J.-Y., Huber G. and Berthault P., Angew. Chem., 48, 4341 – 4343 (2009)
5. Morgan S. W., Baudin E., Huber G., Berthault P., Tastevin G., Nacher P.-J., Goldman M. and Desvaux H., submitted
6. Marion D. J.-Y. and Desvaux H., J. Magn. Reson., 193, 153 – 157 (2008). Patent Fr 07 08464 (2007)
Acknowledgments: This work was funded by ANR (ANR blanche DIPOL).
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Recent Progress in Clinical Hyperpolarized 129Xe MRI
Bastiaan Driehuys

Department of Radiology, Duke University, Box 3302, 27710, Durham, NC, USA (bastiaan.driehuys@duke.edu)

After the introduction of hyperpolarized (HP) gas MRI using 129Xe,1 the field quickly transitioned to using 3He, which
offered simpler and more mature polarization technologies,2 a large magnetic moment, and
absence of physiologic effect.3 Despite an extraordinary array of new methodologies and
scientific insights, dissemination of HP 3He MRI has been hampered by its dwindling
supply and skyrocketing cost.4 Therefore, to make HP gas MRI a sustainable technology,
the field must transition from 3He to the more readily abundant isotope 129Xe.
Here, we describe recent progress in hyperpolarized 129Xe MRI made during a phase I
clinical trial sponsored by GE Healthcare. Subjects received 3-4 doses of 129Xe polarized
to 6-8%. 129Xe ventilation MRI showed remarkably good resolution (3×3×15mm3) and
SNR (25-35). Moreover, the addition of diffusion weighting5 clearly delineates regions of Figure 1. Hyperpolarized 129Xe
MRI
emphysema in COPD subjects, and reveals age-related changes and postural gradients in
129
healthy subjects. The most interesting property of Xe is its solubility and large chemical shift, which we have now
exploited to image alveolar-capillary gas transfer in human subjects.6 This newest technique appears to be exquisitely
sensitive to normal lung physiology and perfusion heterogeneity, which are altered in subjects with disease. Coupled with
emerging new preclinical contrast ideas,7 the future of hyperpolarized 129Xe MRI appears to be looking up.
References:
1. Albert M. S., et al., Nature, 370, 199 – 201 (1994)
2. van Beek E. J. R., et al., Eur. Radiol., 13, 2583 – 2586 (2003)
3. Lutey B. A., et al., Radiology, 248, 655 – 661 (2008)
4. Feder T., Physics Today, 62, 21 – 23 (2009)
5. Fain S. B., et al., Radiology, 239, 875 – 883 (2006)
6. Cleveland Z. I., et al., PLoS One, submitted (2010)
7. Branca R. T., et al., Proc. Natl. Acad. Sci. U.S.A., 107, 3693 – 3697 (2010)
Acknowledgments: GE Healthcare (HL 5R21HL87094), Center for In Vivo Microscopy (P41 RR005959).
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Transfer of parahydrogen derived spin order sensitizes MRI and NMR
measurements by three orders of magnitude
Ralph W. Adamsa, Kevin D. Atkinsona, Michael J. Cowleya, Simon B. Ducketta, Gary G. R. Greenb,
Richard A. Greenb, Ryan E. Mewisb and David Williamsonb
a
b

Department of Chemistry, University of York, Heslington, York, YO10 5DD, UK (sbd3@york.ac.uk)
York Neuroimaging Centre, The Biocentre, York Science Park, Innovation Way, York, YO10 5DG

Parahydrogen as exemplified by PASADENA corresponds to a
‘hyperpolarization’ method.1 When parahydrogen and a substrate to be polarized
are brought into temporary contact via a suitable transition metal complex,
polarization is transferred from the hydride ligands to the bound substrate over the
period of a few seconds (Fig 1).2 Substantial increases in NMR signal strengths are
seen in the substrate without the need for its chemical modification (Fig 2). These
hyperpolarized signals are employed in NMR and MRI procedures to demonstrate
the ability of the method to probe molecular environments. The efficiency of this
process and the nature of the magnetization created depend on the strength of the
magnetic field where polarization transfer occurs and the lifetime of the interaction.3
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1. Schematic Representation of the
polarization transfer process.

2. 1H NMR trace for polarized
nicotinamide relative to a normal 1H
spectrum (top)
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2. Adams R. W., Aguilar J. A., Atkinson K. D., Cowley M. J., Elliott P. I. P., Duckett S. B., Green G. G. R, Khazal I. G., Lopez-Serrano J. and
Williamson D. C., Science, 323, 1708 – 1711 (2009)
3. Adams R. W., Duckett S. B., Green R. A., Williamson D. C. and Green G. G. R., J. Chem. Phys., 131, 194505 – 194510 (2009)
Acknowledgments: EPSRC and Bruker for funding.
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Folded-globule states of proteins detected by NMR
Sung Jean Parka, Shih-Che Sueb, Brendan Borinc, Maria A. Martinez-Yamoutc and H. Jane Dysonc
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b
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Well-folded proteins give distinctive NMR spectra, with 1H resonances that are well dispersed. Unfolded proteins also
show less 1H dispersion, but resonance linewidths are sharper. Intermediate states such as molten globules and other
partly-folded species frequently combine the less-favorable features of the spectra of folded proteins (broader lines) and
unfolded proteins (low dispersion). In addition, exchange processes on an intermediate time scale compared to the NMR
chemical shift timescale can result in resonance broadening and disappearance. Nevertheless, a considerable amount of
information can be obtained from NMR studies of these partly-folded states. We have now documented two cases, the
inhibitor IκBα of the transcription factor NF-κB1, and the p53 DNA-binding domain, a client protein of the chaperone
Hsp90. For IκBα, the spectrum of the free protein shows resonance broadening and disappearance associated with the
presence of motion on an intermediate time scale in one part of the protein; these resonances reappear in the complex. In
the second system, parts of the 1H-15N HSQC spectrum of the client protein are broadened when Hsp90 is added, while
the free protein gives a well-dispersed complete spectrum characteristic of a well folded protein domain. These results
have led us to suggest the presence of a "folded globule" state, which contains secondary structure indistinguishable from
that of the free protein, but consists of a manifold of states in intermediate exchange on the NMR time scale, thus causing
resonance broadening and disappearance. Although NMR observations relevant to partly folded states such as the folded
globule are characterized more by the absence of signals rather than their presence, the comparison of these proteins under
various conditions can give information on the nature of partly-folded states that is not available by any other means.
References:
1. Sue S.-C., Cervantes C., Komives E. A. and Dyson H. J., J. Mol. Biol., 380, 917 – 931 (2008)
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New Methods for Solid-State NMR Simulations and Studies of Bio-mimetic
Apatite-Formation from Mesoporous Bioactive Glasses
Baltzar Stevenssona, Philips N. Gunawidjajaa, Andy Y. H. Loa, Isabel Izquierdo-Barbab, Ana Garciab,
Daniel Arcosb, Maria Vallet-Regib and Mattias Edéna
a
Department of Materials and Environmental Chemistry, Arrhenius Laboratory, Stockholm University, SE-106 91, Stockholm, Sweden
(mattias.eden@mmk.su.se)
b
Departamento de Quimica Inorganica y Bioinorganica, Universidad Complutense de Madrid, 28040-Madrid Spain

We will present results in the following areas of technique-developments and applications of solid state NMR:
(1) New approach to spectral interpolation: The simulation of magic-angle-spinning NMR spectra from powders may
be very time-consuming, as the calculations need to be repeated for many crystallite orientations. We have previously
demonstrated accelerated simulations by combining Gaussian spherical quadrature (GSQ) orientations with AldermanSolum-Grant spectral interpolation.1,2 Here we present an alternative interpolation strategy that restricts the explicit
matrix-calculations to a small grid of GSQ-orientations; this information is exploited to construct the NMR spectrum
representative of a much larger set of crystallites.
(2) Bio-mimetic apatite-formation of mesoporous bioactive glasses (MBGs): Thanks to their ability to bond both to
soft and hard tissues, these silica-based materials are promising candidates for improved bone and tooth implants. The
“bioactive” feature stems from the formation of a hydroxy-carbonate apatite layer on the MBG surface upon its
immersion in a (simulated) body fluid. We recently proposed a structural model of the MBG pore-wall that improves the
insight into the high bioactivity of MBGs.3 The MBG surface reactions leading to apatite formation will be revealed by
using an array of 31P, 29Si, 23Na and 13C NMR experiments.
References:
1. Alderman D. W, Solum M. S. and Grant D. M., J. Chem Phys., 84, 3717 – 3725 (1986)
2. Stevensson B. and Edén M., J. Magn. Reson., 181, 162 – 176 (2006)
3. Leonova E., Izquierdo-Barba, I., Arcos D., Lopez-Noriega A., Hedin N., Vallet-Regi M. and Edén M., J. Phys Chem C., 112, 5552 – 5562 (2008)
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The Merging of Metabolomics and Natural Products: Applications in Chemical
Communication of Nematodes
Arthur S. Edison
Department of Biochemistry & Molecular Biology and National High Magnetic Field Laboratory, University of Florida, Box 100245, Gainesville, FL
32610-0245 (aedison@ufl.edu)

The nematode Caenorhabditis elegans is one of the best-studied animals in the world. It was the first metazoan to
have its genome sequenced. Its entire cell lineage from a single fertilized egg to an adult is known and has been related to
the animal’s anatomy, and its anatomical ultrastructure has been comprehensively described by thin-section electron
microscopy. C. elegans is particularly tractable for genetic studies, and as a result many signal transduction pathways
have been identified. Six people have shared three Nobel Prizes for developing the animal into a model organism, for
discoveries of apoptosis and RNAi in C. elegans, and for the development of in vivo green fluorescent protein
applications. We have recently discovered that C. elegans employs an overlapping set of pheromones to regulate both
dauer formation and mating.1 These pheromones all have an ascarylose sugar with a variety of fatty acid-like groups. At
picomolar concentrations, at least three ascarosides act synergistically to attract males. At nanomolar to micromolar
concentrations, these same compounds induce dauer formation. More than 10 ascarosides have now been identified in C.
elegans, suggesting a potential for multiple physiological roles.2 We are now working on the identification and
characterization of pheromones and other small molecule metabolites in two other nematode species, Panagrellus
redivivus and Pristionchus pacificus. I will describe new approaches to compare the small signaling molecules.
References:
1. Srinivasan J., Kaplan F., Ajredini R., Zachariah C., Alborn H. T., Teal P. E., Malik R. U., Edison A. S., Sternberg P. W. and Schroeder F. C., Nature,
454, 1115 − 1118 (2008)
2. Edison A. S., Curr Opin Neurobiol., 19, 378 − 388 (2009)
Acknowledgements: I thank my research group, Paul Sternberg’s group (Caltech), and Frank Schroeder’s group (Cornell). NIH funds this work
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From eukaryotes to prokaryotes (or vice versa?): single classical zinc fingers as
DNA binding domains
Gaetano Malgieria, Luigi Russoa, Ilaria Baglivoa, Sabina Espositoa, Maddalena Palmieria, Fortuna
Nettia, Mario Rendaa, Elisabetta Moronib, Giorgio Colomboc, Carla Iserniaa, Paolo V. Pedonea and
Roberto Fattorussoa
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In eukaryotic organisms, the abundant Cys2His2 zinc finger domain consists of less than 30 amino acids and the zinc
ion is essential to stabilize the ββα fold. In prokaryotic organisms, the first Cys2His2 zinc finger domain has been
identified in the transcriptional regulator Ros from Agrobacterium tumefaciens.1 We have structurally and functionally
characterized Ros DNA-binding domain and shown that the prokaryotic Cys2His2 zinc-finger domain, though having a
similar zinc coordination sphere, possesses a novel protein fold, which is very different from that of the eukaryotic
counterpart.2,3 A large number of Ros homologues have been found in different bacteria, having mostly a high sequence
identity with Ros protein, which, surprisingly, does not comprise the zinc coordination sphere. The results here presented
indicate that the prokaryotic zinc-finger domain, which in Ros protein tetrahedrally coordinates Zn(II) through the typical
Cys2His2 coordination sphere, in Ros homologues can either change the coordination sphere or lose the metal while still
preserving the DNA binding activity.4 In light of our findings an evolutionary link between the prokaryotic and eukaryotic
zinc-finger domains, based on bacteria-to-eukaryota horizontal gene transfer hypothesis, is discussed.
References:
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New insights into structure and dynamics of riboswitch and telomerase RNAs
Juli Feigon
Department of Chemistry and Biochemistry, UCLA, PO Box 951569, Los Angeles, CA 90095 (feigon@mbi.ucla.edu)

RNA pseudoknots are commonly occurring secondary structural elements that provide long-range tertiary interactions
in folded RNAs, and they can have essential roles in both structure and function. We recently determined the solution
structure of the aptamer domain of the preQ1 riboswitch from Bacillus subtilis. Riboswitches are a class of regulatory
mRNA elements that bind specific metabolites, and are most often found in bacterial operons coding for protein products
that produce or transport the related metabolite. The preQ1 riboswitch, found in the 5’ UTR of bacterial genes involved in
synthesis of the queuosine precursors preQ0 and preQ1, contains the smallest known aptamer domain. The modified
nucleotide queuosine (Q) is almost universally found in the anticodon wobble position of specific tRNAs. The preQ1
riboswitch aptamer domain forms a unique compact pseudoknot with three loops and two stems that encapsulates preQ1 at
the junction between the two stems. The pseudoknot only forms in the presence of preQ1, and the 3’ A-rich tail of the
aptamer domain is an integral part of the pseudoknot. In the absence of preQ1 the A-rich tail forms part of the
antiterminator. These structural studies provide insight into riboswitch transcriptional control of preQ1 biosynthesis. Two
related crystal structures of this riboswitch aptamer have been published, and reveal both similarities and differences in
the structure. We report NMR studies of the dynamics of the riboswitch binding pocket and effect of cations on structure
that provide new insights into ‘catch and capture’ of the preQ1 ligand. New results on structure and dynamics of
telomerase RNA pseudoknot/core domain will be presented as well.
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Magnetic Resonance Imaging in Real Time
Jens Frahm, Martin Uecker and Shuo Zhang
Biomedizinische NMR Forschungs GmbH am MPI für biophysikalische Chemie, 37070 Göttingen, Germany (jfrahm@gwdg.de)

The purpose of this presentation is to introduce a novel method for real-time magnetic resonance imaging (MRI) that
yields high-quality images with acquisition times as short as 20 ms and movies with 50 frames per second.
The approach combines two major principles: (i) a fast low-angle shot (FLASH) MRI technique using radial
trajectories for spatial encoding,1 and (ii) a regularized nonlinear inversion for image reconstruction.2 The former allows
for rapid, continuous and motion-robust imaging, and ensures insensitivity to off-resonance artifacts and moderate
tolerance to data undersampling. The latter exploits the advantages of parallel imaging with multiple receive coils and
enhances the degree of radial undersampling in an hitherto unexpected manner by another order of magnitude. Studies of
healthy subjects were performed on an unmodified 3 T MRI system (Trio Tim, Siemens AG, Erlangen, Germany).
Apart from preliminary studies of joint motion and speaking processes, first applications focused on cardiovascular
MRI during free breathing and without synchronization to the electrocardiogram. Real-time MRI movies based on T1weighted radial FLASH images (TR/TE = 2.0/1.3 ms, flip angle 8º) were obtained at 1.5 to 2.0 mm in-plane resolution
along anatomically defined orientations and with 20 to 30 ms temporal resolution (11 to 15 spokes per image). The
images exhibit a high signal of the myocardial wall, good blood-tissue contrast, and excellent temporal fidelity.
The proposed real-time MRI technique pushes MRI towards its technological limit. It is expected to revolutionize
many applications in the biomedical sciences as well as in diagnostic imaging.
References:
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Pulse Dipolar ESR and Protein Superstructures: Signaling Apparatus in Bacterial
Chemotaxis and Varying Structures of alpha-Synuclein
Jack H. Freed
Department of Chemistry and Chemical Biology and National Biomedical Center for Advanced ESR Technology (ACERT), Cornell University, Ithaca,
NY 14853, USA, (jhf3@cornell.edu)

Bacterial chemotaxis refers to the mechanism of bacterial movement in response to gradients of nutrients and
repellents. In bacterial chemotaxis, autophosphorylation of the histidine kinase, CheA, is regulated by chemoreceptors and
an adapter protein CheW. CheA phosphorylates CheY; Phospho-CheY interacts with the flagellum motor and switches
the sense of rotation. One of the fundamental questions of this complex assembly is the ternary structure of the signaling
complex of the CheA dimer, two CheW's, and the receptor dimer. Whereas each individual sub-unit protein could be
studied by crystallography or NMR, neither technique can address this six protein complex. However, we have succeeded
for the first time in determining the structure of this complex. We have shown that the receptor binds and stabilizes the
regulatory domains of CheA. Our direct distance measurements by pulsed dipolar ESR (PDS) between the P3 domain (of
CheA) receptor have shown that the two interact with their helical axis running anti-parallel to each other.
Alpha-synuclein (αS) is a highly conserved presynaptic protein that participates in synaptic strength maintenance and
dopamine homeostasis. However, accumulation of αS amyloid fibrils was implicated as the major reason in the
development of Parkinson’s disease. It was shown by NMR that in detergent micelles the protein adopts two extended
surface-bound helices separated by a non-helical linker and the helices are oriented in an antiparallel fashion. In previous
PDS distance measurements of αS bound to different size micelles we showed that the helices splay further apart on the
surface of larger micelles. We have used PDS to measure large distances (up to 8.7 nm) in αS bound to lipid vesicles, rodlike micelles, and isotropic lipid bicelles, all of which present the protein with a more extensive, less highly curved
surface than spheroidal micelles. Distances measured for αS between labels are in close agreement with those expected
for a single continuous helix, which argues strongly for a single, unbroken helix. Conditions which favor one or the other
conformers will be discussed.
Acknowledgments: (This work is supported by NCRR Grant P41-RR016242 and NIBIB Grant 2R01EB003150).
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Payback Time: Spatially Encoded NMR as a Novel MR Imaging Modality Principles and Prospects
Noam Ben-Eliezer and Lucio Frydman
Chemical Physics Department, Weizmann Institute of Science, Rehovot 200 Herzl St, 76100, Israel (lucio.frydman@weizmann.ac.il)

The robustness of single-scan MRI is affected by the type of environment being addressed. This facet is well known in
functional MRI experiments, Spin-Echo Echo-Planar Imaging (EPI) and Gradient-Echo EPI sequences are endowed with
very different sensitivities and specificities. Recent developments of new NMR methodologies based on spatial, rather
than temporal, encoding, provide new approaches to imaging with alternative features for both single- and multi-scan
MRI.1-4 Compared to EPI counterparts, these schemes will be shown to provide higher robustness to field inhomogeneity
artifacts. Although initially suffering from lower a-priori spatial resolution, this study also will show how a postprocessing algorithm based on super-resolution principles can resolve these resolution issues while retaining the fMRI
activation data resulting from the BOLD effect. At the same time, it will be shown how it becomes possible to address via
spatial encoding, rapidly susceptibility-changing regions that are not amenable to typical Spin-Echo MRI approaches.
References:
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4. Ben-Eliezer N., Irani M. and Frydman L., Magn Reson Med, 63, 1594 – 1600 (2010)

__________________________________________________________________________________________________

Wood NMR and MRI: molecules, interactions, and motion
Sergey V. Dvinskikh, Guilhem Pages, and István Furó
Department of Chemistry and Industrial NMR Center, Royal Institute of Technology, Physical Chemistry, Teknikringen 30, SE-10044, Stockholm
(furo@kth.se)

Wood has a composite structure with hierarchical and non-random porosity and with a rich chemistry. It has an
enormous potential as renewable material for a large variety of applications which often call for improved properties such
as dimensional stability, moisture insensitivity, and durability. To achieve these, bulk chemical modifications and coatings
can be used. Alternatively, separating and re-engineering wood macromolecular
components such as cellulose or lignin can yield completely new materials and
properties. Irrespective of the particular sub-field, methods for characterizing the
molecular states of different molecular components and their spatial distributions are in
demand. The distribution and dynamics of adsorbed water is a particularly important
area.1 Various MRI approaches are to be presented, as illustrated here by onedimensional radial 1H (solid line) and 2H (dashed line) MRI profiles depicting,
respectively, macromolecular and water density in wood with 12 w% D2O content
(optical image overlaid). Besides high-field MRI, low field portable open access
(unilateral) magnets are explored for in situ and non-invasive monitoring of local
moisture content in extended wood specimens. Chemical changes and molecular
immobilization/grafting in chemically modified wood are investigated both by
multinuclear MRI and by 13C and 1H MAS NMR spectroscopy.
References:
1. Skaar C., Wood-Water Relations, Springer, Berlin (1988)
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Insights into structure, dynamics, and interactions in multidomain systems
David Fushman
Department of Chemistry and Biochemistry, Center for Biomolecular Structure and Organization, University of Maryland, College Park, MD 20742,
USA (fushman@umd.edu)

Many cellular proteins have modular architecture, i.e. consist of several well-folded domains connected by (often
unstructured and flexible) linkers. Interdomain interactions and conformational flexibility play a key role in molecular
recognition events and functional regulation involving multidomain proteins. For example, numerous cellular processes
are regulated by tagging substrate proteins with a chain of covalently linked ubiquitin molecules, called polyubiquitin.
The outcome of polyubiquitination depends on the length of the polyubiquitin tag and the specific lysine involved in the
ubiquitin-ubiquitin linkage, and range from targeted protein degradation to DNA repair to inflammatory response.
Knowledge of the conformational properties of polyubiquitin is essential for understanding the determinants of the
amazing functional diversity and linkage-specificity in polyubiquitin signalling. Using polyubiquitin as a paradigm of a
multidomain system, I will highlight the challenges in determining the structure and dynamics of such systems and their
recognition by various receptors, and discuss some recent NMR-based approaches designed to address these issues and
the recent results in this direction.

__________________________________________________________________________________________________

Mapping Inhibitor Binding Sites on a Large Enzyme by Electron Spin-Spin
Derived Distances
Betty J. Gaffney
Department of Biological Science, Florida State University, Tallahassee, FL 32306 (gaffney@bio.fsu.edu)

Finding where organic ligands dock on a “large” biological molecule is a theme common to many experiments. The
experimental approach discussed here is a variation of long-range distance measurements by electron-electron dipolar
interactions, in which a both the organic ligand and the protein to which it binds bear a spin label at selected sites. The
approach is applied to determine how fatty acid derivatives inhibit lipoxygenases. Despite efforts, x-ray crystallography
has not solved this problem, although the resting enzyme structure is well established. Lipoxygenases have a centrally
located iron atom that performs highly selective hydrogen atom abstraction. The iron is surrounded by ~70 kDa of a
roughly spherical protein. Five residues near the protein surface, with distal side chain atoms 20-29 Å from the iron, were
selected for Cys mutagenesis and spin labeling. Inhibitors chosen were a TEMPOCHOLINE spin labeled lysolecithin and
the well-known DOXYL-stearates. Locations of the spin labeled protein side chains were determined by DEER
measurements on doubly-labeled proteins, in collaboration with Peter Borbat and Jack Freed at ACERT (Cornell). Then
distances between single protein sites and spins on fatty acid inhibitors were examined, also by pulsed dipolar
spectroscopy. Biochemical characterization, iron-induced saturation and solution EPR were carried out with Miles
Bradshaw, Stephen Frausto and Fayi Wu at Florida State. Findings include that lipoxygenases readily solubilize
lysolecithin micelles, that bound fatty acid derivatives have regions with variable microsecond dynamics, and that
lipoxygenases have a substrate-interactive region of structure that is likely the entrance to an internal cavity.
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Quantum
m bits (Qubits) are the basic building bloccks of any quaantum computter. They are ttwo state systeems which obey
time-dependeent quantum mechanics
m
annd, in particular, are able to
o produce sevveral coherentt oscillations before
b
dampinng
of
occurs. For this
t
purpose, it is essential that the phaase of the waave function be
b protected ffrom noise. Maximization
M
coherence tim
mes requires a detailed understanding of decoherence mechanisms.
m
In principple there is a very broad choice
c
of Qubbits available because any sufficiently ssmall system obeys quantuum
mechanics. In
I practice, however, difficculties associated with deccoherence andd implementaation (scalabillity) reduce thhis
choice considerably. Qubits based on S=1/2 electroonic spins exh
hibit very inteeresting propeerties, in partiicular very lonng
coherence tim
mes and have been intensivvely studied.
Recently,, we, among others, foundd that electroonic spin Qub
bits based onn different sysstems could have
h
promisinng
properties. The
T presentatioon will cover the
t decoherennce properties of some of thhese new Qubiits, in particular based on:
- the total anngular momenttum of rare-eaarth ions, whiich includes an
n orbital contrribution with strong spin-orrbit and crystaalfield effects. We called theese qubits “Sppin-Orbit QuB
Bits” (SOQBs))- the collectivve spin of a m
molecular magn
net.
For each system, the reelaxation timees (T1 and T2), and the sing
gle Qubit figuure of merit (Q
QM) as a functtion of differeent
parameters will
w be shown to be key propperties to understand decoh
herence mechaanisms.

__________________________________________________________
___________________________________
______________

Frequency-Sweptt MRI: Noo Sound or
o Echoes
Michael Garwood,
G
Djaudat Idiyaatullin, Curtiis Corum, Steen
S
Moelller, Ryan Chhamberlain,, Robert
O’Connell, Deepali Saachdev and Donald Nixxdorf
Center for Magnnetic Resonance Research,
R
Univerrsity of Minnesotaa, Minneapolis, Minnesota
M
USA 55455 (gar@cmrrr.umn.edu)

A fundam
mentally diffe
ferent approacch to MRI iss described called
c
SWIFT
T (sweep
imaging withh Fourier transformation).1,2 SWIFT exploits time-shaared RF excitaation and
signal acquissition, allowinng capture of signal
s
from sppins with extreemely short trransverse
relaxation tim
me, T2. MR siignals are acquuired in gaps inserted in a broadband
b
freequencyswept excitaation pulse, which
w
results in
i acquisition delays of on
nly 1 – 2 μs. With its
ability to cappture signals from
fr
ultrashortt T2 spins, SW
WIFT promisess to expand thhe role of
MRI into areeas of researchh and medicinne where MRII previously played no or negligible
role, such ass dentistry annd imaging of lung parencchyma (Fig. 1). SWIFT iss a quiet
imaging techhnique with ann ability to accquire 3D imaages in scan times similar too and, in
some cases,, faster thann conventionnal 3D gradiient echo seequences. Brroadband
frequency-sw
wept excitatioon and extrem
mely short acqquisition delay
y make it possible to
preserve freqquency-shifted signals neaar metallic im
mplants. In addition,
a
magnetically
labeled nanooparticles (e.g., SPIOs), whhich cause signnal avoids in images acquiired with
conventionall gradient echho sequences,, give rise to positive conttrast (bright spots)
s
in
SWIFT imagges, to improvve MRI trackinng of targeted molecules an
nd cells.3

Fig. 1: An exam
mple of
im
maging short T2 water spins
in mouse lung in
n vivo with
SW
WIFT.
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193, 267 – 73 (2008)
2. Idiyatullin D., Corum C., Moeeller S. and Garwoood M., J Magn Reson,
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3. Zhou R., Idiyyatullin D., Moeller S., Corum C., Zhang H., Qiao H.,
Acknowledgmennt: This research supported by Naational Institutes of
o Health grant P4
41 RR008079.

4
47

4. Session Lectures
__________________________________________________________________________________________________

EMR of iron molecular nanomagnets
Dante Gatteschi
Department of Chemistry “U. Schiff” and INSTM RU, University of Florence,Via della Lastruccia 3-13 50019 Sesto Fiorentino. Italy
(dante.gatteschi@unifi.it)

Molecular Nanomagnetism is producing many new systems which are relevant to
many different scientific fields like surface science, spintronics, quantum computing,
biology and biomedicine etc. One of the original goals of Molecular nanomagnetism was
that of producing aggregates of magnetic centres of increasing size in order to explore the
field where the transition from quantum to classical regime occurs. Molecular
Nanomagnets (MNM) and magnetic nanoparticles (MNP) can now be obtained almost of
the same size using synthetic molecular approaches.
In this communication it is shown how magnetic and EPR techniques provide
evidence of the emergence of bulk functionalities like internal fields and shape effects in
iron clusters prepared using suitable blocking ligands and proteic shells provided by
ferritins and Dps.1
References:
1. Fittipaldi M., Sorace L., Barra A.-L., Sangregorio C., Sessoli R. and Gatteschi D., Phys Chem. Chem. Phys., 11 6555 – 6568 (2009)

__________________________________________________________________________________________________

Structure/Function of Radical Enzymes
Julia Manzerovaa, Vladimir Krymova, Jianming Lub, Hui-Chun Yehb, Javier Suarezc, Lee-Ho Wangb,
a
Richard Magliozzoc, Ah-lim Tsaib and Gary J. Gerfen
a
Department of Physiology and Biophysics, Albert Einstein College of Medicine of Yeshiva University, 1300 Morris Park Avenue, Bronx, NY 10461,
(gerfen@aecom.yu.edu)
b
Division of Hematology, Department of Internal Medicine, University of Texas Health Science Center at Houston, 6431 Fannin, Houston, Texas 77030
c
Department of Biochemistry, The Graduate Center of the City University of New York, New York, 10016

Enzymes utilize amino acid based radical species to catalyze reactions which would be difficult to achieve using twoelectron chemistry. The enzymes use a variety of metals, either as endogenous ligands or as bound cofactors, to generate
these radicals. Studies are presented in which EPR techniques, primarily High Frequency EPR, are used to identify
protein-based radical species in several systems. Systems for which radical intermediates have been investigated include
Lactobacillus leichmannii ribonucleoside triphosphate reductase (RTPR), prostaglandin H2 synthase (PGHS),
Mycobacterium tuberculosis catalase-peroxidase (KatG), and prostacyclin synthase (PGIS).
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Insights into Allostery: The Hsp70 Molecular Chaperone
Anastasia Zhuravlevaa, Robert G. Smocka, Eugenia Clericoa and Lila M. Gierascha,b
a
b

Department of Biochemistry & Molecular Biology
Department of Chemistry, University of Massachusetts, 710 N Pleasant St, Amherst, MA 01003 USA (gierasch@biochem.umass.edu)

Hsp70 molecular chaperones participate in chaperone networks essential to cellular homeostasis and are involved in
both normal and disease states, leading to their emergence as possible therapeutic targets. Hsp70s have the capacity to
bind extended hydrophobic segments of partially folded proteins and to release their clients in an ATP-dependent manner.
Hsp70s are made up of an N-terminal nucleotide-binding domain (NBD) with an actin-like fold and a C-terminal
substrate-binding domain (SBD) comprised of a distorted β-sandwich followed by a helical lid sub-domain and an
intrinsically unfolded region. A highly conserved hydrophobic linker connects the SBD and NBD. Data from our lab and
others support independence of the two domains in the ADP-bound state, with the SBD having high affinity for substrate.
Upon binding of ATP, the two domains undergo internal rearrangements and dock onto each other to form one contiguous
structure with lower affinity for substrate. To elucidate the role of the NBD as a nucleotide-modulated switch, we
analyzed NMR chemical shift diversity of 12 forms of the NBD of the E.coli Hsp70, DnaK. Our results reveal detailed
features of NBD conformational changes during the allosteric cycle and provide a structural description of the crucial
ATP-bound state. We find that the interdomain linker specifically binds to the NBD in a nucleotide-dependent fashion,
acting as a signal transduction element and leading to a conformation favorable for ATP hydrolysis. Chemical shift
perturbations identify an allosteric intradomain network, which then communicates to the SBD to mediate interdomain
allostery. Nucleotide binding to all four NBD sub-domains plays a central role by linking the nucleotide-binding site with
sub-domain interfaces. In turn, perturbation of interdomain interfaces, for example upon linker binding, is communicated
to the nucleotide-binding site. This model for Hsp70 allostery serves as a paradigm for other allosteric systems.
Acknowledgments: National Institutes of Health grant GM027616.

__________________________________________________________________________________________________

Optimal Control of Spins Systems: Robust Pulses, Coherence Transfer and
Decoupling
Steffen J. Glaser
Department of Chemistry, TU München, Lichtenbergstr. 4, 85747 Garching, Germany, (glaser@ch.tum.de)

Based on principles of optimal control theory, the physical limits of quantum control can be explored and robust timeoptimal and relaxation-optimized pulse sequences can be designed to control the dynamics of spin systems.1-3 Recent
advances include: (A) A general solution for the optimal control of a single spin with limited
rf amplitude and in the presence of relaxation has been found. This is illustrated for the
saturation problem in the absence of B0 or B1 gradients, where the optimal solution4 (black
curve) is up to 2.5 times faster than conventional sequences based on inversion recovery (grey z
curve). (B) A set of robust 90° and 180° pulses has been numerically optimized, which makes
it possible to simply replace rectangular pulses in multi-dimensional experiments in a straightforward way, providing increased bandwidth and tolerance with respect to rf inhomogeneity.
y
(C) In heteronuclear spin systems, the optimal creation of multi-spin order, e.g. for out and
back coherence transfer, has been studied. (D) The application of optimal control methods to the problem of heteronuclear
decoupling5 yields unprecedented flexibility and decoupling quality.
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1. Khaneja N., Reiss T., Kehlet C., Schulte-Herbrüggen T. and Glaser S. J., J. Magn. Reson., 172, 296 – 305 (2005)
2. Khaneja N., Luy B. and Glaser S. J., Proc. Natl. Acad. Sci. U.S.A., 100, 13162 – 13166 (2003)
3. Nielsen N. C., Kehlet C., Glaser S. J. and Khaneja N., Encyclopedia of Nuclear Magnetic Resonance (2010)
4. Lapert M., Zhang Y., Braun M., Glaser S. J. and Sugny D., Phys. Rev. Lett., 104, 083001 (2010)
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Nanometer scale distance measurements in proteins using Gd3+ spin labeling

Alexey Potapova, Hiromasa Yagib, Thomas Huberb, Slobodan Jergicc, Nicholas E. Dixonc, Gottfried
Ottingb and Daniella Goldfarba
a

Department Chemical Physics, Weizmann Institute of Science, Rehovot, 76100, Israel, (daniella.goldfarb@weizmann.ac.il)
Research School of Chemistry, The Australian National University, Canberra ACT 0200, Australia
c
School of Chemistry, University of Wollongong, NSW 2522, Australia
b

Methods for measuring nanometer scale distances between specific sites in proteins are essential for analysis of their
structure and function. In this work we introduce Gd3+ spin labeling for nanometer range distance measurements in
proteins by high field pulse EPR. To evaluate the performance of such measurements we carried out four pulse DEER
(double electron electron resonance) measurements on two proteins, p75ICD and τC14, labeled at strategically selected
sites with either two nitroxides or two Gd3+ spin labels. In analogy to conventional site directed spin labeling using
nitroxides, Gd3+ tags that are derivatives of dipicolinic acid were covalently attached to cysteine thiol groups.
Measurements were carried out on X-band (~9.5 GHz, 0.35 T) and W-band (95 GHz, 3.5 T) spectrometers for the
nitroxide labeled proteins and at W-band for the Gd3+ labeled proteins. In the protein p75ICD, the orientations of the two
nitroxides were found to be practically uncorrelated and therefore the distance distribution could as readily be obtained at
W-band as at X-band. The measured Gd3+-Gd3+ distance distribution had a maximum at 2.9 nm as compared to 2.5 nm for
the nitroxides. In the protein τC14, however, the orientations of the nitroxides were correlated and the W-band
measurements exhibited strong orientation selection that prevented a straightforward extraction of the distance
distribution. The X-band measurements gave a nitroxide-nitroxide distance distribution with a maximum at 2.5 nm and
the W-band measurements gave a Gd3+-Gd3+ distance distribution with a maximum at 3.4 nm. The Gd3+-Gd3+ distance
distributions obtained are in good agreement with expectations from structural models that take into account the flexibility
of the tags and their tethers to the cysteine residues. These results show that Gd3+ labeling is a viable technique for
distance measurements at high fields that features an order of magnitude sensitivity improvement, in terms of protein
quantity, over X-band pulse EPR measurements using nitroxide spin labels. Its advantage over W-band distance
measurements using nitroxides stems from an intrinsic absence of orientation selection.

__________________________________________________________________________________________________

Hyperpolarisation: Possibilities and Impossibilities
Klaes Golman
Research Department, Inogal Aps, Marsvej 4, 3300 Frederiksværk, Denmark (golman@mail.tele.dk)

A large number of hyperpolarisation experiments with C-13 organic compounds have been described. Focus has been
on either in vitro NMR analytical or in vivo MR Imaging studies. The studies reveal that the hyperpolarisation process has
been improved and that polarization of more than 50% has been obtained by using the DNP method. A review of these
studies will be given.
If the time between dissolution of the frozen polarized solid and the NMR in vitro analyses can be shortened
significantly the method opens up for interesting possibilities for following chemical reactions (metabolism) and
catalytical processes with previously unrevealed information. So far, the most interesting in vivo imaging results have
been obtained using small endogeneous molecule like acetate, pyruvate, alanine and bicarbonate.
The experiments in animals (mice, rats, rabbits and pigs) have for the first time shown the possibilities for doing real
metabolic imaging studies, in contrast to all PET studies where only the localization of a radioactive tracer can be imaged!
The experimental metabolic imaging performed with the hyperpolarized compounds indicates that future clinical use
will allow improved medical diagnosis of major diseases like cancer and heart infarct.
The strong signal enhancement obtained by the hyperpolarisation process also opens up for the possibility of doing
MRI interventional procedures where the catheters can be imaged and the effect of treatment can be studied real time.
The main obstacle for the hyperpolarisation imaging technique is the short T1 of most of the carbons in larger
molecules. Imaging of small molecules may also be impossible if the small molecule is bound to proteins or other large
molecules.
Use of other atoms than C-13 has been described in the literature. A review of this will also be given.
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Pathway Symmetries in Magnetic Resonance
Philip J. Grandinetti, Nicole M. Trease and Jason T. Ash
Department of Chemistry, Ohio State University, 100 West 18th Avenue, 43210, Columbus, OH, (grandinetti.1@osu.edu)

When internal spin couplings are much larger than the rf coupling we can no longer rely on the symmetries of the
orthogonal rotation subgroup as a guide to designing new NMR experiments. In this case, the use of Average Hamiltonian
Theory to design time reversal sequences can become challenging. This
fact alone, may explain why solid-state NMR of quadrupole nuclei had
developed at a slower pace than coupled spin 1/2 nuclei. Despite this
difficulty, it is indeed possible to design time reversal experiments for
nuclei experiencing strong couplings, and over the years a systematic
approach has developed in many labs around the world. In this talk we
attempt to distill these approaches down to their essential elements and
present them in a single consistent framework. We expand the concept of
coherence transfer pathways to ``symmetry pathways''. We give
illustrative examples of how such pathways can be used to describe
t2
experiments that selectively eliminate specific contributions to an NMR
t1
t
0
spectrum, particularly for quadrupole nuclei. We also review the use of
affine transformations to separate frequency contributions with different
symmetries into different dimensions of a multidimensional spectrum.

__________________________________________________________________________________________________

Comparing Longitudinal and Transverse detection of EPR
Josef Granwehr
Sir Peter Mansfield Magnetic Resonance Centre, School of Physics and Astronomy, University of Nottingham, Nottingham, NG7 2RD, UK,
(granwehr@magres.nottingham.ac.uk)

Longitudinal detection (LOD), which employs a coil to inductively measure the change of the longitudinal spin
magnetization, is a largely complementary technique to the commonly used heterodyne detection for EPR spectroscopy.
In most instances, heterodyne detection is significantly more sensitive than LOD, but LOD is more robust and can be used
under unfavorable experimental conditions that prevent heterodyne detection.1 A comparison of the features, the
sensitivity, and complementary applications of the two methods is presented. The sensitivity discussion follows the wellknown route outlined by Abragam,2 taking into account different practical design alternatives available for LOD. This
analysis is complemented by numerical simulations to estimate the spin magnetization transient that is inducing the signal.
Since LOD directly measures the change of electron spin polarization, it is particularly well suited for measuring
longitudinal relaxation. Various different techniques have been suggested. Continuous wave (cw) schemes have proved
successful to measure very short longitudinal relaxation times when the Bloch equations provide an adequate description
of relaxation.3 However, especially at low temperatures, solid samples commonly show a distribution of relaxation times,
and transient methods are required for an accurate characterization.4 Different experimental schemes are compared and
discussed with respect to their practicality. Saturation–recovery with point-by-point or low-power cw detection can be
implemented with transverse as well as with LOD detection. On the other hand, direct detection of the transient
longitudinal magnetization is possible only with LOD. The feasibility and performance of this technique are discussed,
along with possible methods for sensitivity improvements.
References:
1. Granwehr J., Leggett J. and Köckenberger W., J. Magn. Reson., 187, 266 – 276 (2007)
2. Abragam A., Principles of Nuclear Magnetism, Clarendon Press, Oxford (1961)
3. Atsarkin V. A., Demidov V. V. and Vasneva G. A., Phys. Rev. B, 52, 1920 – 1926 (1995)
4. Granwehr J. and Köckenberger W., Appl. Magn. Reson., 34, 355 – 378 (2008)
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The amyloid β peptide involved in Alzheimer´s disease: molecular interactions,
secondary structure conversions and aggregation
Astrid Gräslund
Department of Biochemistry and Biophysics, Stockholm University, SE-106 91 Stockholm, Sweden (astrid@dbb.su.se)

The amyloid β peptide consists of 39-43 residues and is the major component of neuritic plaques in the brains of
Alzheimer's disease patients. We study the structure conversions and aggregation properties of the Aβ(1-40) peptide using
high resolution NMR spectroscopy. At low concentrations, low temperatures and low ionic conditions in an aqueous
solution, Aβ(1-40) is monomeric. Metal ions like Cu2+ and Zn2+ bind to amino acid ligands in the N-terminus of the
peptide and induce increased order in the N-terminus.1 Cyclodextrin or covalently linked cyclodextrin dimers interact with
the aromatic sidechains of Aβ(1-40), and mediate inhibition of peptide aggregation.
By gradually adding the detergent lithium dodecyl sulphate (LiDS) or SDS to a dilute aqueous solution of Aβ(1-40),
secondary structure conversions of Aβ(1-40) can be observed.2 An initial transition involves conversion of the weakly
structured peptide to β-sheet structure, concomitant with formation of large aggregates. At LiDS concentrations close to
the CMC or above, a second transition makes the peptide rearrange to form a partly α-helical structure, concomitant with
disaggregation and formation of normal LiDS micelles which apparently partly dissolve the aggregates. This α-helical
structure is similar to that previously observed by NMR at high SDS concentrations.3 Detergents like Congo red interfere
with the peptide structure conversions, giving rise to changed aggregation pathways of Aβ(1-40).4
References:
1. Danielsson J., Pierattelli R., Banci L. and Gräslund A., FEBS J., 274, 46 – 59 (2007)
2. Wahlström A., Hugonin L., Peralvarez-Marin A., Jarvet J. and Gräslund A., FEBS J., 275, 5117 – 5128 (2008)
3. Jarvet J., Danielsson J., Damberg P., Oleszczuk M. and Gräslund A., J. Biomol. NMR, 39, 63 – 72 (2007)
4. Lendel C., Bolognesi B., Wahlström A., Dobson C. and Gräslund A., Biochemistry, 49, 1358 – 1360 (2010)
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Probing semiquinone binding to nitrate reductase A by pulsed EPR spectroscopy
Stéphane Grimaldia, Rodrigo Arias-Cartinb, Sevdalina Lyubenovac, Pascal Lancianoa, Pierre
Ceccaldia,b, Burkhard Endewardc, Thomas Prisnerc, Axel Magalonb and Bruno Guigliarellia
a

Bioenergetics and Protein Engineering (grimaldi@ifr88.cnrs-mrs.fr)
Laboratory for Bacterial Chemistry, CNRS & Aix-Marseille University, 31 chemin J. Aiguier, 13009, Marseille, France
Institute for Physical and Theoretical Chemistry, J. W. Goethe University, Max-von-Laue-Strasse 7, 60438, Frankfurt, Germany

b
c

E. coli Nitrate reductase A (NarGHI), a membrane-bound respiratory complex, has the ability to utilize as substrate
both menaquinol and ubiquinol usually associated with anaerobic or aerobic growing conditions, respectively. However,
due to the absence of quinone in the crystal structure of NarGHI, the number and
location of the quinol binding sites were largely debated.
To understand the molecular basis of the unusual stability of the EPR-detectable
menasemiquinone (MSQ) intermediate located in the membrane subunit NarI, a
multifrequency HYSCORE study was directly undertaken on NarGHI-enriched inner
membrane vesicles (IMVs).1 Analysis of the 14N and 15N hyperfine couplings reveals that
MSQ is specifically H-bound to a nitrogen atom which was assigned to the Nδ imidazole Working model of the MSQ
nitrogen of the heme bD axial ligand His66. Moreover, the EPR study of NarGHI- environment in E. coli NarGHI
enriched IMVs purified from a menaquinone-deficient E. coli strain shows that endogenous ubisemiquinones (USQ) can
also be detected. The use of 14N HYSCORE enabled us to distinguish the USQ radicals bound to different membranebound enzymes, and to clearly identify the USQ species bound to NarGHI. Noticely, MSQ and USQ bind in a single site
of the NarGHI complex in a similar mode involving H66 Nδ.2 Overall, these results allow us to address at the molecular
level the question of the adaptation of an anaerobic enzyme to oxygenic conditions.
References:
1. Grimaldi S., Arias-Cartin R., Lanciano P., Lyubenova S., Endeward B., Prisner T. F., Magalon A. and Guigliarelli B., J. Biol. Chem., 285, 179 – 187
(2010)
2. Arias-Cartin R., Lyubenova S., Ceccaldi P., Prisner T. F., Magalon A., Guigliarelli B. and Grimaldi S., J. Am. Chem. Soc., 132, 5942 – 5943 (2010)
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Synergy between NMR and cryo-EM - Novel Findings for HIV Capsid Function
In-Ja L. Byeona, Xin Menga, Jinwon Junga, Gongpu Zhaoa, Ruifeng Yangb, Jinwoo Ahna, Jiong Shia,
Jason Concela, Christopher Aikenb, Peijun Zhanga and Angela M. Gronenborna
a
b

Department of Structural Biology, University of Pittsburgh School of Medicine, Pittsburgh, PA 15260, USA; (amg100@pitt.edu)
Department of Microbiology and Immunology, Vanderbilt University School of Medicine, Nashville, TN 37232, USA

Mature HIV-1 particles contain a conical-shaped capsid that encloses the viral RNA genome and performs essential
functions in the virus life cycle. Previous structural analysis of two- and three-dimensional arrays provided a molecular
model of the capsid protein (CA) hexamer and revealed three interfaces in the
lattice. We will present a high-resolution NMR structure of the CA C-terminal
domain (CTD) dimer and a cryoEM study of a tubular assembly of CA. In the
solution dimer structure, the monomers exhibit different relative orientations
compared to previous X-ray structures. The solution structure fits extremely well
into the EM density map, suggesting that the dimer interface is retained in the
assembled CA. We also identified a novel CTD-CTD interface at the local threefold axis in the cryoEM map and confirmed its functional importance by
mutagenesis. In the tubular assembly, CA intermolecular interfaces vary slightly,
accommodating the asymmetry present in tubes. This provides the necessary
plasticity to allow for controlled, asymmetric virus capsid assembly.
References:
1. Byeon I. L., Meng X., Jung J., Zhao G., Yang R., Ahn J., Shi J., Concel J., Aiken C., Zhang P. and Gronenborn A. M., Cell, 139, 780 – 790 (2009)
Acknowledgments: This work was supported by the National Institutes of Health (GM082251).
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Ultra-high field imaging and spectroscopy at 14Tesla
Rolf Gruetter
Centre d’Imagerie BioMedicale (CIBM), Lausanne Switzerland (rolf.gruetter@epfl.ch)

An increase with a magnetic field strength has been associated with gains in sensitivity and specificity. We took
delivery of a horizontal bore 14.1Tesla scanner approximately two years ago. This presentation provides an account of the
experiences made and improvements noted.
Our initial results further indicated that increasing magnetic field strength to 14.1 T enhanced spectral resolution in 1H
NMR spectroscopy and allowed the quantification of the neurochemical profile in rodent brain with ~50% improved
accuracy and precision. The measurement of the neurochemical profile with microliter spatial resolution is routinely
achieved in murine brain, allowing for a quantitative measurement of more than 20 biomarkers, covering membrane
metabolism, energy metabolism, neurotransmitters, antioxidants and osmolytes. Such a highly quantitative, sensitive
approach is likely to yield important insights into the function of many genes and mouse models of disease.
On another line of investigation, indirect 13C label detection using short-echo 1H NMR localization was developed and
implemented. Under infusion of glia-specific substrate - [2-13C] acetate, a ~50% improvement of the sensitivity and
enhanced spectral dispersion was noted at 14.1T especially for J-coupled metabolites such as glutamate and glutamine.
Therefore, time courses of GluC3 and GlnC3 were reported for the first time by 1H-[13C] NMR spectroscopy, which
should greatly improve the ability to study neuron-glial metabolism using 1H observed 13C edited NMR spectroscopy.
Modeling the time course of 13C label incorporation from acetate suggest that in addition to the glial TCA cycle rate, the
label exchange across the inner mitochondrial membrane in glia can be measured and glial glutamate concentration can be
estimated.
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Characterization of unfolded and folded protein states by novel NMR methods
Stephan Grzesiek, Martin Gentner, Daniel Häussinger, Jie-rong Huang, Lydia Nisius, Hans-Jürgen
Sass and Navratna Vajpai
University of Basel, CH-4056 Basel, Switzerland (stephan.grzesiek@unibas.ch)

We extensively use residual dipolar coupling (RDC), paramagnetic labeling (PRE, PCS), scalar couplings and other
NMR parameters to characterize to characterize the conformational ensembles of unfolded and folded protein states.1-5 To
obtain a minimal model of the unfolded state according to such data we have developed new modules for the use of steric
alignment RDCs and PREs as constraints in ensemble structure calculations.3 The results show that only a small number
of about 10 conformers is necessary to fully reproduce a large set of 419 RDCs, 253 PREs and the average radius of
gyration of urea-denatured ubiquitin. Cα contacts determined on 400 10-conformer ensembles show significant (10-20%)
populations of native and non-native conformations that are similar to ubiquitin's A-state. A statistical analysis indicates
that the present methods provide reliable detection of subconformations in the unfolded ensemble at population levels of a
few percent. We have extended the characterization of unfolded proteins to the side-chain rotameric states by optimized
detection of 3JHαHβ, 3JNHβ and 3JC’Hβ scalar and 1DCβHβ RDCs.4 For urea-denatured ubiquitin and protein G up to six 3Jcouplings to 1Hβ are detected, which define the χ1 angle at very high precision. Interpretation of the 3J couplings and
RDCs by a model of mixed staggered χ1 rotamers yields excellent agreement and also provides stereo assignments for 1Hβ
methylene protons. The experimental χ1 rotamer populations are in the vicinity of averages obtained from coil regions in
folded protein structures. However, individual variations from these averages of up to 40 % are highly significant and
indicate sequence- and residue-specific interactions.
References:
1. Meier S., Strohmeier M.., Blackledge M. and Grzesiek S., J. Am. Chem. Soc., 129, 754 – 755 (2007)
2. Vajpai N., Strauss A., Fendrich G., Cowan-Jacob S. W., Manley P. W., Grzesiek S. and Jahnke W., J. Biol. Chem., 283, 18292 – 302 (2008)
3. Huang J.-r. and Grzesiek S., J. Am. Chem. Soc., 132, 694 – 705 (2010)
4. Vajpai N., Gentner M., Huang J.-r., Blackledge M. and Grzesiek S., J. Am. Chem. Soc., 132, 3196 – 203 (2010)
5. Haussinger D., Huang J.-r. and Grzesiek S., J. Am. Chem. Soc., 131, 14761 – 7 (2009)
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Cancer Metabolomics: from Diagnostics to Drug Discovery
Ulrich Günther, Stefano Tiziani, Alessia Lodi, Christian Ludwig, Mark Viant, Mark Drayson, Chris
Bunce and Victor Lopes
HWB-NMR, School of Cancer Sciences, University of Birmingham, UK (u.l.gunther@bham.ac.uk)

Cancer metabolomics represents a fast growing analytical science. It is based on the detection of small changes in
metabolite concentrations in response to cancer. Metaboloic changes in cancer have been recognised early, Warburg
associated the cause of cancer with an altered metabolism. Recent work sheds new light on this fundamental hypothesis
and opens new avenues for diagnostics and therapy.
The ultimate goal of cancer metabolism would be early diagnosis by a non-invasive test using blood or urine
metabolite fingerprints. Such an analysis may also include the monitoring of disease progression or treatment responses.
We have recently shown that metabolomics clearly detects small head and neck tumours from blood serum and can even
differentiate between disease states. Similar results were also obtained for colon cancer, myeloma and for pancreatic
cancer. These results hold great promise for cancer metabolomics as a diagnostic tool.
Moreover, we have used metabolomics to study the effect of drugs in cancer cell lines, specifically in acute myeloid
leukaemia cell lines. In this application we were able to derive a mechanism of a combined bezafibrate (BEZ) and
medroxyprogesterone acetate (MPA) therapy associated with the generation of reactive oxygen species (ROS) within the
tumour cells. Moreover, we have studied the effect of hypoxia on the proposed mechanism of action of this combination
of drugs. These results demonstrate how metabolomics can support cancer drug discovery.
References:
1. Tiziani S., Lopes V. and Günther U. L., Neoplasia, 11, 1 – 8 (2009)
2. Tiziani S., Lodi A., Viant M., Bunce C. and Günther U., PloS ONE, 4, 4251 (2008)
3. Ludwig C., Viant M. R., Ward D., Martin A., Ismail T., Johnson P., Wakelam M. and Günther U. L., Magn Reson Chem, 47, S68 – S73 (2009)
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Shielding and quadrupole coupling parameter of intermetallic compounds: NMR
experiment and quantum mechanical calculations
Frank Haarmann
Institut für Anorganische Chemie, RWTH Aachen, Landoltweg 1, 52074 Aachen, Germany (frank.haarmann@ac.rwth-aachen.de)

Intermetallic compounds are without any doubt an important class of materials due to their technological relevance.
Considering this, our present knowledge about chemical and physical properties of intermetallic compounds is not
sufficient. In order to archive a situation where well-directed synthesis of compounds with desired properties becomes
possible basic research has to be done. Especially a better understanding of the chemical bonding in intermetallic
compounds is desired. We focus on development of strategies for systematic investigation of these materials. At present a
combined application of diffraction methods, quantum mechanical calculations and NMR spectroscopy seems to be
promising. The link of NMR spectroscopy and quantum mechanical calculations of NMR coupling parameter turned out
to be useful for two reasons: First, it can be used as experimental validation of the quantum mechanical calculations.
Second, structural information of disordered materials can be obtained. For this reason the approach can be used to
compensate the failures of diffraction methods.
Two branches of intermetallic compounds were used as model systems to evaluate the strategy. Gallides of the
alkaline earth metals feature metallic conductivity, thus quadrupole coupling becomes the only reliable source of
information for NMR spectroscopy.1 The semiconducting silicides of the alkali metals and Ba2Si4 were used to study the
influence of chemical shielding for intermetallic compounds.2,3 A comparison with Ba3Si4 possessing metallic
conductivity will be given.4
References:
1. Haarmann F., Koch K., Grüner D., Schnelle W., Pecher O., Cardoso-Gil R., Borrmann H., Rosner H. and Grin Yu., Chem. Eur. J., 154, 1673 – 1684
(2009)
2. Goebel T. and Haarmann F., Z. Anorg. Allg. Chem., 634, 2040 (2008)
3. Goebel T. and Haarmann F., Z. Kristallogr. Suppl., 29, 13 (2009)
4. Aydemir U., Ormeci A., Borrmann H., Böhme B., Zürcher F., Uslu B., Goebel T., Schnelle W., Simon P, Carrillo-Cabrera W., Haarmann F.,
Baitinger M., Nesper R., von Schnering H. G. and Grin Yu., Z. Anorg. Allg. Chem., 634, 1651 – 1661 (2008)
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Insights into Metal Ion Mutagenesis and Catalysis of Dinuclear Mn
Metallohydrolases Utilising EPR Spectroscopy
Christopher J. Noblea, Lawrence R. Gahanb, Gerhard Schenkb and Graeme R. Hansona
a
b

Centre for Advanced Imaging (Graeme.Hanson@cai.uq.edu.au)
School of Chemistry and Molecular Biosciences, The University of Queensland, Brisbane, Queensland, Australia, 4072

Using a novel approach for the analysis of strain broadened EPR spectra from antiferromagnetically coupled dinuclear
Mn centres, we have gained insights into the catalytic function of dinuclear metallohydrolases, in particular purple acid
phosphatses (PAPs) and exonuclease. PAPs require a heterovalent dinuclear metal ion center for catalysis under acidic
conditions. Sweet potato PAP is unusual in that it has a specific requirement for MnII, forming a unique FeIII-µ-(O)-MnII
center under catalytically optimal conditions.1 Detailed EPR and kinetic studies have revealed that in this enzyme the
chromophoric FeIII can be replaced by MnII, forming a catalytically active, unprecedented antiferromagnetically coupled
homodivalent MnII-μ-(H)OH-µ-carboxylato-MnII center in a PAP.2 However, the enzyme no longer functions as an acid
phosphatase, having optimal activity at neutral pH. Thus, PAPs may have evolved from distantly related divalent
dinuclear metallohydrolases that operate under pH neutral conditions, by stabilization of a trivalent-divalent metal ion
core. The present MnII-MnII system models these distant relatives, and the results make a significant contribution to our
understanding of the role of the chromophoric metal ion as an activator of the nucleophile. The ε186 subunit of
Escherichia coli DNA polymerase III is a binuclear metalloenzyme that requires divalent metal ions for its 3′–5′
exonuclease proofreading activity during DNA replication. Metal ion binding studies employing EPR spectroscopy reveal
that only one MnII ion (MnA) binds to the active site in the absence of the substrate analogue and reaction product
thymidine 5′-monophosphate (TMP). In the presence of TMP the affinity of MnA increases and a second MnII binds to the
active site (MnB). The combined results indicate that catalysis by ε186 is regulated in a manner whereby the catalytically
essential second metal ion only binds to the active site upon the addition of the substrate.
References:
1. Schenk G., et al., J. Biol. Chem., 276,19084 – 19088 (2001); Schenk G., et al., Proc. Natl. Acad. Sci. U.S.A.,102, 273 – 278 (2005)
2. Mitić N., Noble C. J., Gahan L. R., Hanson G. R. and Schenk G., J. Am. Chem. Soc., 131, 8173 – 8179 (2009)
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In vivo multi-nuclear Magnetic Resonance
Arend Heerschap
Department of Radiology, Radboud University Nijmegen Medical Centre, G Grooteplein Z18,6500 HB, Nijmegen, The Netherlands
(a.heerschap@rad.umcn.nl)

The majority of Magnetic Resonance applications in biomedicine employ the resonance of protons in water, because
of sensitivity reasons. With the introduction of MR systems at higher field strength the proton resonances of other
compounds and resonances of other nuclei are increasingly being exploited. In this presentation we will demonstrate
biomedical applications of the nuclei 31P, and 19F both in animals and in humans.
The use of 31P is particular helpful in studies on energy metabolism and phospholipids. We have used 31P - 31P
magnetization transfer and NoE to test the validity of the common calculation of free [ADP] in skeletal muscle, a major
regulating metabolite. The results show that this is prohibited by macromolecular binding of ADP and we propose another
model to explain the involvement of ADP in cellular processes. In addition we will show how 1H – 31P polarization
transfer can be employed to increase the sensitivity in the detection of some major phospholipids involved in tumor
metabolism.
The compound 5-fluoruracil is still an important part of several cancer treatments. We will demonstrate that its
conversion can be assessed in a spatially resolved way. Hypoxia in tumors is related to bad prognosis and is a serious
problem in the treatment of cancers. We developed a 19F labeled bio-reductive compound to image hypoxia in tumors.
Cell tracking using 19F compounds as label in 19F imaging is attractive because it allows quantitative assessments. We
developed several approaches to label dendritic cells for 19F imaging purposes.
Acknowledgments: We thank the Dutch Cancer Society, Dutch Health Organisation (NWO), and EU (FP6 and 7) for support.
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Statistical Spectroscopy: tools for metabolic profiling
Elaine Holmes
Department of Surgery and Cancer, Imperial College London, South Kensington, London, SW7 2AZ, UK (elaine.holmes@imperial.ac.uk)

Metabolic profiling is used as a high throughput post-genomic tool for discovering diagnostics, probing metabolic
pathways associated with pathological or physiological challenges, mapping the functional consequences of genetic
modification and for predicting the response of individuals to nutritional or pharmacologic interventions. It has seen its
biggest successes within the biomedical sciences and has been a core tool in many disease areas such as metabolic
syndrome. The platform is dependent upon high-resolution spectroscopy, usually NMR spectroscopy or MS combined
with powerful mathematical modelling tools relying on multivariate algorithms. However, much of the success of the
modelling is reliant upon the optimization of the preprocessing of spectra and much effort has been applied to this field
recently. Simple procedures such as baseline correction, spectral alignment or correcting for phase distortions can be
challenging if automation is required to facilitate high throughput. However, perhaps the greatest challenge is to identify
the chemical structure of spectral features designated as differentiating between two or more classes of sample. Here there
has been a recent explosion in the development of methods associated with statistical spectroscopy. Statistical
spectroscopy generally involves harnessing the power of multiple samples within each class to reconstruct whole or
partial spectra using properties such as correlation or covariance.1 This can be done using one data type e.g. standard onedimensional 1H NMR urine spectra to identify signals that covary systematically within a group of samples (Statistical
Total Correlation SpectroscopY; STOCSY) or by utilising different types of spectra acquired for the same sample
(Statistical HeterospectroscopY; SHY), for example 1H and 19F NMR spectra or 1H NMR spectra and LC-MS spectra.
The identification of correlated signals can provide molecular structural information by identifying atoms on the same
molecule in different chemical environments functioning as a traditional two-dimensional NMR experiment such as
TOCSY but without being restricted by bond length. Alternatively, this type of statistical spectroscopy can also yield
pathway information. The most striking examples here are for xenobiotic metabolites. Such methods show increasing
promise as biomarker identification tools.
References:
1. Cloarec O.,et al., Anal Chem., 77, 1282 – 9 (2005)
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Structure and Dynamics of the Influenza M2 Proton Channel by Solid-State NMR
Mei Hong, Sarah D. Cady, Fanghao Hu and Wenbin Luo
Department of Chemistry, Iowa State University, Ames, Iowa, 50011, USA (mhong@iastate.edu)

The M2 protein of influenza A viruses forms a tetrameric proton channel important for the virus life cycle. The M2
proton channel is activated at low pH and inhibited by amantadine and rimantadine. Elucidating the atomic structure of
the M2 protein bound to lipid bilayers is not only important for developing new antiviral drugs but is also crucial for
understanding the mechanism of proton conduction. We present solid-state NMR studies of the high-resolution structure
of the M2 transmembrane (TM) domain in lipid bilayers in various states, including the drug-free apo state, the
amantadine-bound state, and the low-pH open state. Magic-angle spinning 2D correlation experiments, dipolar recoupling
experiments, and 1H spin diffusion NMR allowed us to determine 1) the TM helix conformation and its perturbation by
amantadine, 2) inter-helical distances in the four-helix bundle, 3) drug-protein distances that located the binding site, 4)
water interaction with the channel, and 5) the conformation and dynamics of the key proton-sensing residue histidine 37.
These results yielded detailed insights into the mechanisms of proton conduction by the M2 channel and how amantadine
inhibit this function.
Acknowledgments: This work is supported by an NIH grant GM088204 and an NSF grant MCB-0543473.
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Animal-detected EPR: cryptochromes as magnetic sensors
Peter J. Hore
Department of Chemistry, University of Oxford, South Parks Road, Oxford, OX3 9TJ, UK (peter.hore@chem.ox.ac.uk)

Migratory birds travel vast distances each year using, inter alia, the Earth’s magnetic field as a source of directional
information. Although it has been known for 40 years that birds possess a magnetic compass, avian magnetoreception is
still poorly understood. One of the two mechanisms currently under consideration invokes magnetically sensitive
photochemical reactions of radical pairs in spatially ordered cryptochrome photoreceptor proteins in the bird’s retina.1
The essential chemical requirements for detecting the direction of an Earth-strength (~50 μT) magnetic field will be
outlined. Evidence for a radical pair magnetoreceptor in birds will be presented, with the emphasis on cryptochrome as the
host molecule.2 In particular, the use of radiofrequency magnetic fields as a diagnostic test for the operation of the radical
pair mechanism will be described. Studies of migratory birds subjected to oscillating magnetic fields have revealed
remarkably sensitive disorientation responses when the frequency of the applied field (~1.3 MHz) matches the EPR
condition of a radical with g ≈ 2 in the Earth’s magnetic field (~47 µT).3 The occurrence of such ‘Zeeman resonances’ can
be understood if one of the radical pair partners is devoid of hyperfine interactions. Theoretical considerations suggest that
such an asymmetric distribution of hyperfine interactions may be optimal for the chemical detection of weak magnetic
fields. The possibility that the radical is either superoxide or dioxygen is examined with the conclusion that neither offers
a very credible explanation for these in vivo EPR ‘signals’.4,5
References:
1. Ritz T., Adem S. and Schulten K., Biophys. J., 78, 707 – 718 (2000)
2. Rodgers C. T. and Hore P. J., Proc. Natl. Acad. Sci. U.S.A., 106, 353 – 360 (2009)
3. Ritz T., Wiltschko R., Hore P. J., Rodgers C. T., Stapput K., Thalau P., Timmel C. R. and Wiltschko W., Biophys. J., 96, 3451 – 3457 (2009)
4. Solov'yov I. A. and Schulten K., Biophys. J., 96, 4804 – 4813 (2009)
5. Hogben H. J., Efimova O., Wagner-Rundell N., Timmel C. R. and Hore P. J., Chem. Phys. Lett., 480, 118 – 122 (2009)
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High-field NMR as a powerful tool to study "exotic" phases in quantum spin
systems
Mladen Horvatića, Claude Berthiera, Steffen Krämera, Francesco Aimoa, Masashi Takigawab, Frederic
Milac and Raivo Sternd
a
Laboratoire National des Champs Magnétiques Intenses, UPR 3228, CNRS-UJF-UPS-INSA, BP 166 , 38042 Grenoble, France
(mladen.horvatic@lncmi.cnrs.fr)
b
Institute for Solid State Physics, University of Tokyo, Kashiwa, Chiba 277-8581, Japan
c
ITP, Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland
d
National Institute of Chemical Physics and Biophysics, Akadeemia tee 23, 12618 Tallinn, Estonia

We review recent NMR results obtained at the Laboratoire National des Champs Magnétiques Intenses in Grenoble on
magnetic field induced physics in several frustrated antiferromagnetic quantum spin systems. They are all based on spin
1/2 dimers, and we observe them in the regime where magnetic field closes the singlet-triplet gap and induces "exotic"
quantum phases such as magnetization plateaus, Bose-Einstein condensation (BEC) of triplet excitations and supersolid
phases. When these phases appear at very high magnetic fields above 17 T, which are currently out of the reach of neutron
and x-ray diffraction techniques, NMR provides the only access to determine their magnetic (super)structure.
In the two-dimensional "Shastry-Sutherland" SrCu2(BO3)2 compound we present for the first time the magnetic
structure determination in all the magnetization plateaus of this system.1 In the azurite, Cu3(CO3)2(OH)2, which is a
diamond spin chain, we determined the local spin polarization in the 1/3 plateau, and have evidence for the absence of the
2/3 plateau.2 In BaCuSi2O6, regarded as an archetype for the BEC of triplets (hard-core bosons), we proved that in every
second plane the spin dimers have different gap value, leading to an exotic modulated BEC system.3 We will review these
high magnetic field results paying special attention to the employed NMR techniques.
References:
1. Kodama K., et al., Science, 298, 395 – 399 (2002); Takigawa M., et al., Phys. Rev. Lett., 101, 037202/1 – 4 (2008) and unpublished
2. Aimo F., et al., Phys. Rev. Lett., 102, 127205/1 – 4 (2009) and unpublished
3. Krämer S., et al., Phys. Rev. B, 76, 100406(R)/1 – 4 (2007) and unpublished
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Molecular Interaction between SUMO and the Death-Associated Protein-6 (Daxx)
Tai-huang Huang, Mandar T. Naik, Che-Chang Chang, Pei-Hsin Liao, Nandita M. Naik, Camy C.-H.
Kung, Chun-Chen Ho and Hsiu-Ming Shih
Institute of Biomedical Science, Academia Sinica, Nankang, Taipei 11529 Taiwan, ROC (bmthh@ibms.sinica.edu.tw)

Post-translational modification by Small Ubiquitin-like Modifier (SUMO) is an important regulatory control used by
the cells to modulate activity, stability, and localization of different intracellular proteins. An enzyme pathway, analogous
to the ubiquitin pathway orchestrates the SUMO attachment; but unlike ubiquitination, sumolytion is very specific about
selecting the target lysine site. Many mechanistic aspects of the substrate and lysine selection by the SUMO conjugating
machinery are still poorly understood with recent studies describing specialized SUMO interaction motifs (SIM) which
can recognize and recruit SUMO moiety by non-covalent interaction.
Death-associated protein-6, Daxx, is an important transcription corepressor, which represses the transcriptional
potential of several sumolyted transcription factors. Two separate SIMs are situated in both terminal ends of Daxx. These
SIMs mediate Daxx interaction with SUMO and hence the sumolyted transcription factors, which eventually lead to the
sequestration of Daxx to the PML oncogenic domains (PODs). Thus the structural insights to be presented here, on how
the SIM binds to SUMO are critical for understanding the regulation of transcriptional activity and sub-nuclear
compartmentalization of Daxx. Furthermore, Daxx SIM is recently identified to be phosphorylated in-vivo and thus opens
a probable new avenue whereby the Daxx activity is modulated by both sumolytion and phosphorylation. In this
presentation we will describe the structural mechanism underlining the molecular basis of the interaction between SUMO
and various Daxx fragments.
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RDC-enhanced NMR structural determination of unnatural peptidic scaffolds
with periodic hydrogen bonded patterns
Ganti D. Sarma, Police Naresh, Marelli U. Kiran and Bharatam Jagadeesh
Centre for Nuclear Magnetic Resonance, Indian Institute of Chemical Technology Hyderabad –500 007, India, (bj@iict.res.in)

Design and structural determination of hybrid peptides comprised of unnatural cyclic β-amino acids, have emerged as
new generation foldamers, which adopt well-defined and periodic hydrogen-bonded folded patterns. The specific threedimensional shape and conformational stability of these heterogeneous backbone structures are provided by the cyclic βamino acid motifs. Accurate structural determination of these molecules is very important for subsequent design and
development of function oriented peptidic scaffolds.
Measurement of residual dipolar couplings RDCs in weakly aligned solvents, offers a powerful means to access a
coherent and long range structural information, the technique that is now routinely employed for biomolecular NMR
structural elucidation in aqueous alignment phases. The recent advent of polymer/organic solvent gel media, with tunable
alignment features has provided new opportunities to access this rich structural information via hetero nuclear one-bond
RDCs in small organic molecules as well. The present work discusses RDC-enhanced NMR structural determination of
distinct hydrogen-bonded secondary folds in unnatural peptides, measured in organic solvent media. We will show that
the conventional constraints, 3JH and NOE-derived distances alone do not allow the accurate structural elucidation even
for rigid foldamers and emphasize the immense need and scope for RDC-based structure validation and refinement for
unnatural peptides in particular and small organic molecules in general.

__________________________________________________________________________________________________

NMR shielding constants and nuclear magnetic moments - ab initio methods of
quantum chemistry and experiment
Karol Jackowskia, Michał Jaszuńskib and Marcin Wilczeka
a
b

Department of Chemistry, Warsaw University, Warsaw, Poland
Institute of Organic Chemistry, Polish Academy of Sciences, Warsaw, Poland (michaljz@icho.edu.pl)

The NMR shielding constant, describing the shielding of a nucleus by all the electrons in a molecule, is given on an
absolute scale with bare nucleus as the reference. In theoretical ab initio studies the absolute shielding constants are
obtained, in agreement with this definition. In experiment using bare nuclei is practically impossible, and chemical shifts defined with respect to an arbitrarily chosen standard – are applied. Once the absolute shielding of a given nucleus in one
reference molecule is established, the shielding and chemical shift scales for this isotopic species can be related to each
other. Increasing accuracy of ab initio calculations provides new possibilities to determine accurate absolute shielding
scales. For small molecules one can analyze the basis set and electron correlation effects, include the relativistic effects
and estimate the temperature dependence of the shielding constants. At the same time, gas-phase NMR experiments
provide the zero-pressure extrapolated values, corresponding to the theoretical values computed for an isolated molecule.
Accurate ab initio results can be used to analyze the relation between shielding constants, resonance frequencies and
magnetic dipole moments of different isotopic species. Applying this relation, experimental NMR frequencies and
computed ab initio shielding constants one can obtain new, corrected values of nuclear magnetic moments.1 When
accurate magnetic moments are known, the same relation may be applied to determine absolute shielding constants. In
this approach, shielding constants of all the isotopic species are related to a single reference scale, and nuclear magnetic
shielding can be directly observed from NMR spectra. From purely theoretical point of view, atomic 3He is preferable as
the primary standard. Since the use of 3He is not in general a practical alternative, one can transfer the reference standard,
for instance to the 2H signals. The accuracy of this scheme has now been demonstrated in practical applications.2
References:
1. Jackowski K. and Jaszuński M., Conc. Magn. Reson. Part A, 30, 246 – 260 (2007)
2. Jackowski K., Jaszuński M. and Wilczek M., J. Phys. Chem. A, 114, 2471 – 2475 (2010)
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Modeling of protein structural transitions from EPR constraints-Scope and
caveats
Gunnar Jeschke
Laboratory of Physical Chemistry,ETH Zürich, Wolfgang-Pauli-Str. 10,8093, Zürich, Switzerland (gunnar.jeschke@phys.chem.ethz.ch)

Large-scale domain motion is an important component of protein function, for instance in substrate uptake and release
of enzymes and in active transport across membranes. In particular for membrane transporters, there is a lack of
experimental methods for characterization of the corresponding structural transitions. Since such structural transitions can
be well approximated by motion along only a few selected degrees of freedom, a small number of distance constraints on
the relevant length scale should suffice to specify them. Indeed an algorithm has been proposed by Zheng and Brooks in
20061 that arrives at the final structure within 1…3 Å r.m.s.d. of the Cα atoms when given only the initial structure and 10
distance constraints between Cα atoms for the final structure. The distances generally fall into the range accessible with
pulsed dipolar EPR measurements, for instance by the DEER (or PELDOR) experiment, with some distances in the range
of CW EPR measurements.
Here we discuss the underlying approximations as well as the adaptation of the algorithm that is needed for application
to measurements between spin labels. The Zheng/Brooks fitting algorithm is simplified by modification of the underlying
elastic network model and the algorithm for site pair selection is extended to account for restrictions in site-directed spin
labeling. Performance tests are based on in silico spin labeling2 of proteins whose x-ray structures are known in two
alternative states.
References:
1. Zheng W. and Brooks B. R., Biophys. J., 90, 4327 – 4336 (2006)
2. Jeschke G. and Polyhach Ye., Phys. Chem. Chem. Phys., 9, 1895 – 1910 (2007)
Acknowledgments: This work was supported by SNF grant 200021_121579.
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H NMR based Metabolomics for Early Disease Diagnosis

Beatriz Jiménez, David A. MacIntyre and Antonio Pineda-Lucena
Structural Biology Laboratory, Prince Felipe Research Center, Avda. Autopista del Saler 16, 46012, Valencia, Spain. (bjimenez@cipf.es)
1

H NMR spectroscopy enables the simultaneous detection, quantitation and characterisation of multiple metabolites
and small molecules in a variety of biological samples (e.g. biofluids, cells and tissues). Collectively, this approach can be
refered to as metabolomics.1 During the last couple of decades, the applications for
metabolomics approaches have increased exponentially, especially in the biomedical
field.
We have utilised 1H NMR based metabolomics to study the serum metabolic profile
of a number of diseases in the hope of identifying new tools for patient classification and
the identification of relevant metabolite biomarkers. Firstly, we have examined
differences in the serum metabolome of control and alcohol induced cirrhotic patients
with or without Minimal Hepatic Encephalopathy (MHE).2 Secondly, we have also
studied serum metabolic differences between molecular subgroups of Chronic
Lymphocytic Leukaemia (CLL) patients.3 In both cases, our results indicate the
usefulness of 1H-NMR-based metabolomics as a potential non-invasive diagnostic tool as well as an approach to better
understand the underlying biology involved in these disease pathways.
References:
1. Nicholson J. K. and Wilson I. D., Nat. Rev. Drug. Discov., 2, 668 – 676 (2003)
2. Jiménez B., Montoliu C., MacIntyre D. A., Serra M. A., Wassel A., Jover M., Romero-Gómez M., Rodrigo J. M., Pineda-Lucena A. and Felipo V.,
submitted (2010)
3. MacIntyre D. A., Jiménez B., Jantus Lewintre E., Reinoso Martín C., Schäfer H., García Ballesteros C., Ramón Mayans J., Spraul M., García-Conde
J. and Pineda-Lucena A., Leukemia, 24, 788 – 797 (2010)
Acknowledgments: BJ thanks ISCIII for a Sara Borrell Contract (CD2006/00133) and GV for finantial support (grant: GVPRE/2008/193). DAM is a
Marie Curie II Fellow (PIIF-GA-2008-221484). We thank MCINN for supporting grant SAF2008-01845.
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NMR of Atomic and Small Molecular Probes in Anisotropic Liquids
Jukka Jokisaari
Department of Physics, University of Oulu, 90014 University of Oulu, Finland (Jukka.Jokisaari@oulu.fi)

NMR spectroscopy of small molecules in anisotropic liquids (liquid crystals, LC) opens up a possibility to derive
versatile information on the molecular properties: geometry,1 nuclear shielding tensor,2 spin-spin coupling tensor3 and
quadrupole coupling tensor.4 On the other hand, NMR of atomic and molecular probes
makes feasible also the determination of the physicochemical properties of the solvent
LC. One of the most applicable atomic probes is noble gas xenon,5 whereas isotopomers
of methane, 13CH4 and CD4, are useful molecular probes.
The methods available within LC NMR for deriving molecular properties will be
introduced but more emphasis is given on the utilization of 129Xe and 131Xe NMR of
xenon and 13C NMR and 2H NMR of methanes in a thermotropic ferroelectric liquid
crystal (TFLC). The figure shows as example 129Xe NMR spectra of xenon in a TFLC at
variable temperatures.
Second order quadrupole shift (SOQS) is observed in 131Xe NMR spectra and is used
to derive information on the LC phase structure.6
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Exploring the Missing NMR Information by Selective Isotope Labeling Methods
Mitsuhiro Takedaa, Youhei Miyanoiria, Tsutomu Terauchib, Akira M. Onob, Jun-Goo Jeeb and
Masatsune Kainoshoa,b
a
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Center for Priority Areas, Tokyo Metropolitan Univ., 1-1 Minami-ohsawa, Hachioji, Tokyo 192-0397 Japan (kainosho@tmu.ac.jp)

The stereo-array isotope labeling (SAIL) method has been successfully applied for the structure determinations of
relatively large proteins, which are difficult to handle by conventional NMR methods.1 For these applications, however,
we have to prepare protein samples that are exclusively composed of SAIL amino acids, using cell-free protein expression
systems. This might impose a further barrier to the general use of the SAIL method by the NMR community. On the other
hand, for the various other applications of SAIL amino acids to analyze the local conformations and dynamics of selected
amino acid residues, in many cases conventional cellular protein expression systems are sufficient. For example, proteins
selectively labeled with SAIL aromatic amino acids, which can be readily prepared by in vivo E. coli expression, were
useful for the structural refinement of the hydrophobic core of a protein.2 We have developed new applications of
selectively labeled SAIL proteins to acquire information related to the dynamic aspects of the side-chain moieties of
various amino acids, such as hydrogen-deuterium exchange of hydroxyl or sulfhydryl groups,3,4 aromatic ring flipping,
and disulfide bond isomerization. We are also trying to apply the selective SAIL methods for larger proteins, and will
show some of the preliminary results, if time permits.
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Quantum-chemical computation of magnetic resonance parameters: from EPR of
metalloenzymes to NMR of paramagnetic systems
Martin Kaupp, Alexei V. Arbuznikov, Sandra Schinzel, Johannes Schraut and Peter Hrobarik
Universität Würzburg, Institut für Physikalische und Theoretische Chemie, Am Hubland, D-97074 Würzburg, Germany
(kaupp@mail.uni-wuerzburg.de)

Recent progress in the quantum-chemical computation of NMR and EPR parameters of paramagnetic systems is
highlighted. EPR spectroscopy of metalloenzyme sites and models benefits increasingly from accurate computations. This
is exemplified by recent work on the S2 state of the oxygen-evolving complex of photosystem II, where broken-symmetry
DFT calculations followed by spin-projection procedures allow access to the hyperfine couplings not only of the 55Mn
nuclei but also of nuclei in bound protein residues and other ligands.1 In particular, histidine 14N hyperfine tensors provide
support for a MnIII oxidation state of the MnC center and thus for energy-optimized structural models suggested recently
by Siegbahn.2 The spin projection procedures are refined, taking the effects of zero-field splitting into account.
The accurate computation of NMR chemical shifts of paramagnetic transition-metal complexes is the most recent
frontier of quantum-chemical methodology, going beyond the pure Fermi-contact shifts and taking spin-dipolar shifts and
the effects of zero-field splitting into account in a consistent modern formalism.3-6 Recent application examples include a
mechanistic proposal for the enantioselective kinetic resolution of epoxides by Jacobsen-type catalysts.7
References:
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From Biology to Business: combining EPR with thin films to create a sensor?
Solveig Feltona, Marc Warnerb, Soumaya Mauthoora, Jules Gardenera,*, Daniel Klosec, Salahud Dina,
Gavin Morleyb, Wei Wub, Andrew J. Fisherb, Gabriel Aepplib, Christopher W. M. Kayc and Sandrine
Heutza
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c
Institute of Structural & Molecular Biology and London Centre for Nanotechnology, University College London, London, WC1E 6BT, UK, current
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Metallo-phthalocyanines (MPcs) are a group of organic semiconductor materials for applications such as large area
solar cells due to their optoelectronic properties coupled with the possibility of cheaply fabricating thin films.1,2 Many of
the interesting properties of MPcs such as magnetism, light absorption and charge transport are highly anisotropic.2,3 To
maximise the efficiency of a device based on these materials it is important to understand the molecular layout in films to
assess the influence of different growth conditions and substrate treatments. Here we present an EPR study using the
anisotropy of the EPR spectrum of CuPc4 to determine the orientation effects in CuPc films. We gain insight into the
molecular arrangement of films of CuPc mixed with the isomorphous H2Pc and with C60 in films similar to real solar
cells. Finally, we discuss how these results could lead to the development of novel EPR-based devices such as sensors.
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Developing NMR Tools to Study Nanoliter Solids and Liquids Samples
Arno P. M. Kentgens, Suresh Kumar Vasa, Hans J.W.G. Janssen, Dennis L.A.G. Grimminck,
Andreas Brinkmann, W. Leo Meerts, Ernst R. H. van Eck and P. Jan M. van Bentum
Radboud University Nijmegen, Institute for Molecules and Materials, Heyendaalsweg 135, 6525 AJ Nijmegen, The Netherlands
(A.Kentgens@nmr.ru.nl)

An overview of micro NMR probes and experiments will be presented that are currently under development in our lab.
Miniaturized NMR detectors enhance sensitivity and allow structural investigations of mass-limited solid samples. The
small sample size makes it possible to study single crystals or specifically aligned samples (e.g. fibers, thin films, etc). As
has already been shown in the early days of NMR, studying single-crystals can supply additional information about the
orientation of the NMR interaction tensors. However, single crystals of sufficient size to do NMR experiments are
generally not available. We demonstrate the feasibility of µMAS experiments for determining quadrupolar tensor
orientations using rotor-synchronised MAS NMR and MQMAS NMR of micro-sized crystals.
Considering the high-sensitivity of proton observation combined with the information content offered by proton
chemical shifts, there is a continuous interest in achieving high-resolution proton NMR spectra of powdered samples
under Magic Angle Spinning. However, because of the size and spin-dynamics of dipolar couplings between abundant
protons, averaging of these interactions by either fast MAS and/or homonuclear decoupling sequences is very demanding.
It will be shown that experimental optimization can be achieved on-spectrometer within hours using self-learning genetic
algorithms. It proved possible to obtain 1H spectra of 40 - 80 nl sample volumes in only a few scans. Furthermore, we
demonstrate the feasibility of indirectly detecting low-sensitivity X-nuclei. With sample amounts in the nanoliter regime
meaningful 2D NMR spectra can be obtained for natural abundance samples.
Microcoils are capable of generating high rf-field strengths with relatively low power. This can be exploited to
efficiently excite large band widths or decouple strongly coupled spin systems. We are exploring the limits of T2’ values
that can be obtained for strongly coupled carbons such as the α-C2 carbon in glycine reaching improvements of a factor 5
over the previously published optimal values.
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Choreographing an enzyme’s dance –surprises exposed by NMR, crystallography
and computation
Dorothee Kern
Howard Hughes Medical Institute, Department of Biochemistry, Brandeis University, 415 South Street, 02454, Waltham, USA, (dkern@brandeis.edu)

The synergy between structure and dynamics is essential to the function of biological macromolecules. While this is a
widely accepted concept, key questions remain: Have proteins evolved so that substates necessary for activity are
preferable accessible? How can a protein interconvert among folded substates while avoiding unfolding? What are the
molecular pathways for conformational transitions? Can we characterize the entire structural ensemble including lowly
populated states?
The talk will address these questions. We will quantitatively characterize the energy landscape of a signaling protein
and reveal how its features explain allosteric activation. Surprises will be presented for transition pathways and transition
state ensembles. Second, the energy landscape of an enzyme both during catalysis and in the absence of substrates is
being characterized, which allows identification of dynamics that are linked to enzyme catalysis.
Both examples illustrate that motions in folded proteins are not random but preferentially follow the pathways, which
create the configuration capable of proficient function. This
situation is analogous to protein folding, which is biased so
as to sample only a small portion of the energy landscape.
The expansion of the concept of non-random sampling of
conformational space for efficient biological function from
folding to conformational rearrangements within the folded
space combines both phenomena through the energy
landscape. We hypothesize that lowly populated,
“hidden”conformations are frequently the biological active structures, rather than the low-energy major conformations
solved by traditional structural biology methods.
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NMR in Neurological, Gastrointestinal and Liver Diseases, Infection and Open
Heart Surgery
C. L. Khetrapal
Centre of Biomedical Magnetic Resonance, Sanjay Gandhi Post Graduate Institute of Medical Sciences Campus,Lucknow, India
(clkhetrapal@hotmail.com)

The use of NMR as a noninvasive tool for studying anatomy, structure and in vivo metabolism is seeing exponential
growth due to continuous advancements in NMR methodologies and instrumentation. However, developments of
innovative techniques for understanding human diseases at molecular level are still in infancy. Variations in metabolic
profile resulting from disorders and clinical intervention, at molecular level are more sensitive in identifying diseases in
early stages and assessing the efficacy of the interventions. This is the prime objective of the talk.
Specifically results on Amyotrophic Lateral Sclerosis, obstructive jaundice and cholangitis, various liver diseases such
as fatty liver disease and Fulminant hepatic failure, assessment of liver graft and sub-clinical infections in open heart
surgeries will be presented. For such studies results obtained from bio-fluids such as urine, serum, bile acids, and
pericardial fluid which have very complex metabolic profiles with numerous structurally similar metabolites will be
described. Specific metabolic signatures for different diseases from such investigations will be illustrated.

__________________________________________________________________________________________________

Isotope effects in 195Pt high-resolution NMR: Unambiguous assignment method
of all [PtX6-n(H2O)n]n-2 (X = 35/37Cl/ 79/81 Br, n = 0-5) complexes in aqueous solution
Klaus R. Koch, Pieter Murray and Willem J. Gerber
Department of Chemistry and Polymer Science, Stellenbosch University, P. Bag X1, Matieland, 7602, South Africa. (krk@sun.ac.za)
195

Pt NMR is a powerful tool with which to probe the solution structure and solvation shells of Pt(IV) complexes in
halide rich aqueous solutions. We use experimental and
computational 195Pt NMR to better understand the
fundamental nature of the 195Pt NMR shielding of such
‘simple' complexes,1 as well as to gain insight into the nature
of species in solution.2 We here present a new method for
the unambiguous assignment of the many possible Pt(IV)
complex species in solutions designed to emulate real
process solutions relevant to the PGM refining industry. By
exploiting the 35Cl/37Cl (in addition to 16O/18O and 13C)
isotope effects on the 195Pt chemical shifts of the complex
n-2
3
n-2
anions [PtCl6-n(H2O)n] (n = 0-5), [PtBr6-n(H2O)n] (n = 0-5) and related Pt(IV) chlorido-complexes, the 195Pt resonance
of each species can be de-convoluted into a distribution of isotopologues and isotopomers, which constitutes a unique
‘fingerprint’ for unambiguous identification of the species in solution. This method leads to the possibility of
distinguishing the cis/trans or fac/mer Pt(IV) geometric isomers, shown here for the cis-[PtCl4(H2O)2] and corresponding
trans isomer.
References
1. Koch K. R., Burger M. R., Kramer J. and Westra A. N., Dalton Trans., 3277 (2006); Burger M. R., Kramer J., Chermette H. and Koch K. R., Magn.
Reson. Chem., in press (2010)
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Dissolution Dynamic Nuclear Polarisation NMR spectroscopy with an dedicated
Spectrometer
Walter Köckenberger, James Leggett, Rafal Panek, Anniek van der Drift, Waldemar Senczenko,
Alexander Karabanov and Josef Granwehr
Sir Peter Mansfield Magnetic Resonance Centre, University of Nottingham, NG7 2RD, Nottingham, United Kingdom
(walter.kockenberger@nottingham.ac.uk)

Dynamic Nuclear Polarisation (DNP) at cryogenic temperatures in conjunction with a fast temperature rise to ambient
temperature can be used to generate highly polarised nuclear spin systems for NMR spectroscopy.1 The scope of our DNP
project is to develop this technique into a strategy for the investigation of molecular dynamics on a fast time scale. To this
end we have focused on the optimisation of the solid state DNP process, on the minimisation of the shuttling time and the
strategy by which two different liquids are mixed. In a major hardware design project we have built a dedicated DNP
NMR spectrometer that is based on a two isocentre magnet.2 Sample transfer after DNP at a temperature of 1.4K is carried
out in solid state between the upper 3.4T and the 9.4T isocentres. Close to the 9.4T centre the sample is rapidly dissolved
and injected into a high resolution NMR probehead.
Here we describe progress in understanding the DNP process and first applications of our novel DNP NMR
spectrometer to studies of molecular dynamics. Furthermore, we will report on our attempts to achieve rapid mixing
between a solution containing hyperpolarised spins and another solution containing receptor molecules. For the
acquisition of spectra with fast time resolution we use of a multiple receive console and a probehead with two rf coils that
makes it possible to acquire a second spectra from the same sample before the acquisition of the first is finished.
References:
1. Ardenkjaer-Larsen J. H., et al., Proc. Natl. Acad. Sci. U.S.A., 100, 10436 – 10439 (2003)
2. Leggett J., et al., Phys.Chem. Chem. Phys., 12, 5883 (2010)
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A Closer Look at Heterogeneous Catalysis:
Applications of and Novel Hypersensitive Tools for the NMR/MRI Toolkit
Anna A. Lysova, Kirill V. Kovtunov, Vladimir V. Zhivonitko, Ivan V. Skovpin, Alexey V.
Khomichev and Igor V. Koptyug
International Tomography Center, SB RAS, 3A Institutskaya Street, 630090, Novosibirsk, Russia (koptyug@tomo.nsc.ru)

The first part of the presentation will describe the development and applications of the MRI techniques for the studies
of heat and mass transfer processes important in heterogeneous catalysis. These include the studies of the preparation of
supported catalysts,1 the dynamics of redistribution of the liquid phase in the catalyst beds and individual pellets in an
operating heterogeneous catalytic reactor,2 and the spatially resolved NMR thermometry of the catalyst bed .3 The second
part will deal with the studies of parahydrogen-induced polarization in gas-solid and gas-liquid-solid heterogeneous
catalytic hydrogenation processes.4-6 The objectives of this research are to develop the novel approaches for the facile
production of catalyst-free hyperpolarized liquids and gases for technical and biomedical NMR/MRI applications and to
create hypersensitive NMR tools for studying the mechanisms of heterogeneous catalytic processes.
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Joint analysis of NMRD and EPR data by slow-motion theory: two medium-sized
Gd(III) complexes as an example
Jozef Kowalewskia and Danuta Krukb
a
Department of Materials and Environmental Chemistry, Arrhenius Laboratory, Stockholm University, S-106 91 Stockholm, Sweden
(jozef.kowalewski@mmk.su.se)
b
Institute of Physics, Jagiellonian University, Reymonta 4, PL-30-059 Krakow, Poland

The “Swedish slow motion theory”1 developed originally for modelling NMRD (Nuclear Magnetic Relaxation
Dispersion) profiles for solutions of transition metal ion complexes with S ≥1 and recently compared with other
approaches,2 was extended to allow ESR spectral analysis. The extended theory was applied to interpret in a consistent
way (within one set of parameters) NMRD profiles and ESR spectra at 95GHz and 237GHz for two Gd(III) complexes
(S=7/2) denoted as P760 and P792 (hydrophilic derivatives of DOTA-Gd, with molecular masses of 5.6kDa and 6.5kDa,
respectively). The goal was to verify the applicability of the commonly used pseudorotational model of the transient zero
field splitting (ZFS).3 According to this model, the transient ZFS is described by a tensor of a constant amplitude, defined
in its own principal axes systems, which changes its orientation with respect to the laboratory frame according to the
isotropic diffusion equation with a characteristic correlation time reflecting the time scale of the distortional motion. This
unified interpretation of the high field ESR and NMRD leads to an acceptable agreement with the experimental data,
provided that g-tensor anisotropy effects are included. Thus, we conclude that the pseudorotational model indeed captures
the essential features of the electron spin dynamics.
References:
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Multidimensional NMR beyond resolution limitations
Wiktor Koźmiński, Krzysztof Kazimierczuk, Maria Misiak, Jan Stanek and Anna ZawadzkaKazimierczuk
Faculty of Chemistry, University of Warsaw, Pasteura 1,02-093,Warszawa, Poland (kozmin@chem.uw.edu.pl)

A variety of different methods was proposed to overcome the sampling limitation in multidimensional NMR
spectroscopy. They could be utilized in two different ways, either to shorten the experiment duration without loss of
resolution, or to perform experiments that are not obtainable conventionally, i.e. with significantly improved resolution
and/or of high dimensionality. Most often first of these two, so called “Fast NMR” approach, is shown as the example of
the utility of these methods, as it saves expensive spectrometer time. However, in many cases spectra featuring
extraordinary resolution and high number of dimensions may be more interesting from scientific point of view as they
reveal effects that are hidden, when spectral lines are broad, or enable resolving spectral ambiguities when peaks are
overlapped. This second approach we refer to as “Accurate NMR”. Owing to unique feature, that the artifacts level
depends only on the number of sampled points, but not required frequency range nor maximum evolution times reached,1
Discrete Fourier Transform of randomly sampled NMR data sets,2,3 seems to be the method of choice for “Accurate
NMR” type of applications. Its full potential is manifested when the overall experiment time is less important than a new
information available from spectra of high dimensionality (4-6D)4,5 or of high resolution approaching natural line-width.6,7
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NMR and Muon Spin Relaxation in molecular nanomagnets
Alessandro Lascialfaria,b, Ferdinando Borsab and Yuji Furukawac
a

Dipartimento di Scienze Molecolari Applicate ai Biosistemi, Università degli Studi di Milano, Milano, Italy (alessandro.lascialfari@unipv.it)
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b
c

Since their discovery molecular nanomagnets, also called single-molecule magnets (SMM), have attracted a lot of
scientists as they were promising systems for applications and offered the possibility to study fundamental physical
properties in finite-size molecular systems whose units are replicated over a bulk quantity of sample. Among different
experimental discoveries and theoretical treatments we recall the quantum tunneling of the magnetization, the evidence of
the Berry phase, studies about quantum levels’ crossing and many other issues regarding the spin dynamics in different
temperature ranges. We report here a brief summary of the main MUSR and NMR studies on molecular nanomagnets in
the last 15 years,1-3 whose results cover most of the above cited research fields.
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The Development of A Gadolinium Based MR Contrast Agent for the
Visualization of Malignant Micro-calcification in Human Breast Cancer
Robert E. Lenkinski, Elena Vinogradov, John V. Frangioni, Khaled A. Nasr, Fanbin Liu and Jonathan
Marmurek
Departments of Radiology and Medicine Beth Israel Deaconess Medical Center, 330 Brookline Ave, Boston MA,02215, USA
(rlenkins@bidmc.harvard.edu)

We have synthesized and characterized a high-relaxivity Gadolinium based contrast agent that bind specifically and
selectively to hydroxyapatite (HA). Hydroxapatite is the form of micro-calcification that is most commonly found in
human malignant breast cancer. We have previously shown that pamidronate, a bisphosphonate can be used as a ligand
for hydoxyapatite. In the present work we have synthesized a DOTA based analogue, which we call DOTA-ser-PAM. We
will present the synthesis and binding characteristics of this agent. Wde will show both in vitro and in vivo data showing
that this agent is both specific and selective for HA. The binding og Gd-DOTA-ser-PAM appears to obety the Langmuir
isotherm. We will discuss potential applications of this agent to human studies.
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Singlets, Triplets and Multipoles: Spin Rotational Symmetries in Solids and
Liquids
Michael C. D. Tayler, Andrea C. Sauerwein, Giuseppe Pileio, Maria Concistrè, Pierre Thureau,
Marina Carravetta and Malcolm H. Levitt
Department of Chemistry, University of Southampton, SO17 1BJ, Southampton, UK (mhl@soton.ac.uk)

Nuclear spin states may be constructed that have the rotational properties of an atomic s-orbital (rank 0), an atomic porbital (rank 1), an atomic d-orbital (rank 2), and so on. Experiments may be devised that separate NMR signals according
to their rotational properties, and that analyze them individually.
In the solution NMR of 2-spin-1/2 systems, the rank-0 component corresponds to singlet nuclear order. This order can
be exceptionally long-lived, with lifetimes of more than 25 minutes observed in some systems. We show how the decay of
nuclear singlet order depends on the neighbouring molecular geometry. The singlet order may be manipulated by using
audio-frequency magnetic field sequences, in low static magnetic field. We will report a new method for converting
nuclear Zeeman order into singlet order, and back again, outside the NMR magnet.
Nuclear spin orders of rank 1 and rank 2 are also found in the solution NMR of 2-spin-1/2 systems. We show how
these states respond to the presence of paramagnetic species in solution. The relaxation properties of the spherical spin
order components depend on the correlations of fluctuating local fields.
In solid-state NMR, the conversion of rank 1 order into rank 2 order is diagnostic of nuclear spin-spin couplings.
Analysis of this rank-order conversion may be used to provide a quantitative measure of internuclear couplings, and hence
internuclear distances. This analysis method is robust with respect to incoherent relaxation effects and may be conducted
in samples with a high density of magnetic nuclei, such as uniformly labelled organic molecules.
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Spin electric effects in molecular antiferromagnets
Mircea Trifa, Filippo Troianib, Dimitrije Stepanenkoa and Daniel Lossa
a
b

Department of Physics, University of Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland (daniel.loss@unibas.ch)
CNR-INFM National Research Center S3 c/o Dipartimento di Fisica via Campi 213/A, Modena, Italy

Molecular nanomagnets show clear signatures of coherent behavior and have a wide variety of effective low-energy
spin Hamiltonians suitable for encoding qubits and implementing spin-based quantum information processing [1,2]. At
the nanoscale, the preferred mechanism for control of quantum systems is through application of electric fields, which are
strong, can be locally applied, and rapidly switched. In this work, we provide the theoretical tools for the search for single
molecule magnets suitable for electric control. By group-theoretical symmetry analysis we find that the spin-electric
coupling in triangular molecules is governed by the modification of the exchange interaction, and is possible even in the
absence of spin-orbit coupling. In pentagonal molecules the spin-electric coupling can exist only in the presence of spinorbit interaction. This kind of coupling is allowed for both $s=1/2$ and $s=3/2$ spins at the magnetic centers. Within the
Hubbard model, we find a relation between the spin-electric coupling and the properties of the chemical bonds in a
molecule, suggesting that the best candidates for strong spin-electric coupling are molecules with nearly degenerate bond
orbitals. We also investigate the possible experimental signatures of spin-electric coupling in nuclear magnetic resonance
and electron spin resonance spectroscopy, as well as in the thermodynamic measurements of magnetization, electric
polarization, and specific heat of the molecules. A most promsing candidate for such spin-electric coupling are Cu3-rings
where the chirality of the spin texture defines a scalable qubit that can be controled and measured by electric fields, e.g.
by using an STM tip or a microwave cavity.
References:
1. Trif M., Troiani F., Stepanenko D. and Loss. D., Phys. Rev. Lett., 101, 217201 (2008)
2. Trif M., Troiani F., Stepanenko D. and Loss. D., arXiv, 1001.3584
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Mind the gap: paramagnetic NMR studies of the trans-periplasmic bioenergetic
chains linked to extracellular metallic ores
Ricardo O. Louro
ITQB-UNL, Universidade Nova de Lisboa Av da República (EAN),2780-157Oeiras, Portugal (louro@itqb.unl.pt)

Geological evidence suggests that iron respiration and iron based anoxygenic photosynthesis were some of the earliest
forms of metabolism to emerge on the primordial Earth. The metabolic utilization of extracellular solids requires that
electrons are delivered or received across the cell walls. Gram-negative proteobacteria are the focus of increasing interest
because of the possibility to harness their metabolic capabilities for development of microbial fuel cells, applications in
bioremediation of metal contaminated environments, and protection of submerged metallic structures. However, ATP
production is typically associated with the internal membrane and therefore extracellular respiration requires electrons to
bridge the periplasmic space, while maintaining the coupling to the phosphorylation of ADP. Multiheme c-type
cytochromes are known to be major players in these respiratory chains. They play a variety of roles, from electron transfer
across the periplasmic space, to terminal reductases or oxidases of metallic compounds.
Understanding the molecular mechanisms of the redox and/or catalytic activity of these proteins requires knowledge
on their structure and on the specific properties of each of the redox centres. Hemes of type c contain an hexacoordinated
iron with strong field ligands that ensure redox transitions from diamagnetic Fe(II) to low spin paramagnetic Fe(III).
These transitions provide convenient spectroscopic handles and methods based on paramagnetic NMR experiments and
redox titrations followed by visible spectroscopy can define detailed functional information for proteins weighting up to
64 kDa. The reduction potentials of the individual hemes can be determined as well as the redox interactions between
pairs of hemes within the same molecule. Under conditions of fast intramolecular electron transfer and slow
intermolecular electron transfer, kinetic experiments can provide information on the time dependent activity of the various
redox centres in the multiheme cytochromes. Of the various aspects of development of microbial fuel cells, the molecular
details of the electron transfer between the microbial component and the electrodes remains the least explored. Studies on
the structure function relationship in multiheme cytochromes from organisms capable of powering microbial fuel cells
will be presented.

__________________________________________________________________________________________________

Intermediates in Hydrogenase Catalysis Studied by Advanced EPR Techniques
Wolfgang Lubitz
Max-Planck-Institut fuer Bioanorganische Chemie,Stiftstr. 34-36,45470 Muelheim/Ruhr,Germany, (lubitz@mpi-muelheim.mpg.de)

[NiFe] and [FeFe] hydrogenases contain bridged binuclear transition metal cores in their active sites which are tuned
by a special ligand environment (thiolates, CN-, CO) to fulfill the task of efficient di-hydrogen conversion to protons and
electrons – or vice versa – via a heterolytic H2 splitting mechanism.
Based on spectroscopic data derived from pulse EPR and ENDOR, complemented by FTIR experiments, the
structures of the intermediates that play a role in the activation, inhibition and the catalytic cycle of the [NiFe]
hydrogenase have been determined.1,2 For [FeFe] hydrogenase similar measurements were performed on all paramagnetic
states of the H-cluster, yielding the spin density distribution and the spin coupling of the active site and the iron oxidation
states.3 Evidence has been obtained for the presence of a nitrogen in the bridging dithiolate ligand of the di-iron
subcluster, which is important for understanding the mechanism of this enzyme.4
The structural information obtained for the [NiFe] and [FeFe] hydrogenases from spectroscopy is supported by model
system studies and DFT calculations and yields insight into the catalytic cycle of these enzymes. Possible differences and
similarities of the two classes of enzymes are discussed.5
References:
1. Lubitz W., Reijerse E. J. and van Gastel M., Chem. Rev., 107, 4331 – 4365 (2007)
2. Pandelia M. -E., Ogata H. and Lubitz W., Chem. Phys.Phys Chem., 11, 1127 – 1140 (2010)
3. Silakov A., Reijerse E. J., Albracht S. P. J., Hatchikian E. C. and Lubitz W., J. Am. Chem. Soc., 129, 11447 – 11458 (2007)
4. Silakov A., Wenk B., Reijerse E. J. and Lubitz W., Phys. Chem. Chem. Phys., 11, 6592 – 6599 (2009)
5. Lubitz W., Reijerse, E. J. and Messinger J., Energy Environ. Sci., 1, 15 – 31 (2008)
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Recoupling and Sensitivity Enhancement in Half-Integer Spin Quadrupolar
Nuclei
Perunthiruthy K. Madhu
Department of Chemical Sciences, Tata Institute of Fundamental Research, Homi Bhabha Road, Colaba, Mumbai 400 005, India (madhu@tifr.res.in)

Several approaches have been introduced to enhance the sensitivity of the central-transition spectra of half-integer spin
quadrupolar nuclei. We here present an overview of the fast amplitude modulated (FAM) schemes and its variants under
both magic-angle spinning and static conditions of the samples. Recoupling of the dipolar interaction under magic-angle
spinning between the protons and quadrupolar nuclei is essential for distance measurements between them. We
demonstrate the use of symmetry-based recoupling scheme in combination with MQMAS and STMAS for the
measurement of 17O-1H distance in a model system.

__________________________________________________________________________________________________

Towards an NMR spectrometer operating beyond 1GHz: Operation of a 500MHz
high temperature superconducting NMR
Yoshinori Yanagisawaa,b, Hideki Nakagomeb, Kohnosuke Temmeic, Kenta Watanabec, Yusuke
Ebisawac, Mamoru Hamadad, Masatoshi Yoshikawae, Akihiro Otsukae, Masami Hosonof, Tsukasa
Kiyoshig, Masato Takahashia,c, Toshio Yamazakia and Hideaki Maedaa,c
a

RIKEN SSBC, Tsurumi, Yokohama, Japan (maeda@jota.gsc.riken.jp)
Chiba University, Chiba, Japan
c
Yokohama City University, Yokohama, Japan
d
Kobe Steel, Ltd., Kobe, Japan
e
JASTEC, Inc, Kobe, Japan, fJEOL, Akishima, Tokyo, Japan,
g
National Institute for Materials Science, Tsukuba, Japan
b

We have begun a project to develop an NMR spectrometer that operates at frequencies beyond 1GHz using a high
temperature superconductor (HTS) innermost coil. As the first step, we developed a 500 MHz NMR with a Bi-2223 HTS
innermost coil, operated in external current mode. The temporal magnetic field change of the NMR magnet after the coil
charge was dominated by (i) the field fluctuation due to a DC power supply and (ii) relaxation in the screening current
induced in the HTS tape conductor; effect (i) was stabilized by the 2H lock, while effect (ii) increased with time reaching
0.01ppm/h on the 20th day after the coil charge, a value that was no larger than that of the persistent current mode of the
low temperature superconductor (LTS) NMR magnet. The 2D-NOESY, 3D-HNCO and 3D-HNCACB spectra of
ubiquitin acquired by the 500 MHz LTS/HTS NMR magnet were of a quality nearly equivalent to that achieved by a
conventional LTS NMR magnet.1 An external lock system using signals of an NMR microcoil was also developed for
solid-state NMR operated in external current mode; the 2D-13C solid-state NMR spectrum of isoleucine was recorded.
The innermost Nb3Sn LTS coil of the 920 MHz NMR (21.6 T) is to be replaced by Bi-2223 HTS for 1.03 GHz
operation; an HTS innermost coil has already been fabricated and the 1.03 GHz LTS/HTS NMR magnet will be installed
(24.2 T) and charged in the National Institute of Materials Science within Fiscal Year 2010.
References:
1. Yanagisawa Y., et al., J. Magn. Reson., 203, 274 – 282 (2010)
Acknowledgments: This work is supported by SENTAN, JST in Japan.
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Possible Role of Structural
S
l Modificaations of DJ-1
D
und
der Oxidattive Stress in
Parkinsoon Diseasee
a
Stefania Girotto
G
, Masssimo Bellaandaa, Mattia Sturlesea, Isabella Teessarib, Marco Bisagliab, Luigi
b
Bubacco and
a Stefanoo Mammia
a
b

Department of Chemical Sciences, University of Padova, Via Francesco Marzolo 1,
1 35131, Padovaa, Italy (stefano.m
mammi@unipd.it))
Department of Biology,
B
Universsity of Padova, Viia Ugo Bassi 58/B
B, 35131, Padova
a, Italy

The physsiological rolee of DJ-1, a dimeric
d
proteiin of 189 am
mino acids involved in rare familial form
ms of Parkinsoon
disease (PD)), is still conttroversial. Am
mong variouss hypotheses, a sensor rolee for oxidativve stress has been proposeed,
through oxiddation of a connserved Cys residue
r
(C106 in humans) to
o CysSO2H. Modified
M
in thhis way, the protein is able to
translocate too mitochondriia and to proteect against toxxicity.1 The asssociation of mutations
m
of D
DJ-1 with PD
D suggests a looss
of function, which speciffically affectss dopaminergiic neurons. In
n fact, DJ-1 was found too be covalenttly modified by
b
dopamine in both brain miitochondrial preparations
p
annd SH-SY5Y cells.2
Under oxxidative condiitions, highly reactive dopaamine quinon
nes (DAQs) can be producced, which can
n modify manny
potential prootein targets esspecially throuugh reactions with Cys resiidues. We anaalysed the struuctural modifiications induced
on DJ-1 by DAQs,
D
througgh biochemicaal, spectroscoppic, and comp
putational techhniques. The D
DJ-1 residues involved in the
t
interaction with
w DAQs weere identified through the sttudy of variou
us mutants and the effects oof the DAQ modifications
m
o
on
the structure and its stability were inveestigated. Thee three Cys reesidues showeed very differrent behaviou
ur, in agreemeent
with their prooposed functioonal role.
References:
M A., Miller D. W.,
W Ahmad R., McLendon
M
C., Bandyopadhyay S., Baptista M. J., R
Ringe D., Petsko G. A. and Cooksson
1. Canet-Avilés R. M., Wilson M.
N
Acad. Sci. U.S.A.,
U
101, 9103 – 9108 (2004)
M. R., Proc. Natl.
2. Van Laar V. S.,
S Mishizen A. J.,
J Cascio M. and Hastings T. G., Neurobiol
N
Dis., 34
4, 487 – 500 (20009)
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NMR Meethodologgy in Food
d Analysiis
Luisa Mannninaa, Anattoly P. Soboolevb, Noem
mi Proiettib and
a Donatellla Capitaniib
a

Dipartimento di
d Chimica e Tecnnologie del Farmaaco, Sapienza Unniversità di Roma
a, Piazzale Aldo Moro
M
5, 00185, Rome, Italy
(luisa.mannina@
@uniroma1.it)
b
Istituto di Metoodologie Chimichhe, CNR, Via Salaaria km 29.300, 00015 Monteroton
ndo, Rome, Italy

o recognize annd
The increeasing ability of high fieldd NMR spectrroscopy to solve spectra off complex miixtures and to
quantify eachh component without
w
chem
mical separationn, has found a constantly inncreasing appllication in meetabolomics annd
food chemisttry. 1H high field NMR spectroscopy hass shown to be a valuable toool for the qualitative and qu
uantitative
analysis of thhe metabolic profiling
p
of foood stuff suchh as olive oils,1 sea bass,2 truuffles,3
6
lettuce,4 tomatoes,5 and mangoes.
m
The quantitative analysis
a
of thee metabolic prrofiling
along with the applicatiion of a suuitable statistiical analysis has allowedd food
characterizattion in terms of geographiical origin, genetic
g
origin and farming. The
potential off NMR specctroscopy to detect foodd adulteratio
ons has beenn also
demonstratedd.
Here, thee NMR methoodology used to
t study foodsstuffs is discu
ussed reportingg some
significant exxamples.
References:
P Fiordiponti P.,, Mannina L., Rosssi E. and Segre A.
A L., J. Am. Oil Chem.Soc., 73, 747
7 – 758 (1996)
1. Sacchi R., Pattumi M., Fontanaazza G., Barone P.,
2. Mannina L., Sobolev A. P., Capitani
C
D., Iaffaaldano N., Rosatoo M. O., Ragni P.,
P Reale A., Sorrrentino E., D'Am
mico I. and Coppo
ola R., Talanta, 77,
7
433– 444 (2008)
C
M., Sobbolev A. P., Ragnni P. and Segre A.
A L., J. Agric. Fo
ood Chem., 52, 79988– 7996 (2004))
3. Mannina L., Cristinzio
4. Sobolev A. P. , Brusio E., Giannferri R. and Seggre A. L., Magn. Reson.
R
Chem., 43
3, 625– 638 (20055)
M
Reson. Chem
m., 41, 237– 245 (2003)
5. Sobolev A. P., Segre A. L. andd Lamanna R., Magn.
J Agric. Food Chhem., 48, 1524– 1536 (2000)
6. Gil A. M., Duuarte I. F., Delgaddillo I., Colquhouun I. J., Casuscellli F., Humpfer E. and Spraul M., J.
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NMR structural studies of bacterial virulence factor membrane proteins
Francesca M. Marassi
Sanford Burnham Medical Research Institute, La Jolla, California, 92037,USA (fmarassi@sanfordburnham.org)

Approaches for NMR structure determination of membrane proteins in lipids will be discussed. Integral membrane
proteins regulate major cellular processes in health and disease, including transport, signaling, secretion, adhesion,
pathogenesis, and apoptosis, and therefore, represent important targets for structural and functional characterization.
Solid-state NMR experiments with proteins in oriented bilayers, and solution NMR experiments with proteins in weakly
oriented micelles, provide high-resolution orientation-dependent restraints, which can be combined for protein structure
determination and refinement. Results will be presented for membrane proteins integral to the cell envelopes of
Mycobacterium tuberculosis (Rv0899), the causative agents of tuberculosis, and Yersinia pestis (AIL), the causative agent
of plague. The NMR structures characterized in lipids provide insights to their specific functions in each of these
pathogens.
Acknowledgments: This research was supported by the National Institutes of Health.

__________________________________________________________________________________________________

NMR Investigations of the Rieske Protein from Thermus thermophilus Support a
Coupled Proton and Electron Transfer Mechanism
Kuang-Lung Hsueha, William M. Westlerb,c and John L. Markleya,b,c
a

Graduate Program in Biophysics, University of Wisconsin-Madison (markley@nmrfam.wisc.edu)
Biochemistry Department
c
National Magnetic Resonance Facility at Madison, Madison WI 53706, USA
b

The Rieske protein component of the cytochrome bc complex
contains a [2Fe-2S] cluster ligated by two cysteines and two histidines.
We determined the pKa values of each of the imidazole rings of the two
ligating histidines (His134 and His154) in the oxidized and reduced
states of the Rieske protein from Thermus thermophilus (TtRp).
Knowledge of these pKa values is of critical interest, because of their pertinence to the mechanism of electron and proton
transfer in the bifurcated Q-cycle. To assign the paramagnetically broadened signals, we look advantage of the unique
His-Leu (H134-L135) sequence and used residue-selective labeling to establish a key sequence-specific assignment. The
pH dependence of assigned His 13C′, 13Cα, and 15Nε2 signals from the cluster ligands showed that the pKa of His134
changes from 9.1 in oxidized to ~12.3 in reduced TtRp, whereas the pKa of His154 changes from 7.4 in oxidized to ~12.6
in reduced TtRp. This establishes His154, which is close to the quinone when the Rieske protein is in the cytochrome b
site, as the residue experiencing the remarkable redox-dependent pKa shift. Secondary structural analysis of TtRp based
upon our extensive chemical shift assignments rule out a large conformational change between the oxidized and reduced
states. Therefore, TtRp likely translocates between the cytochrome b and cytochrome c sites by passive diffusion. Our
results are most consistent with a mechanism involving the coupled transfer of an electron and transfer of the proton
across the hydrogen bond between the hydroquinone and His154 at the cytochrome b site.1
References:
1. Hsueh K.-L., Westler W. M. and Markley J. L., J. Am. Chem. Soc., in press (2010)
Acknowledgments: Supported by NIH grants GM58667 and P41 RR02301.
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Sorting out
o chemiical and geometric
g
al contrib
butions in
n disorderred materrials
Dominiquee Massiot, Michael
M
Desschamps, Frranck Fayon
n, Sylvian Cadars,
C
Valérie Montou
uillout,
Nadia Pellerin, Pierre Florian, Laaura Martel and Julien Hiet
H
CEMHTI CNRSS UPR3079, Université d’Orléans, 1D avenue de laa Recherche Scien
ntifique, 45071 Orléans
O
cedex 2, F
France (massiot@
@cnrs-orleans.fr)

The occuurrence of disoorder in crystaalline, amorphhous or glassy
y materials traanslates into a broadening of the isotroppic
solid state linnes of the obsserved nuclei due to distribbutions of iso
otropic chemiccal shifts (29Sii, 31P) and to distributions of
quadrupolar interaction (11B, 17O, 27Al...) when dealling with quaadrupolar nucllei. These
distributions lead to overrlap and loss of resolutionn of the sign
natures of the different
chemical mootifs which aree usually resollved in spectraa of perfectly ordered comppounds.
spins and typ
The chem
mical disorderr (nature of neighbouring
n
pes of chemiccal bonds)
and geometrical disorder (bond distancces and angless) can be diseentangled by putting
p
to
work experiments based on the existtence of unreesolved but still
s
usable inndirect Jcouplings1-4 or dipolar innteractions in spin countinng3 or spectraal editing expperiments
applied to dippolar and quaadrupolar nucllei5 that allow
ws quantifying the different structural
Multiple quanttum edited 29Si
motifs and evvidencing theiir individual geometrical
g
diisorders.
3
spectrum of a glass

References:
F
F., Deschaamps M., Cadars S., Florian P., Montouillout
M
V., Pellerin
P
N., Hiet J.,
J Rakhmatullin A. and Bessada C., C. R. Chim., 13
1. Massiot D., Fayon
117 – 129 (20010)
2. Bytchkov A., Fayon F., Massiot D., Hennet L. and Price D. L., Phys.
P
Chem. Cheem. Phys., 12 1535 – 1542 (2010)
m. Phys., 11 6935 – 6940 (2009)
3. Hiet J., Deschhamps M., Pelleriin N., Fayon F. annd Massiot D., Phhys. Chem. Chem
4. Florian P., Faayon F. and Massiot D., J. Phys. Chem.
C
C, 113 25622 – 2572 (2009)
5. Lee S. K., Deeschamps M., Hieet J., Massiot D. and
a Park S. Y., J. Phys. Chem. B, 113 5162 – 5167 (2009)
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Probing the physiics of antiiferromaggnetic ring
gs by EPR
R spectrooscopy
Eric J. L. McInnes
M
School of Chemistry, University of
o Manchester, Oxford
O
Road, M133 9PL, Manchesteer,UK (eric.mcinnnes@manchesterr.ac.uk)

“Antiferrromagnetic rinngs” are a cllass of spin clusters
c
comprising a cycliic array of anntiferromagneetically coupled
transition ionns. Until receently all exam
mples were hoomometallic and
a even-mem
mbered givingg total electro
onic spin S = 0
ground states. The first heterometallic
h
c examples were
w
reported by Winpennyy and coworkers in 2003,
2
(Me2NH
N 2)[Cr7MF8(O
O2CtBu)16] where M is a divalent mettal ion; a
second familly was reportted in 2008, [Cr7MF3(glu)(O2CtBu)15L] where H5gluu = N-Etglucamine annd L is a term
minal ligand at M.1 The pressence of the heeterospin leadds to S ≠ 0
ground statees that can bee tuned by choice
c
of M, allowing sysstematic studyy of spin
structure in complex but isostructural sets of clusteers. This lectu
ure will summ
marise our
EPR studies of such speciies and then foocus on recennt efforts towaards controlledd covalent
and electronnic coupling of
o the rings in
i supramoleccular clusters-of-clusters (ssee Fig).2
EPR proves to be a very sensitive
s
tool for detecting and measurin
ng the very weak
w
intercluster interaactions.
Linked Cr7Ni rings
References:
L El Mkami H., Overgaard J., Pilligkos S., Rajaram
man G., Rentschller E., Smith A. A
A., Smith G. M., Boote V., Jenninngs
1. Larsen F. K., McInnes E. J. L.,
w. Chem. Int. Ed., 42, 101 – 105 (2
2003)
M., Timco G.. A. and Winpennny R. E. P., Angew
2. Timco G. A., McInnes E. J. L.., Pritchard R. G.,, Tuna F. and Winnpenny R. E. P., Angew.
A
Chem. Innt. Ed., 47, 9681 – 9684 (2008)
Acknowledgmennts: We thank thee EPSRC(UK) annd the EC for funding.

7
73

4. Session Lectures
__________________________________________________________
___________________________________
______________

The Coordination
n Chemisttry of Sign
nal Ampllification and
a Targgeting for MR
Probe Deevelopmeent
Thomas J. Meade
Departments off Chemistry, Biochhemistry and Mollecular and Cell Biology,
B
Neurobiiology and Physioology and Radioloogy, Northwesterrn University, 21445
Sheridan Rd, Evvanston IL, 602088 ( tmeade@northhwestern.edu)

During thhe last decadee there has been significantt advances in MR contrast agent design and experimeental testing. To
T
overcome thee limitations of
o previous geenerations of contrast
c
probees, new agentss have incorpoorated multiplee chelation sittes
1
for Gd(III) while
w
optimizzing rotationall correlation times,
t
tm, targ
geting, cellulaar uptake andd responsive properties.
p
O
Our
laboratory haas focused onn three aspects of probe deevelopment with
w the ultimaate goal of ceell patterning and recognitioon
studies of thee central nervous system. Our
O approach attempts
a
to op
ptimize has many
m
of the parrameters into relatively smaall
molecule cooordination com
mplexes and include
i
i. agennts responsivee to in vivo phhysiological oor biochemicaal events ii. ceellpermeable MR
M agents to increase
i
local concentrationn (Figure 1), and
a iii. ampliffication of thee MR signal by
b attachment to
large molecuules and the syynthesis of muultiply labeledd conjugates. The
T strategy for
f the design of responsivee or bioactivatted
contrast agennts involves the
t modulatioon of one or more parameeters (q, or τm) affecting
relaxivity to produce distinnct relaxationn states before and after actiivation. Cagedd complexes
were designeed to coordinnatively saturaate the param
magnetic ion in
n the absencee of specific
enzymes or ionic signal transducers,
t
a to allow water access in the presennce of these
and
species. These agents connditionally moodulate the acccess of wateer through chaanges in the
coordination environment of Gd(III) prooducing a connditionally actiivated compleex.
O

O

O

N

G
Gd

N

O

N

N

O

O

O

References:
1. Major J. L annd Meade T. J., Accc Chem Res., 422, 893 – 903 (2009)
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Hyperpoolarized Krypton-8
K
83 Magnetic Reson
nance
Thomas Meersmann
M
Sir Peter Mansffield Magnetic Reesonance Centre, School of Clinicaal Sciences, Univversity of Nottinghham, NG7 2RD, N
Nottingham, Unitted Kingdom
(Thomas.Meersm
mann@Nottinghaam.ac.uk)

In porouus media, quaadrupolar inteeractions duriing collisions
Fig.2.(A)Series of hyperpolarizzed
83
Kr NMR specttra of an excised rat
with suurfaces are typically
t
the
lung acquired frrom a series of 12º
1
main caause for the relaxation off
RF pulses spaced
d evenly by 200 ms
83
the noble gas isotopee Kr spin (I
delay times.
The signal rises
= 9/2)1,22. The nuclearr relaxation off
ungs inhales and T1
initially as the lu
83
relaxation leads to the decay of the
t
Kr cann therefore be utilized for
he inhalation has
h
signal after th
surface studies3 since
s
it is
stopped. (B)Sem
mi logarithmic ploot
susceptiible to the surface-tovolume ratio, surfacce hydration,
and tem
mperature. A sppecial ventilattion chamber allowes for inn situ hp 83Kr MRI of exciseed
83
rat lunggs4.Hyperpolarrized (hp) 83Kr
K with 6% spin
s
polarizatiion correspon
nding to 13,0000
Fig.1. Hp Krr FLASH transveerse
plane MRI off rat lung (no sllice
fold siggnal enhancem
ment at 9.4 T (i.e.) was geenerated usinng a 25 % kry
ypton in N2/H
He
selection, NEX
X =4 ).
mixturee. The signal intensity was strong
s
enoughh to allow for 83Kr T1 relax
xation studies as
a function off lung inflatioon and the firrst hp-83Kr FL
LASH image of in situ rat lungs. Surprrisingly, the reelaxation in thhe
alveolar spacce of ex vivo lungs
l
is not afffected by varrious stages off lung inflationn despite the ppresumably ch
hanging surfaace
to volume rattios in the alvveoli. The meaasured relaxatiion of T1 ≥ 1s is slow enouggh to permit foor future in vivvo studies.
References:
e al., Proc. Natl. Acad. Sci. U.S.A
A., 102, 18275 – 18279
1
(2005)
1. Pavlovskaya et
2. Cleveland, et al., J. Phys. Chem
m, 129: 244304-11 – 6 (2008)
3. Cleveland, et al., J. Am. Chem. Soc., 129, 1784 – 1792 (2007)
2 (2008)
4. Cleveland, et al., J. Magn. Resson., 195, 232 – 237
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Structurral bile-oloogy
Michael Assfalg,
A
Marriapina D’Onofrio, Sereena Zanzoni, Alberto Ceccon
C
and Henriette Molinari
M
Department of Biotechnology,
B
U
University
of Veronna, Strada Le Grazie 15, 37134, Verona,
V
Italy (hennriette.molinari@
@univr.it)

This pressentation refeers to a long--time runningg project dediicated to the investigation of a central aspect of lippid
homeostasis,, namely the interactions off bile acids annd other lipidss with their inntracellular chhaperones (pro
oteins belonginng
to the Fatty Acid Bindingg Protein famiily), with the aim of charaacterising the mechanism
m
of lipid uptakee, transport, annd
release withiin the cell. In this framewoork, NMR datta will be pressented describbing the compplex system composed of the
t
bile acid bindding protein, bile
b acids, andd membrane mimetic
m
system
ms, such as annionic liposom
mes.
The acquuired knowledgge on the structural and moolecular determ
minants of bilee acid bindingg to intracellullar lipid bindinng
proteins has served as a basis
b
to study the interactionns with exogeenous ligands, such as Gd((III) derivativees, belonging to
the class off most widelly studied coontrast agentss for MRI. Such studies have been dealing with
h the structurral
characterisation of new potential
p
hepaatospecific conntrast agents, undergoing active molecuular transportt in hepatocyttes
exploiting thhe enterohepattic circulationn. These interaaction studiess have been exxtended to diffferent protein
ns of the FAB
BP
family and lipophilic Gdd(III) derivattives. The ovverall data on
n ligand binnding providee a rationale for the futuure
developmentt of the projecct, related to the
t investigattion of the pro
otein within human
h
living cells and its interaction
i
wiith
liposome-loaaded contrast agents.
a
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New DOSY and pure
p
shift NMR toools for thee chemist
Gareth A. Morris
M
School of Chemiistry, University of
o Manchester, Oxford
O
Road, Mannchester, M13 9P
PL, U.K. (g.a.morrris@manchester.ac.uk)

Diffusionn-ordered specctroscopy (DO
OSY) sets outt to distinguissh between thhe NMR signaals of differen
nt species in an
intact mixturre. Normally this requires first that thee signals be well-resolved
w
in the 1D sppectrum, and second that the
t
species havee different hydrodynamic
h
radii rH. A range of ex
xperimental methods
m
that can circumv
vent these tw
wo
requirementss will be preesented. 3D DOSY
D
methoods1 use the added
dispersion off further specttroscopic dim
mensions to givve high resolu
ution in
both spectraal and diffusiion domains, and can be extended to
o study
phenomena such as amidde proton exxchange.2 Maatrix-assisted DOSY
methods, e.gg. using micellar or reverseed micellar syystems, use ch
hemical
discriminatioon to resolve mixtures of species with similar rH, such
s
as
stereoisomerrs.3 Signal ovverlap can also be defeatedd using multiivariate
statistical meethods to decompose mixtuure spectra4 and
a for the sttudy of
reaction kineetics using DO
OSY.5 Finallyy, pure shift methods
m
supprress the
effects of homonuclear couplings to give 1D
D, DOSY an
nd 2D
homonuclearr correlation spectra in whhich almost all
a signals app
pear as
singlets, improving resoluttion by an ordder of magnituude or more.6
References:
A S., Richards J. J.,
J Bilia A. R. andd Morris G. A., Magn.
M
Reson. Cheem., 47, 1081 – 1085 (2009)
1. McLachlan A.
2. Brand T., Cabbrita E. J., Morriss G. A., Günther R.,
R Hofmann H.-JJ. and Berger S., J. Magn. Reson.,, 187, 97 – 104 (22007)
3. Evans R., Haiiber S., Nilsson M.
M and Morris G. A., Anal. Chem.,, 81, 4548 – 4550
0 (2009)
4. Nilsson M. annd Morris G. A., Anal.
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Chem., 80, 3777-3782 (2008)
5. Khajeh M., Botana
B
A., Bernsteein M. A., Nilsson M. and Morris G. A., Anal. Cheem., 82, 2102 – 21108 (2010)
6. Aguilar J. A.,, Faulkner S., Nilsson M. and Morrris G. A., Angew
w. Chem. Int. Ed., 49, 3901 – 3903 (2010)
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NMR and DOCKING Studies on Electron Transfer Complexes
José J. G. Moura, Simone Dell´acqua, Rui Almeida, Ludwig Krippahl, Sofia R. Pauleta and Isabel
Moura
REQUIMTE, Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, 2829-516 Caparica, Portugal.
(jose.moura@dq.fct.unl.pt)

Chemera 3.0 is a molecular modelling software package that includes BiGGER (Bimolecular complex Generation
with Global Evaluation and Ranking), a protein docking algorithm. This paper focuses on new features of Chemera 3.0,
specially constrained docking, which allows the user to restrict the search for proteinFe-(S-Cys)4 Rubredoxin
protein complex models in a manner consistent with the ambiguity of some
4 Heme Cytochrome c3
experimental data. This allows the user to take advantage of sets of experimental data
obtained by NMR, site-directed mutagenesis, or other techniques, by specifying sets of
potential contacts between the two proteins. This models the possibility of some of
experimental results being due to effects other than proximity to the docking partner.
Examples were selected for probing the transient interaction between two proteins
(A and B), where double (A and B), single (A or B) or no 15N labelling is considered.
References:
1. Palma P. N., Krippahl L., Wampler J. E. and Moura J. J. G., Proteins: Struct, Function, and Genetics, 39, 372 – 84 (2000)
2. Krippahl L., Moura J. J. and Palma P. N., Proteins: Structure, Function, and Genetics, 52, 19 – 23 (2003)
3. Almeida R. M., Pauleta S. R., Moura I. and Moura J. J. G., J Inorg Biochem, 113, 1245 – 53 (2009)
Acknowledgments: We thank the financial support of the Fundação para a Ciência e Tecnologia, MCTES, Portugal.
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Nuclear Spin Noise - Fundamental Insights and Applications
Norbert Müller
Institute of Organic Chemistry, Johannes Kepler University of Linz, Altenbergerstraße 69, 4040, Linz, Austria (norbert.mueller@jku.at)

Bloch predicted1 that even a spin system in equilibrium can give rise to a weak rf-signal due to statistically incomplete
cancellation of randomly fluctuating magnetic moments. Experimental detection of spin noise was achieved much later
via different approaches.2-6 The theory of spin noise is based on Nyquist noise.2 However it does not completely describe
the experimental results on the tuning dependence of NMR noise. The spin contribution
to noise power can be positive (i.e. it increases the noise power at the NMR resonance
frequencies) or negative (one observes "dips" in the noise power spectrum, i,e. less than
thermal noise as in the Figure). This "absorbed circuit noise"6 is often not observed at
the minimum of the tuning curve, as predicted. Instead the “dip” noise line shape is
often observed tuning offsets of up to several 100 kHz).3,4,6 Tuning for the noise "dip"
substantial gains in the signal-to-noise ratio have been achieved4. Examples of spin
noise spectra under a variety of conditions for liquids and solids (see Figure) underscore 1H MAS (8kHz) noise spectrum of
solid adamantane at 500MHz
an application potential reaching beyond the tuning improvements.
References:
1. Bloch F., Phys. Rev., 70, 460 – 475 (1946)
2. McCoy M. A. and Ernst R. R., Chem. Phys. Lett. 159, 587 – 593 (1989); Guéron M. and Leroy J. L., J. Magn. Reson., 85, 209 – 215 (1989)
3. Müller N. and Jerschow A., Proc. Natl. Acad. Sci. U.S.A., 103, 6790 – 6792 (2006)
4. Nausner M., Schlagnitweit J., Smrecki V., Yang X., Jerschow A. and Müller N., J. Magn. Reson., 198, 73 – 79 (2009)
5. Desvaux H., Marion D. J., Huber G. and Berthault P., Angew. Chem. Int. Ed., 48, 4341 – 4343 (2009)
6. Giraudeau P., Müller N., Jerschow A. and Frydman L., Chem. Phys. Lett., 489, 107 – 112 (2010)
Acknowledgments:The project has been supported by FWF (Austrian Science Funds) Project No. P19635-N17. Access to Research Infrastructures was
made possible in the 6th FP of the EC (Contract # RII3-026145, EU-NMR) and in the 7th FP of the EC (Contract # 228461, EAST-NMR).
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Imaging Angiogenesis: Microenvironmental control of vascular remodeling
Michal Neeman
Department of Biological Regulation, The Weizmann Institute of Science, Rehovot 76100 Israel, (michal.neeman@weizmann.ac.il)

Blood and lymphatic vessels dynamically adapt to changing needs of the tissues so as to maintain physiological
homeostasis. Acute changes in demand are addressed through a functional response. For blood vessels this entails
vasoconstriction or dilation and changes in vessel permeability, affecting blood flow and
molecular transfer rates respectively. For lymphatic vessels, acute changes in interstitial
pressure result in changes in vessel permeability and increased lymphatic clearance.
Chronic changes in the tissues including fetal implantation and development, organ
growth, wound healing, or tumor progression, require sustained adaptation through
matching expansion (or regression) of the vascular bed. These changes must match
needs, and such regulation is achieved through sets of feedback loops coupling the
sensing of the changes in the microenvironment to orchestration of vessel growth.
MRI provides an important component in the multimodal efforts for imaging the
dynamics and regulation of the changes in the vasculature. A panel of structural,
functional, molecular and cellular imaging methods were developed for the adaptation of
blood vessels in the early stages of fetal implantation and during the early stages of
tumor growth. Differences in the controlled vascularization of the former and the unchecked irregular expansion of
vessels in the later provide insight to the mechanisms affecting tumor progression.
Finally, imaging provided insight for the role of microenvironmental stress in modulating lymphangiogenesis.
Acknowledgments: This work was supported by the Israel Science Foundation 93/07, by the DKFZ-MOST cooperational program, by National
Institutes of Health grant R01 CA75334, by the European Commission 6th Framework Integrated Project MEDITRANS, by the European Commission
7th Framework Integrated Project ENCITE, by the 7th Framework European Research Council Advanced grant 232640-IMAGO.
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The challenges and opportunities of molecular imaging with MRI
Klaas Nicolay
Department of Biomedical Engineering, Eindhoven University of Technology, P.O. Box 513, 5600 MB, Eindhoven, The Netherlands (k.nicolay@tue.nl)

MR offers a diversity of non-invasive readouts that find extensive use in biomedical research and clinical diagnostics.
PET and SPECT, however, have a much higher sensitivity than MR. Therefore, these techniques are presently preferred
for the visualization of sparse molecular markers. Making MR suitable for molecular imaging applications, is a
challenging task. Several approaches are explored to allow in vivo detection of sparse molecular markers with MR. One
such strategy involves the use of targeted nano-particles. Nano-particles can readily be equipped with a high payload of
MRI contrast agent. Four main approaches are used: (i) nano-particles loaded with Gd3+-chelates for T1 shortening;1 (b)
FeO nano-crystals for T2-detection;2 (c) fluorinated nano-emulsions for F-19 MR;3 (d) nano-particles incorporating CEST
agents.4 Nano-particles also offer attractive features for multimodality imaging and incorporation of drugs for imageguided therapy. Nano-particles are primarily used for targeting of intravascular markers and of extravascular markers in
case of enhanced vascular permeability, such as occurring in tumors, atherosclerosis and myocardial infarction.
The presentation will deal with the design and characterization of target-specific MRI contrast agents and their use in
preclinical imaging studies on animal models of disease.
References:
1. Mulder W. J. M., et al., NMR Biomed, 19, 142 – 164 (2006)
2. Laurent S., Curr Med Chem, 16, 4712 – 4727 (2009)
3. Janjic J. M., et al., Wiley Interdiscip Rev Nanomed Nanobiotechnol, 1, 492 – 501 (2009)
4. Aime S., et al., Acc Chem Res, 42, 822 – 831 (2009)
Acknowledgements: The author’s research on this topic was funded in part by the Integrated EU Project MEDITRANS (FP6-2004-NMP-NI-4/IP
026668-2), the European Community EC-FP6-project DiMI, LSHB-CT-2005- 512146 and by the BSIK program entitled Molecular Imaging of
Ischemic Heart Disease (project number BSIK03033). This study was performed in the framework of the European Cooperation in the field of Scientific
and Technical Research (COST) D38 Action Metal- Based Systems for Molecular Imaging Applications.
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New twists to dipolar recoupling in biological solid-state NMR: Optimal control,
multiple-field oscillation, recoupling without decoupling, and resolution
enhancement
Niels C. Nielsena, Anders B. Nielsena, Lasse A. Straasøa, Joachim Vinthera, Cindie Kehleta, Andrew
J. Nieuwkoopb, Chad M. Rienstrab, Morten Bjerringa, Zdenek Tosnera and Navin Khanejac
a

Department of Chemistry, University of Aarhus, DK-8000 Aarhus C, Denmark (ncn@inano.dk)
Department of Chemistry, University of Illinois, Urbana, Illinois, USA
c
Division of Applied Sciences, Harvard University, Cambridge, Massachussetts, USA
b

Novel approaches for systematic design of dipolar recoupling experiments are presented. The methods are designed
analytically using mutiple-oscillating-field techniques,1 numerically using optimal control,2 or combinations of the two
approaches.3 The first part of the talk will address the concepts of multiple-oscillating field methods, and demonstrate the
versatility of such methods for combined demodulation and modulation of internal parts of the nuclear spin Hamiltonian to
provide efficient re- and decoupling of selected nuclear spin interations. Examples will include dipolar recoupling without
decoupling,4 homonuclear dipolar recoupling without dipolar truncation for measurement of long-range internuclear distances,
and design of experiments for recoupling of native dipolar coupling Hamiltonians. The second part of the talk will addr ess the
use of optimal control theory with constraints to emphasize certain nuclear spin interactions or specific coherence/polarization
transfers while suppressing others. Examples will include recoupling methods offering higher robustness towards instrumental
errors, band-selective dipolar recoupling, and methods improving the resolution of multipledimensional solid-state NMR
spectra. The various methods will be described analytically and verified numerically and by experiments on biological samples,
including ubiquitin, GB1, and amyloid fibrils of hIAPP(20-29).
References:
1.Straasø L. A., Bjerring M., Khaneja N. and Nielsen N. C., J. Chem. Phys., 130, 225103 (2009)
2.Tosner Z., Vosegaard T., Kehlet C. T., Khaneja N., Glaser S. J. and Nielsen N. C., J. Magn. Reson., 197, 120 – 134 (2009)
3.Nielsen A. B., Bjerring M., Nielsen J. T. and Nielsen N. C., J. Chem. Phys., 131, 025101 (2009)
4.Nielsen A. B., Straasø L. A., Nieuwkoop A. J., Rienstra C. M., Bjerring M. and Nielsen N. C., J. Phys. Lett., in press (2010)
Acknowledgments: We acknowledge support from the Danish National Science Foundation.
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Solution-NMR structure determination of the seven-helical transmembrane
protein sensory rhodopsin
Daniel Nietlispach, Antoine Gautier, Helen R. Mott, Mark J. Bostock and John P. Kirkpatrick
Department of Biochemistry, University of Cambridge, 80 Tennis Court Road, CB2 1GA, Cambridge, United Kingdom
(dn206@bioc.cam.ac.uk)

The study of seven-helical integral membrane proteins (7TM) remains a challenge for structural biology. We use the
7TM phototaxis receptor sensory rhodopsin pSRII to demonstrate the feasibility of such studies by means of solution
NMR spectroscopy. For the first time we present the full 3D structure determination of a 7TM receptor using NMR
spectroscopy. The size of the protein-detergent micelle complex under investigation is on the order of 70 kDa. The quality
of the pSRII structure ensemble is extremely good (backbone root mean squared deviation of 0.48 Å). Based on our
experience with pSRII we discuss the possibility of similar NMR structural studies with other 7TM proteins.
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Structure and interactions of malaria surface proteins
Raymond S. Norton
Structural Biology Division, Walter and Eliza Hall Institute of Medical Research, 1G Royal Parade, Parkville 3052, AUSTRALIA
(ray.norton@wehi.edu.au)

Proteins on the surface of the merozoite stage of the malaria parasite Plasmodium falciparum are excellent candidates
for inclusion in a malaria vaccine and are potential drug targets. Here we describe studies of the 3D structure and
interactions of two of the leading candidates, merozoite surface protein 2 (MSP2) and apical membrane antigen 1
(AMA1).
NMR assignments have been obtained for full-length MSP2 (23 kDa) in solution, allowing the residual secondary
structure and backbone dynamics to be defined.1 There are motional restrictions in the conserved C-terminal region and in
two other regions, both of which display helical structure propensities; one of these helical regions is within the conserved
N-terminal domain. Although MSP2 is highly disordered in solution, its conformation on the merozoite surface has not
been determined. MSP2 associates with lipid micelles through the N-terminal region, while the C-terminus is GPIanchored to the parasite membrane. Studies are underway to develop a model of MSP2 on the merozoite surface and, in
particular, to understand its antigenic properties in that environment.
The structure of the AMA1 ectodomain (65 kDa), determined by X-ray crystallography, contains a substantial
hydrophobic trough at its membrane-distal surface. Recent evidence from NMR2 and mutational studies shows that
peptides identified by phage display3 bind to this trough and inhibit merozoite invasion of host red blood cells. This site
therefore appears to be a promising target for anti-malarial development.
References:
1. Zhang X., Perugini M. A., Yao S., Adda C. G., Murphy V. J., Low A., Anders R. F. and Norton R. S., J Mol Biol, 379, 105 – 121 (2008)
2. Richard D., MacRaild C. A., Riglar D. T., Chan J-A., Foley M., Baum J., Ralph S. A., Norton R. S. and Cowman A. F., J Biol Chem, in press (2010)
3. Harris K. S., Casey J. L., Coley A. M., Karas J. A., Sabo J. K., Tan Y. Y., Dolezal O., Norton R. S., Hughes A. B., Scanlon D. and Foley M., J Biol
Chem, 284, 9361 – 9371 (2009)
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Development of NMR Methods for Studying Membrane Proteins
Stanley J. Opella
Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, California 92093 U.S.A.(sopella@ucsd.edu)

Membrane proteins are important but challenging systems for NMR spectroscopy. The development of NMR methods
capable of describing the dynamics and determining the structures of membrane proteins requires parallel and integrated
research in molecular biology and biochemistry, instrumentation, and experimental methods. The common features of
membrane proteins are being identified through comparative studies of three systems, including the viroporins Vpu from
HIV-1 and p7 from HCV, the mercury transport membrane proteins MerE, MerF, and MerT, and the G-protein coupled
receptor CXCR1. Results from solution NMR studies of the proteins in micelles and isotropic bicelles are compared to
those from solid-state NMR studies of the same proteins in aligned and unoriented samples in bilayers. Recent advances
in the instrumentation and experimental methods for solid-state NMR are focused on triple-resonance methods to extend
the studies to all carbon and nitrogen sites in backbone and side chains of the proteins.
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The Structure of Human αB-Crystallin by Solid-State NMR and Small-Angle
X-ray-Scattering, and some exciting Adventures with DNP
Hartmut Oschkinata, Stefan Jehlea, Barth van Rossuma, Stefan Markovica, Victoria Higmana, Ponni
Rajagopalb, Rachel Klevitb, Ümit Akbeya, Trent Franksa, Arne Lindena, Sascha Langea, Robert G.
Griffinc, Janet Zapkea, Bernd Bukaud and Nandhakishore Rajagopaland
a

Leibniz-Institut für Molekulare Pharmakologie, Robert-Rössle-Str. 10,13125 Berlin, Germany (Oschkinat@fmp-berlin.de)
Department of Biochemistry, University of Washington, 98195 Seattle, USA
c
Francis Bitter National Magnet Laboratory, MIT, 02139-4307 Cambridge, USA
d
Zentrum für Molekulare Biologie Heidelberg, Im Neuenheimer Feld 282, 69120 Heidelberg, Germany
b

Imbalanced protein homeostasis is detrimental to a large variety of vital biological functions in higher organisms,
accordingly regulating protein systems are of high pharmacological interest. An important example is the small heat shock
protein (sHSP) αB-crystallin (αB) which acts as an ATP-independent chaperone. Dysfunctions of human αB are
associated with the occurrence of cataracts in the eye lens, multiple sclerosis, cardiomyopathies, and Alzheimer’s disease.
αB is a paradigm example of a polydisperse supramolecular complex whose inherent dynamics is connected to its
temporal activation and inactivation. We present a mechanistic understanding of oligomer assembly and heterogeneity on
a molecular and atomic level, applying small-angle X-ray scattering (SAXS) and solid-state NMR. As a basic building
block we obtained a curved dimer. The C-terminal IXI motif and the N-terminal residues S59-W60-F61 interact with
other dimers. We observe a pH-dependent modulation of the interaction of the IXI motif with β4/β8.
Dynamic nuclear polarization enables the investigations of new types of samples when a maximum of signal
enhancement can be achieved. In this section of the presentation, first the effects of freezing on a number of samples will
be discussed, and then strong enhancements observed on deuterated samples. Following this, applications to the detection
of the nascent chain emerging from ribosomes and kinesins bound to microtubule will be presented, using concepts of
differential labeling, including deuteration.
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Lanthanide Tagging for Protein Structure Determination
Xun-Cheng Sua, Hiromasa Yagia, Xinying Jiaa, Ansis Maleckisa, Choy Theng Loha, Christophe
Schmitzb, Robert Vernonc, David Bakerc, Thomas Hubera,b and Gottfried Ottinga
a

Research School of Chemistry, Australian National University, Canberra, ACT 0200, Australia (go@rsc.anu.edu.au)
School of Chemistry and Molecular Biosciences, University of Queensland, Brisbane, QLD 4072, Australia
Department of Biochemistry, University of Washington, Seattle, WA 98195, USA

b
c

Paramagnetic lanthanide ions present outstanding opportunities to accelerate structural biology studies by nuclear
magnetic resonance (NMR) spectroscopy.1,2 In particular, pseudocontact shifts (PCS) and paramagnetic relaxation
enhancements (PRE) from lanthanide labelled proteins provide valuable long-range structure restraints to assist 3D
structure determinations of proteins, protein-protein complexes, and protein-ligand complexes. Accelerated protein
structure determination can be achieved by PCS-ROSETTA using only backbone chemical shifts and PCSs. In order to
make paramagnetic effects available for diamagnetic proteins, we developed different strategies for site-specific tagging
of proteins with paramagnetic lanthanides. The [Gd(DPA)3]3- complex is shown to allow measurements of PREs both
close and far from the binding site of the DPA complex. As an illustration of the use of long-range PREs induced by
[Gd(DPA)3]3-, elucidation of the quaternary structure of a leucine zipper is shown. Specific binding sites for the
lanthanide-DPA complex can be generated by a simple mutation strategy. Finally, a number of new covalently binding
lanthanide tags are presented that complement the existing range of lanthanide tags.3
References:
1. Pintacuda G., John M., Su X. C. and Otting G., Acc. Chem. Res., 40, 206 – 212 (2007)
2. Otting G., J. Biomol. NMR, 42, 1 – 9 (2008)
3. Su X. C. and Otting G., J. Biomol. NMR, 46, 101 – 112 (2010)
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Joint Analysis of Conformational Dynamics in Ribonuclease H using NMR
Spectroscopy and Molecular Dynamics Simulations
Arthur G. Palmer, III
Department of Biochemistry and Molecular Biophysics, Columbia University, 630 West 168th Street, New York, NY 10032 USA (agp6@columbia.edu)

NMR spectroscopy is a powerful experimental approach for characterizing protein conformational dynamics on
multiple time scales, while molecular dynamics (MD) simulation is the only method capable of describing full atomistic
details of protein dynamics. Homologous mesophilic (E. coli) and thermophilic (T. thermophilus) ribonuclease H (RNase
H) enzymes serve to illustrate how changes in protein sequence and structure that affect conformational dynamic
processes can be monitored and characterized by joint analysis of NMR spectroscopy1 and molecular dynamics
simulations.2 A Gly residue within a putative hinge between helices B and C is conserved among thermophilic RNases H.
Experimental spin relaxation measurements show that the dynamic properties of T. thermophilus RNase H are
recapitulated in E. coli RNase H by insertion of a Gly residue between helices B and C. Additional specific intramolecular
interactions that modulate backbone and sidechain dynamical properties of RNase H proteins have been identified using
MD simulations and subsequently confirmed by NMR spin relaxation measurements. These studies emphasize the
importance of hydrogen bonds and local steric interactions in restricting conformational fluctuations, and the absence of
such interactions in allowing conformational adaptation to substrate binding.
References:
1. Butterwick J. and Palmer A. G., Protein Sci., 15, 2697 – 2707 (2006)
2. Trbovic N., Cho J., Abel R., Friesner R. A., Rance M. and Palmer A. G., J. Am. Chem. Soc., 131, 615 – 622 (2009)
Acknowledgments: Supported by National Institutes of Health Grant GM50291.
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NMR based drug discovery: screening and design of novel chemical probes
Maurizio Pellecchia
Sanford-Burnham Medical Research Institute, 10901 North Torrey Pines Road, La Jolla CA 92037 (mpellecchia@burnham.org)

Fragment-based legend design is an emerging and powerful approach to the discovery and optimization of novel
pharmacologically active molecules. Central to several FBLD methods, NMR represents a versatile technique for various
aspects of the discovery and design aspect including fragment-hit identification, validation and optimization. Ultimately,
these methods enable the identification of protein’s hot spots by using small molecules, regardless of the knowledge of the
function of the protein, and the development of a specific assay. Subsequently, such small organic molecules can be used
in pharmacological assays to further delineate the molecular role of the target in a disease state. The approaches were
applied to the identification of inhibitors of protein-protein interactions, for the discovery highly selective substrate
competitive protein kinase inhibitors, and for the design of potent and effective inhibitors of protein tyrosine
phosphatases.
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Exploring stucture space – theory and experiment combined
Chris J. Pickard
Department of Physics and Astronomy, University College London, London (c.pickard@ucl.ac.uk)

The prediction of solid state nuclear magnetic resonance (ssNMR) parameters of a given crystal structure, using the
gauge including projector augmented wave (GIPAW) theory,1 is becoming a relatively routine component of experimental
investigations. While the accuracy of the predictions are typically acceptable, allowing contributions to be made to
experimental design, assignment and interpretation, considerable challenges remain. The effects of quantum and classical
dynamics2 and disorder3 have been investigated, but their treatment is computationally expensive, and the current
approaches are unlikely to be widely adopted. But the greatest limitation is in the origin of the crystalline models on
which the calculations are performed. They are typically taken from published structures obtained from scattering based
techniques (x-ray or neutron). This severely limits combined ssNMR experimental/theoretical studies, tying them to those
systems previously investigated by other methods. This is particularly unsatisfactory given that ssNMR has strengths that
do not overlap with those of diffraction techniques. I will present a first principles approach to the generation of candidate
structures. It is called Ab Initio Random Structure Searching (AIRSS)4 and it has been extensively applied to the field of
high pressure physics.5,6 I will present attempts to combine AIRSS with GIPAW, applied to the perovskites and elemental
phosphorous.
References:
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2. Dumez J. N. and Pickard C. J., J Chem Phys, 130, 104701 (2009)
3. Cadars S., Lesage A., Pickard C. J., Sautet P. and Emsley L., J Phys Chem C, 113, 465 – 471 (2009)
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DNA G-quadruplex structures and cation interactions
Janez Plavec
Slovenian NMR center, National Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia and Faculty of Chemistry and Chemical
Technology, University of Ljubljana, Slovenia and EN-FIST Centre of Excellence, Dunajska 156, SI-1000 Ljubljana, Slovenia (janez.plavec@ki.si)

DNA quadruplex structures play roles in key biological processes such as the maintenance of telomeres, regulation of
gene transcription, DNA recombination and packaging of the retroviral genome. The formation of G-quadruplex, B-type
duplex or nonB-DNA structures within the cell will depend on their relative stabilities. The basic building block of a Gquadruplex is the G-G-G-G quartet, which is composed of four hydrogen-bonded guanine nucleotides in a horizontal
planar arrangement. G-quartets are linked together by eight hydrogen bonds in a Hoogsteen pairing geometry. Cations
play a major role in stabilization of G-quartets by reducing repulsions amongst guanine carbonyl oxygen atoms. In
addition, cations contribute to enhanced base-base stacking interactions in a G-quadruplex. The coordination of cations by
the closely spaced carbonyl oxygen atoms of a G-quartet was postulated long before the first high-resolution structure of a
G-quadruplex was determined. G-quartets interact with dehydrated cations via inner sphere coordination. It is therefore
not surprising that formation, stability and structural details of G-quadruplexes are dependent on cation species and cation
concentration. A rational design of quadruplex topologies relies on understanding the role of loop length, loop
composition and effect of metal ions on loops.
Our insights into the possible biological roles of G-quadruplexes and into the origins of their topological sensitivity to
cation species and concentration have benefited by recent studies on structure, stability and interactions of cations with
constituent G-quartets. However, it is not currently possible to delineate general rules governing the folding of G-rich
DNA sequences, and more specifically the role of cations in this process. Different G-rich sequences adopt distinct
quadruplex topologies and, in addition, a given sequence can also fold into various different conformations, which can
coexist. NMR studies utilizing 15NH4+ ions as a probe revealed that 15NH4+ ions move between different coordination sites
and with bulk solution in a manner that is controlled by structural and other factors. 15NH4+ ions move faster between the
interior of tetramolecular structures and bulk solution in comparison to monomolecular and bimolecular G-quadruplexes.
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Long-Range and Orientational Constraints for Membrane Associated Complexes
James H. Prestegard and Yizhou Liu
Complex Carbohydrate Research Center, University of Georgia, 315 Riverbend Rd, 30602-4712, Athens GA, USA (jpresteg@ccrc.uga.edu)

Structure determination of proteins in solution using NMR methods based solely on NOE-derived distance constraints
has been enormously successful. However, as systems of interest become larger resolution and assignment of the myriad
of proton resonances needed for NOE analysis becomes difficult. In these cases, supplementing NOEs with data that
provide constraints over longer distances, and data that can be measured
from backbone resonances only, becomes very important. In extreme cases it
is even possible to reduce the number of labeled backbone sites, if new
resonance assignment strategies can be devised. Among the useful longdistance constraints are residual dipolar couplings (RDCs) and paramagnetic
relaxation enhancements (PREs). We illustrate the use of these constraints in
a structural analysis of ADP ribosylation factor (ARF), a myristoylated
GDP/GTP switch protein that is critical to intra-cellular vesicle trafficking.
GTP-myrARF1 is in itself just 21kDa, but it is not soluble in the absence of
membrane fragments. Its structure has now been solved as a bicelle complex
of approximately 70 kDa. RDC and PRE constraints have proven essential in
defining the structure and the mode of membrane association. Moreover, this
basic structure and the techniques employed provide a basis for the
examination of the higher order complexes essential to the recruitment of
materials into the nascent vesicles that bud from the membrane surface in the
vesicle trafficking process. Recent applications to the complex of myrARF1GTP with the PH domain of FAPP1 will be discussed.

__________________________________________________________________________________________________

High field Dynamic Nuclear Polarization in Aqueous Solutions
Mark J. Prandolini, Vasyl P. Denysenkov, Marat Gafurov, Burkhard Endeward, Sevdalina
Lyubenova, Deniz Sezer and Thomas F. Prisner
Institute of Physical and Theoretical Chemistry and Center for Biomolecular Magnetic Resonance, Goethe-University Frankfurt, 60438 Frankfurt am
Main, Germany (prisner@chemie.uni-frankfurt.de)

Sensitivity is a major limitation for structural studies of biomolecules by high-resolution NMR spectroscopy. Recently
it was shown that dynamic nuclear polarization (DNP) can be used also at high magnetic fields to strongly enhance solid
state NMR signal intensity.1 The situation is more demanding for high-resolution NMR structural studies in solution.
Firstly, microwaves mandatory to excite unpaired electrons are strongly absorbed by liquid water samples, and secondly,
the Overhauser polarization transfer mechanism2 effective for liquids was predicted to be ineffective at high magnetic
fields.3 We show here for the first time that unexpected high DNP enhancements of more than 30 can be achieved in
liquid water samples at room temperature (RT) and at magnetic fields of 9.2 T (corresponding to 400 MHz 1H NMR
frequency and 260 GHz EPR frequency).4,5 Our approach is to polarize liquid samples in-situ at high magnetic fields
using a double-resonance structure, which allows simultaneous excitation of the NMR and EPR transitions. Possible
reasons for these high enhancements will be discussed6 and first applications to metabolites and proteins will be shown.
References:
1. Maly T.; Debelouchina G. T., Bajaj V. S., Hu K-N., Joo C-G., Mak-Jurkauskas M. L., Sirigiri J. R., van der Wel P. C. A., Herzfeld J., Temkin R. J.
and Griffin R. G., J. Chem. Phys., 128, 052211 (2008)
2. Overhauser A. W., Phys. Rev., 92, 411 – 415 (1953)
3. Hausser K. H. and Stehlik D., Adv. Magn. Reson., 3, 79 – 139 (1968)
4. Denysenkov V. P. Gafurov M., Prandolini M., Sezer D., Endeward B. and Prisner T. F., Phys. Chem. Chem. Phys., 12, 5786 – 5790 (2010)
5. Prandolini M. J., Denysenkov V. P., Gafurov M., Endeward B. and Prisner T. F., J. Am. Chem. Soc., 131, 6090 – 6092 (2009)
6. Sezer D., Prandolini M. J. and Prisner T. F., Phys. Chem. Chem. Phys., 11, 6626 – 6637 (2009)
Acknowledgments: We thank Frank Engelke and Alexander Krahn (Bruker Biospin) for technical support with the NMR probe.
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Structural and dynamic determinants of the multistep bile salt binding to lipid
binding proteins
Clelia Cogliatia, Simona Tomasellia, Michael Assfalgb, Katiuscia Paganoa, Ulrich Güntherc, Lucia
Zettaa, Henriette Molinarib and Laura Ragonaa
a
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c
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b

Bile acids are important signalling molecules that regulate a network of metabolic pathways including lipid, glucose,
drug and energy metabolism. The specific mechanisms that couple intracellular lipid processing to biological targets and
signalling pathways are not yet well understood. Bile acid binding proteins (BABPs), belonging to the intracellular lipid
binding protein family, have been recognized to play central roles in driving bile flow, with complex regulation of activity
and function in nucleus, cytoplasm and membrane. Structural and dynamical properties of a few BABPs and their ternary
complexes have been previously characterized through different NMR and docking approaches by our group.1 A number
of factors have been shown to modulate ligand binding, namely the chemistry of the ligand, the nature of protein residues,
the formation of disulphide bridges, which induce changes in local mobility and site-selectivity for the different bile acids.
To clarify the structural and dynamical determinants of the molecular recognition processes different approaches have
been followed and will be discussed: i) NMR structural studies combined with docking techniques for the determination
of the ternary complex formed with the two most abundant natural bile salts; ii) kinetics studies based on NMR line shape
analysis and relaxation dispersion experiments, which allow a reliable and sensitive investigation of binding events
occurring on μs-ms time scales. A two-step binding mechanism was found to fit the behaviour of several residues. The
overall results support the finding that the initial recognition process fits a conformational selection model, where the
dynamics observed in the apo-form is essential for ligand uptake. The derived binding mechanism is discussed in light of
the results obtained for other members of the lipid binding protein family.
References:
1. Tomaselli S., Ragona L., Zetta L., Assfalg M., Ferranti P., Longhi R., Bonvin A. M. J. J. and Molinari H., Proteins, 69, 177 – 91 (2007)
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Molecular basis of FIR-mediated c-myc transcriptional control
Cyprian Cukiera, David Hollingwortha, Geoff Kellyb, Stephen Martina, Irene Diaz-Morenoa and
Andres Ramosa
a
b

MRC National Institute for Medical Research, The Ridgeway, Mill Hill, London NW7 1AA, UK, (aramos@nimr.mrc.ac.uk)
MRC Biomolecular NMR Centre, The Ridgeway, Mill Hill, London NW7 1AA, UK

The c-myc proto-oncogene is a master regulator of cellular proliferation, growth and differentiation and is important in
the re-programming of stem cells. c-myc up-regulation has been associated with many cancer pathologies1. The Far
UpStream Element (FUSE) regulatory system is a fast, transcription-mediated mechanism of gene control that promotes a
peak in the concentration of c-Myc during cell cycle. FUSE regulation is based on the binding of a transcriptional
activator (FBP) to the FUSE DNA element and the subsequent recruitment of its specific transcriptional repressor (FIR).
The interaction between FBP and FIR acts as an on/off c-myc transcriptional switch. Here we analyse the molecular basis
of FIR recruitment and explain how the FUSE system achieves a precise regulation of the cell cycle-dependent peak in cmyc transcription.
References:
1. Levens D., J Natl Inst Monogr, 39, 41 – 43 (2008)
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Optical Nuclear Hyperpolarization in Semiconductors
Jeffrey Reimer
Department of Chemical Engineering, University of California, Berkeley, CA 94720 USA (reimer@berkeley.edu)

I will describe a generalized scheme for preparation of highly athermal nuclear polarization; the scheme consists of a
nuclear spin refrigeration system in which the nuclear spin temperature is lowered by rejecting heat into a higher
temperature reservoir using an "engine." The engine of choice is a
replenishable pure quantum state that is coupled to the nuclei. I will
review several examples of this strategy well known to the NMR
community, then I will describe in more detail its application of
hyperpolarized nuclei in GaAs, with particular attention to electrical
control of the resultant polarization. I will identify a new method of
optical hyper-polarization of carbon-13 nuclei in diamond imbibed
with NV[-] defect centers. The polarization process for diamond has
been modeled with a first-principles quantum mechanical treatment in
conjunction with a spin diffusion transport model. The mechanism
underlying this model is not dependent upon lattice energy (unlike
GaAs), and thus is generalizable to room temperature pumping in bulk
and in other materials.

_________________________________________________________________________________________________

The Relationship between the 3D Structures and Properties of Amyloids
Jason Greenwald, Samir Maji, Lei Wang, Carolin Buhtz, Alice Soragni and Roland Riek
ETH Zurich, Physical Chemistry, ETH Honggerberg, 8093 Zurich, Switzerland, (roland.riek@phys.chem.ethz.ch)

Amyloids are highly ordered cross-β-sheet containing protein aggregates associated with several dozens diseases
including Alzheimer’s, Creutzfeldt-Jakob and Parkinson’s disease, but are also associated with functional states such as
hormone storage in secretory granules and skin pigmentation in mammals. In contrast to soluble protein folds, the crossβ-sheet entity is an inter-molecular motif repetitive in nature almost indefinitely. The intermolecular repetitiveness is key
for the multiple properties of amyloids: On the one hand the repeating motifs can translate a rather non-specific
interaction into a specific one through cooperativity. On the other hand the cross-β-sheet entity can grow by recruitment
of the corresponding amyloid peptide/proteins. Because of these two properties activities of amyloids are manifold
including peptide storage, template assistant, loss of function, gain of function, generation of toxicity, membrane binding,
infectivity etc. In this presentation, we will discuss the structure-function relationship of the HET-s prion of the
filamentous fungus Podospera anserine and the role of the amyloid entity in the storage of hormones in secretory granules.
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Assessment of Lung Function with Polarized MRI
Rahim R. Rizi
Department of Radiology, University of Pennsylvania, Philadelphia, PA 19104, United States, (rizi@uphs.upenn.edu)

Improvements in quantitative assessment of structure, function and metabolic activity in the lungs, combined with
recent enhancement of the spatial and temporal resolution of these techniques, have helped to enhance the quality of
diagnosis and evaluation of pulmonary disorders. Radiological methods are among the most attractive techniques for the
comprehensive assessment of the lung as they allow quantitative assessment of this organ through measurements of a
number of structural, functional, and metabolic parameters on a regional basis and over the entire lungs. Hyperpolarized
nuclei MRI has opened up new territories for quantitative assessment of lung function and structure with an
unprecedented spatial resolution and sensitivity. Over the past decade specific techniques have been developed or
quantitative imaging of different aspects of pulmonary system, that broadly divide the field into five areas: lung
microstructure, ventilation, oxygenation, perfusion, and gas exchange. Hyperpolarized gas diffusion-based techniques
have been traditionally used as a robust method for probing structural changes in lung tissue at a microscopic level as
induced by a variety of lung diseases. In parallel, parametric models of lung airways and alveoli have been developed for
indirect assessment of airway geometry based on hyperpolarized gas MRI measurements. More recently, diffusion-based
techniques have become the focus of development for coupled imaging of regional lung function and structure, most
notably for real-time imaging of alveolar recruitment and dynamics. In the area of gas transport, recent development of
extremely undersampled, high temporal resolution techniques has made it feasible to obtain whole lung images of
dynamic gas flow into the airways. Along with recent breath-hold-based imaging of gas replacement, these two seemingly
different approaches to gas distribution in the lungs have helped to develop a comprehensive understanding of pulmonary
ventilation at an unprecedented fidelity. From a functional standpoint, regional partial pressure and gas uptake methods
have become the cornerstone of functional imaging of lungs using this technology. There are however several challenges
that still need to be overcome by researchers in this field in order to translate this rich body of imaging methodology into a
wider-scale adoption for assessment of disease formation and progression, as well as for development of therapeutics.

__________________________________________________________________________________________________

Adaptive changes in brain function in response to pathological and physiological
challenges: fMRI in rodents to assess plasticity in the CNS
Simone Bossharda, Aileen Schroetera, Esther Sydekuma and Markus Rudina,b
a
b

Institute for Biomedical Engineering, ETH and University of Zürich (rudin@biomed.ee.ethz.ch)
Institute of Pharmacology and Toxicology, University of Zürich, HIT E22.4, Wolfgang-Pauli-Strasse 27, CH-8093 Zürich, Switzerland

Functional recovery following traumatic injury to the CNS indicates the impressive capacity of the brain for
reorganization. fMRI methods yield highly accurate information on brain areas activated in response to a specific task/
challenge and constitute an attractive tool to study such processes. Experiments in rodents are of interest as they
potentially provide mechanistic information. We have applied fMRI to analyze the functional reorganization following
focal CNS lesions in rats (focal cerebral ischemia1 and spinal cord injury, SCI2,3). Both, local adaptations in the cortical
somatosensory representations (SCI) and long range changes involving the contralateral hemisphere and subcortical
relaying structures (cerebral ischemia) have been observed. fMRI measurements have been complemented by optical
recordings using voltage sensitive dyes to monitor altered functional responses at a time scale of milliseconds.
For elucidation of mechanistic aspects underlying the processing of sensory input fMRI studies in (genetically
engineered) mice are of particular interest. The principal challenge in mouse fMRI is sensitivity. Using low temperature
MRI detector coils highly reproducible fMRI responses to sensory input have been obtained in anaesthetized mice. The
method has been applied to study pain processing evoked by electrical, thermal and chemical stimulation. It has been
shown that sensory processing is altered in mice lacking specific sodium channels. Moreover, interventions with local
anaesthetics affected the fMRI signal in the brain, an effect that could be linked to cannabinoid receptors as demonstrated
by experiments with corresponding knock-out animals.4 These results highlight the potential of fMRI studies in using
genetically engineered mice.
References:
1. Markus T. M., et al., Ann Neurol., 58, 950 (2005)
2. Sydekum E., et al., NeuroImage, 44, 1345 (2009)
3. Ghosh A., et al., Nat Neurosci., 23, 97 (2010)
4. Bosshard S., et al, in preparation (2010)

86

4. Session Lectures
__________________________________________________________________________________________________

EPR studies of the Quinone-Iron Complex Photosystem II
Arezki Sedouda, Lisa Kastnera, Nicholas Coxb and A.William Rutherforda
a
b

iBiTEC-S, CNRS URA 2096, CEA Saclay, Bât532, 91191 Gif-sur-Yvette, France (alfred.rutherford@cea.fr)
MPI, Mulheim, Germany

Photosystem II (PSII) is able to use the energy of visible light to oxidize water and reduce plastoquinone, thereby
supplying the electrons needed for photosynthesis. The electron acceptor side involves a pair of plastoquinones, QA and
QB, working in series. These are symmetrically located on either side of a high-spin (S = 2) non-heme ferrous iron. The
overall QAFeIIQB structural motif is common to both PSII and purple bacterial reaction centers with the coordination
sphere of the FeII consisting of 4 histines and a bidentate carboxyllate. In purple bacterial reaction centers the carboxyllate
is a glutamate residue, while in PSII an exchangeable bicarbonate ion (HCO3-) plays this role. Given that CO2 is not only
the source of HCO3- in solution but also the ultimate electron acceptor in photosynthesis, a regulatory role for HCO3- is
suspected. Recent EPR studies combined with molecular calculations have indicated that carbonate (CO32-) rather than
bicarbonate is present in the native functional form of the enzyme.1 Here we report a study of PSII when inhibited by the
binding of formate instead of bicarbonate/carbonate to the FeII. Two new signals were found and characterized: 1) the QB
semiquinone anion antiferromagnetically coupled (1cm-1) to the formate-bound FeII, and 2) the QA semiquinone coupled
to the formate-bound FeII under conditions where electron transfer was blocked by having been turned-over in the
presence of formate, i.e. a three-electron-reduced form of the quinone-iron complex. These studies provide insight for
understanding 1) the proton-coupled electron transfer associated with QB reduction and 2) the potential regulation of
electron transfer out of PSII.
References:
1. Cox N., Jin L., Jaszewski A., Smith P. J., Krausz, E., Rutherford A. W. and Pace R. J., Biophys. J., 97, 1-2024 – 2033 (2009)
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Controlled Self-Assembly of Nanoparticles: A General Template for Developing
“Smart” MRI Contrast Agents
Brian K. Rutta,b, Jianghong Raoa,b, Gaolin Lianga, Nan Maa, Man Lung Maa, Deju Yec, John Ronaldb
and Yuanxin Chend
a
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Significant efforts have been dedicated to the development of “smart” magnetic resonance imaging (MRI) contrast agents. A
common strategy involves a T1 relaxivity change in response to the presence of the intended target. However, there is still an
important need for a general molecular template within this class of MRI probes which through simple chemical modifications
can generate unique probes specifically targeted to different molecular targets. Our strategy is based on a system we recently
developed1 based on the condensation reaction between two chemical groups: 1,2-aminothiol and 2-cyanobenzothiazole. We
have demonstrated that this condensation chemistry can lead to the formation and assembly of nanoparticles in vitro and in
living cells under the control of pH, disulfide reduction and/or enzymatic cleavage. For example, a small molecule probe
Cys(SEt)-Lys(DOTA-Gd)-CBT, comprising these two chemical groups and a Gd3+ chelate, will condense to form oligomers
upon disulfide reduction that generates the free 1,2-aminothiol. These oligomers will further aggregate and assemble into
nanoparticles through hydrophobic interactions. The change of the chemical form of the probe from single monomers to
assembled nanoparticles results in an increase in the T1 relaxivity of Gd. A series of such compounds was prepared, and T1
relaxivity vs field strength measurements were made between 0 and 3T. These measurements show that the as-formed Gdnanoparticle exhibits an overall increased relaxivity in comparison to that of its monomeric precursor, as well as a distinct
change in shape of the NMRD profile in the range 0.5T - 3T. For the initially synthesized probes, the T1 relaxivity increase was
2.64 fold at ~21MHz (0.5T) and 2.14 fold at 64 MHz (1.5T). These probes are efficiently taken up by cells, and T1
measurements of loaded cell pellets demonstrate good intracellular T1 relaxivity. By varying reactive groups used to mask the
presence of the free 1,2-aminothiol, a class of “smart” MRI contrast agents can be similarly developed to sense and image a
variety of molecular targets.
References:
1. Liang G., Ren H. and Rao J., Nat. Chemistry, 2, 54 – 60 (2010)

87

4. Session Lectures
__________________________________________________________________________________________________

Rotating Micro-coils for High-Resolution Spectroscopy and MRI Microscopy
Alan Wonga, Pedro M. Aguiara, Birgit Fassbendera, Guy Aubertb, Jacques-François Jacquinotc and
Dimitris Sakellarioua
a
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Microscopic samples, objects or subjects cannot be routinely analysed using magnetic resonance spectroscopy or
imaging because of the low sensitivity of the technique and the inadequate size of commercial detectors. Micro-coils can
be inductively coupled to most commercial probes and be used for static as well as solid
samples since the coupling is wireless.1 This approach was coined Magic Angle Coil
Spinning or MACS. Spinning the coil together with the sample eliminates most of
susceptibility-related line-broadening and leads to line-widths sufficient resolution to
allow for quantification of metabolites using HRMAS spectroscopy.2
We are presenting results from spectroscopic applications of MACS in liquids,
biological samples, solids and we propose the extension of this approach to ultra highresolution microscopy imaging3. A detailed numerical analysis of eddy current effects
will also be shown.4.
References:
1. Sakellariou D., Le Goff G. and Jacquinot J-F., Nature, 447, 694 – 697 (2007)
2. Wong A., Aguiar P. and Sakellariou D., Magn. Reson. Med., 63, 269 – 274 (2010)
3. Wong A. and Sakellariou D., J. Magn. Reson. Imaging, in press (2010)
4. Aguiar P. M., Jacquinot J-F. and Sakellariou D., J. Magn. Reson., 200, 6 – 14 (2009)
Acknowledgments: We acknowledge support from the following grant agreements ERC-205119, IIF-237068 from EU and NanoMACS from C’Nano.
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Introducing new variables to MAS NMR
Ago Samoson
Tallinn University of Technology, Estonia, University of Warwick, UK (ago.samoson@gmail.com)

Recent progress in spinning technology has opened up new experiment categories in NMR. Extended range of the
rotation speeds allows to control spin-diffusion and probe molecular dimensions via timing the magnetization transport
distance. Reduced mechanical angular momenta and enhanced bearing stiffness provide for a fast flip of the spinning
angle, which can be used for temporary, suitably scaled restoration of anisotropic spin interactions. Measurements of bulk
and selective long range spin distances can be optimized and become thus more reliable.
We present hardware and pilot experiments towards structural biology, based on availability of new mechanical
options of MAS NMR.
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PELDOR on DNA: Orientations, Dynamics, Bending, Non-Covalent Labelling
and Protein Binding
Olav Schiemanna, Gunnar W. Reginssona,b, Sandip A. Shelkeb, Dominik Margrafc, Andriy Markoc,
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and Graham M.Smithd
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Pulsed Electron Electron Double Resonance (PELDOR) has been established as a very precise and reliable method to
measure nanometer distances between spin centres. Recently, we have shown that PELDOR enables also determining
angles between spin labels.1 To overcome the challenging label synthesis, the next generation of labels makes use of noncovalent binding via hydrogen bridges and stacking interactions. We can show that the specificity and strength of binding
is large enough to yield high-quality PELDOR data with modulation. This non-covalent labelling concept proves also
successful for the study of protein binding. For example, the DNA bending of the Lac operator DNA upon binding of the
Lac repressor protein is clearly resolved in the PELDOR data. In a further class of DNA binding proteins, the helicases,
we can resolve its switching between different conformational states induced by binding of ATP, ADP, and DNA.
Thus, PELDOR does not only provide mere distances but access to orientations and changes between conformational
states of large protein complexes difficult to access otherwise.
References:
1. Schiemann O., Cekan P., Margraf D., Prisner T. F. and Sigurdsson S. T., Angew. Chemie, 121, 3342 – 3345 (2009)
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Encapsulated Xenon as an NMR Sensor for Biomedical Applications
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Conventional magnetic resonance imaging (MRI) suffers from intrinsic low sensitivity that makes it difficult to detect
molecules other than water. The increasing interest in disease detection based on related biomarkers on the molecular
level requires alternative detection methods that can sense such markers in nanomolar concentrations. MRI with
hyperpolarized xenon is a promising approach since the 129Xe NMR signal is extremely sensitive to its molecular
environment.
When encapsulated in molecular cages, xenon can be used as a contrast agent in solution state NMR and can be
functionalized to form so-called biosensors for various target molecules1. Indirect detection through the Hyper-CEST
method allows for further sensitivity enhancement while preserving the ability to selectively encode information from
different biosensors. Some recent developments like NMR thermometry with encapsulated xenon and selective detection
of different micro-environments will be presented.
References:
1. Spence M., Rubin S., Dimitrov I., Ruiz J., Wemmer D., Pines A., Yao S., Tian F.and Schultz P., Proc. Natl. Acad. Sci. U.S.A, 98, 10654 – 10657
(2001)
2. Schröder L., Lowery T., Hilty C., Wemmer D. and Pines A., Science, 314, 446 – 449 (2006)
Acknowledgments: Research was supported by the Director, Office of Science, Office of Basic Energy Sciences, Materials Sciences and Engineering
Division and Physical Biosciences Division of the US Department of Energy under Contract No. DE-AC02-05CH11231 [LS, TM, DEW, and AP], by
the Deutsche Forschungsgemeinschaft through Emmy Noether Fellowships (SCHR 995/1-1 and SCHR 995/2-1) [LS], and by the European Research
Council through Starting Grant Biosensor Imaging under ERC Grant Agreement No. 242710 [LS].
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Sparse and Bayesian Magnetic Resonance Techniques: Application to Transient
and Flowing Systems
Andrew J. Sedermana, Daniel J. Hollanda, Alex B. Taylera, Lynn F. Gladdena and Andrew Blakeb
a
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Magnetic Resonance (MR) imaging is increasingly being used to study flowing systems in the field of chemical engineering.
Understanding single and multi-phase flows in both vessels and porous materials are topics of substantial interest, since these
systems are difficult to study using conventional optical or tomographic techniques. Despite the opportunity to study these using
MR techniques, multi-phase flows typically provide significant challenges due to their transient nature or low signal-to-noise.
This presentation shows how prior knowledge can be used to overcome some of these problems and how increasing prior can
reduce acquisition times further. These approaches are based around sparse sampling strategies and we will demonstrate how
they can be applied to the imaging of flowing systems. In particular we are exploiting recent developments in Compressed
Sensing1 to achieve higher temporal/spatial resolution imaging. Where there is greater prior knowledge of the system, we are
using a Bayesian design of experiments such that only a very small proportion (~1%) of data points need to be acquired,
compared to a fully sampled image, to extract the required information.
Two case studies will be discussed to illustrate these approaches:
Velocity imaging of gas and liquid flow in porous media: Using non-uniform Fourier techniques and Compressed Sensing
reconstruction we can achieve an order of magnitude reduction in the acquisition time of velocity images.2
Gas-liquid bubbly flows: Both non-uniform Fourier strategies and Bayesian experimental approaches have been used to
study bubble sizing. Compared with conventional MR methods, the Bayesian approach achieves a reduction of data acquired by
two orders of magnitude and can be applied to characterise systems of much higher gas voidage (>30%) compared to
conventional methods (<3%).
References:
1. Lustig M., Donoho D. and Pauly J. M., Magn Reson Med, 58, 1182 – 1195 (2007)
2. Holland D. J., Malioutov D. M., Blake A., Sederman A. J. and Gladden L. F., J Magn Reson, 203, 236 – 246 (2010)
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Cells, Drugs and NMR
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Post-translational protein phosphorylation endows the eukaryotic proteome with the ability to establish, store and relay
information via multiple cellular signaling pathways. Aberrant kinase activities, in turn, are implicated in a number of
human diseases, including cancer.1 It is hence not surprising that quantitative methods for annotating cellular kinase
activities are of great pharmacological importance. To date, protein kinases constitute the second largest group of drug
targets and several kinase inhibitors are presently tested in late stage clinical trials.2 Based on a previously established
rationale,3 we present a high-resolution NMR approach to simultaneously and quantitatively profile multiple cellular
kinase activities in real-time, and under native in vivo conditions.
References:
1. Cohen P., Eur J Biochem, 268, 5001 – 10 (2001)
2. Cohen P., Nat Rev Drug Discov, 1, 309 – 15 (2002)
3. Selenko P., et al., Nat Struct Mol Biol, 15, 321 – 9 (2008)
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Free-Electron Laser-Based Pulsed EPR at 240 GHz and Beyond
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Electron Magnetic Resonance Group, National High Magnetic Field Laboratory, Tallahassee, FL 32310 USA
b

Like NMR, pulsed EPR becomes more powerful at high fields and frequencies. The spectral and orientation
resolution, sensitivity, polarization, and time resolution improve dramatically. The highest-field commercial NMR
magnets push the Larmor precession frequency for spin ½ electrons above 500 GHz. However, at frequencies above 100
GHz, it is extremely difficult to generate a programmable sequence of phase-coherent pulses with the high peak powers
and nanosecond durations needed to realize the potential of pulsed EPR at high magnetic fields. The UC Santa Barbara
Free-Electron Lasers (FELs), which generate high-power pulses across the frequency band of interest, are now being used
to drive the world’s first FEL-based pulsed EPR spectrometer, which operates at 240 GHz. This talk will focus on the
design, operation, scientific goals, and future prospects for FEL-based pulsed EPR spectrometers. In particular, this talk
will describe UCSB's FELs, which are unusual in that they are powered by an electrostatic rather than a radio-frequency
accelerator;1 locking the FEL frequency to a microwave source;2 ultrafast light-activated switches for turning THz beams
on and off; the current performance of the instrument; and planned experiments in solids and measurements of the
functional dynamics of light-activated proteins. New accelerator technologies promise transformative improvements in
the performance of electrostatic accelerator-based FELs, and hence pulsed EPR spectrometers based on such FELs.
References:
1. Ramian G., Nuclear Instruments and Methods in Physics Research, A318, 225 – 229 (1992)
2. Takahashi S., Ramian G., Sherwin M. S., Brunel L. C. and Van Tol J., Applied Physics Letters, 91 (2007)
Acknowledgments: This work has been supported by grants from the W. M. Keck Foundation and the National Science Foundation.
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A Large Intrinsically Disordered Region in SKIP and its Disorder-Order
Transition Induced by PPIL1 Binding Revealed by NMR
Xingsheng Wang, Shaojie Zhang, Jiahai Zhang, Chao Xu, Weiwei Wang, Zhijun Liu, Jihui Wu and
Yunyu Shi
School of Life Sciences, University of Science and Technology of China and Hefei National Laboratory for Physical Sciences at Microscale, Hefei,
Anhui, 230026,China, (yyshi@ustc.edu.cn)

Human ski-interaction protein (SKIP) and peptidyl-prolyl isomerase-like protein 1 (PPIL1) are the essential
component of RNP core of activated spliceosome B* and C. They belong to Prp19-related factors. Prior activation of
spliceosome, SKIP recruits PPIL1 into spliceosome B*. Here, we report that a highly flexible region of SKIP (SKIPN,
residues 59-129 of SKIP) is an intrinsically disordered protein fragment. Upon binding to PPIL1, SKIPN undergoes a
disorder-order transition. We found that highly conserved PBF (residues 59-79 of SKIP) was sufficient to bind PPIL1.
The complex structure of PBF:PPIL1 solved by NMR shows that PBF exhibits an ordered structure and complexes with
PPIL1 through electrostatic and hydrophobic interactions. PPIL1 is a cyclophilin family protein. It recruited by SKIP into
spliceosome by a region other than the active site. This enables the active site of PPIL1 remain open. Its disorder-order
transition induced by PPIL1 binding may adapt the requirement of large structural rearrangement occured in the activation
of spliceosome.1
References:
1. Wang X., Zhang S., Zhang J., Xu C., Wang W., Liu Z., Wu J. and Shi Y., J Biol Chem., 285, 4951 – 63 (2010)
Acknowledgments: This work was supported by the Chinese National Fundamental Research Project (grants 2006CB806507, 2006CB910201,
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Structural basis of the interaction between chemokines and their G-proteincoupled receptors
Ichio Shimada
Grad. Sch. Pharm. Sci., the Univ. of Tokyo, Bunkyo-ku, Tokyo 113-0033, Japan, (shimada@iw-nmr.f.u-tokyo.ac.jp)

The chemokine stromal cell-derived factor-1 (SDF-1/CXCL12) and its G-protein-coupled receptor (GPCR) CXCR4
play fundamental roles in many physiological processes, and CXCR4 is a drug target for various diseases such as cancer
metastasis and human immunodeficiency virus, type 1, infection. However, almost no structural information about the
SDF-1-CXCR4 interaction is available, mainly because of the difficulties in expression, purification of CXCR4 and the
crystallization of the complex. In this study, an extensive investigation of the preparation of CXCR4 and optimization of
the experimental conditions enables NMR analyses of the interaction between the full-length CXCR4 and SDF-1. We
demonstrated that the binding of an extended surface on the SDF-1 beta-sheet, 50-s loop, and N-loop to the CXCR4
extracellular region and that of the SDF-1 N terminus to the CXCR4 transmembrane region, which is critical for Gprotein signaling, take place independently by methyl-utilizing transferred cross-saturation experiments along with the
usage of the CXCR4-selective antagonist AMD3100. Furthermore, based upon the data, we conclude that the highly
dynamic SDF-1 N terminus in the 1st step bound state plays a crucial role in efficiently searching the deeply buried
binding pocket in the CXCR4 transmembrane region by the "fly-casting" mechanism. Our methodology would be
applicable to other GPCR-ligand systems, for which the structural studies are still challenging.

__________________________________________________________________________________________________

Structures, functions and stability of proteins in mammalian cells investigated by
in-cell NMR spectroscopy
Kousuke Inomataa, Ayako Ohnoa, Ryuji Igarashia, Takeshi Tennob, Ikuhiko Nakasec, Toshihide
Takeuchic, Shiroh Futakic, Yutaka Itod, Hidekazu Hiroakic, Hidehito Tochioa and Masahiro
Shirakawaa
a
Department of Molecular Engineering, Graduate School of Engineering, Kyoto University, Nishikyo-Ku, Kyoto 615-8510, Japan
(shirakawa@moleng.kyoto-u.ac.jp)
b
Division of Structural Biology, Graduate School of Medicine, Kobe University, 7-5-1, Kusunoki-cho Chuo-ku, Kobe, Hyogo 650-0017, Japan
c
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan
d
Department of Chemistry, Tokyo Metropolitan University, 1-1 Minami-Osawa, Hachioji, Tokyo 192-0397, Japan

We have established a method for measurement of high resolution two-dimensional NMR spectra of proteins in
human cells. 15N-enriched proteins were delivered to HeLa cells by the action of cell-penetrating peptide (CPP) fused to
the proteins with co-treatement with pyrenbutyrate. Sufficient amount of 15N-labeled proteins were transduced to intracellular space for NMR measurement, but NMR measurement and fluore-microscopy observation indicated that
detachment of CPP moiety from the proteins are further required for obtaining well-resolved cross peaks in the spectra
and smooth distribution of the proteins in cells. The in-cell NMR spectroscopy potentially provides information about
conformation, chemical structure, interaction and folding stability of proteins in cells. Several examples will be presented.
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Very high sensitivity, orientation dependent, long-range distance measurements
in biomolecules using PELDOR at 94 GHz
Paul Cruickshanka, David Boltona, Robert Huntera, Duncan Robertsona, Robert Huntera, Richard
Wyldeb, Hassane El Mkamia, Richard Wardc, David Normanc, Gunnar Regginsond, Olav Schiemannd
and Graham Smitha
a

School of Physics and Astronomy, University of St Andrews, Scotland (gms@st-and.ac.uk)
Thomas Keating Ltd., Billingshurst, West Sussex, England
School of Life Sciences, University of Dundee, Scotland
d
School of Biology, University of St Andrews, Scotland
b
c

The last ten years has seen the rapid emergence of Pulse Electron Double Resonance (PELDOR) techniques for the
measurement of long range distance measurements and distance distributions in biomolecules using site-directed spin
labelling methodologies with nitroxides. At conventional X-band (10 GHz) frequencies such measurements typically
require averaging times of 12 h for spin concentrations of 100 micro-molar when distances up to 8 nm but more typically
5 nm can be measured. Such measurements have been used to characterise conformational changes, protein folding,
protein or DNA or RNA interactions, and tertiary structure in large biomolecular complexes. In this paper we demonstrate
PELDOR measurements with sub-micro-molar sensitivity using a new 94 GHz spectrometer operating at 1 kW power
levels.1 The spectrometer also incorporates fast averaging (up to 80 kHz at high power), easy sample handling, low
deadtime, 1GHz instantaneous bandwidth whilst operating at sufficiently high frequencies that the orientation dependent
g-anisotropy of the nitroxide becomes fully resolved. This permits a set of measurements that also allow the relative
orientation and orientation distribution of the spin labels to be accurately characterised. The instrument also allows
considerable flexibility in the specification of pulse sequences and we show that composite pulses hold considerable
promise in improving sensitivity for PELDOR measurements. Measurements are also demonstrated on fully deuterated
proteins, which also offer significant gains in sensitivity through dramatically increased phase memory times of the
nitroxides. The sensitivity gains possible through these instrumental and methodological advances open up many new
potential opportunities for biomolecular characterisation using pulsed EPR and some of these will be outlined in the talk.
References:
1. Cruickshank P. A. S., Bolton D. R., Robertson D. A., Hunter, Wylde R. J. and Smith G. M., Review of Scientific Instruments, 80, 103102 – 15 (2009)
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Nanoporous Solids: Gas storage, Host-Guest Interactions and Dynamics
Piero Sozzani, Silvia Bracco, Angiolina Comotti, Mario Beretta and Patrizia Valsesia
Department of Materials Science, University of Milano-Bicocca, Via R. Cozzi 53, 20125, Milan, Italy (piero.sozzani@mater.unimib.it)

The combination of 2D 1H−13C and 1H−29Si solid state NMR and 1D/2D hyperpolarized 129Xe NMR, was used to
investigate the structure and the properties of hybrid mesoporous organosilicas and metallorganic frameworks. These
materials containing open nanochannels of cross-sections varying from 1
to 5 nm and remarkable surface areas present high crystalline order in
their channel walls. The arrangement of the hybrid structures, the hostguest interfaces and the exchange times of absorbed/free gases could be
determined. Moreover, variable-temperature solid-state 2H spin-echo
NMR spectra were performed on [D4]p-phenylenesilica to determine the
reorientation rate and the mechanism of motion of p-phenylene rings in
the porous material both empty and filled with guests. The line-shape
analysis indicates a rapid two-site 180° flip reorientation of p-phenylene
moieties about their para-axis and a first example of extremely fast
motion regime in crystalline porous materials. We were able to fine tune
the collective dynamics of the entire population of rotors by the active use
of included molecules, thus enabling the external regulation of the motional regime through weak intermolecular
interactions.1-3
References:
1. Comotti A., Bracco S.,Valsesia P., Ferretti L. and Sozzani, P., J. Am. Chem Soc., 129, 8566 – 8576 (2007)
2. Comotti A., Bracco S., Sozzani P., et al,, J. Am. Chem. Soc., 130, 13664 – 13672 (2008)
3. Comotti A., Bracco S., Valsesia P., Beretta M. and Sozzani P., Angew. Chem. Int. Ed., 49, 1760 – 1764 (2010)
Acknowledgments: The authors wish to thank Cariplo Foundation (project nr. 2008.2519) and FIRB project (2007-2010).
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Integration of Nontargeted and Targeted Screening by NMR
Manfred Spraul, Hartmut Schäfer, Birk Schütz, Fang Fang and Eberhard Humpfer
Bruker BioSpin GmbH, Silberstreifen D-76287, Rheinstetten (manfred.spraul@bruker-biospin.de)

NMR based mixture analysis is finding more and more applications, driven by metabolic profiling and fingerprinting.
Toxicity screening of drug candidates was a first successful example, which has rapidly spread into clinical screening, raw
material screening and food analysis. NMR now is one of the two major analytical technologies besides Mass
Spectrometry. With the introduction of digital receiver systems and optimized pulse sequences for water suppression,
NMR has reached a degree of reproducibility unmatched by other analytical tools. This allows fully automated
measurement and data analysis in rapid screening mode. Based on its unmatched reproducibility, it is possible to visualize
smallest changes in multiple metabolite concentrations simultaneously, defining the strength of NMR as a multimarker
analytical tool.
In food quality control as well as in newborn screening untargeted screening allows to detect all types of deviations,
even those, previously unknown. Spectral NMR data acquired for nontargeted screening (statistical analysis) can at the
same time be used for targeted analysis, meaning the quantification of a set of compounds. In the quality control of fruit
juices such a system is already available under full automation from measurement to final report.1
The same technical procedure can be applied to baby milkpowder quality control (e.g. Melamin), heparin quality
screening, inborn error screening and human plasma analysis. These examples are explained together with further
applications in food quality control.
References:
1. Spraul M., Schütz B., Humpfer E., Mörtter M., Schäfer H., Koswig S. and Rinke P., Magn.Reson.Chem., 47, 130 – 137 (2009)
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Spin-qubits for quantum information processing
Dieter Suter, Xinhua Peng, and Gonzalo Augustin Álvarez
Department of Physics, Technical University of Dortmund,44221 Dortmund (Dieter.Suter@tu-dortmund.de)

Processing of digital information has progressed at an enormous speed over the last decades and thus become an
indispensable resource. Still, for some computational problems, no efficient algorithms are known for today's computers.
If quantum mechanical systems are used instead of classical ones, some of these problems become solvable, with an
exponential speedup over classical computers.1 Many different physical systems are being considered for implementing
quantum algorithms, but so far, spins have proved most successful for storing and processing digital information. This
feat may be tracked to two different causes:
•

Spins are the only naturally occurring 2-level systems and therefore ideal qubits.

•

Magnetic resonance, in particular NMR, has developed a wide range of sophisticated techniques for coherent
control of quantum systems.
Quantum mechanical systems with many degrees of freedom are still difficult to control with sufficient precision to
implement large, general-purpose quantum information processors. Nevertheless, it has become possible to implement
many different quantum algorithms in systems consisting of a small number of spins (=qubits), and thereby test
fundamental concepts and to develop new techniques for optimizing control. An area of applications that has proved
particularly stimulating for physical research is that of quantum simulations2: quantum mechanical systems can be used
for efficiently simulating different quantum systems. Such “special-purpose” quantum computers have been implemented
with several thousand qubits, and the simulations running on them have shed some light on phenomena that are hard to
investigate with alternative techniques.
References:
1. Stolze J. and Suter D., Quantum Computing: A Short Course from Theory to Experiment, Wiley-VCH, Berlin, 2nd edition (2008)
2. Feynman R. P., Int. J. Theor. Phys., 21, 467 – 488 (1982); Peng X. and Suter D., Front. Phys. China, 5, 1 – 25 (2010)
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Probing novel order and dynamics in strongly correlated electron systems by
NMR
Masashi Takigawaa, Kentaro Kitagwaa, Jun Kikuchib and Makoto Yoshidaa
a
b

Institute for Solid State Physics, University of Tokyo, Kashiwa, Chiba 277-8581, Japan, (masashi@issp.u-tokyo.ac.jp)
Department of Physics, Meiji University, Kawasaki, Kanagawa 214-8571, Japan

In this talk I will discuss the following three topics, where NMR is used to identify order parameters of novel quantum
phases or to probe novel dynamics in superconductors and other strongly correlated electron systems. [1] Some of the recently
discovered iron-pnictide compounds are known to become superconducting not only by carrier doping but also by applying
pressure, providing opportunity to study quantum phase transitions without being affected by disorder. We have developed a
pressure cell1 providing hydrostatic pressure environment up to 10 GPa over a large volume of 7 mm3. By 75As NMR, we find a
novel hybrid state in SrFe2As2 near 5 GPa, where the superconducting and antiferromagnetic phases coexist in spatially distinct
regions but appear below a common transition temperature TC=30 K.2 [2] Rare earth or actinide elements in highly symmetric
crystal fields often show ordering of high-order electro-magnetic multipoles, such as electric quadrupole or magnetic octupole
moments. NMR is a powerful local probe to detect such an ordering. NMR detection of antiferro-octupole order was first
demonstrated in CeB6.3,4 In a more recent example of PrFe4P12, we proved by 31P NMR that the order parameter is electric and
totally symmetric, i.e. does not break any point- group symmetry at the Pr sites, hence involves hexadecapole or even higher
order multipoles.5 [3] NMR spin-lattice relaxation in metals is usually caused by magnetic hyperfine interaction with conduction
electrons. The β-pyrochlore oxide KOsO6 provides a rare example, where NMR provides information on lattice dynamics.6 We
found that the relaxation at the K sites is dominantly caused by anharmonic low-frequency phonons called “rattling”, which are
strongly coupled to the superconducting transition, stimulating the subsequent theoretical development.7
References:
1. Kitagawa K., et al., J. Phys. Soc. Jpn., 79, 024001/1 – 8 (2010)
2. Kitagawa K., et al., Phys Rev, Lett., 103, 257002/1 – 4 (2009)
3. Takigawa M., et al., J. Phys. Soc. Jpn., 52, 728 – 731 (1983)
4. Sakai O., et al., J. Phys. Soc. Jpn., 66, 3005 – 3007 (1997)
5. Kikuchi J., et al., J. Phys. Soc. Jpn., 76, 043705/1 – 4 (2007)
6. Yoshida M., et al., Phys Rev, Lett., 98, 197002/1 – 4 (2007)
7. Dahm T. and Ueda K., Phys Rev, Lett., 99, 187003/1 – 4 (2007)
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A Few Steps towards the Implementation of Molecular Spin Quantum
Computers: Pulse-Based Electron Magnetic Resonance Spin Technology
Takeji Takui
Department of Chemistry, Graduate School of Science, 3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan CREST-JST, Chiyoda-ku, Tokyo 1020075, Japan (takui@sci.osaka-cu.ac.jp)

The past decade has witnessed that quantum computers (QCs) and quantum information processing systems (QIPSs)
have been rapidly emerging in pure and applied sciences. Chemical applications of quantum computing to quantum
chemistry are now the focus of current topics in the fields.1-3 A photon-qubit based QIPS was practically utilized in Swiss
Federal Election in October, 2007. Implementation of scalable qubits is the most intractable issue to be solved for any
physical systems pursuing realistic practical QCs/QIPSs. Thus, the implementation of scalable matter qubits is now a
materials challenge for scientists from the experimental side. Among matter qubits, molecular electron spin-qubits are the
latest arrival, but can afford promise in implementing scalable QCs/QIPSs,2 as relevant to an electron spin-qubit version
of Lloyd model.4-6 In this presentation, we illustrate how to design and implement electron spin-qubits and nuclear spinqubits in organic-based molecular frames. They are all synthetic qubits as well defined in terms of matter spin-qubits in
ensemble. The synthetic qubits allow us to generate quantum entanglements between the electron spin and proton nuclear
spins. We have shown that both pulsed Electron-Nuclear-DOuble Resonance (ENDOR) and Electron-Electron DOuble
Resonance (ELDOR) techniques serve as the most useful spin manipulation technology in implementing QCs/QIPSs.
References:
1. Mehring M., Mende J. and Scherer W., Phys. Rev. Lett., 90, 153001 (2003)
2. Sato K., et al., J. Mater. Chem., 19, 3739 (2009)
3. Kassal I. and Aspuru-Gazik A., J. Chem. Phys., 131, 224102 (2009)
4. Lloyd S., Sci. Am., 273, 140 (1995)
5. Kawano Y., Yamashita S. and Kitagawa M., Physical Review A, 72, 012301 (2005)
6. Morita Y., Yakiyama Y., Nakazawa S., et al., J. Am. Chem. Soc., 132, 6944 – 6946 (2010)
Acknowledgments: This work has been partially supported by Grant-in on Innovative Areas “Quantum Cybanetics” from the Ministry of Education,
Science, Sports and Culture, Japan and Funding Program for “Quantum Information Processing Project”. Proff. Y. Morita and M. Kitagawa, Osaka
University, Prof. K. Sato, Osaka City University, and all coworkers involved in the projects are acknowledged.
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Residual Dipolar Couplings (RDCs) as restraints in Organic Structure
Determination
Christina M. Thiele
Clemens Schöpf Institut für Organische Chemie und Biochemie, Technische Universität Darmstadt, Petersenstr, 22, 64287 Darmstadt, Germany,
(cmt@punkchemie.tu-darmstadt.de)

Residual Dipolar Couplings (RDCs) are becoming increasingly important not only in biomacromolecular NMR but
also in the determination of configuration and conformation of small organic compounds.1 Especially in cases of
conformational averaging RDCs can provide complementary information to NOEs and J-couplings in organic structure
determination. To come to broad applicability, methods need to be developed to also include conformational flexibility
into RDC analyses. These will be discussed in detail.2
Furthermore the use of local alignment tensors (one alignment tensor for each stereogenic center) for the
determination of relative configurations will be presented.3
With these methods in hand we have also investigated catalytically active species and could show that important
insights towards reactivity and selectivity could be gained from the solution structure and dynamics of the catalytically
active species.4
References:
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Berger R., Maliniak A. and Stevensson B., Angew. Chem. Int. Ed., 48, 6708 – 6712 (2009); Thiele C. M., Maliniak A. and Stevensson, B., J. Am.
Chem. Soc., 131, 12878 – 12879 (2009)
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Trapping and Magnetic Manipulation of the Spin Isomers of H2@C60
Nicholas J. Turroa, Judy Chena, Yongjun Lia, Steffen Jockuscha, Xue-Gong Leia, Michael Frunzia,
Jeriamah Johnsona, Ronald Lawlerb, Yasujiro Muratac and Koichi Komatsuc
a
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b
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The two spin isomers of elemental hydrogen, pH2 (↑↓) and oH2
(↑↑) have been quantitatively incarcerated in C60 to form the
supramolecular complexes pH2@C60. and oH2@C60, respectively.1
The spin chemistry of the incarcerated H2 has been investigated
through relaxation and relaxivity measurements.2 In addition, the
mechanism of the interconversion of pH2@C60. and oH2@C60
catalyzed by nitroxides have been investigated.3 The synthesis of a
magnetic switch for spin interconversion will be described.4 In
addition, an investigation of the distance dependence of the
nitroxide catalyzed relaxivity and spin conversion of compounds 1-7
will be reported.5
References:
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2. Turro N. J., Chen J. Y.-C., Sartori E., et al., Acc. Chem. Res., 43, 335 – 345 (2010)
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4. Li Y., Lei X., Turro N. J., et al., J. Am. Chem. Soc., 132, 4042 – 4043 (2010)
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Transien
nt protein--protein interactio
i
ons studied by NMR
R
Marcellus Ubbink
Institute of Chem
mistry, Leiden Unniversity, P.O. Boox 9502, 2300 RA
A, Leiden, The Netherlands (m.ubbbink@chem.leidennuniv.nl)

Many prootein complexxes are weakk and short-livved, because their biological function
requires fast turn-over. Soome electron transfer compplexes are am
mong the most transient of
complexes, with
w lifetimess as low as 1 ms and dissociation con
nstants in the micromolar
range.
We use paramagnetic
p
N
NMR
methodds to characterrize the structu
ure and dynam
mics of these
complexes. A paramagnettic center1 (Figure) is engiineered speciffically on onee of the two
proteins By using such taags, we have recently deteermined the structures of the
t 152 kDa
complex of nitrite reducctase and pseeudoazurin,2 the
t 64 kDa complex
c
of adrenodoxin
a
reductase andd adrenodoxinn and the 46 kDa
k complex of
o cytochromee c (Cc) and cyytochrome c
peroxidase (C
CcP).3 In the latter
l
case we were able to describe not only
o
the specific state, but
also the dynnamic encounnter state thatt precedes the formation of
o the speciffic state and
represents 300% of the enttire complex. It was demonnstrated that th
he sampling by
b Cc in the
encounter staate is limited to 15% of thhe CcP surfacce, in an areaa surrounding the specific
binding site, an observatiion in line with theoreticaal predictions. It shows thaat the initial
steps of com
mplex formatioon are essentiial for rapid and
a successfu
ul formation of
o the active
complex.4

Lanthanide containing
probe CLaN
NP-5 is
attached to a protein (Pazz)
via two S-S bridges1
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R Holtzmann E. and
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P
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Human Imaging
I
w ever increasin
with
ng magnettic fields and
a stran
nge RF beehavior
Kamil Uguurbil
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polis, Mn 55416
USA (kamil@cm
mrr.umn.edu)

In the lasst two decadees, we have explored
e
everr increasing magnetic
m
fieldds for use in m
magnetic reso
onance imaginng
(MRI) and spectroscopy
s
(MRS) in pursuit of extraacting unique physiologicall information in humans, going
g
first too 4
Tesla, and subsequently
s
xperiments, particularly
p
att 7T, demonsstrated superiior
to 7 and 9.44T. A plethorra of early ex
sensitivity annd accuracy of
o functional brain imaginng (fMRI) sig
gnals, detectioon of increaseed number off metabolites in
spectroscopyy, and improveements in seveeral contrast mechanisms
m
fo
or anatomical imaging (e.g..1). In fMRI, these
t
gains haave
ultimately reesulted in unique applicatioons such as robust
r
functio
onal mapping of elementary
ry computational units in the
t
human brainn,2-4 These appplications had to deal with complexities arising from damped traveeling wave behavior5,6 of 3000
MHz RF, thee 7T proton frrequency, in thhe human boddy. These werre managed thhrough multichhannel transm
mit capability on
o
the transmit side, while onn the receive side,
s
they leadd to significan
nt gains in spaatial encoding using parallell imaging. Wiith
these engineering and metthodological solutions,
s
hum
man imaging at
a 7T has beeen feasible nott only in the human
h
head but
b
also in the huuman torso,7-9 where the challenges have been consideered insurmouuntable until ouur recent work
k.
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High-Field EPR Studies of Mn(II) Binding in Biological Systems
Sun Un
CEA Saclay, Institut de Biologie et Technologies de Saclay, Service de Bioénergétique, Biologie Structurale et Mécanismes, CNRS URA 2096, 91191
Gif sur Yvette, France, (sun.un@cea.fr)

Manganese is an essential metal ion for many organisms. It plays an important role in a number of important
biological processes such as photosynthetic oxygen production, as well as controlling the deleterious effects of oxygen.
The predominant oxidation state of manganese in organisms is Mn(II). Using high-field electron paramagnetic resonance
spectroscopy (HFEPR), we have been studying how the ligand environment around an Mn(II) ion influences its chemistry
and function. Studies on proteins and synthetic complexes have shown that the ligand environment can cause large shifts
in redox potentials and modify protein function. Recently, we have moved beyond isolated proteins and have exploited
the highly sensitive nature of the Mn(II) hyperfine and zero-field interactions to examine the Mn(II) distribution in whole
seeds. Preliminary results and their implications to manganese transport and homeostasis will be discussed.

__________________________________________________________________________________________________

Portrayal of complex dynamic properties of defensins by NMR: multiple motions
associated with membrane interaction
Ana Paula Valente and Fabio C. L. Almeida
Instituto de Bioquímica Médica, Programa de Biologia Estrutural, Centro Nacional de Ressonância Magnética Nuclear, Universidade Federal do Rio
de Janeiro, Brasil, (valente@cnrmn.bioqmed.ufrj.br)

Proteins exist in solution as equilibrium among ensemble of conformations. These dynamic properties are essential for
biological function. Our group studies the dynamic properties of plant defensins and their interactions with membrane
models. Some important structural features can be identified by comparing the
plant defensins: a) high primary structure diversity despite the same global fold,
which comprises three antiparallel β sheets, one α−helix and four disulfide
bridges; b) no amino acid signature that enables the assignment of their diverse
activity, so that the antimicrobial activity cannot be easily predicted.
Measurements of relaxation rates revealed that several regions of defensins are
dynamic on different timescales and account for conformational fluctuations,
despite stabilization by four disulfide bonds. We also followed protein dynamic properties through the events of
membrane recognition and insertion. Our results show that the dynamic properties of defensins are directly linked to their
function.
Acknowledgments: National Institute for Science and Technology in Structure Biology and Bioimaging, CNPq, CAPES, FAPERJ, PRONEX.
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A combined EPR and DFT approach to tackle chiral catalysis
Sabine Van Doorslaera, Evi Vincka, Sepideh Zamania, Ignacio Carettia, Emma Carterb, Damien M.
Murphyb and Ian A. Fallisb
a
b

Department of Physics, University of Antwerp,Universiteitsplein 1, 2610 Antwerp, Belgium ((sabine.vandoorslaer@ua.ac.be)
Department of Chemistry, Cardiff University, Main Building, Park Place, Cardiff CF10 3AT, Wales, UK

The outcome of an enantioselectively catalyzed reaction is often governed by very subtle stereochemical and
electronic effects. Here, we show how information about these catalytic mechanisms can be gained from a combination of
DFT and detailed multi-frequency EPR techniques. Using the example of different chiral Cu(II) and Co(II) Schiff base
catalysts, it will be shown how advanced pulsed EPR techniques give a unique insight in different activations processes of
these molecules. Furthermore, binding of different enantiomeric ligands to the chiral transition-metal containing
molecules results in detectable differences in their EPR characteristics that can be interpreted in terms of stereoselective
and electronic effects via DFT modelling.

__________________________________________________________________________________________________

Triplet state EPR Spectroscopy of Bioluminescent Proteins
Maurice van Gastel and Lydia Kammler
Department of Physical and Theoretical Chemistry, University of Bonn,Wegeler Strasse 12, D-53115, Bonn, Germany (vgastel@pc.uni-bonn.de)

Bioluminescence is one of Nature’s most remarkable and most visible reactions catalyzed by enzymes. Many people
have been fascinated by the phenomenon of lights from fireflies switching on and off on a warm summer day at sunset, or
by beetles, fish, glow worms or even bacteria that can produce light in a variety of colours ranging from blue to red. One
of the first and also one of the most striking reported observations of bioluminescence was made by Sir Robert Boyle as
early as 1668 that the emission of light is not accompanied by an increase in temperature.1,2 Since then, many
bioluminescent organisms have been found, and owing to the wide diversity of bioluminescence in nature, at least 30
different luminescent enzymes have been discovered.3 Still, progress after the Second World War was slow.4 This
situation improved when cloning techniques became available and the first bioluminescent enzyme from the American
firefly Photinus pyralis was cloned.4,5 Shortly after, other organisms in many laboratories started to light up, and
nowadays, the bioluminescent enzyme of fireflies is used in a great number of applications for imaging in the fields of
medical and biological sciences. At the electronic level, detailed information of the mechanism of bioluminescence has up
to now only scarcely been obtained. In this project, we aim to better understand the high efficiency of bioluminescence by
studying paramagnetic reaction intermediates with magnetic resonance techniques. For these purposes, study of the
metastable photoexcited triplet states of the pigment molecules involved in the bioluminescent reaction will reveal critical
information about the electronic structure. It will provide a detailed picture of the mechanism by which bacteria produce
light and allow a critical analysis of the structure-function relationship in these biologically fascinating systems.
References:
1. Boyle R., Philos. Trans. R. Soc. London, 2, 581 – 600 (1668)
2. Fisher A. J., Raushel F. M., Baldwin T. O. and Rayment I., Biochemistry, 34, 6581 – 6586 (1995)
3. Wilson T. and Hastings J. W., Annu. Rev. Cell Dev. Biol., 14, 197 – 230 (1998)
4. Baldwin T. O., Structure, 4, 223 – 228 (1996)
5. Dewet J. R., Wood K. V., Helinski D. R. and Deluca M., Proc. Natl. Acad. Sci. U.S.A., 82, 7870 – 7873 (1985)
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Frequency Domain Magnetic Resonance in Molecular Magnetism
Joris van Slagerena,b, Fadi El Hallakb, Suriyakan Vongtragoolb, Boris Gorshunovc, Alexander A.
Mukhinc and Martin Dresselb
a

School of Chemistry, University of Nottingham, Nottingham NG7 2RD, UK; (slageren@nottingham.ac.uk)
Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart, Germany
c
Prokhorov General Physics Institute, Russian Academy of Sciences, Moscow, Russia
b

We will present an overview of results that we have obtained with the Frequency Domain Magnetic Resonance
(FDMR) technique in the past years. We have used this method for the study of both mononuclear transition metal
complexes, and of polynuclear clusters (molecular nanomagnets). The main application
of FDMR is the study of zero-field splitting in highly anisotropic molecular materials.
We will describe the measurement principle and compare FDMR with other techniques
to obtain similar information. Examples that will be shown include the magnetic
anisotropy in Mn6 single-molecule magnets,1 magnetization dynamics in Mn12,2 and
terahertz magneto-optical effects in Mn12.3
References:
1. Carretta S., Guidi T., Santini P., Amoretti G., Pieper O., Lake B., Van Slageren J., El Hallak F., Wernsdorfer
W., Mutka H., Russina M., Milios C. J. and Brechin E. K., Phys. Rev. Lett., 100, 157203 (2008)
2. Van Slageren J., Vongtragool S., Mukhin A., Gorshunov B. and Dressel M., Phys. Rev. B, 79, 224406 (2009)
3. Van Slageren J., Vongtragool S., Mukhin A., Gorshunov B. and Dressel M., Phys. Rev. B, 72, 020401 (2005)

FDMR spectra of Mn6

Acknowlegments: We thank the German DFG for funding.
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RNA-binding peptidomimetics repress HIV viral replication by specifically
inhibiting transcriptional activation
Gabriele Varani
Department of Chemistry and Department of Biochemistry University of Washington, Seattle WA 98195-1700 USA
(varani@chem.washington.edu)

The interaction between the human immunodeficiency virus (HIV-1) transactivator protein Tat and its response
element TAR plays an essential role in viral replication by controlling transcriptional elongation and contributing to
reverse transcription. Many previous attempts to inhibit this interaction have failed to yield molecules with sufficient
potency and specificity to warrant pharmaceutical development. Using a structure-based approach, we have identified
conformationally constrained cyclic peptide structural mimics of Tat that are sub-nM inhibitors of the Tat-TAR
interaction. These peptides are potent inhibitors of viral replication with no cytotoxicity and efficient cell penetration.
They specifically inhibit TAR-dependent reverse transcription and activation of transcription in cells and repress
replication of a wide variety of viral strains representing all the major HIV clades in primary human lymphocytes. The
potency and selectivity observed for this family of peptides is unprecedented among Tat inhibitors and suggest that these
compounds may be widely useful for the pharmacological inhibition of other protein-RNA interactions. Using NMR, we
have established a structural rationale for their activity and are using this information to optimize their potency.
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In search of line narrowing, extended spin memory, and enhanced polarisation:
through the looking glass of NMR
Riddhiman Sarkara, Puneet Ahujaa, Paul R. Vasosa and Geoffrey Bodenhausena,b
a
Laboratoire de Résonance Magnétique Biomoléculaire, Institut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne,
Batochime, CH-1015 Lausanne, Switzerland (paul.vasos@epfl.ch)
b
Département de Chimie, associé au CNRS, Ecole Normale Supérieure, 24 rue Lhomond 75231, Paris Cedex 05, France

In order to reach beyond the current molecular size and timescale limits of structural and dynamic studies, NMR
requires enhanced resolution, sensitivity, and spin-order lifetimes.1 To improve the resolution of liquid-state
measurements, we have used long-lived coherences2 (LLC’s) to obtain narrow and intense signals upon Fourier transform.
Homogeneous broadening may be considerably reduced by exploiting the long life-times TLLC associated with these
coherences, which consist of superpositions of quantum states with different symmetry. The effect was illustrated by
proton nuclear magnetic resonance spectroscopy of proteins in isotropic solution, where the slow oscillatory decays of
LLC’s yield spectra with considerably improved resolution compared to classical coherences, which decay with the spinspin relaxation time constant, T2. If external contributions to relaxation may be neglected, the gain in resolution obtained
for a pair of coupled homonuclear spins agrees with the calculated ratio of transverse relaxation times, i.e. TLLC/T2 = 3 in
small molecules and up to TLLC/T2 = 9 in macromolecules or viscous media. This opens the way for studies of
biomolecules one order of magnitude larger than the current threshold. Dynamic nuclear polarization (DNP) has been
employed to considerably enhance the sensitivity of NMR measurements. Long-lived magnetisation states allow us to
preserve enhanced polarisation and improve resolution for sensitive proton spins. The use of long-lived coherences should
facilitate NMR experiments in viscous environments such as the inside the cell.
References:
1. Carravetta M., Johannessen O. G. and Levitt M. H., Phys. Rev. Lett., 92, 153003 (2004)
2. Sarkar R., Ahuja P., Vasos P. R. and Bodenhausen G., Phys. Rev. Lett., 104, 053001 (2010)
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Characterization Ground and Excited States of Membrane Proteins by Hybrid
Solution and Solid-State NMR methods
Gianluigi Veglia
Department of Biochemistry, Molecular Biology, and Biophysics. Department of Chemistry – University of Minnesota Minneapolis, MN 55455
(vegli001@umn.edu)

Membrane proteins exist in an ensemble of conformational states. While membrane protein structural characterization
is often focused on the ensemble averaged conformation detected by NMR, their function is carried out by energetically
excited states. Using a combination of solution and solid-state NMR techniques (hybrid method), it is possible to
characterize both ground and excited states of membrane proteins. This approach is demonstrated for phospholamban, a
membrane protein inhibitor of the sarcoplasmic reticulum Ca-ATPase (SERCA), which is phosphorylated by protein
kinase A. I will show how the excited states of phospholamban play a major role in the recognition and regulation of
SERCA and protein kinase A.
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Advances in the characterization of free energy landscapes of proteins by NMR
spectroscopy
Michele Vendruscolo
Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK (mv245@cam.ac.uk)

It is increasingly clear that the dynamics of proteins play a key role in many of their biological functions, including
ligand binding and enzyme catalysis. It is therefore of very great importance to be able to characterize such dynamics at a
high level of detail in order to better understand the mechanisms by which proteins perform their activities. I will describe
recent advances in the development of procedures to include NMR information about dynamics in the process of protein
structure determination, and that provide ensembles of conformations that represent with accuracy the free energy
landscapes of proteins.

__________________________________________________________________________________________________

Invisible states in paramagnetic copper proteins
Alejandro J. Vila, Luciano A. Abriata and María-Eugenia Zaballa
Institute for Molecular and Celular Biology (IBR), University of Rosario, Rosario, Argentina (vila@ibr.gov.ar)

NMR of oxidized copper proteins has been largely overlooked, mostly due to the slow electron relaxation times of
Cu2+ ion which induce extremely fast relaxation rates in nearby nuclei, rendering them undetectable. It has been shown,
however, that these unfavorable electron relaxation features are restricted to T2 copper sites, since T1, T3 and CuA
centers display faster electron relaxation rates which make them amenable to NMR studies. In all these cases, the fast
electron relaxation stems from to the availability of low-lying excited electronic states which is due to the particular
electronic structure of these centers. These features are strongly related to the physiological requirements of these copper
centers to perform efficient electron transfer or oxidation chemistry.
The binuclear copper sites CuA and T3 display particularly fast electron relaxation rates which are due to low-lying
excited states that can be populated at room temperature and contribute to the reactivity of the metal site. Other magnetic
techniques, such as EPR, ENDOR and MCD, normally recorded at cryogenic temperatures, are able to monitor
exclusively the ground state. NMR in solution, instead can shed light on the availability of these invisible electronic
states. We have studied different mutants of a native CuA site in which small perturbations are able to tune the energy gap
between the ground state and the invisible excited state without perturbing the electronic structure of each of them, thus
providing a mechanism to regulate the electronic structure of the metal site at room temperature.We have also studied a
multicopper oxidase, Fet3 from yeast, in which signals from the T1, T2 and T3 centers could be identified and assigned to
each metal site. The temperature dependence of the hyperfine shifts reveals the accesibility of the invisible electronic
states in the T3 site of this oxidase, which differ from the description for homologous T3 centers present in other
enzymes, again suggesting a role of these excited states in regulating the chemistry of the metal binding site.1,2
References:
1. Abriata A. L., et al., J.Am.Chem.Soc., 131, 1939 – 1946 (2009)
2. Zaballa M. E., et al., submitted
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Protein Structure and Dynamics of the Nitrophorins from a New World BloodSucking Insect
Igor Filippov, Fei Yang, Guangxin Lin, Robert E. Berry, Hongjun Zhang and F. Ann Walker
Department of Chemistry and Biochemistry, The University of Arizona, Tucson, AZ 85721-0041 USA (awalker@email.arizona.edu)

The ferriheme proteins from the salivary glands of the blood-sucking insect Rhodnius prolixus, which is native to the
Amazon River basin, are ~20 kDa 8-stranded β-barrel proteins of the lipocalin family, with the ferriheme inside. NO is
bound to the FeIII of the NPs in the salivary glands, which allows it to be stored for long periods of time at pH 5-6. Upon
injection of the bright red saliva into the tissues of a victim, NO dissociates upon dilution and pH rise to ~7.35. It can then
pass through cell walls to reach the capillaries and cause vasodilation. The
Fig. 1. Structure of
A-B and G-H loops (Fig. 1) of the β-barrel of the NPs are closed at low pH
NP4-NO,1 with AB
and GH loops (dark
with NO bound, and more open at high pH, thus suggesting that the rate of
curved lines to right
NO release may depend on the dynamics of these loops. Structure
and left of opening
determination of apo-NP2 by NMR shows that the structure is similar to
to heme distal pockthat of the holoprotein. Thus hemin is not required for protein folding. But
et) and N-terminus
(circle). The heme
for hemin to enter the β-barrel, both calyx and hemin must distort. The Nis ruffled. Proximal
terminal residue stabilizes the closed loop form at low pH. At pH 5.0 all
His57 is not shown.
-1
four NPs of the adult insect have similar NO release rates (kd ~0.02-0.03s ),
-1
-1
but at pH 7.5 the four proteins have kd = 1.1-1.6 s (NP1,4) or 0.09 s (NP2,3). These kds vary significantly depending on
whether the protein has its native N-terminus (black circle) (K1, D1, D1, A1 for NP1-4, respectively) or contains the M0
that results from expression initiation.2 Only recombinant NP4 has its native A1 N-terminal residue. We have engineered
the other three NPs for soluble expression via export of the protein to the E. coli periplasm. A signal sequence is cleaved
to provide the native N-terminus. We are investigating the dynamics of apo- and holo-NP2, and in future NP1 and NP4,
over multiple timescales using standard multidimensional NMR methods.
References:
1. Weichsel A., Andersen J. F., Roberts S. A. and Montfort W. R., Nature Struct. Biol., 7, 551 – 554 (2000)
2. Berry R. E., Shokhireva T. K., Filippov I., Shokhirev M. N., Zhang H. and Walker F. A., Biochemistry, 46, 6830 – 6843 (2007)
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Metabonomics our wormy world
Yulan Wang
State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan Centre for Magnetic Resonance, Wuhan Institute of Physics
and Mathematics, The Chinese Academy of Sciences, Wuhan, 430071, PR China (yulan.wang@wipm.ac.cn)

Metabonomics is the science that studies dynamic alterations of metabolites in a cell, organ or entire organism.1,2
Since the birth of metabonomics, there have been many successful applications of metabonomics across diverse research
fields with two main purposes: exploring the potential of metabonomics as a tool for the disease diagnosis and further
understanding the etiology of a particular intervention or disease process. The first application of the NMR-based
metabonomics in studying the human response to parasitic infection started in 2002. Since then, the metabolic responses
of laboratory animal hosts to several parasitic infections have been investigated including S. mansoni,3 S. japonicum,4 and
soil-transmitted nematodes, Necator americanus5 and protozoans, i.e. Trypanosoma brucei brucei6 and Plasmodium
berghei.7 Here, I summarize the knowledge gained from the metabolic investigations of animal host responses to these
parasitic infections. Roles and future research direction of NMR-based metabonomic strategy in parasitic infection are
discussed.
References:
1. Nicholson J. K., Lindon J. C. and Holmes E., Xenobiotica, 29, 1181 – 1189 (1999)
2. Tang H. R.and Wang Y. L., Prog Biochem Biophys, 33, 401 – 417 (2006)
3. Wang Y. L., Holmes E., Nicholson J. K., Cloarec O., Chollet J., Tanner M., Singer B. H. and Utzinger,J., Proc Natl Acad Sci U.S.A., 101, 12676 –
12681 (2004)
4. Wang Y. L., Utzinger J., Xiao S. H., Xue,J., Nicholson J. K., Tanner M., Singer B. H. and Holmes E., Mol Biochem Parasitol, 146, 1 – 9 (2006)
5. Wang Y. L., Xiao S. H., Xue J., Singer B. H., Utzinger J. and Holmes E., J Proteome Res, accepted, (2009)
6. Wang Y.L., Utzinger J., Saric J., Li J. V., Burckhardt J., Dirnhofer S., Nicholson J. K., Singer B. H., Brun R. and Holmes E., Proc Natl Acad Sci
U.S.A., 1056127 – 6132 (2008)
7. Li J. V., Wang Y. L., Saric J., Nicholson J. K., Dirnhofer S., Singer B. H., Tanner M., Wittlin S., Holmes E. and Utzinger J., J. Proteome Res, 7, 3948
– 3956 (2008)
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Extending T1 and T2 relaxation times to improve contrast and sensitivity
Ashley M. Stokes, Elizabeth Jenista, Yesu Feng, Yuming M. Chen, Robert Feng, Rosa Tamara
Branca and Warren S. Warren
Department of Chemistry and Center for Molecular and Biomolecular Imaging, Box 90346, Duke University, Durham NC 27708 USA
(warren.warren@duke.edu)

NMR and MRI are extremely powerful techniques with a mature theoretical framework and a broad range of
applications. However, this maturity implies that the fundamental limitations are well understood. For example, T1 and T2
contrast in tissue often only weakly correlates with metabolically significant characteristics (such as malignancy), and so
much of the apparent contrast in application such as breast imaging is useless. As another example, hyperpolarization of
carbon or nitrogen in small molecules-is limited in its clinical relevance by short T1 relaxation times. Can “homogeneous”
relaxation times be lengthened by pulse sequences? The traditional answer is no; because the distinction between
homogeneous and inhomogeneous broadening (the characteristic timescales of resonance frequency fluctuations) is
usually quite clear in NMR. When such distinctions are not clearcut, relaxation times are amenable to pulse sequence
manipulation-as recognized in a theoretical quantum computing paper1 which showed that unequally spaced echo pulses
can outperform a CPMG sequence in refocusing coherences. While that paper (and subsequent experimental work) were
restricted to microwave spectroscopy of ions in Penning traps, we recently showed2 similar improvements are possible in
MRI. Thus, optimized multiple echo sequences can enhance signal (by as much as 70% in some of our experiments) and
image contrast. We will also discuss the uses of pulse sequences and chemical manipulations to increase effective T1
times of hyperpolarized reagents by storing and retrieving populations from singlet states.3
References:
1. Uhrig G. S., Phys Rev Lett, 98 100504 (2007)
2. Jenista E. R, Stokes A. M., Branca R. T. andWarren W. S., J. Chem. Phys., 131, 204510(2009)
3. Warren W. S., Jenista E. R., Branca R. T. and Chen X., Science, 323, 5922 (2009)
Acknowledgements: This work was supported by NIH under grant EB02122.
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Progress in interrogating quadrupolar nuclei via solid-state NMR spectroscopy
Roderick E. Wasylishena, Guy M. Bernarda, Fu Chena, Brett C. Felanda, Guibin Maa, Thomas T.
Nakashimaa, Alexandra Palecha, Rosha Teymorria and Victor V. Terskikhb
a

Department of Chemistry, Gunning/Lemieux Chemistry Centre, University of Alberta, Edmonton, Alberta, Canada, T6G 2G2
(Roderick.Wasylishen@ualberta.ca)
b
National Research Council of Canada, Steacie Institute for Molecular Sciences, Ottawa, Canada, K1A 0R6

Over the past few years we have devoted considerable time and effort investigating the potential of little-studied and
considered difficult quadrupolar nuclei such as 69/71Ga, 75As, 113/115In, and 121/123Sb via solid-state NMR. While NMR
studies of such isotopes remain challenging, the use of moderate to high magnetic field strengths together with various
signal enhancement techniques makes these studies feasible and is leading to interesting applications in inorganic and
organometallic chemistry. In this talk, I will provide a brief tour of the NMR periodic table as it pertains to non-integer
spin quadrupolar nuclei, focusing on the importance of using high magnetic field strengths. Recent results from our
laboratory will be presented, including 69/71Ga and 115In NMR studies of Lewis-acid – Lewis-base adducts such as X3GaPR3 and X3In-PR3 where X = halide and R = aryl. These studies yielded electric-field gradient tensors at gallium and
indium as well as information about the spin-spin coupling tensors, 1J(69/71Ga, 31P) and 1J(115In, 31P). Another example
will highlight results of solid-state NMR studies of materials that are known to exhibit colossal thermal framework
expansion such as Ag3Co(CN)6 1 and In[Au(CN)2]3.2 One of the questions to be addressed is how are the unusual thermal
properties of these materials reflected by the NMR parameters?
References:
1. Goodwin A. L., et al., Science, 319, 794 – 797 (2008)
2. Leznoff D. B., et al., J. Am. Chem. Soc., 131, 4866 – 4871 (2009)
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Differential dynamics of bound ligands in membrane targets
Anthony Watts
Biomembrane Structure Unit, Biochemistry Department, Oxford University, Oxford, OX1 3QU, UK (anthony.watts@bioch.ox.ac.uk)

The interactions between macromolecules and small molecules take place on a wide
range of timescales. Probing their structure and dynamics is a major challenge,
especially for membrane targets, and such information is required to supplement rigid
atom detail and functional description, where available. It is now possible to resolve
local dynamics within a membrane bound protein at near physiological conditions in
natural membrane fragments or in reconstituted complexes, using solid state NMR
approaches. This information is obtained by isotopically (2H, 13C, 19F, 15N, 17O) labeling
selective parts of either a ligand, or the protein understudy, and observing the nucleus
in non-crystalline, macromolecular complexes.
Ligands with complex structure have differential mobility at their binding sites.
Substituted imidazole pyridines, for example, which inhibit the H+/K+-ATPase and
have therapeutic use, are constrained in the imidazole moiety, but show significant
flexibility at the pyridine group (see figure). It is this group which has a direct
interaction with an aromatic (Phe198) residue, with the potential for π-electron sharing. Similarly, the steroid moiety of
ouabain undergoes motions which are similar to those of the protein, but the rhamnose undergoes a high degree of
flexibility at fast rates of motions whilst interacting with Tyr198. The quaternary ammonium group of acetylcholine,
undergoes both kinds of interaction which are driven by thermal fluctuations and may be functionally significant.
These apparently generic differential dynamics will be discussed in functional terms, and suggestions about how such
large complexes are controlled, made from these observations.
References:
1. Watts A., Nature Drug Discovery, 4, 555 – 568 (2005)
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Atomic-Resolution Spin Mapping and Magnetometry at the Atomic Level
Roland Wiesendanger
Institute of Applied Physics and Interdisciplinary Nanoscience Center Hamburg, )University of Hamburg, D-20355 Hamburg, Germany;
(wiesendanger@physnet.uni-hamburg.de)

Spin-Polarized Scanning Tunneling Microscopy (SP-STM) provides new insight into spin structures at a length scale
and a sensitivity level which are inaccessible by other magnetic-sensitive measurement techniques. The combination of
atomic resolution in direct space, single spin sensitivity, and high energy resolution nowadays offers unique possibilities
for probing spin-dependent states and interactions in natural or artificially created nanostructures. Moreover, spin-state
manipulation based on spin-current induced switching and spin-state read-out by SP-STM methods offers another novel
exciting research direction. Ultimately, a new type of magnetic recording technology might be developed based on spinstate writing and read-out rather than using magnetic stray fields. While the detection of magnetic stray fields becomes
more and more difficult as the magnetic bit size is further reduced, the concept of spin manipulation and spin-state
determination has already been demonstrated down to the atomic level using SP-STM based techniques. Besides spinresolved studies of nanometer-scale structures, the magnetism of individual atoms on surfaces has become a focus of
research in recent years. The ultimate goal has been the combination of spin-resolved imaging with atomic resolution and
magnetometry at the single-atom level in order to probe spin states and magnetic interactions of individual adatoms and
nanostructures at solid surfaces in a most direct way. This challenging goal has recently been achieved by operating a SPSTM system at temperatures below 1 Kelvin and in external magnetic fields up to several Tesla. The new method of
single-atom magnetometry with an unprecedented degree of magnetization measurement sensitivity is applicable to
metallic as well as to semiconducting and molecular systems. The combination of single-atom manipulation techniques
and single-atom magnetometry allows unprecedented insight into the magnetic properties of artificially created
nanostructures. For magnetic insulators, e.g. oxides, another experimental method, i.e. Magnetic Exchange Force
Microscopy (MExFM), has been developed, combining atomic-resolution spin mapping and single-atom sensitivity
independent of the sample’s electrical conductivity. MExFM provides an additional powerful tool to investigate different
types of spin-spin interactions based on direct-, super-, or RKKY-type exchange down to the atomic level.
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Generatiing compllex spin quantum
q
s
states
from single electrons
e
and nuclear spins
Philipp Neeumann, Johhannes Beckk, F. Reinhaard, Fedor Jelezko
J
and Joerg Wracchtrup
Institute of Physsics, Stuttgart University, Pfaffenw
walrdring 57, 705550 Stuttgart, Gerrmany, (wrachtruup@physik.uni-stuuttgart.de)

Single sppins in diamoond allow for an unprecedented access to single elecctron and nucclear spins states (1). Hennce
can be creatted. Methods to
specific spinn states whichh are of use in
i quantum innformation prrocessing or magnetomery
m
generate thosse quantum sttates deviate from classicall approaches based on merre unitary evoolution of the spin system by
b
adaptive feeddback algorithhms. Here thee spin system
m is measured in a specific quantum statte (2) and deepending on the
t
outcome of that state the system is drriven towardss specific targ
get states. Thee talk will deescribe how to
t conduct suuch
experiments and will exemplify their power
p
by dem
monstrating squeezed spin states or enttanglement pu
urified two sppin
states.
References:
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ar Imaging with Attomic
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Atomic magnetometry
m
y is the most seensitive technnique to directly detect magnetic field. It relies on the magneto-optic
m
cal
rotation of thhe polarizatioon of a laser beam
b
inducedd by optically--pumped atom
ms. With a sennsitivity in feemtotesla rangge,
atomic magnnetometers aree capable of deetecting nucleear magnetic resonance
r
and magnetic
particles in the absence of a strongg magnetic field.
f
This capability
c
brinngs three
advantages compared
c
to coonventional innductive detecction: improveed penetrationn in metal,
enhanced T1 contrast, and direct detectioon of magnetiic particles forr molecular im
maging.
We will first
f
present a cesium atom
mic magnetom
meter with 150
0 fT/Hz1,2 dc sensitivity
s
and operatinng temperaturee of 37 ˚C. Itts compact deesign facilitatees applicationns in MRI
and magnetic molecular imaging.
i
Theen we will shhow applicatio
ons to demonnstrate the
three advantaages of this detection methhod. For MRI application, we
w investigateed flow in
porous metalllic materials and comparedd it with poroous plastic maaterials (top paanel). For
enhanced contrast, we disscovered a gaadolinium-bassed contrast agent that is capable
c
of
pH sensing. For molecuular imaging with magnettic nanoparticles, we devveloped a
scanning im
maging schemee to simultanneously obtainn the quantitty and locatioon of the
particles (botttom panel).
References:
X S.-J., Opt. Leett., 5, 661 – 663 (2010)
(
1. Garcia N., Yuu D., Yao L. and Xu
2. Yao L. and Xu
X S.-J., Angew. Chem.
C
Int. Ed., 488, 5679 – 5682 (22009)
Acknowledgmennts: This work is partially supportted by the ACS Petroleum Researcch Fund and Texaas Center for Supperconductivity.
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Protein structure determination from NMR chemical shifts
Andrea Cavalli, Paul Robustelli and Michele Vendruscolo
Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge, CB2 1EW (amc82@cam.ac.uk)

Although still in its infancy, the strategy of determining the structures of proteins from NMR chemical shifts is rapidly
gaining momentum, both in terms of range of applications and in terms of accuracy. In this lecture, we will review the
most recent results of the CASD exercise, with particular emphasis on the comparison between chemical shift based and
NOE based approaches.

__________________________________________________________________________________________________

Blind-test evaluation of automated protein structure determination by NMR and
new developments in CYANA
Peter Güntert
Institute of Biophysical Chemistry, Center for Biomolecular Magnetic Resonance, and Frankfurt Institute for Advanced Studies, Goethe University
Frankfurt am Main, Max-von-Laue-Str. 9, 60438 Frankfurt am Main, Germany (guentert@em.uni-frankfurt.de)

The CASD-NMR (Critical Assessment of automated Structure Determination of proteins from NMR data) project
aims at evaluating the reliability of present methods for automated protein structure determination by NMR. In a first
assessment data sets consisting of the sequence, chemical shift assignments, and unassigned NOESY peak lists were
received for 10 proteins. The structures of these proteins were not publicly known when seven different structure
calculation methods, one of them CYANA, were applied to the data sets. The resulting structures were evaluated with
common structure validation tools and compared to the original structures that afterwards became available from the
PDB. The outcome of this first CASD-NMR blind test assessment indicates that currently available software tools are
capable of producing in an unsupervised manner structures that are close to the reference structure. In the case of
CYANA, the mean backbone RMSD to the reference structure was about 1 Å. The agreement with the data is a good
indicator of a correct structure, whereas stereochemical quality indicators are not particularly informative in this respect.
In a second part, new developments in automated spectra analysis and structure calculation with the CYANA software
package will be presented. Topics may include: (a) Protein structure determination using exclusively NOESY data for
obtaining the chemical shift assignments and conformational restraints with the FLYA algorithm. (b) A new algorithm
implemented in CYANA for automated backbone and side-chain chemical shift assignments based on evolutionary and
local optimization. (c) Extension of the automated NOESY assignment algorithm of CYANA to solid-state NMR spectra.
(d) Structure calculation of molecular systems with arbitrary symmetries, including tetrameric and amyloidic structures.
(e) CYANA structure calculation with automated residue library generation for almost all of the ~10’000 different
molecules in the PDB Chemical Component Dictionary. (f) Simultaneous representation of NMR structures as a bundle
and a single torsion-angle-space-regularized mean structure.
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CASD-NMR and liquid- and solid-state NMR experiment-driven modeling of
macromolecular systems with UNIO
Paul Guerry, Józef R. Lewandowski, Anne Lesage, Guido Pintacuda, Lyndon Emsley and Torsten
Herrmann
Centre Européen de RMN à Très Hauts Champs, Université de Lyon, CRNS-FRE3008, ENS Lyon, UCB Lyon 1, CNRS, 5 rue de la Doua, 69100
Villeurbanne, France (torsten.herrmann@ens-lyon.fr)

First, we will present the novel UNIO protocol that enables us to perform highly to fully automated solution NMR
structure determination of proteins. UNIO represents the result of more than 10 years of basic research in the field of
protein NMR structure determination. The entire UNIO protocol ranging from backbone resonance assignment, side-chain
assignment, NOE assignment to 3D protein structure has already been successfully applied to more than 20 de novo NMR
structures with a molecular weight up to 24kDa.
Second, we will summarize the performance of UNIO in the NMR community-wide CASD initiative (“Critical
assessment of automated structure determination of proteins from NMR data”). Notably UNIO flawlessly determined all
protein structures in this blind testing software competition starting either from raw or interactively edited peak lists or
directly from the FID data provided.
Third, we will introduce novel data analysis models for automated signal identification and cross peak assignment of
2D 13C-13C PDSD-type solid-state experiments. Novel concepts for robust discrimination between NMR signals and
spectral artifacts and for reliable conversion of PDSD signal intensities into upper distance restraints will be described that
allow us to determine high-resolution structures of the two microcrystalline proteins GB1 and Ubiquitin. The determined
solid-state NMR structures compare favorably to the X-ray or solution NMR structures both in terms of accuracy and
precision of the atomic coordinates.

__________________________________________________________________________________________________

ARIA, Bayesian structure calculation and CASD
Thérèse Malliavina, Aymeric Bernarda, Benjamin Bardiauxb, Fabien Mareuila and Michael Nilgesa
a
Unité de Bioinformatique Structurale, Department of Structural Biology and Chemistry, Institut Pasteur; CNRS URA 2185; 25-28 rue du Docteur
Roux, F-75015 Paris, France; (michael.nilges@pasteur.fr)
b
Leibniz--Institut für Molekulare Pharmakologie, Robert-Rössle-Str. 10, 13125 Berlin, Germany

For NMR structure refinement, Bayesian analysis suggests optimal choices for potential shapes and weights to include
experimental data.1,2 We recently showed that Bayesian potential shape and weight improve the structure quality and
reduce bias.3 In this paper, we compare calculations with the Bayesian restraint potential extensively with a standard
calculation for more than 300 proteins structures, in terms of similarity to homologous X-ray crystal structures, the
distribution of the structures around their average, and independent validation criteria.
The improvement obtained with the Bayesian potential and weighting in a large number of structures suggests that this
way of calculating structures should also be advantageous in the context of automated structure calculations with ARIA.4
We present experiences with the new approach with the CASD targets.
References:
1. Habeck M., Rieping W. and Nilges M., Proc Natl Acad Sci U S A, 103, 1756 – 1761 (2006)
2. Rieping W., Habeck M. and Nilges M., J Am Chem Soc., 127, 16026 – 16027 (2005)
3. Nilges M., Bernard A., Bardiaux B., Malliavin T., Habeck M. and Rieping W., Structure, 16, 1305 – 1312 (2008)
4. Rieping W., Habeck M., Bardiaux B., Bernard A., Malliavin T. E. and Nilges M., Bioinformatics, 23, 381 – 382 (2007)
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New Tools for NMR Structure Validation. Application to the CASD-NMR
Structures
Geerten W. Vuistera, Gert Vriendb, Wim F. Vrankenc and Jurgen F. Doreleijersa,b
a

Protein Biophysics, IMM, Radboud University Nijmegen,The Netherlands (g.vuister@science.ru.nl)
CMBI, NCMLS, Radboud University Nijmegen Medical Centre, The Netherlands
c
Protein Data Bank in Europe, European Bioinformatics Institute, Hinxton, Cambridge, UK
b

For NMR-derived biomolecular structures, proper assessment of structural quality has proven particularly resistant to
reduction into a single relevant parameter.1 We have developed a program suite called CING (Common Interface for
NMR Structure Generation, http://nmr.cmbi.ru.nl/cing) which aims to provide for an integrated, residue-based approach
for structure validation. CING integrates the results of a large number of external programs, such as PROCHECK_NMR,
WHATIF, Wattos and SHIFTX, with its own internal routines to generate a comprehensive, Web-2.0, interactive
validation report. The report particularly emphasizes the relation between experimental data and structural results.
We will present new structural analysis tools implemented within the CING framework. The CING program is also
continuously used to analyze the experimental datasets generated by the NMR Restraints Grid (NRG) repository at the
BMRB.2 We now have generated >5000 CING validation reports (http://nmr.cmbi.ru.nl/NRG-CING/) and a first analysis
of these results will be presented. The CING program was also used to asses the quality of the automated-structure
calculation tests, CASD-NMR.3 Based upon the results of 81 submissions for 10 targets, we evaluated the state-of-the-art
of fully automated NMR structure calculation.
References:
1. Nabuurs S. N., et al., PLoS Comput. Biol., 2, e9 (2006)
2. Doreleijers J. F., et al., J. Biomol. NMR, 45, 389-96 (2009)
3. Rosato A., et al., Nat Methods, 6, 625 – 6 (2009)
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Structural studies of prion fibrils by solid-state NMR spectroscopy
Anja Böckmanna, Birgit Habensteina, Antoine Loqueta, Christian Wasmerb, Luc Boussetc, Yannick
Souriguesc, Anne Schützb, Carole Gardienneta, Beat Meierb and Ronald Melkic
a

Institut de Biologie et Chimie des Protéines, CNRS-UMR 5086, 7 passage du Vercors, 69367 Lyon, France, (a.bockmann@ibcp.fr)
ETH Zürich, Physical Chemistry, Wolfgang-Pauli-Strasse 10, CH-8093 Zurich, Switzerland
c
Laboratoire d’Enzymologie et Biochimie Structurales, CNRS, Avenue de la Terrasse, 91198 Gif-sur-Yvette, France
b

Prions are infectious, self-propagating polymers of otherwise soluble, host-encoded proteins. The structural basis of
prion infectivity remains largely elusive today; this issue is a technical challenge as prion oligomers are heterogeneous
high molecular weight particles that are neither suitable for protein crystallography nor classical NMR studies. Moreover,
it has long been believed that misfolded proteins like prions and amyloids give poorly resolved NMR spectra. We show
that the spectra of full-length prion fibrils from Ure2p and HET-s interestingly lead to very highly resolved solid-state
NMR spectra, at least for parts of the proteins. Ure2p and HET-s are of similar architecture, with a compactly folded
globular domain and an in solution flexible prion domain. Comparing the NMR spectra of the full-length proteins reveals
however surprising features and stresses the structural diversity underlying prion propagation suggesting that no unique
mode exists for the assembly of these proteins into fibrils.1,2 For Ure2p, the globular part in particular shows almost
perfect structural order. This is not the case for HET-s, where the globular part in the full-length fibrils shows features
reminiscent of a molten globule, with the associated loss of tertiary structure. Interestingly, sequential resonance
assignments of the 32.8 kDa Ure2pCtd using optimized 3D experiments3 reveal a conformational order in the fibrils
superior to the one observed in the crystals, and illustrate in a site-resolved manner the near to perfect conservation of the
structure of the isolated C-ter domain in crystals.
References:
1. Loquet A., Bousset L., Gardiennet C., Sourigues Y., Wasmer C., Habenstein B., Schütz A., Meier B. H., Melki R. and Böckmann A., J. Mol. Biol.,
394, 108 (2009)
2. Wasmer C., Schütz A., Loquet A., Buhtz C., Greenwald J., Riek R., Böckmann A. and Meier B. H., J. Mol. Biol., 394, 119 (2009)
3. Schuetz A., Wasmer C., Habenstein B., Greenwald J., Riek R., Böckmann A. and Meier B. H., Chembiochem accepted
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Dynamics of ubiquitination complexes
Rolf Boelensa, Anding Huanga, Rick Hibbertb, Sjoerd van Wijkc, Sjoerd de Vriesa, Rob de Jonga, Gert
Folkersa, Bas Winklerc, Marc Timmersc, Titia Sixmab and Alexandre Bonvina
a
Department of NMR Spectroscopy, Bijvoet Center for Biomolecular Research, Utrecht University, Padualaan 8, 3584CH Utrecht, Netherlands
(r.boelens@uu.nl)
b
Department of Physiological Chemistry, University Medical Center Utrecht, Universiteitsweg 100, 3584CG Utrecht, The Netherlands
c
Division of Biochemistry, Netherlands Cancer Institute, Plesmanlaan 121, 1066CX Amsterdam, The Netherlands

The ubiquitination pathway has emerged as a major signalling pathway in eukaryotic cells with a role in proteasomal
protein degradation, signal transduction, transcription and DNA repair. The E2 enzymes are the key enzymes in these
pathways. More than 30 E2 structures are available, and all share a topologically conserved α/β-fold core domain of ~150
residues. Every E2 can bind three other proteins: the E1 ubiquitin activating enzyme, a cognate E3 ligase enzyme, and
activated ubiquitin non-covalently and covalently via a labile thioester linkage. Using a combination of NMR,
crystallography, computational techniques and different biochemical and biophysical methods, we study E2-E3
ubiquitination complexes involved in transcription and DNA repair,1 such as the CCR4-NOT complex,2-4 complexes with
the proto-oncogen c-Cbl,5 and more recently the Rad6/Rad18 complex.
The human E2 Rad6 and the RING E3 ligase Rad18 are involved in the monoubiquitination of PCNA in response to
DNA damage and play a crucial role in translesion DNA synthesis. Using a combination of NMR and crystallography we
analyzed the structures and the complex protein interaction network of Rad6, of the Rad18 RING and the second R6
binding domains, and of non-covalently and covalently attached ubiquitin. We discuss the implications of the various
interactions for PCNA ubiquitination.
References:
1. van Wijk S. J., de Vries S. J., Kemmeren P., Huang A., Boelens R., Bonvin A. M. and Timmers H. T., Mol Syst Biol., 5, 295 (2009)
2. Albert T. K., Hanzawa H., Legtenberg Y. I., de Ruwe M. J., van den Heuvel F. A., Collart M. A., Boelens R. and Timmers H. T., EMBO J, 21, 355 –
364 (2002)
3. Dominguez C., Bonvin A. M., Winkler G. S., van Schaik F. M., Timmers H. T. and Boelens R., Structure, 12, 633 – 644 (2004)
4. Houben K., Dominguez C., van Schaik F. M., Timmers H. T., Bonvin A. M. and Boelens R., J Mol Biol., 344, 513 – 526 (2004)
5. Huang A, de Jong R. N., Wienk H, Winkler G. S., Timmers H. T. and Boelens R., J Mol Biol 385, 507 – 519 (2009)
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Progresss in 13C direct detecction for biomolecu
b
ular NMR
R
Isabella C. Felli

Department of Chemistry
C
“Ugo Shiff”
S
and Magneetic Resonance Center
C
(CERM), University
U
of Florrence, Italy, (felli@
@cerm.unifi.it)

The grow
wing interest in direct deetection of heteronuclei
h
for
f biomolecular NMR aapplications stems
s
from the
t
intrinsically different propperties of hetteronuclear sppins compared
d to protons that
t
can provvide alternativ
ve spectroscoppic
solutions whhen protons finnd limitations.. In this framee a set of exclu
usively heteroonuclear NMR
R experiments based on direect
13
C detectionn, have recenntly been propposed to studyy proteins1-4. Common andd complemenntary aspects with
w solid staate
NMR create fertile groundds for improveed methods. A series of examples in whhich 13C directt detection NM
MR experimennts
are used to obtain
o
additionnal, in some cases
c
unique, information to
t that availabble through 1H detected NM
MR experimennts
will be preseented. Thanks to the develoopment of new
w experimentaal schemes as well as improoved hardwaree, carried out in
close collabooration with Bruker, 13C direct detecttion now pro
ovides a new
w tool that caan be generaally applied for
f
biomolecularr NMR appliccations.
References:
B
I., Felli I. C.,
C Peruzzini R. and
a Pierattelli R., ChemPhysChem
m, 11, 689 – 695 (2010)
1. Bermel W., Bertini
2. Bermel W., Bertini
B
I., Felli I. C.
C and Pierattelli R., J.Am.Chem.SSoc., 131, 15339 – 45 (2009)
3. Bermel W., Felli
F
I. C., Kümmeerle R. and Pieratttelli R., Concepts
ts in Magnetic Ressonance, 32, 183 – 200 (2008)
4. Bermel W., Bertini
B
I., Felli I. C.,
C Piccioli M. annd Pierattelli R., Progress
P
in NMR spectroscopy, 488, 25 – 45 (2006)
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Protein structures
s
s by solid--state NM
MR: Recen
nt progreess
b
c
Beat H. Meiera, Anja Böckmann
B
, Andrea Cavalli
C
, Mattthias Ernsta, Julia Gathha, Sebastiaan Hillera,
a
Matthias Huber
H
, Anddreas Hunkeelera, Hélènee van Melkeebekea, Pauul Schandaa, Anne Schü
ütza, Ingo
a
a
a
a
Scholz, Kaathrin Székeely , René Verel
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, Jaccoo van Beek and Christtian Wasmeer
a

Physical Chemistry, ETH Zurichh, 8093 Zurich, Switzerland
S
(bemee@nmr.ethz.ch)
Institut de Bioloogie et Chimie dees Protéines, CNR
RS-UMR 5086, 7 passage du Verccors, 69367 Lyon,, France
Department of Chemistry, Cambbridge Universityy, Cambridge CB22 1EW, United Kingdom
K

b
c

Structure determinatioon from solidd-state NMR spectra is still a
challenge. While
W
a handfuul of proteins have indeed be
b solved atom
mic
resolution, sttructure deterrmination of completely
c
unnknown proteeins
and of largerr proteins (>1150 residues) is still difficcult and pronee to
error.
The talk will describe some of thhe problems and pitfalls and
r
that prromise to advvance the field
d in
sketch or desscribe some recipes
the future.
These innclude betterr and more efficient pulse
p
sequencces,
enhanced spectral resoluttion, higher-ddimensional sppectroscopy, and
improved coomputational processes
p
to arrive at the correct structture
form a set off given solid-state spectra.
The princciples will bee illustrated using
u
microcryystalline proteeins
as well as fibbrils.
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Multiple Signal Integration by the Intrinsically Disordered Unique Domain of
human c-Src: An NMR view
Yolanda Péreza, Pau Bernadóa and Miquel Ponsa,b
a
b

Institute for Research in Biomedicine, Barcelona, SPAIN
Department of Organic Chemistry. Universitat de Barcelona. Barcelona, SPAIN (mpons@ub.edu)

c-Src is the leading member of the SKF family of non-receptor protein kinases that play a central role in many
signaling pathways. The family contains at least 9 members that display large sequence and structural similarity in the
SH3, SH2 and kinase domains but not in the intrinsically disordered N-terminal Unique domain.1 The regulation of c-Src
activity by interaction of SH3 and SH2 domains with polyproline and phosphorylated motifs is well known. However, no
functional role had been assigned so far to the Unique domain. Following our previous work in c-Src,2,3 we shall present
recent NMR results of the interactions of the Unique domain of c-Src with the SH3 domain and its modulation and we
shall show that both the Unique and SH3 domains contain previously uncharacterized lipid binding regions that are
selective for specific phosphoinositides in a way that is modulated by the mutual interaction between the folded and
unfolded domains.
References:
1. Parsons S. J. and Parsons J. T., Oncogene, 23, 7906 – 7909 (2004)
2. Bernadó P., Pérez Y., Svergun D. I. and Pons M., J. Mol. Biol., 376, 493 – 505 (2008)
3. Pérez Y., Gairí M., Pons M. and Bernadó P., J. Mol. Biol., 391, 136 – 148 (2009)
Acknowledgments: MICINN. F. Marató TV3. Generalitat de Catalunya. ICTS LRB.
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Control of periplasmic interdomain thiol:disulfide exchange in the
transmembrane oxidoreductase DsbD
Despoina A. I. Mavridou, Julie M. Stevens, Alan D. Goddard, Stuart J. Ferguson and Christina
Redfield
Department of Biochemistry, University of Oxford, South Parks Road, Oxford, OX1 3QU, United Kingdom (christina.redfield@bioch.ox.ac.uk)

The bacterial protein DsbD transfers reductant, required for essential pathways, from the cytoplasm to the oxidizing
periplasm. DsbD comprises a transmembrane domain (tmDsbD) flanked by two globular periplasmic domains; each
contains a cysteine pair involved in a disulfide cascade. The C-terminal domain of DsbD (cDsbD) has a thioredoxin fold.
The two cysteines in the characteristic CXXC motif reduce the disulfide bond of the N-terminal domain (nDsbD) which in
turn reduces the disulfide in various periplasmic partners. Knowledge of cysteine pKa values is important in understanding
the reactivity of these residues. pKa values have been determined, using 2D NMR, for the N-terminal cysteine of the
CXXC motif, C461, as well as for other active-site residues. It is demonstrated using site-directed mutagenesis that the
negative charges of the side chains of D455 and E468 in the active site contribute to the unusually high pKa, 10.5, of
C461. The pKa value is higher than expected from knowledge of the reduction potential of cDsbD; this makes C461, in
isolated cDsbD, a poor nucleophile and implies relative unreactivity towards the target disulfide in nDsbD. NMR studies
of an nDsbD-15N-cDsbD covalent complex allowed specific changes in the active site of cDsbD due to contact with its
physiological partner to be examined. A substantial increase in the pKa of D455 occurred in this complex; a consequential
decrease in the pKa of C461 would explain how the disulfide-exchange reaction in the nDsbD-cDsbD complex is initiated.
This modulation of pKa values is critical for the specificity and function of cDsbD. Isolated cDsbD is a poor nucleophile,
allowing it to avoid non-specific reoxidation, however, in complex with nDsbD, the nucleophilicity of cDsbD increases
permitting reductant transfer. In recent studies the interactions of nDsbD and cDsbD have been shown to be oxidationstate dependent such that the functionally-relevant complex nDsbDox-cDsbDred, has a significantly higher affinity than the
product complex, nDsbDred-cDsbDox. The principles established have wider significance for the understanding of
processes mediated by thioredoxin-like proteins which are critical in both prokaryotes and eukaryotes.
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Riboswitch-RNAs in transcriptional regulation and RNA thermometers in
translational regulation studied by NMR spectroscopy
Jörg Rinnenthal, Janina Buck, Dominik Wagner, Anna Wacker, Anke Reining, Steffen Grimm, Jens
Wöhnert and Harald Schwalbe
Institut für Organische Chemie und Chemische Biologie, Center for Biomolecular Magnetic Resonance, Johann Wolfgang Goethe-Universität Frankfurt
a.M. (schwalbe@nmr.uni-frankfurt.de)

Riboswitch-RNA: Our group has investigated the structure and dynamics of full length purine-sensing riboswitchRNAs located in the 5’-untranslated region of mRNA. Formation of these alternate conformations constitutes the
regulation mechanism on the transcriptional level in bacteria. By NMR spectroscopy, we investigated the full-length
guanine riboswitch and RNAs of different lengths representing different transcriptional intermediates based on the
presence of potential transcriptional pause-sites interspersed in the sequence that allow for kinetic control.
RNA-Thermometers: In prokaryotes, RNA thermometers regulate a number of heat shock and virulence genes. They
repress translation initiation by base pairing to the Shine-Dalgarno sequence at low temperatures. We investigated the
thermodynamic stability of the temperature labile hairpin 2 of the Salmonella fourU RNA thermometer over a broad
temperature range and determined free energy, enthalpy and entropy values for the base-pair opening of individual
nucleobases by measuring the temperature dependence of the imino proton exchange rates via NMR spectroscopy.

__________________________________________________________________________________________________

High-dimensionality experiments and assignment strategies for partially
disordered proteins with highly repetitive sequences
Veronika Motáčkováa, Jiří Nováčeka, Wiktor Kozminskib, Lukáš Žídeka and Vladimír Sklenářa
a

Masaryk University, Faculty of Science, National Centre for Biomolecular Research, Kotlářská 2, 611 37 Brno, Czech Republic
(sklenar@chemi.muni.cz)
b
University of Warsaw,Laboratory of Molecular Interactions, Faculty of Chemistry Pasteura 1, 02-093 Warsaw, Poland

NMR represents the ultimate tool for studies of unstructured or partially disordered proteins at the atomic resolution.
In principle, intrinsically disordered proteins can be assigned using a standard set of triple-resonance NMR experiments
applied to 13C,15N-labelled samples. However, combination of the structural disorder with a high incidence of sequential
repeats often results in spectra with severely overlapped peaks, impossible to assign by the traditional approach. The
lecture will present a strategy that combines several NMR techniques to significantly shorten time needed for thorough
description of unstructured or partially disordered proteins. As an inherently insensitive spectroscopic technique, NMR
struggles with long measurement times when high dimensionality spectra are acquired. We show that exploitation of nonuniform sampling in indirectly detected dimensions in combination with the optimization of transverse relaxation brings
substantial resolution advantages while keeping the acquisition time of high quality 5D spectra at the level of a
conventional 3D experiment. In addition, it will be shown that the direct carbon detection becomes preferable due to
higher dispersion of carbonyl resonances. Two novel 5D experiments, based on different correlation schemes with distinct
areas of applications, allowing complete assignment of the disordered protein from a single NMR spectrum will be
discussed. The power of the presented approach is documented on a case study of a tricky sample, the delta subunit of
RNA polymerase unique for gram-positive bacteria (δ). The 20 kDa protein contains a disordered C-terminal region of 81
amino acids with a highly repetitive sequence. An importance of better understanding of the δ subunit function together
with a great stability and solubility of the sample make this protein an attractive target for NMR investigation. Using a
combination of traditional and non-traditional approaches, the structure of the well-folded domain was solved and
chemical shift mapping of the disordered region was performed.
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Mobile NMR and Cultural Heritage
Bernhard Blümich
Institute of Technical and Macromolecular Chemistry, RWTH Aachen University, Worringerweg 1, D-52056 Aachen, Germany
(bluemich@mc.rwth-aachen.de)

Mobile NMR concerns NMR investigations with equipment that can be moved to the object. Today such equipment is
available for relaxometry, imaging, and spectroscopy with closed as well with open magnets.1 Closed magnets
accommodate the object under study inside, while with open magnets, the object is
positioned outside in the stray field of the magnet. Mobile stray-field NMR with open
magnets is particularly suited for analysis of objects of cultural heritage, a concept
pursued with great enthusiasm by the late Annalaura Segre. Much of the technological
evolution of the NMR-MOUSE has in fact been stimulated by work in the field of
cultural heritage.2
The state of the art of mobile NMR will be presented and the measurement
procedures for unilateral stray-field NMR be summarized. The use of NMR for
characterization of material properties and heterogeneity will be illustrated with Fig. 1. Setup of the NMR-MOUSE
measuring a fresco painting
measurements on mummies, easel paintings, wall paintings, and violins.3,4
References:
1. Blümich B., Casanova F. and Appelt S., Chem. Phys. Lett., 477, 231 – 240 (2009)
2. Blümich B., Casanova F. and Perlo J., Prog. Nucl. Magn. Reson., 52, 197 – 269 (2008)
3. Blümich B., Casanova F., Perlo J., Presciutti F., Anselmi C. and Doherty B., Acc. Chem. Res., in press (2010)
4. Blümich B., Haber A., Casanova F., Del Federico E., Boardman V., Wahl G., Stilliano A. and Isolani L., Anal. Bioanal. Chem., in press (2010)
Acknowledgments: The work greatly benefited from collaboration with Eleonora del Federico and her team at Pratt Institute, Brooklyn, N.Y. and the
continuing efforts of Federico Casanova, Juan Perlo, Maria Baias, and Agnes Haber from RWTH Aachen University. Access to the Herculaneum
excavation site was generously provided by Alessandra de Vita from the Herculaneum Conservation Project of the Packard Humanities Institute.
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Nuclear Magnetic Resonance in Cultural Heritage
Donatella Capitani, Noemi Proietti and Valeria Di Tullio
Magnetic Resonance Laboratory “Annalaura Segre”, Institute of Chemical Methodologies CNR Research Area of Rome I Via Salaria km. 29,300,
00015 Monterotondo, Rome, Italy (donatella.capitani@imc.cnr.it)

This lecture is dedicated to the memory of our beloved teacher and friend Annalaura Segre most distinguished scientist
in NMR. She was a pioneer in applying NMR in many different research fields, among these polymers, food science and
cultural heritage.
Standard NMR methods are particularly suitable for studying materials of interest for cultural heritage and these
methods are generally considered as non-destructive because the sample can be recovered after performing the analysis.
Cellulose-based materials, clays, tuffs, hard stones may be studied and characterized by solid state NMR. However, when
studying rare and precious and/or unmovable objects belonging to the cultural heritage, the sampling of even a small
amount of material is forbidden and often the analysis must be performed in situ. The sampling can be avoided using a
mobile NMR instrumentation. Unilateral NMR is portable and its use is fully non-invasive, allowing the measurement of
some NMR parameters which are important to establish the state of degradation of the investigated object. The sensor can
be positioned near intact objects in different positions. The main advantage of the unilateral NMR technique is that it is
not only portable but can also be performed directly on large objects such as frescoes, monuments and in general any
building fully preserving the integrity and the dimension of the object under investigation. With unilateral NMR it is
possible to evaluate the state of degradation of cellulose-based materials to evaluate the performances of consolidation
and cleaning treatments on wall paintings, to monitor the detachment of the painted layer from its support, the plaster, to
quantitatively map the dampness in a wall painting and to evaluate the performances of protective and/or consolidating
treatments on porous materials. The most recent development of mobile NMR allows the obtainment of depth profiles
with microscopic resolution. For instance, it is possible to carefully evaluate the penetration depth of a protective
treatment as a function of the time of application.
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Unilateral NMR as a tool to characterize deterioration processes and follow up
conservation treatments in works of art
Eleonora Del Federicoa, Silvia A. Centenob, Cindie Kehletc, Denise Stockmand, Penelope Curriera and
Alexej Jerschowb
a

Department of Mathematics and Science, Pratt Institute, 200 Willoughby Ave, Brooklyn, NY 11205, USA, (edelfede@pratt.edu)
Department of Scientific Research, The Metropolitan Museum of Art, 1000 Fifth Avenue, New York, NY 10028, USA
c
Conservation Department, The New York Public Library, 455 Fifth Avenue, New York, NY 10018, USA
d
Chemistry Department, New York University, 100 Washington Square East, New York, NY, USA
b

A novel application of NMR to study a deterioration process and to follow up a conservation treatment is presented.
The technique allows to differentiate and characterize micrometer-thick oil stains of different iodine indexes applied on
paper by means of their transverse relaxation decay. Measurements were performed with a portable unilateral NMR
system, the NMR MOUSE® (MObile Universal Surface Explorer), which allows the in-situ, non-invasive measurement of
spin relaxation and diffusion parameters and to generate depth profiles with a spatial resolution of less than 10 μm. A
correlation between T2eff of the stain and the degree of cross-linking of the oil is observed. This information is crucial
when choosing an appropriate conservation treatment to remove the stain. It is demonstrated that it is possible to
discriminate the oil groups independently of the paper substrates and of the accelerated aging methods used. The
technique is also demonstrated to be useful to non-invasively follow up the progress of conservation treatments frequently
used in paper conservation. It is expected that unilateral NMR in combination with multivariate data analysis will fill a
gap within the set of high-spatial-resolution techniques currently available for the non-invasive analysis of materials in
works of art.
Acknowledgments: Authors thank the Alfred P. Sloan Foundation, the Camille and Henry Dreyfus Foundation and the Stockman Family Foundation.
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Advantages and Pitfalls of Magnetic Resonance for Fluids in Porous Media
Applied to Cultural Heritage
Paola Fantazzinia, Mara Camaitib, Villiam Bortolottic and Mirko Gombiaa
a

Department of Physics, University of Bologna, Viale Berti Pichat 6/2, 40127 Bologna, Italy, (paola.fantazzini@unibo.it)
ICVBC-CNR, Via Madonna del Piano 10, Sesto Fiorentino (FI), Italy
c
DICAM, Univ. of Bologna, Viale Risorgimento, 2, 40126 Bologna, Italy
b

Magnetic Resonance for fluids in Porous Media (MRPM)1 has origins in the petroleum industry in the fifties, when
tools and theories were developed to detect and interpret proton signals from water and oil in reservoir rocks.2 Not only
were surface effects on relaxation times discovered, but also the first tools
were developed for ex situ signal detection, now widely exploited.3 In the last
20 years MRPM has been extensively used to study porous media, and,
starting from the end of the nineties,4 it has been applied to the Cultural
Heritage for laboratory and in situ studies. Beside advantages, MRPM
presents pitfalls of which one must be aware for good data collection and
interpretation. As an example, the figure5 shows 1/T2 from CPMG data vs half
echo time τ, with only pore-scale local field gradients (dots), and in the
presence of a substantial large-scale field gradient (open circles)6 for water
saturating a porcelain sample. But, what is a pitfall can become a source of
τ (ms)
information about porous media and the fluids inside.
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References:
1. Huerlimann M., Song Y-Q., Fantazzini P. and Bortolotti V., PROCEEDINGS of the Ninth International Bologna Conference on Magnetic Resonance
in Porous Media, 13-17 July 2008, Cambridge, USA, Conference Proceedings Series American Institute of Physics, n. 1081 (2009)
2. Brown R. J. S., Concepts Magn Reson,13, 344 – 366 (2001)
3. Blümich B., Perlo J. and Casanova F., Prog. Nucl. Magn. Reson. Spectrosc., 52, 197 – 269 (2008)
4. Borgia G. C., Camaiti M., Cerri F., Fantazzini P. and Piacenti F., Chim. Ind., 81, 729 – 731 (1999)
5. Fantazzini P. and Brown R. J. S., J. Magn. Reson, 177, 211 – 218 (2005)
6. Casieri C., DeLuca F. and Fantazzini P., J. Appl. Phys., 97, 043901 – 10 (2005)
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Characterization of binders in ancient and modern paintings by NMR-MOUSE
Federica Presciuttia, Costanza Milianib and Antonio Sgamellottia
a
b

INSTM and Centre of Excellence SMAArt, c/oDip. Chemistry University of Perugia Via Elce di Sotto 8(06123) Perugia (federica@thch.unipg.it)
CNR-ISTM c/oDip. Chemistry University of Perugia Via Elce di Sotto 8(06123) Perugia

For the effective study and characterisation of an artist’s painting technique, there are three main critical questions to
which analytical techniques can find an answer. The first concerns the pigments employed, the second, the stratigraphy
which constitutes the painting and the third regards the utilized binder. Many of the pigments commonly adopted,
especially in ancient paintings, are inorganic compounds. In which case the NMR technique can specifically evaluate the
interaction between the pigment and the binder, whilst other techniques are much more specific for the identification.
Instead the NMR-Mouse, as already demonstrated,1-2 is a powerful tool for the non-invasive study of the stratigraphy of
paintings. The last question is probably the most complex to answer using only non-invasive techniques. Therefore a
multi-technique approach is mandatory. The aim of this research is to evaluate the contribution that NMR- MOUSE can
give in the determination of binders in ancient and modern paintings. The study commenced with the characterization by
T1 and T2 of binders commonly employed in ancient paintings, such as tempera and oil. Then the formation of degrade
products, namely carboxylates, was simulated by the interaction between oil and lead-based pigments at certain conditions
of humidity and temperature. Finally attention was focused on different classes of modern synthetic binders, in particular
acrylic, alkyd and PVA in order to find a discriminant parameter to be used on the study of actual paintings.
References:
1. Blümich B., Casanova F., Perlo J., Presciutti F., Anselmi C. and Doherty B., Acc. Chem. Res.,43, 761 – 770 (2010)
2. Presciutti F., Perlo J., Casanova F., Glöggler S., Miliani C., Blümich B., Brunetti B. G. and Sgamellotti A., Appl Phys Lett, 93, 033505 (2008)
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Portable NMR in cultural heritage: the contribution of Annalaura Segre
Antonio Sgamellotti
Centre of Excellence SMAArt and Dip. Chemistry University of Perugia Via Elce di Sotto 8(06123) Perugia (sgam@thch.unipg.it)

Annalaura Segre actively carried out research regarding the application of magnetic resonance to the field of cultural
heritage. As she had always loved and appreciated art in its many forms she was able to cultivate her two great passions
working in the cultural heritage discipline, her interest for art and magnetic resonance. Her experience in macromolecular
chemistry naturally brought her towards the characterization of cellulose materials, paper and textiles, of conservation and
reinforcement by polymers that with such enthusiasm she actively contributed and participated in CNR projects relating to
the field of cultural heritage. She coined the idea and contributed to the creation of a unilateral NMR instrument specific
for in-situ, non-invasive analyses for porous materials of cultural heritage interest. This instrumentation optimized as part
of the European project Eureka, has permitted the insertion of magnetic resonance as a method for on-site investigation
and monitoring and for conservation in cultural heritage. She was particularly involved in numerous in-situ examinations
such as those conducted on the frescos of the Criptoportico in the Domus Aurea (Rome), of the Vasari house (Florence)
and of the San Clemente church (Rome).
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6.1 ISMAR Young Investigator Award Finalists
Sponsored by Magritek
Eduard Y. Chekmenev
(P282)
Automated Parahydrogen-Induced Polarizer (PHIP) Employing Low Field NMR
Spectrometer, Tunable RF Circuit and in situ Detection
Institute of Imaging Science, Vanderbilt University, 1161 21st Avenue South, 37232, Nashville, USA

Daniela Delli Castelli
(P285)
Magnetically oriented nanovesicles as MRI CEST agents
Department of Chemistry I.F.M. and Molecular Imaging Center, University of Torino, Torino, Italy

Christofer Lendel
(P138)
Structure based drug design for intrinsically unstructured proteins
Dept. of Chemistry, University of Cambridge, UK, Lensfield road, Cambridge CB2 1EW, UK, bDept. of Molecular
Biology, SLU, Box 590, 751 24 Uppsala, Sweden

Andi Mainz
(P150)
The bigger the better: Large protein complexes investigated in solution by MAS
NMR
Department NMR-supported Structural Biology, Leibniz-Institut fuer molekulare Pharmakologie (FMP), RobertRoessle-Str. 10, 13125, Berlin, Germany
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6.2 Wiley Prizes
Magnetic Resonance in Chemistry Awards
Mathilde Giffard
(P580)
Effect of RF phase shift on the Third Spin Assisted Recoupling in Solid-state NMR
Laboratoire de Chimie Inorganique et Biologique, UMR-E3 (CEA/UJF), FRE3200 (CEA/CNRS), INAC, CEA, 38054,
Grenoble, France,

Alexej Jerschow
Cutoff-free Traveling Wave NMR

(P601)

Chemistry Department, New York University, 100 Washington Square E, New York, NY 10012

Meike Roth
(P654)
Constant 1H and 13C signal enhancement in NMR using hollow fiber membranes
and parahydrogen.
Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany
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The posters with an asterisk have been selected for oral presentation
All posters will be displayed for the entire duration of the conference. Posters should be mounted
before the first poster session and removed at the end of the conference at the latest. Posters
should be mounted on the poster panel marked with the corrisponding poster number as reported
in this book.
Three poster sessions will be held during the conference. Presenting Authors should attend their
poster(s) during one of the sessions according to the scheme below.

There are three poster sessions:
Monday poster session: Posters numbered 3n-2 (e.g. 1, 4, 7...)
Tuesday poster session: Posters numbered 3n-1 (e.g. 2, 5, 8...)
Thursday poster session: Posters numbered 3n (e.g. 3, 6, 9...)
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P1

Structural rearrangements upon assembly of CuA centers
Luciano A. Abriataa, María-Eugenia Zaballaa, Antonio Donaireb and Alejandro Vilaa
a
b

Institute for Molecular and Celular Biology (IBR), University of Rosario, Rosario, Argentina (abriata@ibr.gov.ar)
Universidad de Murcia, Spain

Cytochrome c oxidase (COX) is a terminal oxidase present in all aerobic organisms, which shuttles electrons from
cytochrome c to oxygen using the released energy to pump protons across the membrane and thus contribute to its
potential1. It is embedded in the mitochondrial inner membrane of eukaryotic cells and in the cytoplasmic membrane of
prokaryotes.1 The function of COX depends critically on the correct disposition of two copper centers (CuA and CuB) and
two heme moieties (b/a and a3), hence the assembly of these cofactors is assisted by (co)chaperone proteins.2,3 Mutations
on genes coding for these proteins lead to several fatal disorders in humans, related to inefficient energy production by
mitochondria.2 We have previously shown that a thiol:disulfide oxidoreductase and a Cu(I) metallochaperone are required
for in vitro maturation of the CuA site in Thermus thermophilus ba3 oxidase (TtCuA).3 During that work we gathered
evidence that the structure and dynamics of the apoprotein are perturbed compared to the copper-bound form, in line with
the fact that the copper center is embedded inside the holoprotein but the ligand loops must be somewhat exposed for
metallation to occur in the apoprotein. Our current goal is to study the solution structure and dynamics of apoTtCuA
relative to the holoprotein in the reduced state. All the backbone and most of the side chain resonances have been
completely assigned for 118 out of 126 residues. Broadening is observed for most resonances assigned to nuclei in two
ligand loops, while residues lacking resonance assignments are located in these loops. These observations indicate
enhanced dynamics in these regions compared to the holoprotein, which is highly rigid along the entire sequence. These
studies will be complemented aiming to describe the rearrangements that occur in the apoprotein upon copper insertion at
atomic level and to provide a qualitative assessment of the contribution of metal binding to protein folding and stability.
References:
1. Ostermeier C., Iwata S. and Michel H., Curr Opin Struct Biol, 6, 460 – 6 (1996)
2. Carr H. S. and Winge D. R., Acc. Chem. Res., 36, 309 – 316 (2003)
3. Abriata L. A., Banci L., Bertini I., Ciofi-Baffoni S., Gkazonis P., Spyroulias G. A., Vila A. J. and Wang S., Nat Chem Biol, 4, 599 – 601 (2008)
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P2

Structural state of the antimicrobial peptide PGLa in the membrane-bound
functionally synergistic complex with magainin 2 - a solid state 19F-NMR study
Sergii Afonina, Marco Ieronimob, Parvesh Wadhwania and Anne S. Ulricha,b
a

Institut für Biologische Grenzflächen (IBG-2), Karlsruhe Institute of Technology (KIT),P.O. Box 3640,76021, Karlsruhe, Germany,
(sergiy.afonin@kit.edu)
b
Institut für Organische Chemie, KIT, DFG-Center for Functional Nanostructures (CFN), Fritz-Haber-Weg 6, 76131 Karlsruhe, Germany

The cytolytic action of many antimicrobial peptides is attributed to the pore-mediated permeabilization of the target
cell membrane. Structural state of the membrane-associated peptide – conformation, alignment and dynamic behavior –
explicitly reflects underlying molecular mechanisms of the process and is therefore essential for the understanding.
Structural characterization of the membrane-active peptide in its native-like lipid bilayer bound condition can be readily
determined using solid state NMR (ssNMR).
Herein we apply ss-19F-NMR to one of the very few known native synergistic antimicrobial peptide pairs –
PGLa/magainin 2 (MAG). PGLa was previously characterized in great details and is known to assume different alignment
states. One of them - membrane immersed I-state - is compatible with a functionally relevant pore structure. To date two
factors have been demonstrated to induce I-state, namely gel phase state of the lipid bilayer and presence of MAG.
Whereas the influence of lipid polymorphism was investigated systematically on stand-alone PGLa by ss-19F-NMR,
alignment of PGLa in presence of MAG was investigated solely at ambient temperature (ss-2H-NMR). Both situations are
combined in the present study. We demonstrate herein that PGLa in presence of MAG stays helical at all conditions, but
membrane fluidity exhibits significant influence on the dynamics and alignment of the peptide. In gel phase lipid bilayers
we observe a complex situation with two populations of PGLa molecules. Around the gel-to-fluid phase transition PGLa
adopts a rigid membrane-inserted alignment, confirming the ss-2H-NMR data. In the fluid phase lipid bilayers, we found
PGLa strongly inclined and rotationally mobile – in a different way compared to PGLa only. Compared with previous
data on PGLa in lipid bilayers of variable composition, these results provide valuable clues on the functional synergism of
PGLa and MAG in native biological membranes. At the same time this study unravels important experimental aspects
thus further developing ss-19F-NMR methodology in application to the membrane-active peptides.
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P3

NMR study of RNA binding domain of human CPEB in complex with
cytoplasmic polyadenylation element
Tariq Afroz, Frederic Allain and Lenka van Sint Fiet
Institute of Molecular Biology and Biophysics, Swiss Federal Institute of Technology, ETH Zurich, 8093,Zurich, Switzerland
(tafroz@mol.biol.ethz.ch)

Cytoplasmic polyadenylation is one of the mechanisms of controlling mRNA translation and is regulated by CPEB, a
highly conserved sequence specific RNA binding protein that binds to cytoplasmic polyadenylation element (CPE)
present in 3’-UTR’s of mRNA’s. By regulating mRNA translation, CPEB influences gametogenesis, early development,
synaptic plasticity and cellular senescence.1 Human CPEB has a carboxy terminal RNA binding domain, which is
comprised of two RNA recognition motifs (RRM) and a Zinc binding domain. This work aims at determining the
structure of RNA binding domain of human CPEB in complex with the target RNA sequence (CPE, 5’ UUUUUAU 3’).
Structure of the complex would help us to understand the way the RRM’s co-operate to achieve the desired degree of
specificity and affinity for the target RNA and also to identify new potential RNA targets which can then be validated by
in vitro and in vivo biochemical assays. Following a modular approach for NMR studies, protein constructs corresponding
to different lengths of RNA binding domain were cloned and screened for soluble protein expression using different
fusion protein tags. The purification protocol was optimized and conditions were screened for obtaining higher protein
concentrations required for NMR experiments. The 15N HSQC spectrum of RRM12 and zinc binding domain shows that
the proteins are well folded. In accordance with the biochemical data,2 protein-RNA titrations indicate that RRM12 binds
the consensus CPE RNA sequence. Backbone assignments of protein in free form as well as in complex were made using
TROSY based NMR experiments on deuterated protein samples. Side chain assignment of protein in complex is in
progress. Preliminary structural data for Zinc binding domain will be presented as well.
References:
1. Richter J., Trends in Biochemical Sciences, 32, 6 (2007)
2. Laura E. Hake, et al., Molecular and Cellular Biology, 18, 685 – 693 (1998)
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P4

Targeting Bacterial Membranes: NMR Characterization of Substrate Recognition
and Binding Requirements of D-arabinose 5P Isomerase, a key enzyme in the
biosynthesis of LPS
Cristina Airoldi, Silvia Merlo, Silvia Sommaruga, Paola Sperandeo, Laura Cipolla, Alessandra Polissi
and Francesco Nicotra
Department of Biotechnologies and Biosciences, University of Milano – Bicocca, P.zza della Scienza 2, 20126, Milano, Italy
(cristina.airoldi@unimib.it)

Arabinose 5-phosphate isomerase (API) catalyzes the interconversion of D-ribulose 5-phosphate (Ru5P) and Darabinose 5-phosphate (A5P). It is the first enzyme in the biosynthesis of 3-deoxy-D-manno-octulosonate (KDO), a sugar
moiety located in the lipopolysaccharide (LPS) layer of most Gram-negative bacteria.1 Since the LPS layer is an essential
outer membrane glycolipid located on the cellular surface of virtually all Gram-negative bacteria, all the enzymes
implicated in its metabolism represent a potential target for the development of new antibiotic drugs. The characterization
of their catalytic mechanisms and the processes of substrate recognition and binding plays a fundamental role for the
rational design of new LPS biosynthesis inhibitors. As API represents a logical control point of KDO synthesis, we studed
its enzymatic activity and identified structural requirements for substrate/product recognition, useful for drawing the
structure of potential inhibitors. In particular, we characterized E. coli and P. aeruginosa API binding to Ru5P, A5P and
other monosaccharides analogues, by NMR spectroscopy.2, 3 On the basis of data collected, that will be presented in this
communication, we are now designing and synthesizing new potential API inhibitors.
References:
1. Meredith T. C. and Woodard R. W., J. Biol. Chem., 278, 32771 – 32777 (2003)
2. Airoldi C., Sommaruga S., Merlo S., Sperandeo P., Cipolla L., Polissi A. and Nicotra F., Chem. Eur. J., 16, 1897 – 1902 (2010)
3. Airoldi C., Merlo S. and Nicotra F., J. Carbohydr. Chem., 29, 30 – 38 (2010)
Acknowledgments: we gratefully acknowledge “Fondazione per la ricerca sulla fibrosi cistica” for financial support.
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P5

Dynamic Nuclear Polarization of Deuterated Proteins
Ümit Akbeya, W. Trent Franksa, Arne Lindena, Sascha Langea, Robert G. Griffinb, Barth-Jan van
Rossuma and Hartmut Oschkinata
a
NMR Supported Structural Biology, Leibniz-Institute for Molecular Pharmacology, Robert-Roessle-Strasse 10, 13125, Berlin, Germany,
(akbey@fmp-berlin.de)
b
Francis Bitter Magnet Laboratory and Department of Chemistry, Massachusetts Institute of Technology, 02139, Cambridge Massachusetts, USA

More efficient dynamic nuclear polarization (DNP) for biological solid-state NMR applications is presented. We
demonstrate that protein deuteration1,2 is a new means of increasing the efficiency of DNP enhancement in MAS NMR
spectroscopy. We investigated several ratios of protonation/deuteration by using samples of
SH3 protein which are fully deuterated at all exchangeable and non-exchangeable sites and
then recrystallized in appropriate H2O/D2O buffers to tune the proton ratio at the
exchangeable sites. An enhancement of 120 is obtained and the efficiency of the DNP
enhancement increases up to a factor of ~3.9 compared to the protonated protein for 13C
cross-polarization (CP) MAS NMR experiments. Moreover, by using direct 13C excitation on
the deuterated sample, the enhancement is increased by a factor of ~4.8 compared to the 13C
CPMAS experiment on the fully protonated SH3. The maximum enhancement of ε≈148 is
observed in a 13C MAS spectrum of SH3 with 50 % exchangeable proton content by using
zirconium rotor. By taking into account the ~20 % increase in enhancement by using sapphire
rotors, higher 13C DNP enhancement of ε≈180 can be expected. Moreover, by using the
deuterated SH3 protein, it is possible to increase the temperatures at which DNP experiments
yield still considerable enhancements.
References:
1. Akbey U., Lange S., Franks W. T., Linser R., Rehbein K., Diehl A., van Rossum B. J., Reif B., Oschkinat H., J. Biomol. NMR, 46, 67 – 73 (2010)
2. Akbey A., Oschkinat H., van-Rossum B. J., J. Am. Chem. Soc., 131, 17054 – 17055 (2009)
Acknowledgments: Anne Diehl and Kristina Rehbein are gratefully acknowledged for the preparation of perdeuterated SH3 samples at different
protonation levels.
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P6

Application of EPR to probe circadian rhythms of brain oxidation
Sameh S. Ali
Department of Medicine, University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093, United States (ssali@ucsd.edu)

Circadian rhythms of physiological and behavioral parameters such as body temperature, sleep-wake cycle, heart-rate,
blood pressure, and host-immune response are fundamental factors in health and disease states in most organisms.
Increasing evidence indicate that aging is characterized by a progressive deterioration of the circadian timekeeping. On
the other hand, direct and indirect evidences in literature link aging and associated pathologies with disturbances in
cellular redox homeostasis which is believed to follow periodic daily rhythms. For example, circadian or diurnal
variations in pro- and anti-oxidant molecules and enzymes and in markers of oxidative stress such as malonedialdehyde
are reported. Nothing is known however about the source(s) of free radicals that trigger, or otherwise are modulating,
those periodic variations in brain oxidants. In this presentation, we introduce direct evidence that brain levels of reactive
oxygen species (ROS) follow daily rhythms. Employing powerful biophysical techniques including spin-trapping/labeling
electron paramagnetic resonance (EPR) and electrochemical detections, we have been able to detect daily rhythms of
substrate-specific oxygen consumptions by mitochondria and by NADPH oxidase (NOX) enzyme in parallel with ROS
production in the same specimen. These observations triggered the following questions: why would evolution maintain
daily rhythms of what is perceived as harmful chemical species? Do ROS merely constitute byproducts of other
rhythmically regulated parameters? Here we suggest that circadian ROS oscillation orchestrates the interplay between
metabolism and sleep-wake cycles, core body temperature, blood pressure, inflammatory cytokines, memory
consolidation, etc.
Acknowledgments: This work was funded by a Quantitative Career Award by the National Institute on Aging. The Author is grateful to Dr. Laura
Dugan for making her lab resources available to the author. The author also acknowledges the technical help by Ms. Jacinta Lucero, Mr. Gregory
Shekhtman, and Mr. Habib Halemi.
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P7

Dynamics and Structural Characterization of Trx1 D24n and Trx2 D25N mutants
by Nuclear Magnetic Resonance
Natalia L. Rodriguesa, Carolina Cruzeiro-Silvaa, Francisco Gomes-Netoa, Catarina A. Miyamotoa,
Anderson S. Pinheiroa, Luis E. S. Nettob, Ana P. Valentea and Fabio C. L. Almeidaa
a

Centro Nacional de Ressonância Magnetica Nuclear – Instituto de Bioquímica Medica – Universidade Federal do Rio de Janeiro – Rio de Janeiro –
Brazil, (falmeida@cnrmn.bioqmed.ufrj.br)
b
Instituto de Biociências – Universidade de São Paulo – São Paulo – Brazil

Thioredoxins are small proteins and their function as disulfide oxido-reductases, through the reversible oxidation of
two cysteine residues, present in a conserved active site. The Saccharomyces cerevisiae contains two different
cytoplasmic isoforms: Trx1 and Trx2. Despite the many redundant functions of yeast cytoplasmic thioredoxins, it has
been shown that they specifically interact with different cellular targets. To establish a structure-function relationship
between these proteins, we have determined the three-dimensional structure of Trx1 and 2 in solution by NMR.
Comparison of Trx1 with the solution structure of Trx2 shows that they mainly differ in the active site. The backbone
dynamics of both reduced and oxidized forms of Trx1 and Trx2 have been characterized. The reduced and oxidized forms
of Trx1 and Trx2 exhibit similar dynamics behavior on the pico- to nanosecond time scale. The residues D24 (Trx1) and
D25 (Trx2), act as an important proton acceptor, essential for the catalytic reduction mechanism. The residue D24 is
internalized just below the handle of the active site, containing the conserved cysteine residues. D25 is less exposed
because Trx2 contains a phenylalanine residue capping it (tyrosine in Trx1). According to the dynamics for native
thioredoxins in different oxidation states, we observe that this residue undergoes one of the most important dynamic
differences between the reduced and oxidized forms. In the oxidized state this residue displays motions in millisecond
timescale. To study the function of this residue we construct two mutants, Trx1D24N and Trx2 D25N.
We acquired relaxation dispersion for the native protein and the mutants which indicates that Trx´s displays motions
that are partially quenched in the D24/25N mutants. These motions seem to be essential for the catalytic mechanism of
thioredoxins. We will also show molecular dynamics simulations depicting discrete conformationl states of Trxs.
Acknowledgments: CNPq, FAPERJ, CAPES, INBEB – National Institute for Structural Biology and Bioimage.
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P8

Metabolic fate of [U-13C]glucose and [3-13C]lactate in hearts submitted to
ischemia/reperfusion: role of cardioplegic solutions and gender
Marco Alvesa,b, Paulo J. Oliveiraa and Rui A. Carvalhoa,b
a
b

Center for Neurosciences and Cell Biology, University of Coimbra, 3004-517 Coimbra – Portugal
Department of Life Sciences, Faculty of Science and Technology, University of Coimbra, 3004-517 Coimbra – Portugal (alvesmarc@gmail.com)

In transplantation procedures, the organ is stored in cold cardioplegic solutions (ischemia) and finally transplanted.
During heart preservation the energy metabolism is readapted according to substrate availability and the recovery of the
organ during the re-establishment of the blood flow (reperfusion) is related with the energetic state.
We aimed to disclose the variation in substrate preference related with gender and the use of different cardioplegic
solutions in the ischemia period. For that we used male (M) and female (F) Wistar rats. The M and F groups were then
divided in 2 subgroups: perfusion control (Ctrl_P) and ischemia/reperfusion (I/R). Hearts from Ctrl_P group were only
subjected to 30’ perfusion. I/R group was divided in three subgroups, depending on the cardioplegic solution used, and
subjected to 4 or 6 hours ischemia followed by 30’ perfusion. The hearts were perfused with KH containing [U13
C]glucose and [3-13C]lactate. After perfusion, the hearts were freeze-clamped and metabolites were extracted for further
13
C NMR analysis in a 500 MHz Varian spectrometer.
In Ctrl_P conditions, there were no differences according to gender nor lactate origin from unlabeled sources, [U13
C]glucose or [3-13C]lactate. After 6h preservation in Cs, hearts from males prefered [U-13C]glucose while hearts from
females prefered [3-13C]lactate. After 6h preservation in HBS, hearts from males prefered unlabeled substrates while
hearts from females prefered [U-13C]glucose. Alanine index (S/D) decreased in hearts from females preserved in Cs.
Lactate and glutamate indexes will be presented. The amino acids content will be also discussed.
We conclude that substrate preference is different according to gender and the cardioplegic solution used in the
ischemic period.
Acknowledgments: FCT (SFRH/BD/31655/2006, POCI/SAU-OBS/55802/2004).
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Structure and dynamics of HasB, a specific TonB like protein, and its interaction
with HasR, a heme / hemophore transporter
Gisele C. Amorima, Ada Prochnicka-Chalufoura, Julien Lefèvrea, Catherine Simenela, Philippe
Delepelaireb, Cécile Wandersmanb, Muriel Delepierrea and Nadia Izadi-Pruneyrea
a

Institut Pasteur, Unité de Résonance Magnétique Nucléaire des Biomolécules, Département de Biologie Structurale et Chimie; CNRS URA 2185,28,
rue du Dr. Roux, 75724 Paris Cedex 15 France (gisele.amorim@pasteur.fr)
b
Institut Pasteur, Unité des Membranes Bactériennes, Département de Microbiologie, CNRS URA 2172, 25, rue du Dr. Roux 75724 Paris Cedex 15
France

The active transport across the outer membrane of Gram-negative bacteria, via TonB-dependent transporters (TBDT),
depends on the energy transduced by the inner membrane TonB protein complex. Despite several available data, the
molecular mechanism of TonB-dependent active transport is still poorly understood.
In heme uptake, the TonB-like protein HasB is responsible for the energy transfer to the transporter HasR, which
internalises heme as an iron source. HasB is composed of three distinct domains, one of them is the C-terminal
periplasmic globular domain (CTD). To play its role, the CTD should interact with the periplasmic surface of the
transporter. A small unstructured region of the transporter, called the TonB box, is known to participate in the interaction.
Both HasB and TonB are able to transduce energy to HasR, however HasB is specific for this transporter. To define the
basis of this specificity we solved the 3D solution structure of the periplasmic CTD of HasB (HasBCTD) by NMR. The
structure presents an N-terminal tail, a globular folded region and a short unstructured C-terminal sequence. Some
important differences could be pointed out between HasBCTD and TonB structures. The HasB fold revealed a new
structural class of TonB-like proteins. To investigate if these differences could explain the specificity of HasB for HasR,
we studied the interaction of HasB with a peptide representing the TonB box of HasR by NMR and ITC and used the
acquired information to construct a model of the complex HasBCTD-TonB box.
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Multidisciplinary approach to the characterization of farmed fish: the case of
Gilthead Seabream
Roberto Anedda, Carlo Piga, Viviana Santercole, Elia Bonaglini, Roberto Cappuccinelli, Gilberto
Mulas, Vittorio Tedde, Daniela Pagnozzi, Maria Filippa Addis and Tonina Roggio
Porto Conte Ricerche Srl, S.P. 55 Porto Conte/Capo Caccia, 07041 Alghero (SS), Italy (anedda@portocontericerche.it)

The complete characterization of fish muscle is gaining great significance in the rapidly growing field of aquaculture.
Different rearing systems have been so far exploited in lagoons, in land-based units and in sea cages, adopting extensive
to intensive farming systems. Among farmed fish species, Gilthead Seabream (Sparus Aurata) is a very suitable species
for extensive aquaculture, especially in the Mediterranean. Within this context, both the farmers and the consumers have
increased interest toward a certification of the quality of farmed fish. On one hand, the investigation on the effects of
feeding and rearing system on the composition of fish allows to control and predict quality, on the other it allows the strict
control of the production performance.
In our laboratory, different complementary techniques are being optimized with the aim of providing a thorough
characterization of the composition of farmed fish, and to analyze factors which potentially influence fish health and
growth. First of all, a detailed protocol has been set up for sampling the fish and for lipid extraction. The results of lipid
analysis by two complementary techniques such as NMR and GC can be compared. Gel-based proteomic analysis reveals
typical features due to fish diet, such as oxidative stress derived by the action of peroxydated fatty acids, and up- or downregulation of metabolic pathways. NMR is a powerful technique as it allows a nondestructive analysis of the extracted oils
and of the polar metabolites, is rapid and allows metabolomic analysis on a large number of samples, provides a
simultaneous snapshot of the total omposition of the fish. As far as TAGs and PL are concerned, NMR provides
information on the positional distribution of fatty acids. We show that NMR-based metabolomic analysis is able to
recognize molecular patterns which characterize wild and farmed Gilthead seabream and fish from different regions
(rearing systems) in Sardinia. Moreover, NMR can discriminate between healthy and stressed fish.
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Probing light-induced changes in blue-light photoreceptors with laser-polarized
129
Xe
Ben Angera, Wolfgang Gärtnerb and Jörg Matysika
a
b

Leiden Institute of Chemistry, Leiden University, Einsteinweg 55, 2333CC Leiden, The Netherlands, (angerbc@chem.leidenuniv.nl)
Max-Planck-Institut für Bioanorganische Chemie, Stiftstrasse 34-36, D-45470 Mülheim, Germany

Recent work has shown the utility of laser-polarized 129Xe NMR in studies of biomolecular structures and interactions,
most notably in studies of its interactions with protein surfaces and cavities.1-2 Due to its extremely large chemical shift
range, xenon is an effective reporter of even small changes in its local magnetic environment. 129Xe NMR spectra exhibit
dramatic chemical shifts due to both specific binding with protein cavities as well as nonspecific binding with protein
surfaces. Hyperpolarized (HP) 129Xe offers NMR signal enhancements of several orders of magnitude compared to
thermal polarization.3 Under conditions of continuously flowing HP 129Xe, studies of the 129Xe chemical shift due to
Xe/protein interactions offer opportunities to understand conformational changes and interactions in proteins due to
changes in external conditions.4
We intend to apply these methods to study light-induced changes in blue-light photoreceptors.5 We will report on our
efforts to understand the effect of light on light sensitive proteins.
References:
1. Rubin, et al., J. Mol. Biol., 322, 425 – 440 (2002)
2. Lowery, et al., Protein Science, 14, 848 – 855 (2005)
3. Driehuys, et al., Appl. Phys. Lett., 69, 1668 – 1670 (1996)
4. Baumer, et al., Angew. Chem. Int. Ed., 45, 7282 – 7284 (2006)
5. Losi, et al., Photochem. Photobiol. Sci., 7, 1168 – 1178 (2008)
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NMR Studies of Tip5-RNA Interactions Involved in Gene Inactivation
Irina Anosovaa,b, Konstantinos Tripsianesa,b, Christine Mayerc, Ingrid Grummtc and Michael Sattlera,b
a

Institute of Structural Biology, Helmholtz Zentrum München, Ingolstädter Landstraße 1, D-85764 Neuherberg, Germany (irina.anosova@ch.tum.de)
Biomolecular NMR, Dept Chemie, Technische Universität München, Lichtenbergstr. 4, D-85747 Garching, Germany
c
Division of Molecular Biology of the Cell II, German Cancer Research Center, Im Neuenheimer Feld 280, D-69120 Heidelberg, Germany
b

In metabolically active mammalian cells a significant part of the tandemly repeated rRNA genes (rDNA) is
epigenetically silenced. The key mediator for maintaining this heterochromatic state is the recently described nucleolar
remodelling complex (NoRC) with Tip5 as its largest subunit. The evolutionary conserved TAM domain of Tip5 shows
sequence homology to MBD domains of methyl-CpG-binding proteins. However, in contrast to MBD domains, Tip5
TAM domain specifically binds to a phylogenetically conserved RNA hairpin (pRNA), derived from small noncoding
RNA, produced from PolI promoters in the intergenic spacer (IGS) that separate rDNA repeats and matching the rDNA
promoter sequence. Interaction of Tip5 with pRNA was shown to be required for nucleolar localization of NoRC and
heterochromatin formation in the rDNA regions.1
Here, we present a study of Tip5-pRNA interaction by NMR spectroscopy in combination with biochemical
techniques to gain insight into the molecular functions of Tip5 and its RNA binding. Our results demonstrate that while
the free TAM-domain resembles the MBD domain,2 it is extended with additional features at both termini. The most
prominent of those is the additional antiparallel twisted β-sheet that may provide a platform for nucleic acid binding.
Structural studies and mutational analysis of pRNA recognition by Tip5 is on-going.
References:
1. Mayer C., Neubert M. and Grummt I., Mol.Cell., 22, 351 – 361 (2006)
2. Ohki I., Shimotake N., Fujita N., Jee J., Ikegami T., Nakao M. and Shirakawa M., Cell, 105, 487 – 497 (2001)
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NMR studies reveal the role of biomembranes in modulating ligand binding and
release by intracellular bile acid binding proteins
Michael Assfalga, Massimo Pedòa, Frank Löhrb, Mariapina D’Onofrioa, Volker Dötschb and Henriette
Molinaria
a
b

Department of Biotechnology, University of Verona, Strada le Grazie 15, 37134, Verona, Italy, (michael.assfalg@univr.it)
Institute of Biophysical Chemistry, Goethe University, Max-von-Laue-Strs. 9, 61438, Frankfurt, Germany

Bile acid molecules are transferred vectorially between basolateral and apical membranes of hepatocytes and
enterocytes in the context of the enterohepatic circulation, a process regulating whole body lipid homeostasis.1 This work
addresses the role of the cytosolic lipid binding proteins in the intracellular transfer of bile acids between different
membrane compartments.2 We present nuclear magnetic resonance (NMR) data describing the ternary system composed
of the bile acid binding protein, bile acids, and membrane mimetic systems, such as anionic liposomes. We provide
evidence that the investigated liver bile acid binding protein undergoes association with the anionic membrane and
binding-induced partial unfolding. The addition of the physiological ligand to the protein-liposome mixture is capable of
modulating this interaction, shifting the equilibrium towards the free folded holo protein. An ensemble of NMR titration
experiments, based on nitrogen-15 protein and ligand observation, confirm that the membrane and the ligand establish
competing binding equilibria, modulating the cytoplasmic permeability of bile acids. These results support a mechanism
of ligand binding and release controlled by the onset of a bile salt concentration gradient within the polarized cell. The
location of a specific protein region interacting with liposomes is highlighted.
References:
1. Meier P. J. and Stieger B., Annu. Rev. Physiol., 64, 635 – 61 (2002)
2. Pedò M., Löhr F., D’Onofrio M., Assfalg M., Dötsch V. and Molinari H., J. Mol. Biol., 394, 852 – 63 (2009)
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Chemical engineering of artificial lipid vesicles and bilayer membrane in
toxicological studying: theory to experiment
Naira M. Ayvazian, Naira A. Zaqaryan and Narine A. Ghazaryan
Dpt. Biophysics, Yerevan State University, Armenia (taipan@ysu.am)

Venoms produced by snakes of the family Viperidae contain proteins that interfere with the coagulation cascade, the
normal haemostatic system and tissue repair, and human envenomations are often characterized by clotting disorders,
hypofibrinogenemia and local tissue necrosis.
Studies on the interaction of snake venom and organized lipid interfaces have been conducted using a variety of
systems, including BLMs, SUVs and LUVs. Giant unilamellar vesicles (GUVs) with a mean diameter of 30 µm have a
minimum curvature and mimic cell membranes in this respect. GUVs were formed from the total lipid fraction from
bovine brain by the electroformation method. Vipera lebetina obtusa venom was added to the sample chamber before the
vesicles were formed. The membrane fluorescence probes, ANS and pyrene, were used to assess the state of the
membrane and specifically mark the phospholipid domains. Fluorescent spectra were acquired on a Varian fluoremeter
instrument.
ANS and pyrene allows us to quantify the fluidity changes in the membrane by measuring of the fluorescence
intensity. The presence of viper venom in GUVs media reveals a noticable decreasing of membrane fluidity compare the
control, while the binding of fluorophores with GUVs modified by venom lead to appearance of channel activity. It was
recognized early that the vipers venom components preferred an organized lipid substrate near the lipid's phase transition
and were particularly active against micellar lipids. These studies also emphasize the importance of a membrane surface
curvature for its interaction with enzymatic components of venom.
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Telomeric quuadruplex seqquences have attracted
a
muchh attention ov
ver the past 155 years since a biological fu
unction of theese
unusual folds is anticipateed. Although it
i has been ann important qu
uest to decipher the physiollogically relev
vant quadruplex
t exact struuctures contriibuting to the mixtures present
p
in pottassium-rich solutions are still discussed
topologies, the
controversiallly. Here we present a Doouble Electronn-Electron Resonance (DEE
ER) study off folding of hu
uman telomerric
oligonucleotiides. The moddel sequence of
o human teloomeric DNA d-[A(GGGTTA
d
A)3GGG] wass synthesized with spin labeels
at positions 5 and 11. Thiss sequence is known to adoopt different G-quadruplexe
G
es depending on alkali ionss present. In the
t
presence of Na
N + it is, founnd with CD annd confirmed with
w NMR, a “parallel”
“
connformation. Inn the presence of K+-ions CD
Dspectra can be
b interpreted either as a mixture
m
of twoo conformation
n or
as a single “m
mixed” – paraallel/antiparalllel – conform
mation. The X--ray
structure wass solved for ann “antiparallell” one. By meeasuring spin-sspin
coupling in double
d
spin labeled sequennces the distaance distributiions
between two spin labels were
w extracted. The results for
f the Na+-prrobe
were in goodd agreement with
w the NMR structure. Thee found distan
nces
for the K+-ssample were 1.8+/-0.2 nm
m and 3.0+/-00.1 nm and were
w
pronounced evidence of
o coexisting of two coonformations in
approximatelly 1:1 ratio.1
References:
T E., Hartig J. S. and
a Drescher M.,, Angew. Chem. Int.
I Ed., 48, 9728 – 9730 (2009)
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13

C-MRI/M
MRS-investigaations1 of the function or metabolisms
m
of
o biologicallyy active compoounds (BACs)) requires signnal
enhancement,, e.g. hyperpoolarization obttained as ParaaHydrogen Ind
duced Polarizaation (PHIP)
2
based on the PASADENA
P
e
effect.
In situ prahydrogenattion of unsaturrated precursorrs containing
double or tripple bonds3 provvide access to various 13C-hyyperpolarized BACs:
B
The carrdioselective
beta1-receptorr blocker betta blocker essmolol inhibitts the actions of naturally occurring
epinephrine and
a norepinephhrine with rappid onset and short
s
duration (halflife ~ 9 min.).
m
BACs
containing caarboxylate groups like thee angio-tensinn converting enzyme
e
(ACE
E) inhibitors
(enalaprilat or
o similar ones) may be 13C- or 19F-hyyperpolarized accordingly.
a
F
Furthermore,
antidepressannt medications,, in particular selective serattonin reuptakee inhibitors (SS
SRI) such as
citalopram (C
Celexa) or fluooxetine (Prozaac), can be 13CC or 19F-hypeerpolarized andd investigated.. Wide-spread mood disordeers
causing cliniccal depression affect ~ 15% of the populattion and rank as
a the leading cause of disabbility in North America, wheere
almost 20 million people take Prozac. - Citalopram exists
e
as 2 en
nantiomers. Stuudying the fatte of the antid
depressant S-((+)
C or 19F-hyperrpolarized form
m4-6 from unsaaturated precurrsors (Fig. 1). Transferring the
t
enantiomer reequires its genneration in 13Cinitial 1H-hypperpolarization to 13C- or 19F--nuclei that exhhibit sufficienttly long T1 relaaxation times ssucceeds at low
w magnetic fiellds
(ALTADENA
A effect).5 Thee 100% abundaance of 19F-nucclei and its hig
gher magnetic moment comppensate for theeir short T1 tim
mes
in phenyl grouups relative to quarternary 133C.5
References:
A
O., Jóhaannesson H., Månnsson S., Olofssonn C. and Petersso
on J. S., Magn. Reeson. Med., 46, 1 – 5 (2001)
1. Golman K., Axelsson
2. Bowers C. R. and Weitekamp D., Phys. Rev. Leett., 57, 2645 (1986)
3. Natterer J. and Bargon J., Progg Nucl Magn Resson, Sp 31, 293 – 315 (1997)
Larsen J. H., Fridllund B., Hansson G., Golman K., et
e al., Proc Natl Acad
A
Sci U.S.A., 100, 10158 – 101163 (2003)
4. Ardenkjaer-L
5. Kuhn L. T., Bommerich
B
U. and Bargon J., J. Phhys. Chem. A, 110, 3521 – 3526 (2
2006)
6. Day I. J., Mitchell J. C., Snow
wden M. J. and Daavis A. L., J. Maggn. Reson., 187, 216
2 – 224 (2007)
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NMR Structural Study of hnRNP A1 in complex with RNA. Comparison between
solution structure and crystal structure
Pierre Barraud, Irene Beusch and Frédéric H.-T. Allain
Institute of Molecular Biology and Biophysics, ETH Zurich, Switzerland (pierre.barraud@mol.biol.ethz.ch)

Human hnRNP A1 (A1) is a versatile nucleic acid binding protein that is involved in many aspects of nucleic acid
processing such as pre-mRNA alternative splicing, telomere biogenesis and microRNA maturation. So far, the only
structural data that shed light on the molecular basis of nucleic acid recognition come from the crystal structure of the
two-RRM domain of A1 (UP1) complexed with a ss telomeric DNA.1 In this structure, two symmetry-related molecules
of UP1 interact to form a dimer that bind two strands of DNA in a anti-parallel manner. This peculiar organization could
be only relevant for binding to telomeric DNA repeats that hold short linkage sequence. This could prevent the binding of
the two RRMs of A1 within the same nucleic acid strand. An attractive hypothesis would be that two binding sequences
separated by a longer linker could be bound in a anti-parallel manner, leading to a looping of the RNA, similarly to PTB.
In this context, we investigate by NMR the solution structure of A1 bound to a single stranded RNA containing two
binding sites for each RRM of A1 separated by a 6 nt linker. We have NMR indications that in solution UP1 is
monomeric and that each RRM is bound to both ends of this RNA target. To solve the structure of this relatively large
protein/RNA complex, we chose to use a modular approach. We thus solved the structures of each individual RRM bound
to a shorter RNA with a very high precision. These structures have shown interesting features when compared to the
available crystal structure. The main differences are located in loops whose structure is distored by crystal packing
interactions. These regions are important for the recognition of the nucleotides flanking the AG central core motif. These
structures of the isolated RRMs in complex with RNA together with ITC measurements have shown a degenerate
sequence specificity of each RRM regarding its RNA target. Indeed, both RRM have a preference for the UAGG motif,
but whereas RRM1 can tolerate only a C at the first position (YAGG motif), RRM2 is more tolerant and can accomodate
any nucleotide at the first and the fourth position (NAGN motif). We will exploit this specificity to improve the NMR
line width of the large complex, a crucial condition in order to solve the structure of this large protein/RNA complex.
References:
1. Ding, J., et al.,. Genes Dev, 13, 1102 – 1115 (1999)
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Spectroscopic characterization of caveolar structures
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Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Roma, Italy

b
c

Caveolae are a region of cell membrane characterized by a different lipidic and proteic composition compared to
normal membrane. They appear as flask-shaped invaginations and are present in many tissues such as pulmonary, cardiac,
vascular, muscular and adipose and perform several tasks. One of these is to be an anchor surface for some proteins
involved in cell signalling. Their main difference from other membrane domains with similar tasks, the lipid rafts, is the
presence of caveolin, an oligomeric protein specific of this system. This protein is deemed to be responsible for many
functions performed by caveolae and its presence is thought to be the driving-force behind the segregation of cholesterol
and lipid species between the outer and inner leaflet of the bilayer. NMR and X-ray are the election spectroscopies for the
analysis of molecular structures at atomic scale. Both techniques were instrumental for conformational studies of several
proteins and were also successfully employed to study artificial, membrane-like aggregates.
The novelty of this study is the application of these techniques to study a phospholipid bilayer characterized by
peculiar morphology and a specific proteic component without disrupting its supramolecular organization to separate the
lipidic components from the proteins. Caveolae from different tissues are compared and quantitative differences are
observed regarding the internal ratio of the main lipidic species. Their distribution between the inner and the outer leaflets
of the bilayer is also investigated and it is observed that caveolae form various tissues show a different lipid composition
for each leaflet.1
References:
1. Caracciolo G., Sciubba F. and Caminiti R., Applied Physics Letters, 94, 1539011 – 1539013 (2009)
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Progress in the structure determination of two helical human membrane proteins
Monika Bayrhubera, Christian Klammtb, Innokentiy Maslennikovb, Senyon Choeb and Roland Rieka,b
a
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Laboratory of Physical Chemistry, ETH Zürich, Wolfgang-Pauli-Str. 10, 8093, Zürich, Switzerland (monika.bayrhuber@phys.chem.ethz.ch)
Structural Biology Laboratory, Salk Institute, 10010 North Torrey Pines Rd., 92037, La Jolla, CA, USA

About a quarter of all proteins in mammalian organisms are integral membrane proteins. They play a crucial role in
many cellular processes. However, only ~240 folds of integral membrane proteins and a few structures of human
membrane proteins have been solved so far. This is due to bottlenecks both in protein preparation and structure
determination. We are very interested in the investigation of two helical human membrane proteins, the human
transmembrane protein 141 (hTM141) and the human voltage gated proton channel (Hv11 or VSDO2). While the function
of hTM141 is unknown, Hv1 plays an important role in the human innate immune system. Its predicted structure differs
considerably from other cation channels. In order to gain insight in the function of these two proteins we want to
investigate both membrane proteins by liquid-state nuclear magnetic resonance (NMR) spectroscopy. The production of
hTM141 was done with the Cell-Free expression system.3 It is a 108 residue protein and exhibits an excellent [15N, 1H]TROSY spectrum. Therefore, sequential assignment using triple resonance experiments, collection of upper limit distance
restraints by NOESY experiments and the use of paramagnetic spin labels enabled the determination of the backbone
structure. Hv1 was expressed in functional form in E. coli. It is a 273 residue protein, which dimerises, and exhibits a
partially overlapped [15N, 1H]-TROSY spectrum. Since the transmembrane domain of Hv1 is monomeric and still
functional4, this domain will be investigated first. The assignment of the NMR resonances is in progress. The goal is to
understand the voltage-sensing and the proton permeation pathway of this unique channel.
References:
1. Ramsey I. S., Ruchti E., Kaczmarek J. S. and Clapham D. E., Nature, 440, 1213 – 1216 (2006)
2. Sasaki M., Takagi M. and Okamura Y., Science, 312, 589 – 592 (2006)
3. Klammt C., Schwarz D., Fendler K., Haase W., Dotsch V. and Bernhard F., FEBS J, 273, 4141 – 4153 (2006)
4. Koch H. P., Kurokawa T., Okochi Y., Sasaki M., Okamura Y. and Larsson H. P., Proc. Natl. Acad. Sci. U.S.A., 105, 9111 – 9116 (2008)
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Solid-state NMR spectroscopy of oriented membrane polypeptides at 100 K with
signal enhancement by Dynamic Nuclear Polarization
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Solid-state NMR spectroscopy provides a powerful tool for the structural investigation of membrane peptides and
proteins in their native lipid environment. Whereas solid-state NMR spectroscopy has been used to study the structure,
dynamics and topology of these polypeptides it has been difficult to develop its full potential due to the inherently low
sensitivity of NMR spectroscopy. This problem is particular pronounced for static oriented samples where the inherently
dynamic properties and the mosaic spread of polypeptides in lipid environments cause additional line broadening
Oriented membrane samples encompassing the bi-radical bTbK and a transmembrane peptide carrying a single 15N
label have been prepared on polymer sheets with sample geometries that fit into a 3.2 mm MAS rotor. Irradiating these
samples with µ-waves resulted in Dynamic Nuclear Polarization and a
concomitant 18-fold signal enhancement, which considerably shortened the
NMR acquisition times.1 Furthermore, the side band patterns of magic angle
oriented sample spinning (MAOSS) solid-state NMR spectra at 1kHz MAS
are indicative that the lipids and peptides form well-oriented bilayers at 100
K despite the small i.d. of the rotor and the presence of bi-radicals.1 The
DNP signal enhancement opens up interesting possibilities for
multidimensional solid-state NMR investigation of oriented membrane
polypeptides.
References:
1. Salnikov E., Rosay M., Pawsey S., Ouari O., Tordo P. and Bechinger B., J. Am. Chem. Soc., 32, 5940 – 41 (2010)
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The first step in the infection of human
h
cells with HIV is the
interaction between
b
the human
h
proteinn CD4 and thhe viral envellope
glycoprotein gp120.1 The X-ray structuure of the gp1220/CD4 comp
plex
suggests thatt contacts betw
ween the carbbohydrate attacched to Asn1997 of
gp120 mightt assist its binnding to CD4 (cf. Figure).2 Here we rep
port
experimentall data that suppport the positive role of glyycans of gp120 at
Asn197 on biinding of gp120 to CD4 byy analyzing the
t interaction
n of
different gp120 based pepttides and glyccopeptides witth CD4.
We find that glycopeeptides bind up to a factoor of four more
m
strongly to CD4
C
than thee parent peptiides. Analysis of the bind
ding
3
epitope obtaiined by STD NMR
N
shows that the sugarr interacts maiinly
in the region of C2 with thhe CD4 proteinn.
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NMR Studies of the extracellular domain of a prokaryotic ligand-Gated Ion
Channel (LGIC)
Christos T. Chasapisa, Aikaterini Argyrioua, Detlef Bentropb, Nicolas Bocquetc, Pierre-Jean
Corringerc and Georgios A. Spyrouliasa
a

Department of Pharmacy, University of Patras, GR-26504, Patras, Greece
Institute of Physiology II, University of Freiburg, D-79108 Freiburg, Germany (detlef.bentrop@physiologie.uni-freiburg.de)
c
Pasteur Institute,G5 Group of Channel-Receptor, CNRS URA 2182
b

Pentameric ligand-gated ion channels of the Cys-loop family are of special importance for the rapid chemo-electrical
signal transduction at synapses,1–3 but the mechanisms of ion permeation and gating of these membrane proteins remain
elusive. Recently the X-ray structures of two prokaryotic homologues of the nicotinic acetylcholine receptor (nAChR), the
best studied member of the LGIC family, have been determined: 1) the bacterial Gloeobacter violaceus pentameric
ligand-gated ion channel homologue 4 (GLIC; 2.9 Å) in an open conformation2 and 2) a homologue from the bacterium
Erwinia chrysanthemi (ELIC; 3.3 Å) in a closed conformation.3
The 200-residue extracellular domain of GLIC, which is found to be a monomer in solution, was cloned and expressed
in high yields in E. coli. The 1H-15N HSQC exhibits signal dispersion typical for polypeptides with mainly beta structure.
13 15
C/ N labeled GLIC is now studied using heteronuclear multidimensional NMR spectroscopy and more than 40% of the
backbone 13C/15N nuclei have already been assigned. Additionally, protein deuteration from 60 to 100% is expected to
increase the spectral sensitivity and resolution and allow the complete resonance assignment of the protein and the
extraction of NOE constraints (Chasapis C.T. et al. work in progress).
References:
1. Corringer P. J. and Changeux J. P., Scholarpedia, 3, 3468 (2008)
2. Bocquet N., Nury H., Baaden M., Le Poupon C., Changeux J. P., Delarue M. and Corringer P. J., Nature, 457, 111 – 4 (2009)
3. Hilf R. J. and Dutzler R., Nature, 457, 115 – 8 (2009)
Acknowledgments: This work was supported by the EU FP7 grant ‘Neurocypres” (no.202088).

__________________________________________________________________________________________________

P24

Paramagnetic perturbation profiles of protein surface accessibility and hydration
Andrea Berninia,, Silvia Bottinia, Ottavia Spigaa, Delia Piconeb and Neri Niccolaia
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The way proteins, together with all other molecular ingredients of life, interact with one another is encoded in their
surface accessibility, a dynamic parameter which is difficult to analyse. In any case, the accessibility of protein surfaces at
atomic resolution needs to be investigated in detail in order to understand the mechanisms of the molecular interactions.
To help understanding how particular surface regions of complex molecules can be preferential targets for binding ligand
and/or water molecules, we present paramagnetic attenuation profiles of NOESY and ePHOGSY signals of BS RNAse
induced by the presence of TEMPOL. The obtained results confirm how this approach yields powerful information on
protein surface dynamics and protein-solvent interaction. The strong attenuations of NOESY signals observed for Gln11
an His119 indicate that the P1 moiety of the enzyme active site results among the most TEMPOL accessible regions of BS
RNAse. On the other side, the scarcely attenuated ePHOGSY signals of Asp83 and Ile81 suggest some protection from
the access of the soluble spin-label in the B1 moiety of the enzyme active site. This hindrance to TEMPOL access to
protein active sites, not observed before,1 in BS RNAse is consistent with the presence of resident water molecules having
catalytic activity.
Paramagnetic attenuation profiles obtained for BS RNAse have been compared with X ray diffraction data obtained
for bovine pancreatic RNAase A, an enzyme highly homologous to BS RNAase, with Multiple Solvent Crystal Structure.2
The total agreement between Xray and NMR data is impressive, revealing that valuable information from of paramagnetic
attenuations of ePHOGSY signals can delineate not only buried water molecules, but also the ones which are protected in
strong surface hydration sites waiting for their catalytic action.
References:
1. Bernini A., Venditti V., Spiga O. and Niccolai N., Prog Nuclear Magn Reson Spectr, 54, 278 – 289 (2009)
2. Dechene M., Wink G., Smith M., Swartz P. and Mattos C., Proteins, 76, 861 – 881 (2009)
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Structural Impact of Pseudophosphorylation of 441-residue tau
Stefan Bibowa, Valery Ozenneb, Jacek Biernatc, Loic Salmonb, Christian Griesingera, Martin
Blackledgeb, Eckhard Mandelkowc and Markus Zweckstettera,d
a
Department for NMR-based Structural Biology, Max Planck Institute for Biophysical Chemistry, Am Fassberg 11, 37077 Göttingen, Germany,
(sebi@nmr.mpibpc.mpg.de)
b
Institut de Biologie Structurale Jean-Pierre Ebel, Centre National de la Recherche Scientifique, 41 Rue Jules Horowitz, 38027 Grenoble, France
c
Max Planck Unit for Structural Molecular Biology, c/o DESY, Notkestrasse 85, 22607 Hamburg, Germany
d
DFG Research Center for the Molecular Physiology of the Brain (CMPB), Göttingen, Germany

Alzheimer’s disease is characterized by abnormal protein deposits in the brain, such as extracellular amyloid plaques
and intracellular neurofibrillary tangles (NFTs). The tangles are made of a protein called tau comprising 441 residues in
its longest isoform. Binding and release of tau from microtubules is controlled via phophorylation. Hyperphosphorylation
plays a critical role in AD and tau’s aggregation into NFTs. Here we replaced several serine and threonine residues in
441-residue tau with glutamic acid to mimic homogenous phosphorylation at specific sites. The combined mutations
S199E+S202E+T205E+T212E+S214E+ S396E+S404E in the recognition sites of the AT8, AT100 and PHF1 antibodies
do not induce formation of rigid secondary structure. Instead pseudophosphorylation leads to an opening of the protein
conformation. Especially the repeat regions containing two aggregation-prone hexapeptides are less protected, making
these regions more susceptible to inter-residual contacts and aggregation.
Acknowledgments: This work was supported by the Max-Planck-Gesellschaft, Deutsche Forschungsgemeinschaft, Volkswagen Foundation and the
Competence Network Degenerative Dementias.
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Dimeric Structure of ING4 and Bivalent Recognition of histone H3 trimethylated
at K4 studied by NMR
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The INhibitor of Growth (ING) family of tumor suppressors regulates the transcriptional state of chromatin by
recruiting remodeling complexes to sites with histone H3 trimethylated at K4 (H3K4me3). This histone modification is
recognized by the Plant HomeoDomain (PHD) present at the C-terminus of the five ING proteins.1,2,3 ING4 facilitates
histone H3 acetylation by the HBO1 complex. ING4 forms homodimers through its N-terminal domain, which folds
independently into an elongated coiled-coil structure4. The central region of ING4 is disordered and flexible, and does not
directly interact with p53 or does it with very low affinity, in contrast to previous findings.
NMR analysis of the full-length protein reveals that the two PHD fingers of the dimer are chemically equivalent and
independent of the rest of the molecule, and bind H3K4me3 with the same binding site and affinity as the isolated PHD
finger. Therefore, the ING4 dimer has two identical and independent binding sites for H3K4me3 tails which, in the
context of the chromatin, could belong to the same or to different nucleosomes. These results show that ING4 is a bivalent
reader of the chromatin H3K4me3 modification and suggest a mechanism for enhanced targeting of HBO1 complex to
specific chromatin sites. The same mechanism could be common in other ING-containing remodeling complexes.
References:
1. Palacios A., et al., FEBS Letters, 580, 6903 – 6908 (2006)
2. Shi X., et al., Nature, 442, 96 – 99 (2006)
3. Palacios A., et al., J Biol Chem, 283, 15956 (2008)
4. Palacios A., et al., J Mol Biol, 396, 1117 (2010)
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Chemical shift mapping of large proteins without the need of deuteration
Marcel J. J. Blommers, Alvar Gossert, Simon Rüdisser, Andre Strauss and Armin Widmer
Novartis Institutes for BioMedical Research, Novartis Campus, CH-4056 Basel, Switzerland, (marcel_jj.blommers@novartis.com)

The characterization of ligand protein interactions is an important theme in drug discovery programs. There are
various techniques available to detect the binding of a ligand to a protein and to determine its affinity. One of the most
robust methods is the observation of chemical shift changes of resonances of the receptor protein upon binding of a
ligand. Chemical shift mapping can be performed preferably by measuring 2D NMR spectra of 15N and/or 13C labeled
proteins or measuring 1D spectra of unlabeled proteins. Many important drug targets, however, are larger than 25 kDa.
For large proteins, single resonances are broad and spare and therefore selective labeling and in particular deuteration in
combination with TROSY detection is required to achieve the resolution and signal sensitivity required for proteinobserved chemical shift mapping. The same holds true for protein-protein complexes. It should be noted, that many drug
targets can only be expressed in Baculovirus infected insect cells (BV), where deuteration is not feasible.
In the poster we present 13C methionine labeling of large proteins as an elegant workaround. It is convincingly shown
for several drug targets with a size up to 45 kDa that high resolution spectra can be obtained for the 13C methionine
methyl resonance because of its fortunate relaxation properties. This becomes obvious in the examples shown of BV and
E. coli expressed proteins, where chemical shift mapping and affinities (Kd’s) could be obtained for ligands with fastexchange as well as slow-exchange binding kinetics. Application of spin labels and NOEs complement chemical shift
changes for the validation of ligand binding docking models. An analysis of about 3000 proteins in our protein structure
database that consist exclusively of drug targets reveals that all proteins in this database have at least one methionine. In
2/3 of these proteins, at least one methionine methyl is present in or close to the ligand binding site. The expectation that
the chemical shift of at least one methionine methyl changes upon ligand binding is therefore realistic. Apart from the
selective labeling in BV, our experience of selective labeling of methionine in E. coli and in cell-free systems shows that
the label is not distributed to other amino acids (almost no scrambling). Extension to other expression systems seems
straightforward.
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Specific helix-helix interactions of the ErbB transmembrane domains
Eduard Bocharov, Konstantin Mineev, Yulia Pustovalova, Marina Goncharuk, Olga Bocharova,
Vladimir Chupin and Alexander Arseniev
Division of Structural Biology, Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Mikluho-Maklaya str., 16/10, 117997, Moscow, Russian
Federation, (bon@nmr.ru)

The epidermal growth factor receptor family, also know as ErbB or HER, of receptor tyrosine kinases mediates a
variety of cellular responses in normal biological processes and in pathological states of multicellular organisms. During
signal transduction across plasma membrane, four human ErbB1-4 members are activated by proper ligand-induced
homo- and heterodimerization or by reorientation of monomers in preformed receptor dimers
upon ligand binding. The single-span transmembrane (TM) domains of ErbB revealed ability
to homo- and heterodimerize in the absence of extracellular ligand-binding and cytoplasmic
kinase domains. Using heteronuclear NMR spectroscopy we investigated spatial structures
and internal dynamics of the homo- and heterodimers formed by TM domains of ErbB1,
ErbB2 and ErbB4 receptors inside the supramolecular complexes mimicking membrane
environment, such as detergent micelles and lipid bicelles. We characterized monomer-dimer
transitions, described atomistic picture of the intra- and intermolecular interactions, and
analyzed diverse TM helix-helix packing interfaces, providing the evidence that ErbB TM domains can associate in a
different manner. The obtained homo- and heterodimeric conformations of ErbB2tm, ErbB4tm and ErbB1tm/ErbB2tm
employing N-terminal dimerization motifs are believed to support the active configuration of receptor juxtamembrane and
kinase domains, while the described ErbB1tm homodimer via C-terminal motif presumably corresponds to the receptor
inactive state, that appear to favor the so-called “rotation-coupled” activation mechanism of ErbB receptor signaling. The
found capability for multiple polar interactions along with hydrogen bonding between ErbB1tm and ErbB2tm correlates
with that this heterodimer is strongest in vitro and that ErbB1/ErbB2 has high mitogenic activity and oncogenic potential
in vivo.
Acknowledgments: supported by RFBR grant 09-04-00551 and by FTP “Scientific and scientific-pedagogical personnel of the innovative Russia”.
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TPPP/P25: A New Unstructured Protein With Gtpase Actvity
Andrea Bodora, András Perczela, Ágnes Zotterb and Judit Ovádib
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(abodor@chem.elte.hu)
b
Hungarian Academy of Sciences, Institute of Enzimology, Karolina út 29, Budapest, Hungary

Tubulin Polymerization Promoting Protein (TPPP of 25kDa) is a highly dynamic protein for which the supreme target
is the microtubule system. In normal human brain TPPP is expressed predominantly in oligodendrocyte; and in
pathological inclusions TPPP co-accumulates with α-synuclein in both glial and neuronal cells leading to
synucleinopathies. Multinuclear NMR investigations reveal two types of peaks: the intense peaks show low signal
dispersion and are in accordance with a disordered protein structure; while the low intensity peaks are dispersed and
belong to the ordered part. SCS data obtained from the assignment of the 3D measurements (HNCA, (H)CC(CO)NH,
TOCSY-HSQC, NOESY-HSQC) for the intense signals of TPPP prove that both the C- and N-terminal parts are
‘disordered’. GTP binding of TPPP was monitored by HSQC measurements. Presumed binding positions can be the
Rossmann fold sequence and Switch II region, both situated at the C-terminal part; however, GTP binding occurs in the
‘core’ region. The specific hydrolytic activity of TPPP was followed by 31P NMR measurements. Real time kinetic
analysis showed that GTP hydrolysis leads to the formation of GMP and free phosphate, whilst GDP concentration is
maintained at steady-state condition. GDP alone doesn’t have hydrolytic activity in the presence of TPPP. This specific
GTPase activity of TPPP is comparable with that of the non-activated small G protein, suggesting its involvement in
multiple physiological processes in addition to the regulation of GTP-mediated microtubule assembly.
Acknowledgments: This work was supported by the Hungarian National Research Foundation, and the János Bolyai Research Fellowship. 3D
measurements were performed at the Oxford NMR Facility, in the EASTNMR Research Infrastructure framework.
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NMR study of Gd-based nanoparticles to tag boron compounds in boron neutron
capture therapy (BNCT)
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Boron neutron capture therapy (BNCT) has proved to be very promising for certain kind of tumours like spread liver
metastases. On the other hand Magnetic Resonance Imaging (MRI) is a powerful non-destructive and non-invasive
technique that allows visualisation of nuclide’s distribution in tissues and organs in vivo. The optimisation of the BNCT
relies on the knowledge of the distribution and concentration of boron in the tumour tissue compared to the healthy tissue.
We aim at synthesising new organic complexes containing a magnetic moment (Gd-based molecular nanomagnets)
which would serve the double purpose of acting as BNCT agents, and at the same time act as contrast agents (CA) to
detect the molecule in the tissue via proton MRI. We also explore the possibility of monitoring the concentration of the
BNCT agent directly via proton and boron nuclear magnetic resonance (NMR) relaxation.
We present preliminary NMR measurements of spin-spin and spin-lattice relaxation rates in the liver tissue of
laboratory animals on both protons and on 10B nuclei to establish if the relaxation rate is significantly different for nuclei
in the tumoral tissue vs. the ones in the healthy tissue. From 10B NMR we were able to evaluate in rat liver tissues a 10B
amount less than 2 ppm. In tumoral liver tissues, values up to 11 ppm were obtained. The detected concentrations are in
good agreement with the data obtained by α-spectrometry.
We have measured the relaxivity of protons in the range 10 kHz-65 MHz for a newly sinthesized Gd-tagged BNCT
agent in the liquid used as culture for the tumoral cells and in water. Such relaxivity is considerably higher than the one of
commercially available contrast agents of similar molecular weight.
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NMR study of the interaction between the Escherichia coli peptidyl-tRNA
hydrolase and an analog of its substrate
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It accidentally happens that an elongating peptidyl-tRNA dissociates from the ribosome during translation. The
accumulation of inactive peptidyl-tRNAs being toxic for the cell, they need to be discharged. This is realized by peptidyltRNA hydrolases that cleaves the ester bond between the C-terminal end of the peptide and the ribose at the 3’ extremity
of the tRNA. Peptidyl-tRNA hydrolase 1 (Pth1) is found in all bacterial genomes and was shown essential in E. coli, B.
subtilis and M. tuberculosis. In the opposite, based on the study of S. cerevisiae mutants it seems that Pths are dispensable
in eukaryotic cells, making Pth1 an attractive target for antibiotherapy.
Using an 15N-13C-labelled sample, we assigned the resonances frequencies of all E.coli Pth1 backbone atoms and
verified the compatibility of its structure with that previously resolved by X-ray diffraction.1 We studied, by chemical
shift mapping, its interactions with a non-hydrolysable analog of the substrate and built, using the HADDOCK software,
structural models of the corresponding complex. This analysis allowed us to extend the Pth1 functional models previously
proposed.1-3
References:
1. Schmitt E., Mechulam Y., Fromant M., Plateau P. and Blanquet S.,. EMBO J., 16, 4760 – 4769 (1997)
2. Fromant M., Plateau P., Schmitt E., Mechulam Y. and Blanquet S., Biochemistry, 38, 4982 – 4987 (1999)
3. Goodall J. J., Chen G. J. and Page M. G., Biochemistry, 43, 4583 – 4591 (2004)
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NMR insights into the inhibition of peptidoglycan L,D-transpeptidation
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Peptidoglycan is a major structural component of the bacterial cell envelope and is the target of the two main classes
of drugs available to treat severe infections due to Gram-positive bacteria, the β-lactams and the glycopeptides. In the late
years an increasing number of patient’s infections with multi-drug resistant strains has nevertheless been reported and a
search to identify the resistance mechanisms has been started. Bypass of the penicillin-binding proteins (PBPs) by L,Dtranspeptidases (LDts), that catalyze the formation of 3→3 crosslinks instead of the classical 4→3 peptide crosslinks in
the peptidoglycan structure has been identified as one of them.1 As the latter proteins have also been identified in nonreplicating forms of pathogenic Mycobacterium tuberculosis,2 they are becoming an increasing center of interest.
The present work focuses on the identification of key molecular determinants for this new class of active-site cysteine
transpeptidase and on its comparison with the active-site serine PBP-transpeptidases. The NMR solution structures of the
free form and a carbapenem-bound form of the 20 kDa L,D-transpeptidase from Bacillus subtilis will be presented. The
role of a catalytic triad will be discussed.
References:
1. Mainardi J.-L., Legrand R., Arthur M., Schoot B., van Heijenoort J. and Gutmann L., J Biol Chem, 275, 16490 – 16496 (2000)
2. Gupta R., Lavollay M., Mainardi J.-L., Arthur M., Bishai W. R. and Lamichhane G., Nature Medicine, 16, 466 – 470 (2010)
Acknowledgments: This research was supported by the French ANR Program (ANR-08-BLAN-0306-01 and -02).
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EPR Double Electron Electron Resonance measurements of a Cytochrome P450
and Ferredoxin complex to determine the docked structure
Alice M. Bowena, Janet E. Lovetta, Nicola Hoskinsa, Sameera Chamila, Stephen G. Bella, Francesco
Mercuria, Domenico Caprottia, Yevhen Polyhachb, Gunnar Jeschkeb, Jeffrey Harmera, Leut-Lok
Wonga and Christiane R. Timmela
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(alice.bowen@chem.ox.ac.uk)
b
ETH Zürich, Laboratorium f. Physikalische Chemie, Wolfgang-Pauli-Str. 10, 8093 Zürich

Cytochrome P450 is an important enzyme for catalytic hydroxylation using molecular oxygen which ultilises electron
transfer from ferredoxin to P450.1 Although crystallographic data are available for the individual proteins, structures of
the docked conformations, in which electron transfer occurs, are not. This work aims to provide the first experimental data
on P450 recognition. Ferredoxin contains a reduced Fe2S2 centre in which the two irons are antiferromagnetically coupled
to give an S=1/2 ground state. In order to provide the correct g-matrix orientation for the iron-sulphur cluster density
functional calculations have been performed as well as comparison with similar systems where the orientation is known.
The heme group in P450 was reduced and capped with CO to give EPR silent low-spin Fe(II). The P450 protein sequence
is then selectively mutated to contain additional cysteines and spin labelled at these positions using the nitroxide spin label
MTSL. Double Electron Electron Resonance (DEER) measurements utilising the through space dipolar interaction were
made between the Fe2S2 centre and the NO• at 5 different pump positions in order to give orientationally selective spectra.
The data were analyzed by least-squares fitting to a grid of simulated DEER spectra to give the separation distance and
relative spin-spin orientation.2 From the fitted data, protein structures and positions of the NO• calculated from a rotamer
library,3 the relative positions of the two spin labels were found and used to form possible docked models of the two
proteins that will be refined using molecular dynamics simulations to provide the final structure of the docked system.
References:
1. Bell S. G., Hoskins N., et al., Biochem. Biophys. Res. Commun., 342, 191 – 196(2006)
2. Lovett J. E., Bowen A. M., et al., Phys. Chem. Chem. Phys., 11, 6840 – 6848(2009)
3. Polyhach Y., et al., J. Magn. Reson., 185, 118 – 129(2007)

__________________________________________________________________________________________________

P34

A prion oligomer that can destroy membranes
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The HET-s protein from the filamentous fungi Podospora anserina is a functional prion involved in a limited cell
death reaction termed heterokaryon incompatibility. It is observed between two fungi of which one is carrying HET-s in
the prion state and the other one a monomeric HET-S protein. Our aim is to get a detailed insight into this prion-induced
toxicity mechanism. Previous data showed, that the N-terminal domain of HET-S does exert a prion inhibitory effect, i.e.
it can inhibit HET-s and self-fibrilization, and might function as a fungal cell death inducing domain.1 However, about the
prion-initiated incompatibility reaction little is known. We show in liposomes, that the interaction of the HET-s fibril with
HET-S, results in the expulsion of a hydrophobic domain, which targets the HET-S/HET-s complex to the membrane and
subsequently perforates it. In the absence of liposomes the interaction of HET-S and HET-s leads to precipitation of the
BigMESs (Big Membrane Entering Ss) complex, an event that could also explain the inhibition of fibril growth by HETS. Proteinase K digestion of liposome inserted HET-S restricts the liposome inserted fragment to the first 34 residues of
the N-terminal region of HET-S. Further, mutations in this domain abolish the toxicity of HET-S in vivo and switch HETS and HET-s phenotypes.2 Kinetic analysis of liposome leakage assays revealed that BigMESs formation requires equal
amounts of HET-s and HET-S monomers. We used ssNMR to show that HET-S and HET-s do interact through their PFD
and conclude that HET-s fibrils trigger the conformational change of HET-S. A toxic BigMESs complex is then formed
that can disrupt membranes.
References:
1. Greenwald J., Buhtz C., Ritter C., Kwiatkowski W., Choe S., Maddelein M. L., Ness F., Cescau S., Soragni A., Leitz D., Saupe S. and Riek R., Mol.
Cell, accepted
2. Deleu C., Clave C. and Begueret J., Genetics, 135, 45 – 52 (1993)
Acknowledgments: we acknowledge Enrica Bordignon and Laura Pieri for their expertise in liposome preparation.
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High-Resolution NMR Studies of Prokaryotic Toxin-Antitoxin Systems Reveal
Intricate Regulatory Networks
Lieven Butsa,b, Michal Respondekc, Walter Hohlwegc, Natalie De Jongea,b, Abel Garcia-Pinoa,b, Sarah
Haesaertsa,b, Remy Lorisa,b, Henri De Grevea,b, Klaus Zanggerc, Lode Wynsa,b and Nico van Nulanda,b
a

Structural Biology Brussels, Vrije Universiteit Brussel, Belgium (Lieven.Buts@vib-vub.be)
Department of Molecular and Cellular Interactions, VIB, Belgium
c
Organic and Bioorganic Chemistry, University of Graz, Austria
b

Prokaryotic toxin-antitoxin (TA) systems are regulatory genetic elements combining a stable toxin and a specific,
labile antitoxin.1 Each toxin is capable of interfering with an essential cellular function, leading to a reduction in
metabolic activity which has been associated with the response of bacterial cells to stress conditions. This response is of
great medical interest in the case of the formation of persister cells which survive antibiotic therapy. The antitoxins are
typically two-domain proteins, consisting of a well-structured DNA-binding domain and a highly dynamic toxin-binding
domain. The latter domain is generally disordered in its free state, only adopting a specific conformation when it binds to
its toxin partner. The DNA binding activity of the antitoxin has a central role in the autoregulation of the TA system.
Two representative TA systems were studied using high-resolution NMR methods. The first comprises the antitoxin
CcdA and the toxin CcdB, which poisons the topoisomerase gyrase, thus inhibiting DNA replication and transcription.
Simultaneous binding and folding of the CcdA neutralisation domain triggers an allosteric change in CcdB, releasing it
from the target.2 The second prototypical system consists of the antitoxin MazE and the toxin MazF. The latter is a
ribonuclease which degrades the majority of messenger RNA molecules in the cell, leading to a global shutdown of
protein biosynthesis.3 Sequence-specific resonance assignments and structure calculations were completed for MazE from
Escherichia coli and CcdB from Vibrio fisheri. The resulting structures are being used as a foundation for an in-depth
study of the antitoxin-DNA and toxin-antitoxin interactions, leading to a complete description of the intricate regulatory
networks in TA systems.
References:
1. Buts L., Lah J., Dao-Thi M. H., Wyns L. and Loris R., Trends Biochem. Sci., 30, 672 – 679 (2005)
2. De Jonge N., Garcia-Pino A., Buts L., Haesaerts S., Charlier D., Zangger K., Wyns L., De Greve H. and Loris R., Mol. Cell., 35, 154 – 163 (2009)
3. Yamaguchi Y and Inouye M., Prog. Mol. Biol. Transl. Sci., 85, 467 – 500 (2009)
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Nuclear magnetic resonance applied in structural studies of secretory chaperones
and protein-ligand interactions
Izabella Venturini Cagliari, Alessandra Prando and Ljubica Tasic
Department of Organic Chemistry, State University of Campinas, Campinas, Brazil (g071219@iqm.unicamp.br)

The Orange agricultural production suffers from several diseases and the Citric Canker is among them. This disease is
caused by the phytopathogen Xanthomonas axonopodis pv. citri (Xac), a Gram negative
bacterium whose pathogenicity factors are not well understood. With the aim to
comprehend the disease pathways in Xac, Type III (T3SS) and Type IV Secretion
Systems (T4SS), especially the secretion chaperones belonging to these, were the
objects of our studies. Upon cloning, expression and purification procedure
standardizations, for NMR assays, the target protein (XAC1990) was isotope labeled
with 15N using 15NH4Cl in minimum medium. After isolation and purification, mainly
by chromatographic methods, such as column gel filtration, the labeled protein was
analyzed by 1H NMR and is encountered folded. The second part of our investigations
consisted in interaction studies among Xac’s proteins and probable ligands and/or
Figure 1 - Geldanamycin
inhibitors, once these are crucial in any biochemical process. These were also
1
monitored by H-NMR and STD-NMR (Saturation Transfer Difference) assays. Our studies also embody NMR analysis
of Orange Heat Shock Protein, Hsp90, with geldanamycin (Figure 1) this protein inhibitor.
References:
1-Da Silva A. C. R., Ferro J. A., Reinach F. C., Farah C. S., et al., Nature, 417, 459 – 63 (2002)
Acknowledgments: CNPq and FAPESP.
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Unfolding States of Integral Membrane Proteins by GPS NMR: TFE-induced
disintegration of KcsA reconstituted in micelles
Antonello Calcuttaa, M. Lourdes Renarda, Manja Annette Behrensa, Jan Skov Pedersena, Daniel E.
Otzena, José M. Gonzáles-Rosb, Niels Chr. Nielsena and Anders Malmendala
a
Center for Insoluble Protein Structures (inSPIN), Interdisciplinary Nanoscience Center (iNANO) and/or Department of Chemistry, Aarhus University,
Denmark (antonellocalc@hotmail.com)
b
Universidad Miguel Fernández, Alicante, Spain

Membrane proteins are vital for biological function, and the mechanism of their action and their role in biology
critically depends on how they interact with membranes, their folding properties, and their topology under given
conditions. Because of its impact in molecular medicine, the membrane folding problem has become a central point in
many investigations.1 The experimental conditions to unfold helical membrane proteins are crucial and the difficult
handling of membrane proteins represents a challenge as it applies classical and new techniques to investigate the folding
and unfolding of membrane proteins.2 The following study takes advantage of a new technology called GPS-NMR3
(Global Protein Structure - NMR). This technology combines the ability of NMR spectroscopy to simultaneously record
signals from the individual hydrogen atoms (1H) and the capacity of Multivariate Analysis to reduce data complexity. By
GPS-NMR, we have studied the main steps involved in the unfolding of KcsA under influence of TFE. Because of the
clear influence of the environment on membrane protein folding and topology, GPS-NMR may serve as a useful way to
map membrane protein conformations in a high-throughput fashion. Our study shed new light to the highly complex TFEDDM-KcsA and describes step by step the overall changes happening in solution to the micelles and to the protein during
the unfolding process.
References:
1. Bowie J. U., Nature, 438, 581 – 589 (2005)
2. Booth P. J. and Clarke J., Proc Natl Acad Sci U.S.A., 107, 3947 – 3948 (2010)
3. Malmendal A., Underhaug J., Otzen D. A. and Nielsen N. C., PloS ONE 5, e10262 1 – 6 (2010)
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Identification of Protein - Nanoparticle Interaction Site
Luigi Calzolai, Fabio Franchini, Douglas Gilliland and François Rossi
European Commission, Joint Research Centre, Institute for Health and Consumer Protection, 21026, Ispra, Italy (luigi.calzolai@jrc.ec.europa.eu)

Nanoparticles (NP) are materials characterized by dimensions smaller than 100 nm. Due to their small size they have
properties that can be quite different from the bulk form of the same material. These particles are small enough to enter
almost all areas of the body, including cells and organelles and their use is constantly increasing in biomedicine. At the
moment there is a strong interest in using NP as drug delivery systems and there are already several diagnostics tools in
biomedicine that make use of different kinds of NP. At the moment not much is known about the interaction of nanoscale
objects with biological systems and their potential toxicity.
We show that it is possible to identify the protein-nanoparticle interaction site at amino acid scale in solution. Using
NMR, chemical shift perturbation analysis, and dynamic light scattering we have identified a specific domain of human
ubiquitin that interacts with gold nanoparticles. This method allows a detailed structural analysis of proteins absorbed
onto surfaces of nanoparticles in physiological conditions and it will provide much needed experimental data for
understanding the interaction of proteins with nanoscale particles.
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New insights into FGFR-HS-FGF interactions. Towards the elucidation of the
ternary complex in solution by using NMR spectroscopy
Ángeles Canalesa, Lidia Nietob, Israel S. Fernándezb, Pilar López-Navajasb, Guillermo GíménezGallegob, Pedro Nietoc and Jesús Jiménez-Barberob
a
Dpto. Química Orgánica I, Facultad de Ciencias Químicas, Univ. Complutense, Av. Complutense s/n, E-28040, Madrid, Spain,
(ma.canales@quim.ucm.es)
b
Centro de Investigaciones Biológicas, CSIC, 28040, Madrid, Spain
c
Instituto de Investigaciones Química, CSIC, 41092, Sevilla, Spain

The fibroblast growth factors (FGFs) constitute a family of more than twenty signalling polypeptides which are
involved in a variety of biological processes including cell proliferation, differentiation and angiogenesis. FGF biological
functions are triggered by binding of the polypeptide to specific transmembrane tyrosine kinase receptors (FGFRs) at the
cell surface. In addition, FGFs strongly bind to glycosaminoglycans (GAGs) of the type of heparin and heparan sulphate
(HS). Sulfated GAGs seem also essential for the appropriate assemblage of an effective signalling complex between FGF
and FGFRs. Crystal structure data of FGF1-GAG-FGFR21 and FGF2-GAG-FGFR12 complexes reveal striking
discrepancies in the proposed topologies of the ternary complex. Since the contacts detected by X-ray crystallography
may be due to crystal packing forces, it is important to validate the presence of these interactions in solution. In this
context, A. Kochoyan et al3 have studied the interaction between FGFR Ig2 module and FGF in solution by NMR,
showing that in the absence of heparin, FGFR Ig2 can bind to FGF not only via the primary site (present in both models),
but also via the secondary site (present only in the symmetric model described by Schlessinger et al.). Following this
approach, we present our data on FGFR Ig2-HS interactions and FGFR Ig2-HS-FGF1 interactions by NMR to gain
insight into the role of HS oligosaccharides in the architecture of the ternary complex in solution.
References:
1. Pellegrini L., Burke D. F.,von Delft F., Mulloy B. and Blundell T. L., Nature, 407, 1029 – 1034 (2000)
2. Schlessinger J., et al., Mol Cell, 6, 743 – 750 (2000)
3. Kochoyan A., Flemming M. P., Berezin V., Bock E. and Kiselyov V. V., FEBS Letters, 582, 3374 – 3378 (2008)
Acknowledgments: This work was supported by a grant from the MICINN of Spain (CTQ-2006-10874-C02-01) and a Ramón y Cajal contract to AC.
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Hunting down the squid - towards understanding Legionella pneumophila SKP
Jonas Carlsson
Department of Chemistry, University of Gothenburg, Biochemistry and Biophysics, P.O. Box 462, SE-405 30, Göteborg, Sweden, (jonasc@gu.se)

The objective of this study is to investigate the Seventeen Kilodalton Protein (SKP) of the bacterium Legionella
pneumophila using various biochemical and biophysical methods, such as NMR (both in solution and solid-state), X-ray
crystallography, crosslinking studies, dynamics experiments etc. Most important is the elucidation of the structure of SKP,
but also to clarify its working mechanism and how it interacts with other proteins and membrane lipids (especially
lipopolysaccharides).
The protein SKP is believed to take part in the process where outer membrane proteins (OMPs) are inserted into the
outer membrane of the L pneumophila cells, and the bacterium is believed to be pathogenic due to some of its OMPs. If
SKP could be more readily studied, new drugs to counter the diseases it is causing could possibly be developed.
Also, SKP has several other intriguing properties. One notable is the ability to prevent other proteins from aggregating
in solution which can be very usefull when overproducing other proteins This since SKP then can be coexpressed to
surpress problems with aggregation and inclusion body formation.
SKP has a very high expression level in the E coli rosetta system used previously, so that approximately 4 g SKP can
be produced per litre cell culture. The growth of the bacteria usually reaches an optical density of more than 11, which is
unusually high for batch cultures (i.e. no fermentor is used). Hence, lots of analyses can be performed from just one round
of cell culture. SKP is produced as inclusion bodies and therefore requires refolding after purification. However, this
process is straightforward and simple, and the purification itself is also easy. After cell harvest the cells are disrupted with
8 M urea and the solution is centrifuged to get rid of the cellular debris. After this, the remaining solution is run through
an IMAC column, resulting in a protein purity of >99%. Following this, the protein is refolded and concentrated to
suitable level for the various studies.
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Study of the 37-nt hairpin model RNA of human HAR1F RNA by NMR
Mirko Cevec, Melanie Koschinat, Christian Richter and Harald Schwalbe
Institute of Organic Chemistry and Chemical Biology, Goethe University, Max-von-Laue-Straße 7, D-60438, Frankfurt am Main, Germany
(cevec@nmr.uni-frankfurt.de)

The 118-nt long human accelerated region 1 of humans (hHAR1F RNA) has 18 substitutions in
comparison to the homologous sequence from the chimpanzee (cHAR1F). The function of this non-coding
RNA in development of human consciousness is still unknown. Two different cloverleaf-like secondary
structure models have been offered for the full length hHAR1F RNA.1,2 It was proposed that the rapid
evolutionary changes in humans enabled the hHAR1F RNA to function without the need to change its
conformation.
We designed a 37-nt hairpin model RNA which mimics helix 1 of the full length hHAR1F RNA. The
37-nt 15N-labeled RNA was transcribed in vitro with T7 RNA polymerase. The resonance assignment was
performed using 15N-HSQC, HNN-COSY and NOESY spectra. The 37-nt RNA imino proton signal
pattern in the NOESY spectrum was comparable to the imino proton signal pattern of the full length
hHAR1F RNA construct. We studied the dynamic properties of the 37-nt RNA construct with the help of
15
N-relaxation NMR measurements. First we checked for the signal broadening at different temperatures
and the presence or disappearance of the signals due to the relaxation. Then we estimated the fast internal
motions in the 37-nt RNA construct by the measurement of longitudinal and transverse relaxation rates,
along with heteronuclear NOEs.

37-nt RNA

References:
1. Pollard K. S., et al., Nature, 443, 167 – 172 (2006)
2. Beniaminov A., Westhof E. and Krol A., RNA, 14, 1270 – 1275 (2008)
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Modeling the Properties and Function of the enzymic cofactor Pyridoxal 5’phosphate (PLP) dependent enzymes byNMR
Monique Chan-Huota, Peter Tolstoya, Micheal Toneyb and Hans-Heinrich Limbacha
a
b

Department of Chemistry, Freie Universität Berlin, Takustr. 3, 14195, Berlin (DE), (chanhuot@chemie.fu-berlin.de)
Department ofChemistry, UC Davis, USA

In order to extend the knowledge of the transimination mechanism of pyridoxal 5’-phosphate PLP-dependent
enzymes, the properties and function of the enzymic cofactor PLP have been modelled. The properties considered in this
work are the chemical, the protonation states, the pKa values and the tautomeric equilibrium constants of PLP species.
The potential model intermediates of the transimination have been characterized by 13C and 15N liquid state NMR of
products stemming from the spontaneous reaction of 13C-4’, 5’-PLP with 15N2-diaminopropane and 15N-α or ε-L-lysine.
Around pH 7, all major PLP species are present in similar amounts which is associated to a subtle balance of the acid-base
properties of the functional groups. For the first time, fast tautomerism in the intramolecular OHN hydrogen bond of PLP
Schiff bases is observed in aqueous solution as deduced from the 15N chemical shifts. The tautomeric equilibrium involves
two forms of the PLP Schiff base: the enolimine form where the proton is located on the phenol group and the more
reactive iminophenoxide where the proton is located on the nitrogen. The same tautomerism is noticed in PLP Schiff
bases with 15N-ε-poly-L-lysine in the solid state. It is observed that water molecules have influence on the tautomeric
equilibrium of the Schiff bases leading to more iminophenoxide form.
The modeling of properties and functions of the enzymic cofactor PLP by NMR demonstrates the critical importance
of the Schiff base tautomerism for the activation of an internal Schiff base, which triggers transimination. This is well
illustrated by the 15N chemical shift of the 15N-PLP bound to alanine racemase lyophilized showing a high field shift of
the 15N NMR signal upon water addition in the gas phase. Transimination was found to be more favorable to proceed via
microsolvation of the chiff base than via the geminal diamine pathway. This microsolvation leads to hydrolysis of the PLP
Schiff base liberating the aldehyde form of PLP which condenses with another amino group thus performing the
transimination reaction.
Acknowledgments: This project have been financial supported by the Deustche Forhschung Gemeinschat (DFG).
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Entropic paradox in the protein-ligand complex observed by time-resolved EPR
Alexey V. Cherepanova,b and Marat Gafurova,c
a
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Institute for Physical & Theoretical Chemistry

b
c

An early intermediate state of the reaction between the 15mM horse heart
metmyoglobin (MetMb-Fe3+) and 2M azide was obtained by microsecond
freeze-hyperquenching at pH=4.7. The apparent sample ageing time was 2030μs. X-band cw EPR at 14K showed rapid binding of azide to the haem iron
during the 1-3-min-long heat-cool cycles performed in the increasing 5K steps
between the temperatures of 160-180K. In the same range, the reaction rates at
fixed temperatures were at least 10-50-fold slower. Could the collective
motions of highly viscous liquid water steer the protein conformational
changes during crystallization of cubic ice at ~170K? Judging the relatively
high activation energy for metmyoglobin-azide binding (15.8 kcal mol-1) and
low heat of ice crystallization (-0.31 kcal mol-1), azide binding is expected to be both enthalpically and entropically slow.
Incubation of low-spin haem iron – azide complex at 220K leads to the formation of the high-spin species with more
than 2-fold broader EPR line at geffx,y compared to the free MetMb-Fe3+ and geffz shifted from 2.008 to 2.027. These
species can be attributed to the metmyoglobin-hydrazoic acid complex MetMbFe3+-HN3.
Sample preparation. Metmyoglobin-azide binding was triggered by a submicrosecond mixing, resulting in a 18-20μm-diameter liquid jet with nozzle velocity of 250 m s-1. The jet was sprayed in supercooled liquid methane rotating at
250 rpm at the temperature of 77K. The resulting freeze-quenched metastable glassy reaction mixture contained >65% of
non-reacted metmyoglobin as detected by X-band EPR and low-temperature optical spectroscopy. X-ray diffraction
analysis showed that the sample phase consisted of >90% vitrified water. After warming to ~190K formation of cubic ice
was observed.
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EPR investigation of Origanum vulgare essential oil effect on Listeria
monocytogenes membrane
Marco Chiarini, Annalisa Serio, Giovanni Mazzarrino and Antonello Paparella
Department of Food Science, University of Teramo, Via Lerici n° 1, 64023 Mosciano Sant’Angelo (TE) - ITALY) (mchiarini@unite.it)

Today, different strategies are applied in order to control pathogens in food, and particular interest has been focused
on the application of essential oils (EOs).1 Among pathogens, special attention has to be paid to Listeria monocytogenes.
Although EOs antimicrobial action is established, their mechanism of action has not been completely explained in detail,1
even if the bacterial membrane seems to be one target. Membrane bilayer modifications can be investigated by EPR
spectroscopy using nitroxide spin-label, whose signal enables one to evaluate changes on micro-environmental order and
fluidity, therefore the aim of our work was to study the effect of oregano essential oil on L. monocytogenes membrane.
The EPR approach has been largely and successfully used in the study of biological membranes for decades but, at
best of our knowledge, was neither applied to studies on this topic nor on living prokaryotic cells, for that reason
measurements required a preliminary optimization of experimental conditions. Analyses of experimental spectra by
computer simulation (eprsim 4.99)2 showed that EPR signal in the bacterial membrane consist of three components, in
agreement with the coexistence of different lateral lipid domains. EO treatments revealed that, after exposure to
concentrations up to 0.50%, the cells membrane fluidity was changed and its order increased, suggesting a cell reaction to
the stressing event. When L. monocytogenes was exposed to higher concentrations, membrane order parameters slightly
returned to the values of untreated cells. On the contrary, when the cells were exposed to EO in presence of sodium azide,
which impairs energy metabolism so that the cells do not have the energy to react, the membrane fluidity was
progressively enhanced, even at the lowest EO concentration (0.25%).3 Our rationalization coming from the analysis of
EPR results were supported by microbiological analyses. In conclusion the combined approach including EPR and
microbiological analyses provided relevant information on membrane modification and cell response to essential oils.
References:
1. Lambert R. J. W., Skandamis P. N., Coote P. and Nychas G. -J. E., J Appl Microbiol., 91, 453 – 462 (2001)
2. Strancar J., Sentjurc M. and Sachara M., J Magn Reson, 142, 254-265 (2000)
3. Serio A., Chiarini M., Tettamanti E. and Paparella A., Lett. Appl. Microbiol., in press
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Open-access software and Databases to help metabolites recognition in
Metabonomics: the user's point of view
Francesca Chignolaa, Silvia Maria, Tim Stevensb, Rasmus Foghb, Valeria Mannellaa, Wayne Boucherb
and Giovanna Muscoa
a

Biomolecular NMR Laboratory, Center of Genomics, BioInformatics and BioStatistics, Dulbecco Telethon Institute c/o San Raffaele Scientific Institute
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b
Department of Biochemistry, University of Cambridge, 80 Tennis Court Road, Old Addenbrooke's Site Cambridge CB2 1GA. United Kingdom

Nowadays, metabolomics is underpinned by a number of freely and commercially available databases and automated
approaches for metabolite identification and chemical structure elucidation. We have built a CCPN metabolomics project
containing around 80 standard compounds.1 Standards have been chosen between metabolites present in the common
biofluids' and common urine's library of the open-access software MetaboMiner.2 2D 1H-13C HSQC, 1H-1H TOCSY and
1D 1H spectra of standard compounds have been free obtained from public database.3 With the presented CCPN
metabolomics project, spectra acquired on an unknown mixture can be easily compared, superimposed and assigned on
the basis of the standard compounds spectra available in the project. Moreover, any other standard compounds required by
users can be easily implemented in the same project and used for assignment purposes. The project enables (a) to have an
overview of the similarity and differences between spectra coming from different samples; (b) to have an overview of the
number of unassigned peaks; (c) to have detailed lists of the unambiguous and ambiguous assigned peaks. These peak
lists could also be quality checked, exported or screened against other public databases, or could be the starting point for
de novo metabolite identification. In conclusion, here we present a protocol based on open-access databases and software,
which we believe could help in the management of complex mixtures of spectra, and in the identification of metabolites
on the basis of 2D and 1D -NMR spectra.
References:
1. http://www.ccpn.ac.uk/ccpn
2. http://wishart.biology.ualberta.ca/metabominer/index.html
3. BMRB: www.bmrb.wisc.edu; HMDB: www.hmdb.ca; MMCD: mmcd.nmrfam.wisc.edu/
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pH-Gating of the KcsA Potassium Channel in its Cytoplasmic Domain
Guy Kamenitsky*, Renana Shapira*, Hadassa Shaked and Jordan H. Chill
Department of Chemistry, Bar Ilan University, Ramat Gan, 52900, Israel (chillj@mail.biu.ac.i)

The KcsA potassium channel adopts a closed state at pH 7 and an open state at pH 4. Its pH-sensor is assumed to lie
between its second transmembrane helix and its cytoplasmic C-terminal domain (CTD), a 40-residue long segment (121160) which behaves as an amphiphilic helix.1 The crystal structure of full-length KcsA shows CTD to form a four-fold
symmetrical helical bundle, but fails to detect pH-related effects in this domain.2 Contrary to these findings, peptides
corresponding to the CTD domain have exhibit pH-dependent sedimentation behavior.3 The main goal of our study,
therefore, is to unequivocally establish the role of CTD in pH-gating of the KcsA channel.
We employ a dual approach to address this question, examining pH-dependent behavior of CTD as an independent
domain and in the context of full-length KcsA. Backbone chemical shifts and R1ρ rates measured for U-13C,15N-CTD34, a
peptide corresponding to residues 127-160, determine it to be helical and monomeric at pH 4. However, at pH 7 and 298
K CTD34 exhibits additional well-dispersed and fast-relaxing resonances, suggesting partial formation of a tetramer. We
have also compared the dynamics of the CTD segment in micelle-solubilized full-length KcsA at various pH values.
Typical CTD 15N R1ρ rates measured for a U-2H,13C,15N-KcsA sample at 323 K are 9-12 s-1 at pH 4, indicating monomeric
behavior, but these significantly increase to 20-30 s-1 at pH 7, indicating tetrameric behavior. We conclude that (i) the last
35 amino acids of CTD possess an inherent capability of pH-induced oligomerization, independently of the consensus
‘pH-switch’, and (ii) CTD loses its helical bundle conformation upon exposure to acidic pH.
References:
1. Cortes D. M., et al.,. J. Gen. Physiol., 117, 165 – 180 (2001); Chill J. H., et al., Protein Sci 15, 684 – 698 (2006)
2. Uysal S., et al.,. Proc. Natl. Acad. Sci. U.S.A., 106, 6644 – 6649 (2009)
3. Yuchi Z., Pau V. P. and Yang D. S. FEBS Journal, 275, 6228 – 6236 (2008)
* These authors contributed equally to the work.
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The human XAF1 protein is a putattive tumor supppressor proteein, which waas demonstrateed to antagoniize the caspasseP and therebyy promoting appoptosis. The XAF1 proteiin presents at low or undeteectable levels in
inhibition activity of XIAP
y of domain architecture
a
off XAF1 proteein revealed thhat
different canncer cell lines and human cancer specimeens. The study
the full lengtth protein (M1-S301) contaain four structtural domains namely NT (M1-G106),
(
Z
Znf-A1 (G106--R143), Znf-A
A2
(I144-R215) and Znf-B2 (G256-K293)
(
. However, thhe relationship
p between XA
AF1 with pro--apoptotic fun
nction is largeely
unknown.
The struccture determinnation using NMR
N
spectrosscopy indicateed that the Znnf-B2 domain adopted a claassic ββ-α C2H2
zinc finger topology
t
withh a notable am
mphiphatic suurface charge distribution. Structural
S
com
mparative anaalysis suggestted
that the Znf-B
B2 domain is probably beloonged to be a Protein-proteiin interaction (PPIs)-class C2H2 zinc fing
ger.
GST-pulll down study probed
p
the dirrect in-vitro innteraction betw
ween all the XIAP
X
domainss and CT (G10
06-S301) regioon
of XAF1, inn which Znf-B
B2 domain displayed
d
diffe
ferential prefeerence towardds particular X
XIAP domain
ns. The bindinng
interfaces of the zinc fingeer domain werre mapped by NMR Chemiccal Shift Pertuurbation methhod.
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Collagen is the most abundant struuctural proteinn in the hum
man body, andd a major com
mponent of th
he extracellullar
matrix. How
wever, our undderstanding off collagen struucture is derived mainly froom model pepttides that can be synthesiseed,
crystallised and
a analysed by
b X-ray diffr
fraction. Muchh is still not un
nderstood on the fibrillar leevel structure,, which exhibits
disorder and complex crosss links.
g
collagenn matrix in celll cultures hav
ve been follow
wed with
Previous attempts to grow
solid-state NMR.
N
While upstream biiochemical markers
m
indicaate that the cell had
attempted too synthesise collagen, annd binding sttains show the
t
presence of long
molecules being
b
producced, solid-staate NMR indicates that the necessaary posttranslational modification of proline haave not alwayss been carried
d out. An NM
MR toolkit
for collagen structure thatt can directlyy pick out keyy motifs of co
ollagen, such as triple
helical units and fibrillar packing, will allow us to characterise
c
su
uch synthetic attempts
with even greeater precisionn.
To increaase the inform
mation on nativve collagen strructure availab
ble from NMR
R, we are
developing inn vitro and inn vivo techniquues for isotoppic labelling. To
T understandd the data
from these complex
c
systeems, we are undertaking
u
deetailed structu
ural studies on model,
isotope labellled, syntheticc collagen fragments, so that
t
we can identify spectroscopic
fingerprints of
o collagen strructural motiffs using a toolkkit of key NM
MR experiments.
To this end,
e
we have synthesised 15N labelled model collag
gen peptides and
a have
initiated 13C
C CSA, 15N CSA, and 13C{15N} RED
DOR experim
ments. These are
a being
analysed to provide
p
constrraints on the trriple helical geeometry.
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Structural studies of SpaI: The protein conferring autoimmunity against the
lantibiotic subtilin in Bacillus subtilis
Nina A. Christa,b, Stefanie Düsterhusa, Peter Köttera, Karl-Dieter Entiana and Jens Wöhnerta,b
a
Institute for Molecular Bioscience, Johann-Wolfgang-Goethe University, Max-von-Laue-Str. 9, 60438 Frankfurt/Main, Germany
(N.Christ@bio.uni-frankfurt.de)
b
Center of Biomolecular Magnetic Resonance (BMRZ), Johann-Wolfgang-Goethe University, Max-von-Laue-Str. 9, 60438 Frankfurt/Main, Germany

The heavy indiscriminatory use of many antibiotics in the past lead to an
emerging resistance even against ‘last resort’ drugs such as vancomycin.
Thus, there is an urgent need for structurally novel antimicrobial agents.
Lantibiotics are small ribosomally synthesized peptide antibiotics with
posttranslational modified amino acids like lanthionines and dehydrated
amino acids. Bacillus subtilis ATCC 6633 produces the lantibiotic subtilin
which damages the membrane of gram-positive bacteria through pore
formation. Thus, the producer strain must protect itself against subtilin by Figure 1: Proposed interactions of Subtilin with
autoimmunity proteins SpaIEFG modified after
expressing four self-immunity proteins called SpaIEFG.
1,2
SpaI is a 17 kDa lipoprotein which is attached to the outside of the
cytoplasmic membrane. It specifically interacts with subtilin and can protect the membrane from subtilin insertion or
prevents subtilin oligomerization prior to pore formation. Interestingly SpaI shows only little sequence homology to the
related NisI which protects Lactococcus lactis from nisin and cannot protect B. subtilis from nisin.1 The structure of SpaI
is not known yet and a BLAST search did not identify homologous proteins with a known structure.
Here we present solution NMR data on a 15 kDa C-teminal fragment (lipid free) of SpaI. The secondary structure
derived from chemical shift data indicates a predominant β-sheet structure.
References:
1. Stein T., Heinzmann S., Düsterhus S., Borchert S. and Entian K. D., J Bacteriol., 187, 822 – 828 (2005)
2. Breukink E. and de Kruijff B., Nature Rev. Drug Discov., 5, 321 – 332 (2006)
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Structural study of the hnRNP C RRM in complex with its RNA target
Zuzana Cieniková, Frédéric H-T Allain and Christophe Maris
Institute of Molecular Biology and Biophysics, ETH Zürich, Schafmattstr. 20, 8093 Zürich, Switzerland (czuzana@mol.biol.ethz.ch)

HnRNP C is an abundant RNA-binding protein shuttling between the nucleus and the cytoplasm, involved in various
aspects of posttranscriptional gene regulation such as nascent RNA packaging, alternative splicing and control of IRESmediated translation. The protein exists in the cell as a stable tetramer. Each monomer contains one RNA recognition
motif (RRM) known to specifically recognize tracts of five or more uridines.1 At the molecular level, little is known about
the mechanism of interaction of hnRNP C with its different RNA targets. We therefore used the NMR spectroscopy to
investigate the structural features of the recognition between the RRM of hnRNP C and a poly-U oligomer.
Our results suggest that the RRM of hnRNP C binds up to five consecutive uridines with an affinity in the low
micromolar range. Despite having tested RNA oligomers with different poly-U lengths, we systematically observed
precipitation or register exchange of the bound RNA, resulting in broad NMR signals and ambiguous NOEs. With the
sequence AUUUUUC we obtained finally two RNA conformers in a slow exchange. For the structure determination, we
included only the intermolecular NOEs (170 in total) corresponding to the major RNA conformer. Our preliminary
structure shows that the RRM accommodates three uridines on the β-sheet in a canonical interaction mediated by aromatic
ring stacking. Important roles are played by both N and C termini which become structured upon binding and form a tight
network of interactions around the three uridines, allowing for a specific recognition. In addition, the loops β1 - α1 and β2 β3, assisted by charged residues in the C terminus, bind two more nucleotides unspecifically. This is in contrast with the
known preference of hnRNP C for longer U-tracts. The observed sliding of the RNA on the protein surface could be the
mechanism allowing the protein to select longer uridine stretches despite using a limited number of specific sites.
References:
1. Görlach M., et al., J. Biol. Chem., 269, 23074 – 23078 (1994)
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NMR to study the interaction and the dynamic properties of cL-BABPs binding
with two bile acids
Clelia Cogliatia,b, Laura Ragonaa, Serena Zanzonib, Ulrich Güntherc, Sara Whittakerc, Christian
Ludwigc, Simona Tomasellia, Michael Assfalgb, Lucia Zettaa and Henriette Molinarib
Laboratorio NMR, ISMAC-CNR, Via Bassini 15, 20133 Milano, Italy (clelia.cogliati@ismac.cnr.it)
NMR Laboratory, Biotechnology Department, University of Verona, Strada Le Grazie 15, 37134 Verona, Italy
c
School of Cancer Sciences, University of Birmingham, Vincent Drive, Birmingham, B152TT, UK
a

b

Understanding the mechanism regulating the interactions of intracellular carriers with bile acids is a key step to
provide a model for the transfer of BAs from cytoplasm to the nucleus and can be used to inspire the design of therapeutic
agents in the treatment of metabolic disorders, such as obesity, type 2 diabetes, hyperlipidaemia and atherosclerosis.
To achieve a detailed molecular and dynamical description of the binding mechanism driving to the formation of the
ternary complex of cytosolic Liver Bile Acid Binding Protein (L-BABPs) with two bile acid (BA) molecules,
spectroscopic methods together with kinetic and thermodynamic analysis have been applied and implemented. In
particular structural, dynamical and interaction properties of two forms of chicken L-BABP (cL-BABP), differing by the
presence/absence of a naturally occurring disulphide bridge, have been investigated by nuclear magnetic resonance
(NMR) approaches.1 NMR lineshape analysis as a function of ligand concentration was chosen as an appropriate tool to
investigate the complex interaction mechanism within the cL-BABP/BA system.3 Particularly, the combination of
lineshape and relaxation dispersion experiments2 has been useful to define a multi-step binding mechanism and to provide
an estimate of the kinetics involved, allowing the correlation between protein dynamics and function.
References:
1. Cogliati C., et al., Febs J, 276, 6011 – 23 (2009)
2. Mittag T., et al.,. J Am Chem Soc, 128, 9844 – 8 (2006)
3. Gunther U. L. and Schaffhausen B., J Biomol NMR,. 22, 201 – 9 (2002)
Acknowledgments: We thank the HWB-NMR Facility in the Division of Cancer Study at the University of Birmingham.
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Application of the Protein Meta-Structure to Weak Binder Screening by NMR for
Fragment Based Drug Discovery
Nicolas Coudevylle, Leonhard Geist and Robert Konrat
Department of Structural Biology, Max F. Perutz Laboratories, University of Vienna, Campus Vienna Biocenter 5, 1030, Vienna, Austria.
(Nicolas.coudevylle@univie.ac.at)

The fragment based drug discovery approach recently emerged as a powerful tool in rational drug design.1 The
fundamental idea is to screen fragment libraries for small, typically weak, binders, which can then evolve to larger, and
more affine compounds either by merging small fragments together or by decorating the original small ligand. The crucial
point of this approach is the design of the fragment library, which is often tedious and rather subjective.
The recently introduced protein meta-structure concept2 can considerably speed up the screening procedure by
dramatically narrowing the choice of fragments and obviates the usage of large fragment libraries. Indeed, within the
protein meta-structure framework, putative ligands can be easily predicted only based on the primary sequence (in
contrast with the protein-structure similarity clustering). This approach called protein meta-structure similarity clustering
allows the identification of possible target optimized ligand scaffolds independent of the subjective choice of a fragment
library. Additionally, these ligands already meet the essential requirement for pharmacophores as they are predicted from
databases of potent drugs. Therefore, the PMSSC approach can be readily used to design target oriented fragment library.
In order to demonstrate the validity of this approach, we chose, as a model system, the lipocalin Q83, which ligand
binding properties have been extensively investigated in our team. We successfully identified a scaffold fragment that we
were able to rationally decorate using only commercial compounds. The obtained ligands bind to Q83 with affinities
ranging from mM to nM with increasing molecular complexity. In addition, we provide protein dynamics data showing
the importance of dynamic consideration in drug design approaches.
References:
1. Hajduk P. J. and Greer J., Nat. Rev. Drug Discovery, 6, 211 – 219 (2007)
2. Konrat R., Cell. Mol. Life Sci., 66, 3625 – 3639 (2009)
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A Tyrosyyl-Dimangganese Cooupled Sp
pin System
m in Riboonucleotid
de Reducttase of C.
ammoniaagenes: A Multifreq
quency EPR
E
and X-ray
X
Cryystallograaphy Stud
dy
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olfgang
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b

Max-Planck-Institut für Bioanorrganische Chemiee, Stiftstr. 34-35, D45470 Mülheim
m an der Ruhr (coox@mpi-muelheim.mpg.de)
Institut für Mikkrobiologie, Leibnniz Universität Hannover,
Ha
Schneidderberg 50, D-301
167 Hannover

The crysstal structure of the nativve R2F subunnit of the rib
bonucleotide reductase (R
RNR) of Coryynebabacteriuum
ammoniagennes, with a resolution of 1.336 Å, demonsttrates that the metal site conntains an oxo//hydroxo-brid
dged manganeese
dimer, locateed near a tyroosine residue.1,2 The mangaanese dimer resembles
r
thee di-iron metaalloradical coffactor of classs I
RNR isolatedd from Escherrichia coli.3 Multi-frequenc
M
cy EPR measu
urements at X-band,
X
Q-bannd and 244 GH
Hz of the highhly
active C. am
mmoniagenes R2F
R subunit show
s
that the metal site con
ntains a ferrom
magnetically exchange-cou
upled MnIIIMnnIII
dimer weaklyy coupled to a tyrosyl radiccal. Geometriccal informatio
on was determ
mined from EP
PR data and in
nsights obtained
concerning the
t mechanism
m of tyrosinee oxidation. H2O2 (HO2-) instead
i
of O2 is proposed to be the nattive oxidant for
f
metalloradicaal cofactor generation (MnIIIMnIIIY•).
Changes in the ligand spphere of bothh metals duriing
assembly directs
d
the complex
c
form
mation of the
t
metalloradicaal cofactor. The propossed mechanissm
disfavors altternate reaction pathways such as H2O2
dismutation, thus distinguuishing it from
m the manganeese
catalase,4 whhich is a structtural analoguee.
References:
A
G. and Luubitz W., Acta Chhristallogr. F, 65,, 878 – 880 (20099)
1. Ogata H., Stoolle P., Stehr M., Auling
2. Cox N., Ogata H., Stolle P., Reijerse E., Aulingg G. and Lubitz W.,
W J. Am. Chem. Soc., submitted (2010)
(
P
and Moddels, Allen H., Hiill O., Sadler P. J., and Thomson A.
A J., Eds. Springer, Berlin, 139 – 173 (1997)
3. Sjöberg, B., In Metal Sites in Proteins
9
– 2926 (1996)
(
4. Dismukes G. C., Chem. Rev., 96:2909
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Direct deetection of
o nucleotiides bindiing to L-h
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ography su
upports
by STD-N
NMR speectroscopyy
a
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a
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Centro de Invesstigação em Ciênncias da Saúde, Universidade
U
da Beira
B
Interior, 6201-001 Covilhã, Portugal (carlacruz@fcsaude.ubii.pt)
REQUIMTE, CQFB,
C
Dept Quim
m, Fac Ciencias & Tecnol, Universsidade Nova Lisb
boa, P-2829516 Caparica,
C
Portugaal

The receent applicationn of amino acids
a
supportts in affinity chromatograpphy for the sseparation off plasmid DN
NA
isoforms takees advantage of the naturallly occurring interactions
i
between
b
nucleootides and am
mino acid.1 Th
hese interactioons
are highly sppecific; howevver, the moleecular basis foor this specificity is not weell understoodd.2 In this stu
udy, we reportt a
direct appliccation of satturation transfer differencee (STD) NM
MR spectroscoopy to
identify the binding epitoope of 5'(3´)--nucleotides, with atomic resolution, too three
chromatograpphic supportss: seph-bisoxyy-his, seph-hiist and seph-b
bisoxy. The specific
s
interactions of histidine and bisoxyraan spacer im
mmobilized on
nto sepharosee were
analysed to help
h
us underrstand the abssorption mechhanism betweeen 5'(3´)-nucleotides
and these suupports. The NMR
N
samplees were prepaared in 10% D2O/90% pottassium
phosphate buuffer using molar
m
excess of
o 5'(3´)-nucleeotides over the
t chromatoggraphic
support conccentration at pH 8.0. Forr all experim
ments, the on-- and off-resonance
frequency waas therefore set to 993 andd 21600 ppm, respectively, with saturatioon time
2.0 s. Schem
me 1 shows the relative STD
S
effects for 5´-GMP bound to thee three
supports, forr comparison.. This schemee illustrates thhat the proton H1´ of riboose, the
proton H8 off purine and thhe protons H5´
h
STD signals
s
with seeph-hist, sephh-bisoxy-his an
nd seph-bisoxxy,
5 and H5´give higher
respectively. Also, it is cleear that the bissoxyran spaceer influences th
he binding intteraction with 5´-GMP.
References:
5 (2008)
1. Sousa F., Prazzeres M. F. D. annd Queiroz A. J., Trends Biotechnool., 26, 518 – 525
2. Delattre C., Kamalanathan
K
A. S., Michaud P. annd Vijayalakshm
mi M. A., J. Chrom
matogr. B, 86, 181 – 185 (2008)
a
the post-doctoral graant from FCT (SF
FRH/BPD/46934/2008).
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Structural characterization of a cyclic-nucleotide regulated K+ channel using
solid-state NMR spectroscopy
Abhishek Cukkemanea, U. Benjamin Kauppb and Marc Baldusa
a
b

Bijvoet Center for Biomolecular Research, Utrecht University Padualaan 8, 3584 CH Utrecht, The Netherlands (a.a.cukkemane@uu.nl)
Forschungszentrum Caesar, Ludwig-Erhard-Allee, 53175 Bonn, Germany

Ion channels regulated by cyclic nucleotides (CNG) control the membrane potential of various cell types in neuronal
systems. Although a considerable amount of information is available regarding the physiological role of these channels
that open upon binding cyclic nucleotides (cNMPs), the molecular mechanism of activation remains poorly understood.
Here we report an initial structural characterization of a bacterial CNG channel (mlCNG1) in lipid bilayers using solidstate NMR spectroscopy under magic angle spinning (ssNMR) to comprehend the molecular mechanism of activation.
Previous crystallography studies revealed structural details of the trans-membrane segments of this channel but were
unable to resolve the ligand binding domain.2
Using a set of (15N, 13C) and (13C,13C) correlation experiments, we have investigated uniformly labeled variants of the
full length (355 amino acids), membrane-embedded mlCNG channel as well as of the isolated binding domain.
Comparison of these data sets and our earlier work on a chimeric ion channel3 suggests a tight association of lipids, that
are known to influence MP function, to the channel. Moreover, we report resonance assignments obtained in both
transmembrane and ligand-binding domains that provide the spectrosopic basis to further dissect the conformational
landscape of the membrane-embedded mlCNG channel during the gating cycle.
References:
1. Cukkemane A., Gruter B., Novak K., Gensch T., Bonigk W., Gerharz T., Kaupp U. B. and Seifert R., EMBO Reports, 8, 749 – 755 (2007)
2. Clayton G. M., Altieri S., Heginbotham L., Unger V. M. and Morais-Cabral J. H., Proc.Natl.Acad.Sci.U.S.A, 105, 1511 – 1515 (2008)
3. Schneider R., Ader C., Lange A., Giller K., Hornig S., Pongs O., Becker S. and Baldus M., J. Am. Chem. Soc., 130, 7427 – 7435 (2008)
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NMR investigation of BMP-Chitlac, a chitosan derivative for osteoregenerative
applications
Anna Coslovia, Mila Toppazzinia, Nicola D’Ameliob,c and Sergio Paolettia
a

Department of Life Sciences, University of Trieste, via L. Giorgieri 1, 34127 Trieste, Italy
Bracco Imaging SpA CRB Trieste, AREA Science Park, SS14, Km 163.5, 34149 Basovizza, Italy (nicola.damelio@bracco.com)
c
CBM, Cluster in Biomedicine, AREA Science Park, SS14, Km 163.5, 34149 Basovizza, Italy
b

In this work we report the NMR characterization of a chitosan derivative for applications in the field of
osteoregenerative medicine. The polymer was functionalized through the introduction of lactose (Chitlac) to enhance
solubility and promote the interaction with cells,1 and a peptide belonging to the BMP
family, to induce new bone formation.2 The structure and the dynamics of Chitlac were
explored by NOE effect and relaxation measurements, showing that the lactose moiety
does not give significant interactions with the chitosan chain, but, rather, is projected
toward the surrounding environment, and is thus available for lectin receptors exposed on
cell surface.
Functionalization with osteoregenerative BMP peptide was obtained as follows. BMP
peptide was derivatized with pentynoic acid to give rise to a reactant for the click
chemistry with the suitably modified polymer. In the linker an ester bond was introduced,
so that the compound is susceptible to the hydrolytic action of esterases. In this way it
was possible to obtain a BMP-delivery system, potentially able to control over time the local concentration of the peptide.
References:
1. Donati I., Stredanska S., Silvestrini G., Vetere A., Marcon P., Marsich E., Mozetic P., Gamini A., Paoletti S. and Vittur F., Biomaterials, 26, 987 –
998 (2005)
2. Axelrad T. W. and Einhorn T. A., Cytokine & growth factor reviews, 20, 481 – 488 (2009)
Acknowledgements: We thank Bruker Biospin s.r.l. for the NMR instrumentation in CBM laboratories.
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Insights into the enzymatic mechanism of phosphoryl transfer
Hugh Dannatta, Nicky Baxterb, Matt Cliffb, Florian Hollfelderc and Jon Walthob
a

Department of Molecular Biology & Biotechnology, (h.dannatt@shef.ac.uk)
Department of Molecular Biology & Biotechnology, University of Sheffield, Firth Court, Western Bank, Sheffield S10 2TN, United Kingdom.
Department of Biochemistry, University of Cambridge, Cambridge CB2 1GA, United Kingdom

b
c

β-Phosphoglucomutase (βPGM) catalyses the interchange between βGlucose-1-Phosphate and βGlucose-6-Phosphate;
it is a phosphoryl transfer enzyme. The planar geometry and charge of the transferring phosphate in the transition state of
the reaction1 is mimicked by metal fluorides,2 which therefore form transition state analogue (TSA) complexes with a
variety of phosphoryl transfer enzymes. Enzyme-catalysed phosphoryl transfer displays the largest rate acceleration by
enzymes found so far when compared to the uncatalysed reaction in solution,3 and as such it is an excellent candidate to
study the basis of the catalytic proficiency of enzymes. The use of various NMR techniques to analyse TSA complexes of
βPGM allows for evaluation of the existing theories of enzyme catalytic ability, e.g., electrostatic pre-organisation,
substrate destabilisation, & entropy. Particularly of interest is the role of protein dynamics found in the TSA complex
whose rate correlates with the catalytic turnover rate. Relaxation dispersion and 19F exchange spectroscopy allow a
concerted motion throughout the molecule to be characterised, and its role in catalysis speculated.
References:
1. Cleland W. W. and Hengge A. C., Chem Rev, 106, 3252 – 78 (2006)
2. Graham D. L., Lowe P. N., Grime G. W., Marsh M., Rittinger K., Smerdon S. J., Gamblin S. J. and Eccleston J. F., Chem Biol, 9, 375 – 81 (2002)
3. Lad C., Williams N. H. and Wolfenden R., Proc Natl Acad Sci U.S.A., 100, 5607 – 10 (2003)
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Resolution enhancement for PELDOR distance measurements in
phospholipid membranes
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Harald Schwalbec and Thomas F. Prisnera
a
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Pulsed electron-electron double resonance (PELDOR) spectroscopy is increasingly applied to spin-labeled membrane
proteins. However, after reconstitution into liposomes spin labels often exhibit a much faster transversal relaxation (Tm)
than in detergent micelles, thus limiting the method in lipid bilayers. In this study, the main reasons for enhanced
transversal relaxation in phospholipid membranes were investigated systematically using spin-labeled derivatives of
stearic acid, phosphatidylcholine, as well as spin-labeled derivatives of the peptide Gramicidin A under the conditions
typically employed for PELDOR distance measurements. Our results clearly show that the dephasing due to instantaneous
diffusion that depends on dipolar interaction among electron spins is an important contributor to the fast echo decay in
cases of high local concentrations of spin labels in membranes. The main difference between spin labels in detergent
micelles and membranes is their local concentration. Consequently, avoiding spin clustering and suppressing
instantaneous diffusion is the key step for maximizing the PELDOR sensitivity in lipid membranes. Even though proton
spin diffusion is an important relaxation mechanism, only in samples of low local concentration deuteration of acyl chains
and buffer significantly prolongs Tm and values of up to 5 μs have been achieved here. Furthermore, our study revealed
that membrane composition and labeling position in the membrane can also affect Tm, either by promoting the segregation
of spin-labeled species or by altering their exposure to matrix protons. Effects of other experimental parameters like
temperature (< 50K), presence of oxygen, and cryoprotectant type are negligible under our experimental conditions.
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Intrinsic Order and Disorder in the Cell Death-inducing Protein Harakiri
Susana Barrera-Vilarmau, Patricia Obregón and Eva de Alba
Centro de Investigaciones Biológicas. Consejo Superior de Investigaciones Científicas. C/ Ramiro de Maeztu, 9. 28040-Madrid, Spain,
(dealbae@cib.csic.es)

Bcl-2 family members are key mediators in programmed cell death. They share up to four regions of sequence
homology known as BH domains (BH1-BH4). Members solely showing the BH3 domain belong to the BH3-only
subfamily that includes cell death-inducing proteins predicted to be intrinsically unstructured and to contain a C-terminal
transmembrane domain. As these features pose significant challenges for structural studies, the operating mode of BH3only proteins is poorly understood. The BH3 region is mainly random coil in isolation although it forms an α-helix when
complexed to prosurvival partners, suggesting a mechanism of coupled folding and binding. Despite their important role
in apoptosis, structural information at the atomic level on isolated BH3-only proteins is lacking. To improve our
knowledge on their function we report here structural studies by NMR and circular dichroism of human Harakiri, a BH3only protein that localizes in membranes and binds to prosurvival Bcl-2 members.
These studies were performed with synthetic fragments that together encompass the full-length protein (91 residues).
The fragments comprise the BH3 domain in the N-terminal region and the C-terminal transmembrane domain (residues
61-91). The N-terminal region is largely disordered, however low populated α-helical conformation is observed. The
three-dimensional structure determined by enhancing its population in alcohol-water mixture closely resembles other BH3
domains bound to prosurvival partners. This result suggests that intrinsic structure propensity in the disordered protein is
very relevant in the mechanism of coupled folding and binding. In contrast, the transmembrane domain that is highly
insoluble in aqueous milieu forms a monomeric α-helix in micelles at ~100% population. The structure is reported here
revealing features that explain its function as membrane anchor. Taken together, the data on the N-terminal and
transmembrane regions are used to propose a tentative model of how Harakiri works.
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NMR Studies of the G Protein-Coupled Receptor CXCR1 and its interactions
with Interleukin-8
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G Protein-Coupled Receptors (GPCRs) constitute one of the largest and most diverse families of membrane proteins.
They are among the most targeted families of drug receptors, and already more than half of the drugs currently used
interact with GPCRs. With more than 350 residues and 7 trans-membrane helices these proteins are challenging targets for
NMR spectroscopy, especially in their native functional environment of phospholipid bilayers. We are developing and
applying NMR methods for studying the structure, dynamics, and interactions of GPCRs using CXCR1 as a principal
example. Binding of the small chemokine ligand interleukin-8 (IL-8) to CXCR1 induces activation and cell migration of
polymorphonuclear neutrophil. Defects in signal transduction result in inflammatory disorders such as allergies,
rheumatoid arthritis, and contribute to cancer growth and metastasis.
Progress towards determining the three-dimensional structure of CXCR1 alone and complexed with IL-8 in
phospholipid bilayers will be described. Isotopically labeled pure, monomeric full-length CXCR1 and a wide variety of
truncated CXCR1 constructs are reconstituted micelles, bicelles, and bilayers to enable the full range of solution NMR
and solid-state NMR methods to be applied. Local motions are limited to the residues near the N- and C- termini,
however, the entire protein undergoes rapid rotational diffusion about the bilayer normal at 30oC. Isotopically labeled
CXCR1 give high-resolution solid-state NMR spectra in magnetically aligned bilayers that provide input for structure
calculations, comparisons among constructs, and information about interactions with IL-8.
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Phosphorylation of S776 and 14-3-3 binding modulate ataxin-1 interaction with
splicing factors
Cesira de Chiaraa, Rajesh P. Menona, Molly Stroma, Toby J. Gibsonb and Annalisa Pastorea
a
b

Molecular Structure Division, National Institute for Medical Research, MRC, The Ridgeway, London NW7 1AA (UK) (cdechia@nimr.mrc.ac.uk)
Structural and Computational Biology Unit, European Molecular Biology Laboratory, Heidelberg (Germany)

Ataxin-1 (Atx1), a member of the polyglutamine (polyQ) expanded protein family, is responsible for spinocerebellar
ataxia type 1, a genetically inherited human neurodegenerative disease.1 Requirements for developing the disease are
polyQ expansion, nuclear localization and phosphorylation of S776.2
Using a combination of bioinformatics, cell and structural biology approaches, we have identified a UHM ligand motif
(ULM), present in proteins associated with splicing, in the C-terminus of Atx1, and shown that Atx1 interacts with and
influences the function of the splicing factor U2AF65 via this motif.3 ULM comprises S776 of Atx1 and overlaps with a
nuclear localization signal and a 14-3-3 binding motif.
We demonstrate that phosphorylation of S776 provides the molecular switch which discriminates between 14-3-3 and
components of the spliceosome, and regulates the development of the disease. We also show that an S776D Atx1 mutant
previously designed to mimic phosphorylation is unsuitable for this aim because of the different chemical properties of
the two groups.
Our results indicate that Atx1 takes part in a complex network of interactions with splicing factors and suggest that
development of the pathology is the consequence of a competition of aggregation with native interactions. Studies of the
interactions formed by non-expanded Atx1 thus provide valuable hints for understanding both the function of the nonpathologic protein and the causes of the disease.
References:
1. Banfi S., Servadio A., Chung M. Y., Kwiatkowski T. J. Jr., McCall A. E., et al., Nature genetics, 7, 513 – 520 (1994)
2. Emamian E. S., Kaytor M. D., Duvick L. A., Zu T., Tousey S. K., et al., Neuron, 38, 375 – 387 (2003)
3. de Chiara C., Menon R. P., Strom M., Gibson T. J. and Pastore A., PLoS One, 4, e8372 (2009)
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Structural insights into the intracellular surface of vasopressin receptors
Gaétan Bellota, Sébastien Granierb, Rita Rahmehb, William Bourguetc, Robert Pascalb, Bernard
Mouillacb, Christiane Mendreb and Hélène Déménéc
a
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G-protein coupled receptors (GPCRs) are cell membrane proteins that share a common architecture of seven
transmembrane helices and transduce the presence of various extracellular signals to intracellular signalling cascades.
Only a few structures of GPCRs have been solved thus far. In almost structures,
the electronic density of the i3 intracellular loop, whose involvement is crucial
for the recruiting of the G protein effector, was missing. No structure of a
complex between a GPCR and a partner protein has been elucidated to date. The
V1 and V2 receptors are GPCRs binding to the extracellular vasopressin peptide.
We show here how structural insights into the structure of the cellular interface
of the vasopressin receptors and their complexes with partner proteins can be
elicited using a variety of biophysical approaches, including limited proteolysis, fluorescence and NMR spectroscopy.1,2,4
In particular, we have resolved the structure of the V2 i3 loop, isolated and in complex with the gC1qR protein and shown
how the interaction induces the reorientation of transmembrane helices, illustrating the phenomena of signal transduction
across the membrane.
References:
1. Déméné H., Granier S., et al., Biochemistry, 42,8204 (2003)
2. Granier S., Terrillon S., et al., J Biol Chem., 279, 50904 – 914 (2004)
3. Granier S., Jean-Alphonse F., et al., Regul Pept, 148, 76 – 87 (2008)
4 Bellot G., Granier S., et al., J Mol Biol., 388, 491 – 507 (2009)
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KSRP is a multi-domaain RNA bindding protein that
t
recruits th
he exosome-ccontaining mR
RNA degradattion complex to
mRNAs codding for cellular proliferatioon and inflam
mmatory respo
onse factors. The
T selectivityy of this mRN
NA degradatioon
mechanism relies
r
on KSR
RP recognitioon of AU-richh elements in
n the mRNA 3’UTR, that is mediated by
b KSRP’s KH
K
domains. Ouur structural annalysis showss that the interr-domain link
ker orients thee two central K
KH domains of KSRP – annd
their RNA binding surfacees – creating a two-domainn unit. We alsso show that thhis inter-dom
main arrangemeent is importaant
to the interacction with KSR
RP’s RNA tarrgets.1
References:
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Antimicroobial peptidees as alamethhicin (20 aminno acids, fro
om the funguus Trichoderm
ma viride) aree of interest as
potential subbstitutes of sm
mall moleculee antibiotics. There
T
are maany models prroposed for thheir antibioticc mechanism in
nature, but thhere is experim
mental evidennce necessary to reduce the number of hyypotheses.
We have stuudied alamethhicin in a sollution of DH
HPC/DMPC bicelles, mimicking the
membrane ennvironment buut allowing too benefit from
m the resolutio
on of liquid staate NMR.
Peptide-lipidd NOE as welll as paramagnnetic relaxationn enhancemen
nt (PRE, meassuring the
immersion depth of a hydrrogen) indicatte a transmem
mbrane orientaation of the peeptide, but
not all data could be expplained by a rigid model. Therefore, we
w compared the
t NMR
results with an all-atom MD
M simulatioon of an enseemble of alam
methicin pepttides in a
DMPC bilayyer: peptide-lippid NOE can be
b imitated byy the number of
o contacts off a peptide
hydrogen to a lipid group over the time of simulationn. The contactss were weightted with r6
in order to account for thhe distance deependence of the NOE. Sim
milarly, the PR
RE can be
Alamethicin in
n DMPC lipids
compared with the numbeer of contactss of a hydroggen atom to water
w
molecules. In the
simulation, the
t peptides show
s
a high mobility withhin the memb
mbrane environnment. The nnumber of co
ontacts not onnly
correspond overall
o
well to the PRE and NOE data, buut also allowed
d to explain thhe initially am
mbiguous obseervations1.
References:
J M., Schiøtt B.,, Tajkhorshid E., Skrydstrup T. an
nd Nielsen N. C.,, J.
1. Dittmer J., Thhøgersen L., Undderhaug J., Bertellsen K., Vosegaaard T., Pedersen J.
Phys. Chem. B,
B 113, 6928 – 69937 (2009)
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Mobility and Topology of VPU and CD4 Proteins by Solid State NMR
Spectroscopy
Hoa Quynh Doa,b, Marc Wittlicha,b, Lina Schulze-Buxloha, Julian M. Glücka,b, Luis Möckela,b, Bernd
W. Königa,b, Dieter Willbolda,b and Henrike Heisea,b
a
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Institute of Physical Biology, Heinrich - Heine University Düsseldorf, Universitäts str.1, 40225 Düsseldorf, Germany
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The viral protein VPU of HIV-1 directly interacts with the human T-cell coreceptor CD4 and subsequently induces the
degradation of this protein.1,2 Towards the study of this interaction on a residue-specific level, shorter constructs of these
proteins comprising the cytoplasmic domains with and without the transmembrane part, have been expressed and studied
in the presence of detergents.3,4
In this contribution, we present the results of initial solid-state MAS NMR studies on liposome-reconstituted
constructs of both membrane proteins. Sequential assignments were obtained using standard methods. Utilizing doublequantum buildup characteristics at different temperatures, we could identify different dynamics of transmembrane and
cytoplasmic domains, and the overall topology with respect to the membrane was probed utilizing well-established
experiments5.
Initial results suggest that the transmembrane helices of both proteins are rather rigid, whereas the cytoplasmic
domains are flexible.
References:
1. Willey R. L., Maldarelli F., Martin M. A. and Strebel K., Journal of Virology, 66, 7193 – 7200 (1992)
2. Chen M. Y., Maldarelli F., Karczewski M. K., Willey R. L. and Strebel K., Journal of Virology, 67, 3877 – 3884 (1993)
3. Wittlich M., Koenig B. W., Stoldt M., Schmidt H. and Willbold D., FEBS Journal, 276, 6560 – 6575 (2009)
4. Wittlich M., Thiagarajan P., Koenig B. W., Hartmann R. and Willbold D., Biochimica et Biophysica Acta-Biomembranes, 1798, 122 – 127 (2010)
5. Huster D., Yao X. L. and Hong M., J Am Chem Soc, 124, 874 – 883 (2002)
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Exploring Copper(II)Rusticyanin by 13C NMR
Antonio Donairea, Maria Eugenia Zaballab and Alejandro J. Vilab
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b
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Slow copper(II) electronic relaxation makes extremely difficult the characterization by NMR of the active site of
copper proteins in its oxidized state. This is specially true for the 1H nucleus where signals can be even unobservable. In
copper type 1 centers nucleus relaxation becomes faster and, consequently, proton signals, although broad, can be then
observed. In these systems exchange spectroscopy has permitted nuclei assignments.1 13C, with a gyromagnetic ratio
significantly lower than that of the 1H, is an excellent candidate for sounding out the vicinity of paramagnetic centers.
Some of us have also been successful in applying exchange spectroscopy with 13C in the CuA center of Cytochrome c
oxidase.2 In this last system, magnetic coupling between the two existing copper ions (formally with a redox state +1.5
each) allows copper ions relax faster, giving relatively narrow 13C signals that facilitate the assignment.
One further step is the assignment of 13C signals in mononuclear copper(II) systems (i.e. with a net unpaired electron).
Here, we present such development. Rusticyanin is a blue copper protein present in Acidithiobacillus ferrooxidans. We
assigned the 1H NMR signals corresponding to the ligands of the copper(II) ion in the past.1b Now, we extend the
assignment to 13C nuclei by using the so-called blind noe irradiation, i.e., saturating signals without observing them. We
have been able of localizing carbon nuclei corresponding to the equatorial cysteine and histidine ligands, as well to the
methyl carbon of the axial methionine. The complete heteronuclei assignment will allow us to improve the knowledge of
the unpaired spin delocalization onto the ligands and, hence, of how copper(II) interacts with them.
References:
1. a)Bertini I., Ciurli S., Dikiy A., Gasanov R., Luchinat C., Martini G. and Safarov N., J. Am. Chem. Soc.,121, 2037 – 46 (1999). b)Donaire A., Jimenez
B., Fernandez C. O., Pierattelli R., Kohzuma T., Hall J. F., Hasnain S. S. and Vila A. J., J. Am. Chem Soc.,124, 13698 – 708 (2002)
2. Abriata L. A., Ledesma G. N., Pierattelli R. and Vila A. J., J. Am. Chem. Soc., 131, 1939 – 46 (2009)
Acknowledgments: Spanish “Ministerio Ciencia e Innovación” (Proj. Number CTQ2008-02767) CONICET and ANPCyT are acknowledged for
financial support and scholarships.
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NMR investigation of a group II intron ribozyme
Daniela Donghi, Maria Pechlaner and Roland K.O. Sigel
Institute of Inorganic Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057, Zurich, Switzerland (daniela.donghi@aci.uzh.ch)

NMR is a powerful technique to gain structural and (thermo)dynamic information as described in numerous reviews
published in the past years dealing with the use of NMR spectroscopy in nucleic acids research.1 In contrast to proteins,
the chemical shift dispersion in the spectra of nucleic acids is reduced and the resonances suffer from strong overlap. This
made it difficult for a long time to solve nucleic acids structure at a high level of precision. The introduction of isotopic
labelling techniques, associated with the use of 2D and 3D NMR experiments, improved the situation substantially.
In RNA research, information about 3D packing and architecture in solution is strongly desirable. In this project, we
intend to solve the NMR structure of the so called κ-ζ region of the Sc.ai5γ group IIB intron ribozyme, from yeast
mitochondria. Group II intron ribozymes are naturally occurring catalytic RNAs, found in organellar genes of plants,
fungi, bacteria and lower eukaryotes, able to undergo the self splicing, likewise the eukaryotic spliceosome.2 In general,
despite its importance, very little information is known on the 3D structure of these molecules so far.3 Biochemical studies
with the Sc.ai5γ ribozyme showed that the most crucial atoms responsible for folding and catalysis are located within the
κ-ζ region, a small fraction of domain 1.4 This special RNA fragment is 45 nucleotides long and comprises an unusual
three way junction with two flexible tetraloops and one internal loop. Structural modifications as well as the different
NMR experiments used to gain insights into the structure of this RNA molecule will be presented.
References:
1. See for example Varani G., Aboul-ela F. and Allain F. H. T., Prog. Nucl. Magn. Reson. Spectr., 29, 51 – 127 (1996)
2. See for example Toor N., Keating K. S. and Pyle A. M., Curr. Opin. Struc. Biol., 19, 260 – 266 (2009)
3. See for example Toor N., Keating K. S., Taylor S. D. and Pyle A. M., Science, 320, 77 – 82 (2008)
4. Waldsich C. and Pyle A. M., Nat. Struct. Mol. Biol., 14, 37 – 44 (2007)
Acknowledgments: This research is supported by a Marie Curie Intra European Fellowship (RNABIC, n° 236794) within the 7th European Community
Framework Programme as well as by the Swiss National Science Foundation.
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Is human Liver FABP a good carrier for MRI contrast agents? An NMR study
Mariapina D’Onofrioa, Alberto Ceccona, Eliana Gianoliob, Francesca Arenab, Serena Zanzonia,
Michael Assfalga, David Fushmanc, Silvio Aimeb and Henriette Molinaria
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b

Human Liver Fatty Acid Binding Protein (hL-FABP) is an abundant protein in the liver cytoplasm able to carry a
variety of endogenous ligands, making it probably the most versatile chaperone in terms of its ligand repertoire. This
raises the possibility that hL-FABP may play a role in the intracellular transport of exogenous molecules, like lipophilic
drugs. Lipid-conjugated gadolinium chelates display promising features for the development of hepatospecific contrast
agents for MRI. For this reason we tested the ability of hL-FABP to interact with a series of compounds carrying two
different Gd(III) chelating moieties, DTPA and AAZTA1 using relaxivity measurements. These findings allowed us to
select two complexes, Gd(III)-DTPA-bile acid2 and Gd(III)-AAZTA-C17 for further detailed characterization. A number
of NMR experiments have been performed using both diamagnetic Y(III) and paramagnetic Gd(III) complexes to feature
the binding with hL-FABP. The characteristic of the paramagnetic ions to alter the NMR relaxation properties of atoms
located nearby, has been exploited to localize the position of the Gd(III) ion, while NMR titration experiments have been
performed to localize the molecules in the cavity. Moreover, since Gd(III)-AAZTA-C17 is able to form micelles,1 we
carried out NMR experiments to characterize hl-FABP/micelle adduct.
The results of relaxometry and NMR experiments allowed us to hypothesize the occurrence of intracellular
associations between a novel class of lipophilic potential contrast agents and a highly abundant liver protein. This
interaction enhances the relaxivity of the compounds in vitro, and will provide an increased contrasting power in vivo.
References:
1. Gianolio E., Giovenzana G. B., Longo D., Longo I., Menegotto I. and Aime S., Chem. Eur. J., 13, 5785 – 5797 (2007)
2. Assfalg M., Gianolio E., Zanzoni S., Tomaselli S., Lo Russo V., Cabella C., Ragona L., Aime S. and Molinari H., J. Med. Chem., 50, 5257 – 5268
(2007)
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Pulse EPR Reveals the Coordination Sphere of Cu(II) in the 1-16 Amyloid beta
peptide
Pierre Dorleta, Christelle Hureaub and Peter Fallerb
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Laboratoire du Stress Oxydant et Détoxication, CNRS & CEA, URA 2096 CEA Saclay, 91191Gif-sur-Yvette, France (pierre.dorlet@cea.fr)
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There is a broad interest in metal-induced peptide/protein aggregation, which is a common feature of several
degenerative diseases (NDs). In particular, CuII seems to play an important role as it binds to NDs peptides/proteins and
modulate their aggregation behavior. Knowledge on the CuII coordination to these peptides/proteins are pivotal to
understand its role, in particular since small changes in coordination may have important impact on the aggregation or on
the generation of reactive oxygen species, another key feature of CuII in NDs.
The system CuII-amyloid β (CuII-Aβ), involved in Alzheimer’s disease, has been extensively studied. However, the
unambiguous identification of the CuII ligands has remained difficult and no real consensus emerged in the literature.1 In
almost all studies, a mixture of species was present at the pH at which the experiments were performed.
We have used a wide range of EPR methods to study the CuII binding to Aβ. This,
combined with specific isotopic labelling of amino acids and the use of selected pHs to
study one complex at a time, has provided direct evidence for each ligand on CuII-Aβ
and allowed us to propose a novel model for the Cu-coordination to Aβ at physiological
pH.2 In addition, NMR data have provided insights into the dynamics of the system.3
References:
1. Faller P. and Hureau C., Dalton Trans., 1080 – 1094 (2009)
2. Dorlet P., Gambarelli S., Faller P. and Hureau C., Angew. Chem. Int. Ed., 48, 9273 – 9276 (2009)
3. Hureau C., Coppel Y., Dorlet P., Solari P. L., Sayen S., Guillon E., Sabater L. and Faller P., Angew. Chem. Int. Ed., 48, 9522 – 9525 (2009)
Acknowledgments: Serge Gambarelli and Yannick Coppel.
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Analysis of the ATPase cycle of a 200kDa molecular chaperone by NMR
Afonso Duartea, Elif Karagöza, Hans Ippelb, Martijn van Rosmalena, Rolf Boelensb and Stefan
Rüdigera
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b
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The Hsp90 chaperone assists the folding of a specific subset of regulatory proteins, many of which are oncogenic
kinases. Hsp90’s activity is controlled by ATP and various co-factors, the mechanism of which is elusive. We used NMR
spectroscopy to reveal molecular insights into the Hsp0- mechanisms. To overcome the NMR size limitation for 200 kDa
Hsp90 complexes, we used specific isoleucine labeling combined with 1H-13C-Methyl-TROSY. We resolved 92% of
Hsp90’s isoleucines and assigned the signals by mapping the individual domains to the full length human Hsp90. We
titrated Hsp90 with nucleotides, co-factors and Hsp90 targeting anti cancer drugs. We mapped the binding site of cochaperone p23 and we obtained molecular insights into the p23-Hsp90 interaction. We also studied the nucleotide bound
and drug bound states of full length Hsp90, which allow us to obtain a dynamic picture of the ATP cycle. We anticipate
that our approach has significant impact on future studies of Hsp90 with co-factors, inhibitors and substrates, but also on
studying large proteins by NMR.
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Anatomy of a minimalistic riboswitch: Highly modular structure and ligand
binding by conformational capture by the 27nt neomycin sensing regulatory RNA
element

Elke Duchardt-Fernera,b, Julia E. Weiganda, Oliver Ohlenschlägerc, Sina R. Schmidtkea,b, Beatrix
Suessa and Jens Wöhnerta,b
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The engineered 27 nt neomycin sensing riboswitch (Fig. 1A) represents
the smallest functional riboswitch reported so far.1 Here, we have identified
structural determinants for gene regulatory activity of this minimal gene
regulatory element from a combination of high resolution NMR spectroscopy
and other biophysical methods.
The gene regulatory activity of the neomycin sensing riboswitch is
attributed to a sterical interference of the highly stabilized
RNA:aminoglycoside complex with the translation initiation process.
Therefore, an extraordinarily stable RNA-ligand complex (Fig. 1B)
constituting the regulatory ‘off’ state combined with a largely destabilized
free ‘on’ state likely forms the basis of riboswitch activity (Fig. 1C).2 Our
detailed analysis allows deriving structural determinants for both states, such
as destabilizing spacer elements and factors for cooperative stabilization, and
thus establishes structure based parameters for riboswitch activity.

Figure 1

References:
1. Weigand J. E., Sanchez M., Gunnesch E. B., Zeiher S., Schroeder R. and Suess B., RNA, 14, 89 – 97 (2008)
2. Duchardt-Ferner E., Weigand J. E., Ohlenschläger O., Schmidtke S. R., Suess B. and Wöhnert J., Angew. Chem. Int. Ed., accepted
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Functional Genomics of Caenorhabditis elegans by Whole organism NMR
Spectroscopy in Applications to Ageing and Toxicology
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Pierre Toulhoata, Lyndon Emsleya, Robert Baroukic, Xavier Coumoulc, Florence Solarib and
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Caenorhabditis elegans is used to monitor a wide range of biological processes and to characterize genetic mutations
responsible for human diseases. We have developed a robust protocol based on 1H HR-MAS NMR spectroscopy of intact
C. elegans worms to investigate the metabolic signature induced by genetic mutations, and demonstrated its use as a
molecular phenotyping device for functional genomics at the system level. Here we focus on the metabonomic
characterization of two different C. elegans mutants to obtain insight into the metabolic mechanisms ageing and
toxicological processes.
We derived the metabolic signature of ageing in a C. elegans mutant that mimics caloric restriction (CR), a wellknown process responsible for increase in lifespan in various organisms. We compared metabolic profiles obtained by 1H
HR-MAS NMR spectroscopy for wild type (N2) nematodes and CR mutants, young adults and 7-day old adult worms.
We used supervised statistical analyses, such as OPLS, coupled to statistical recoupling of variables to derive significant
metabolic discriminations. The metabolic signature of both ageing and CR in intact C. elegans is found to share
similarities with signatures previously described from the plasma of non-human primates. Furthermore, we find that the
difference between the metabolic profiles of wild-type worms and CR mutants increases with age. 7-day old CR mutants
appear metabolically younger than their wild type counterparts.
We also illustrate the characterization of the metabolic signature of mutants of the aryl hydrocarbon receptor (AhR)
which plays a central role in xenobiotic-induced toxicity and carcinogenesis.
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Protein-Ligand Affinity Measurements by Ligand Detected One-Dimensional
NMR
Tomas Åkerud and Per-Olof Eriksson
AstraZeneca R&D, Discovery Enableling Sciences and Technologies, Department of Cell, Protein and Structural Sciences, SE-431 83 Mölndal, Sweden,
(p-o.eriksson@astrazeneca.com)

A method is described to determine affinities of two ligands binding to the same site of a protein, based on mutual
titration and observation of binding from ligand detected NMR. Example of application to binding of two fragments to
beta-secretase is shown.
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Side-Chain Dynamics Revealed by Methyl CH RDCs
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The RDC-based model-free analysis (MFA)1 was applied to methyl group RDCs measured in ubiquitin dispersed in 13
different alignment media in order to characterise dynamics in the ns-μs time range.2 The order parameter (S2) results
cover a wide range of mobility with correlation to residue type, distance to backbone and solvent exposure and bring
evidence to the existence of fluctuations contributing as much additional mobility as those already present in the faster psns time scale measured from relaxation data. Of the available dynamic ensembles of ubiquitin, the broadest one, namely
the EROS ensemble,2 fits the collection of methyl group order parameters presented here best. Finally, the MFA-derived
averaged spherical harmonics were used to perform highly-parameterized rotameric searches of the side chains
conformation and find expanded rotamer distributions with excellent fit to our data. These rotamer distributions suggest
the presence of concerted motions along the side chains.
References:
1. Lakomek N. A., Carlomagno T., Becker S., Griesinger C. and Meiler J., J Biomol NMR, 34, 101 – 115 (2006)
2. Farès C., Lakomek N. A., Walter K. F., Frank B. T. C., Meiler J., Becker S. and Griesinger C., J Biomol NMR, 45, 23 – 44 (2009)
3. Lange O., Lakomek N. A., Farès C., Schroder G. F., Walter K. F., Becker S., Meiler J., Grubmüller H., Griesinger C. and de Groot B.L., Science, 320,
1471 – 1475 (2008)
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(ERC). Karin Giller provided help with the preparation of ubiquitin. Monika Bayrhuber was very helpful in the preparation of the charged gel for
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Supramolecular NMR: Cyclodextrins/Captopril Nanoparticles and Self-Assembly
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Cyclodextrins (CD) have been studied extensively as host molecules in supramolecular chemistry due to increasing
interest in optimizing the efficacy of drugs activities. Understanding supramolecular topology in these complexes is
fundamental for understanding the drug inclusion, as well, for controlling the host/guest systems. Herein, nanoparticles of
inclusion complexes between captopril, an angiostensin converting enzyme inhibitor, and α-CD, β-CD and 2hydroxypropyl-β-CD (HP-β-CD) were investigated using NMR and compared to self-assembly of these species. To
understand the supramolecular topology of nanoparticles, 1H and 13C NMR experiments were performed in a Varian
INOVA 500 MHz spectrometer. The complexation induced chemical shifts (CICS),1 ROESY and DOSY data were
obtained and confirmed the bioactivity results, as the nanoparticle named FC004 showed strongest interaction between
captopril and α-CD. The NMR data suggested that the terminal alkyl-thiol portion of the captopril is included in the α-CD
cavity, while for β-CD and HP-β-CD complexes the terminal thiol moiety may be exposed to solvent. The ROESY
experiments also confirmed the captopril inclusion in CD for the FC004 formulation and CICS analysis. DOSY
experiments also provided valuable information on molecular organization of the complexes. We have compared the
obtained NMR results with captopril and CD self-assembly in the same proportions as used, and observed that the
nanoparticles preparations gave much better results, which are very promissory in achieving a new way for captopril
administration and provide better life conditions for high pressure suffering people, who presents around 15% of world’s
population.
References:
1. Cruz J. R., Becker B. A., Morris K. F. and Larive C. K., Magn. Reson. Chem., 46, 838 – 845 (2008)
Acknowledgments: FAPESP.
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Efficiency of a delayed treatment of neurointoxication evaluated by 1H HRMAS
NMR metabolic profile of mouse brain
Florence Fauvellea, Frédéric Dorandeub, Tiphaine Zbogarb, Annie Foquinb, Pierre Carpentierb and
Guy Testylierb
a
b

IRBA CRSSA-NMR laboratory-24 avenue du Grésivaudan, F-38702 La Tronche (fauvelle@crssa.net)
IRBA CRSSA Toxicology-24 avenue du Grésivaudan, F-38702 La Tronche

Introduction: Severe intoxications with organophosphorus compounds lead to a status epilepticus with related
neurological lesions in surviving animals. There is actually no delayed treatment after at least 45 minutes of seizure.
Purpose: In this work we have evaluated the ability of ketamine (KET) associated with atropine sulphate (AS), to
reduce the metabolic disorders induced by soman intoxication in mouse brain.1
Methods: The AS-KET treatment was given 1 h or 2 h after soman intoxication and compared to the very early
treatment with the benzodiazepine midazolam (1 min after soman). Mice were sacrificed at 4 h, 24 h, 48 h, 72 h and 7
days after intoxication. Piriform cortex and cerebellum were rapidly sampled and immediately stored in liquid nitrogen.
1
H HRMAS NMR spectra were acquired at 400MHz with a CPMG pulse sequence (TE=30 ms), at a 4 KHz spin rate.
17 metabolites were quantified with the QUEST procedure of the jMRUI sofware (www.mrui.uab.es/mrui/).
Results/discussion: In piriform cortex, 11 among the 17 quantified metabolites significantly varied after intoxication,1
mainly lactate (energetic metabolism disruption), myo-inositol (major brain osmolyte linked to brain oedema), N-acetylaspartate (a marker of neuronal suffering or death), glutamine (ammonium toxicity?) and glycerophosphocholine
(inflammatory response, phospholipase A2?). AS-KET administration 1 h after intoxication considerably reduces the
metabolic disruption induced by soman, while AS-KET 2 hours after soman was poorly efficient.
Conclusions: The association of ketamine and atropine sulfate given until one hour after severe soman intoxication
could be a valuable delayed neuroprotective treatment.
References:
1 Fauvelle F., Dorandeu F., Carpentier P., Foquin A., Rabeson H., Graveron-Demilly D., Arvers P. and Testylier G., Toxicology, 267, 99 – 111 (2010)
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Mapping of epitopes of anti–IL-17A antibodies by NMR
Alvar Gossert, René Hemmig, Sylvie Lehmann, Jean-Michel Rondeau, Franco Di Padova and César
Fernández
Novartis Institutes for BioMedical Research, Novartis Pharma AG, CH-4002, Basel, Switzerland (cesar.fernandez@novartis.com)

In contemporary drug research, therapeutic antibodies are playing an increasingly important role. Precise knowledge
of the antibody-target interaction is of high value for understanding of the mode of action and for intellectual property
issues. IL-17A is an important inflammatory cytokine involved in autoimmune pathology. AIN457, a human high-affinity
antibody against IL-17A, has been shown to be effective against psoriasis, rheumatoid arthritis and uveitis and is now in
clinical trials. Here, NMR methodology was applied to efficiently obtain this crucial information on IL-17A−antibody
complexes, including the IL-17A−AIN457 complex.
Despite intense efforts over the past 5 years, the binding epitope of AIN457 on IL-17A could not be determined
precisely, and no crystal structures of the complex were available. In the present studies, we characterized the binding
stoichiometry and the epitope of different anti-IL-17A antibodies by NMR. Backbone resonance assignment of the 33
kDa IL-17A homodimer was the basis for characterization of the binding mode and the epitope at amino acid resolution of
IL-17A in complexes with Fab, Fv and scFv fragments of AIN457. The obtained binding site is in agreement with data
from orthogonal methods, i.e. H/D Exchange MS and mutagenesis combined with SPR. Finally, titration of IL-17A with
the AIN457- Fab fragment was monitored by TROSY spectra, which showed that two Fab fragments can bind per IL-17A
dimer. Using this information on the correct stoichiometry of IL-17A–antibody complexes, new crystallisation trials were
set up. This strategy finally resulted in the crystal structure determination of an IL-17A–antibody complex at atomic
resolution. The results presented here illustrate the excellent interplay of NMR and X-ray in structural biology,
particularly in the context of modern drug discovery.
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Structure of an elongated thrombin-binding aptamer and its influence on the
activity

Jan Fernera, Anna Lena Liebleina, Maximilian C. R. Buffa,b, Günter Mayerc, Alexander Heckela,b and
Harald Schwalbea
a
Institute for Organic Chemistry & Chemical Biology, Center of Biomolecular Magnetic Resonance (BMRZ), Goethe University, Max-von-Laue Str. 7,
60438 Frankfurt/Main, Germany, (ferner@nmr.uni-frankfurt.de)
b
Cluster of Excellence Macromolecular Complexes, Goethe University, Max-von-Laue-Str. 9, 60438 Frankfurt/Main, Germany
c
Strathclyde Institute for Pharmacy and Biological Sciences, University of Strathclyde, 27 Taylor Street, Glasgow G4 0NR, Scotland, and Life and
Medical Sciences, University of Bonn, Gerhard-Domagk-Str. 1, 53121 Bonn

The DNA aptamer HD1 was discovered in 1992 by Bock et al. as anticoagulant targetting thrombin and was
intensively studied in the following years.1 The structure of the 15 nucleotide minimal motif was solved in the
following years and consists of two G-Quartets which are linked by two TT loops and one TGT loop.2
To turn off the activity of the thrombin-binding aptamer extensions were attached to the 3’- or 5’-ends including
light activatable “cages”. The site of the extensions had a surprising effect on the activity: while 5’-extensions
decreased the activity, 3’-extensions caused an increase.3 Both effects did not depend on any specific type of
extension. To understand these observations, we performed a NMR structural investigation of modified thrombinbinding aptamers with four adenosin nucleotides attached to the 3’- or 5’-termini.
While the less active 5’-elongated aptamer displays a rather undefined ensemble of conformations, the 3’-extended
aptamer consists of one major conformation at low temperatures (278K) and a nearly equalized equilibrium with a
second conformation at 298K. Here we will present the results of the structural investigation and discuss the influence
on the activity.
References:
1. Bock L. C., Griffin L. C., Latham J. A., Vermaas E. H. and Toole J. J., Nature, 355, 564 – 566 (1992)
2. Kelly J. A., Feigon J. and Yeates T. O., J. Mol. Biol., 256, 417 – 422 (1996)
3. Buff M. C. R., Schäfer F., Wulffen B., Müller J., Pötzsch B., Heckel A. and Mayer G., Nuc. Acids Res., 38, 2111 – 2118 (2010)
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Characterisation of NS5A(191 – 369) of Hepatitis C Virus by NMR Spectroscopy
Sophie Feuersteina, Zsofia Solyoma, Amine Aladagb,c, Dieter Willbolda,b,c and Bernhard Brutschera
a
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Institut für Strukturbiologie 3, Forschungszentrum, 52425 Jülich, Germany
Physikalische Biologie, Heinrich-Heine-Universität, 40225 Düsseldorf, Germany

b
c

Nonstructural protein 5A (NS5A) of hepatitis C virus (HCV) plays an important role in viral replication, interferon
resistance and apoptosis regulation. The protein consists of three domains. A well characterised domain 1 (D1), an
instrinsically unfolded domain 2 (D2) and a less conserved domain 3 (D3). D1 is membrane anchored by a N-terminal
amphipatic helix and comprises a structural scaffold with a zinc-binding domain, which is essential for RNA replication.
D2 interacts with NS5B as part of the HCV replicase complex and with a series of host cell proteins. It is therefore
involved in several biologic regulations. Beside the interferon sensitivity determining region, the protein kinase RNAactivated binding domain and a potential Bcl2 homology region 2, a polyproline rich motif interacts with SH3-domains of
several kinases of the Src family.
NMR-studies showed that D2 is instrinsically unfolded and undergoes local conformational changes upon binding to
an interaction partner.1,2 The low chemical shift dispersion observed for such a natively disordered protein presents a
challenge for NMR spectroscopy. To achieve sequential resonance assignment for the D2 comprising fragment
NS5A(191–369) we use high resolution 3D correlation experiments combined with advanced NMR techniques for fast
data acquisition. The polypeptide is further characterised by backbone 15N relaxation data which allows to detect
segments within the protein sequence that show increased propensity of forming secondary and tertiary structure.
References:
1. Liang Y., Ye H., Kang C. B. and Yoon H. S., Biochemistry, 46, 11550 – 11558 (2007)
2. Hanoulle X., Badillo A., Wieruszeski J.-M., Verdegem D., Landrieu I., Bartenschlager R., Penin F. and Lippens G., JBC, 284, 13589 – 13601 (2009)
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Evaluation of AChE Reactivators as Defense Agents against Organophosphorus
Neurotoxic Compounds using Kinetics Studies by NMR
Sibelle F. C. X. Soares, Andreia A. Vieira, Reinaldo T. Delfino and José D. Figueroa-Villar
Medicinal Chemistry Group, Department of Chemistry, Military Institute of Engineering, Praça General Tibúrcio 80, 22290-270,Rio de Janeiro, Brazil,
(figueroa@ime.eb.br)

Me signal intensity percentage

The use of organophosphorus compounds (OPs) as chemical warfare agents and pesticides leads to worldwide 700.000
to 1.000.000 intoxications every year. The enzyme acetylcholinesterase (AChE) is the main target of OPs, which
phosphilate the Ser203 residue at its active site, interrupting the hydrolysis of the neurotransmitter acetylcholine (ACh),
leading to cholinergic syndrome1. The compounds actually used as enzyme reactivators are cationic oximes, which
usually possess low membrane and hemato-encephalic barrier permeation. Molecular modelling and dynamics studies
showed that neutral oximes have potential to function as AChE reactivators2. We have used NMR methods for the
evaluation of the capacity of neutral oximes, which display better membrane permeation, for the reactivation of AChE
inhibited with the paraoxon. The NMR monitored kinetics of the paraoxon inhibited AChE reactivation showed that some
neutral oximes have potential to be used as antidotes for OPs intoxication.
120
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These studies also showed that neutral oximes are also competitive reversible
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inhibitors of AChE. The enzyme-ligand interactions were determined by T1 and
60
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2. Gonçalves A. S., França T. C. C., Wilter A. and Figueroa-Villar J. D., J. Braz. Chem. Soc., 17, 968 – 975 (2006)
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Non-alcoholic Fatty Liver Disease: a HR-MAS analysis
Fabiana Filacea, Valeria Righia,b, Chiara Stentarellic, Giovanni Guaraldic, Vanni Borghic, Stefano
Zonac, Guido Ligabued, Giulia Busettid, Paola Loriae, Stefano Ballestrie, Luisa Losif, Luca Nocettig,
Luisa Schenettia and Adele Muccia
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Non-alcoholic fatty liver disease (NAFLD) is a common cause of chronic
liver disease. The NAFLD includes non-alcoholic fatty liver (NAFL) and
non-alcoholic steatohepatitis (NASH). The mechanisms of NAFLD to
NASH transition remain to be clarified. NAFLD appears to originate from
the dysregulation of hepatic lipid metabolism as a part of the metabolic
syndrome accompanied by visceral obesity dyslipidemia, atherosclerosis,
and insulin resistance. High Resolution Magic Angle Spinning (HR-MAS)
NMR is a useful tool for the metabolic characterization of intact tissues and
can be used to support the clinical diagnosis. The aim of this study is to
characterized the NAFLD and NASH metabolism using HR-MAS NMR
Spectroscopy, and to evaluate the possible transition from NAFLD to NASH.
Figure 1: Ex vivo HR-MAS 1H NMR spectra of steatotic
Liver needle biopsies were collected for the HR-MAS and histological
liver biopsies. Major metabolites and lipids are labeled.
analyses. Preliminary HR-MAS NMR results show a higher amount of lipids
in the biopsies from patients with 30-50% of steatosis (fig. 1, spectra 1, 2), whereas lipids and of small metabolites are
present when the liver is affected from a market fibrosis (fig.1, spectrum 3).
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CCPN – NMR analysis software and software pipelines
Rasmus H. Fogha, Tim J. Stevensa, Wayne Bouchera, Wim Vrankenb, Chris Penkettb, Alan da Silva
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a
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The CCPN project was set up to serve as a nucleus for collaborative, open software development within
macromolecular NMR. The basis of our work is the CCPN data standard for NMR and structural biology, supported by
extensive subroutine libraries, with tools for producing and maintaining both.1 Based on these standards we have
developed the CcpNmr suite for visualisation, analysis and data extraction2 (Analysis), conversion to and from external
data formats2 (FormatConverter), and deposition to the BioMagResBank and PDB3 (ECI). We have also worked
extensively with other developers of NMR software to produce an integrated software pipeline covering all stages from
data acquisition, through assignment analysis, structure generation and validation to deposition.
The poster presents the newest developments of the CCPN software, including the end-of-project release of the
Extend-NMR software pipeline with its joint interface, the CcpNmr ECI deposition tool, and the latest release of CcpNmr
Analysis,with improvements in documentation, support for solid state NMR, protein labelling schemes, automatic
assignment, and more.
References:
1. Fogh R. H., Boucher W., Ionides J. M. C., Vranken W. F., Stevens T. J. and Laue E. D., Journal of Integrative Bioinformatics, 7, 123 (2010)
2. Fogh R. H., Boucher W., Vranken W. F., Pajon A., Stevens T. J., Bhat T. N., Westbrook J., Ionides J. M. C. and Laue E. D., Bioinformatics,. 21, 1678
– 84 (2005)
3 Velankar S., Best C., Beuth B., Boutselakis C. H., Cobley N., Sousa Da Silva A. W., Dimitropoulos D., Golovin A., Hirshberg M., John M., Krissinel
E. B., Newman R., Oldfield T., Pajon A., Penkett C. J., Pineda-Castillo J., Sahni G., Sen S., Slowley R., Suarez-Uruena A., Swaminathan J., van
Ginkel G., Vranken W. F., Henrick K. and Kleywegt G. J., Nucleic Acids Res, 38:D308 – 17 (2010)
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Vitamin A is an esseential precursoor in the bioosynthesis of critical metabbolites, throuugh which it exerts multipple
biological efffects. Many insights
i
into the
t retinoid metabolism
m
haave come from
m studies of ttheir plasma and
a cytoplasm
mic
carriers. Thee two primaryy cellular rettinol-binding proteins are CRBP-I and CRBP-II, thhat play centrral roles in the
t
maintenance of vitamin A homeostasiss by directingg it to the pro
oper enzymes,, either for stoorage as retin
nyl esters or for
f
oxidation to retinaldehydee and retinoic acid. CRBP-II shows wide tissue expression, while CRBP-II is preesent only in the
t
enterocytes. The study off proteins dynnamics in thee μs-ms timesscale combineed with line-sshape analysiss of 15N-HSQ
QC
spectra recorrded during a retinol
r
titratioon provided neew insights on
n the mode of ligand binding to CRBP-I.1
In the preesent study wee have appliedd the same appproach to CR
RBP-II. The daata indicate thhe existence off low-populatted
2
″active″ confformers in thee apo protein which
w
are ablee to sequester retinol from solution,
s
veryy differently to
o CRBP-I.1
Consideriing that both homologs deeliver retinol to
t several meembrane-assocciated enzymees,
we also starteed to address the mechanism
m of ligand reelease by perfforming NMR
R experiments in
the presence of membranee mimetic systtems. Again the
t results sug
ggest a differeent behaviour of
holo CRBP-II with respect to holo CRBP
P-II, as will bee discussed.
All thesee peculiar diifferences migght help to account for the different tissue-speciffic
expression paatterns and distinct functionnal roles of CR
RBP-I and CR
RBP-II.
References:
1. Mittag T., Fraanzoni L., Cavazzzini D., Schaffhausen B., Rossi G. L. and Günther U. L., J. Am. Chem. Soc., 128, 98844
– 9848 (20066)
2. Reed M., Lüccke C., Cavazzinii D., Rossi G. L., Günther U. L. annd Franzoni L., in
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Human SOUL
S
(hSOUL
L) is a 23 kDaa heme-bindinng protein initially identifiedd in the retinaa and pineal glland of chickeen.
SOUL is thoought to be invvolved in photoreceptive fuunctions, act as
a a circadian clock, or in thhe transport of
o heme to othher
heme proteinns. Recent stuudies suggestt that hSOUL
L is also invo
olved in necrootic cell deathh by inducing
g mitochondriial
membrane peermeability.1
It has beeen suggested that hSOUL becomes hexaameric upon heme bindingg with a single His residuee involved as an
axial ligand for Fe(III).2 We
W have usedd NMR to stuudy protein strructure alterattions upon heeme binding which
w
shows no
n
evidence forr a hexamericc form. 1H,15N-HSQC
N
expeeriments allow
wed us to folllow chemicall shift alterations upon hem
me
titration and relaxation datta has been ussed to identifyy dynamic alteerations. Triplee resonance sppectra have beeen acquired for
f
13 15
C/ N and 2H/ 13C/15N laabelled hSOU
UL samples inn order to perrform spectrall assignment aand identify the
t amino aciids
involved in thhese interactioons.
hSOUL has
h the abilitty to bind seeveral protoporphyrins and
d intrinsic tryyptophan fluoorescence hass been used to
determine dissociation connstants for heemin and protooporphyrin IX
X binding to hSOUL.
h
Resuults have been compared wiith
% sequence iddentity) the otther member of
o the SOUL/H
HBP family of proteins. Thhe p22HBP strructure has been
p22HBP (27%
solved by NM
MR3 and preliiminary crystaallographic daata has already
y been obtaineed for hSOUL.4
References:
1. Szigeti A., et al., FEBS Lett, 580, 6447 – 6454 (2006)
4 14189 – 141988 (2004)
2. Sato E., et al., Biochemistry, 43,
a JBC, 42, 315553 – 31561 (20066)
3. Dias J. S., et al.,
4. Freire F,. et al.,
a Acta Crystalloogr Sect F Struct Biol
B Cryst Comm
mun, F65, 723 – 726 (2009)
Acknowledgmennts: FCT-MCTE
ES (SFRH/BD/302239/2006, PTDC/QUI/64203/2006
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Structural Characterization of a Domain Swapping Converted into a Fibrilar
Architecture
Mônica S Freitasa,b, Rosemery A Staniforthc, Robert Paramorec, Barth von Rossumb, Jon P Walthoc
and Hartmut Oschkinatb
a
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c
The University of Sheffield, Sheffield, United Kingdom
b

Amyloidosis is a clinical disorder caused by extracellular deposition of proteins that are normally soluble in their
native conformation, but suffer conformational modifications resulting in insoluble and abnormal fibrils that impair organ
function. Despite the many challenges that have been overcome, in this field, many questions remain unanswered and
more improvements need to be made. So far, it still unknown which forces drives different primary structures into the
misfolding pathway. The limitations of many biophysical and biochemical approaches to study fibril formation have
slowed the advance in the understanding of how soluble proteins undergo conformational changes that result in
aggregation.
In this work we followed some structural features belonging to Stefin B fibril by solid-state NMR. Stefin B is a
domain swapping protein that is implicated in various pathologies of the brain. Its fibrils are composed of rigid and
mobile parts that allowed us to select the region of the fibril to be analyzed based on mobility. 13C-13C correlations NMR
spectroscopy were derived either from proton-driven spin diffusion (PDSD) or total through-bond correlation
spectroscopy (TOBSY) under magic-angle spinning (MAS). The PDSD showed broad lines and few peaks suggesting
high fibril mobility or high amount of peaks overlapped. In fact, the TOBSY and INEPT experiments showed several and
well resolved signals reinforcing high fibril mobility. The 13C-15N correlations spectra were obtained either in the presence
of cross-polarization or INEPT. The proposed assignment has suggesting the presence of a flexible N-terminal.
Despite of many results had been obtained more information concerning Stefin B structure seems to be necessary to
try to solve the challenge about a runaway fibril structure.
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Exploring new possibilities in high field NMR combining 900MHz and a sample
changer
Bernd Fritzinger, Wieruszeski Jean-Michel, Hanoulle Xavier, Landrieu Isabelle and Lippens Guy
Department of Glycobiology, CNRS-Université de Lille 1 UMR 8576, USTL, 59655 Villeneuve d’Ascq, France (Bernd.Fritzinger@Univ-Lille1.fr)

With the arrival of the Sample Jet, the newly installed 900MHz Bruker Avance III system at Lille1 University offers
exciting new opportunities for future research. The combination of high field (900MHz), high sensitivity and resolution
(using a TCI cryo probe) and high throughput (Sample Jet with temperature
15 N
ppm
control) allows to study systems with NMR that were not considered to be
105
feasible before. In addition, it is possible to work with small volumes (50μl in
1.7mm tubes) and thereby allowing NMR research on samples with limited
110
availability (or high price).
115
As a proof of principle, samples of Cyclophilin A have been measured
120
under different conditions to show the power of the system.
125
130

10

9

8

7

1

H ppm

Acknowledgments: The 900MHz is financed by the Region Nord-Pas de Calais, the French Ministry of Research, the European Community and the
CNRS. It operates within the framework of the TGIR-RMN, France.
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SSNMR study of intact E. faecium sacculi. Effects of the antibiotic resistance
mechanism on the structure and dynamics of the cell wall
Axel Gansmüllera, Carole Veckerléb, Jean-Emmanuel Hugonnetb, Catherine Bougaulta, Sabine
Hedigerc, Michel Arthurb and Jean-Pierre Simorrea
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E. faecium is a non pathogenic bacteria that develops a similar resistance mechanism to β-lactam antibiotics as M.
tuberculosis. As for it's highly pathogenic counterpart, the mechanism relies on the selection of an alternative protein, the
L,D-transpeptidase (Ldtfm), involved in the synthesis of the bacterial cell wall. As a result, some of the structural features
of the peptidoglycan cell wall are different in the resistant strains.
We are applying Solid State NMR on intact cell wall sacculi in order to characterize these differences in terms of
molecular structure and dynamics.1 The physical properties of the peptidoglycan material (size, flexibility, heterogeneity)
make it a difficult system to tackle by standard NMR methods. Nevertheless we show here that a combination of liquid
and solid state NMR pulse sequences allows the observation of structural differences depending of the active
transpeptidation protein. Several methods are evaluated (T1 measurements, LGCP, R-PDLF) allowing a semi-quantitative
characterization of the dynamics of the bacterial cell wall elements (glycan strands, peptide bridges, Teichoic acids). A
comparison is presented for peptidoglycan originating from E. faecium bacteria grown under different antibiotic stress
media.
References:
1. Kern T., Hediger S., Muller P., Giustini C., Joris B., Bougault C., Vollmer W. and Simorre J. P., J Am Chem Soc, 130, 5618 – 5619 (2008)
Acknowledgments: “PeptidoNMR” project, Agence Nationale Recherche.
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Solid-state NMR investigations on membrane peptides from Hepatitis C virus
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Hepatitis C virus (HCV) genome encodes a 3000 residue polyprotein precursor at the endoplasmic reticulum
membrane, resulting in at least 10 mature proteins, all associated to the membrane. Membrane proteins constitute a
challenging class of proteins for their heterologous expression, purification and sample optimization. Solid-state NMR is
well suited to structural and dynamical investigation at an atomic level of proteins that are insoluble and/or difficult to
crystallize and provides ways to study membrane proteins in their lipids environment, thus in their fully functional state.
Membrane peptides of HCV reconstituted in lipid bilayers are serving as models, as phospholipids often play a crucial
role in their stabilization and folding. We started the optimization of sample preparation and experimental parameters on
chemically synthesized peptides with uniformly [13C, 15N] labeled alanines, glycines and valines. Among them, the 31residue N-terminal anchor of the NS5A protein, an in plane amphipatic α-helix, constitutes an attractive target for antiviral
intervention since it is essential for HCV replication. We present here the sample preparation for solid-state NMR as well
as the first 1D and 2D spectra of the synthetic peptide taken at 500MHz. 2D carbon-carbon DARR cross-signals of the
peptide could be obtained, showing good linewidths of 0.8 ppm and enabling the resonance assignment of the labeled
residues. Besides, we show the overexpression and purification protocols that have ben optimizede to enable full labeling
of HCV membrane peptides, as well as first solution spectra of NS5A-Nter overexpressed in bacteria. NS5A-Nter is ready
to serve as a model membrane peptide to probe peptide-lipids interactions.
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Solution structure of the protective D1 domain of Streptococcus pneumoniae RrgB
pilus subunit
Maria Antonietta Gentilea,b, Laura Pancottoa, Carla Emoloa, Monica Moschionia, Sara Melchiorrea,b,
Werner Pansegraua, Maria Scarsellia, Ilaria Ferlenghia, Claudia Facciottia, Daniele Veggia, Silvana
Savinoa, Paolo Ruggieroa, Francesca Cantinic, Lucia Bancic and Vega Masignania
a

Novartis Vaccines and Diagnostics, Via Fiorentina 1, 53100, Siena, Italy (mariaantoniettag@gmail.com)
Department of Structural and Functional Biology, University of Naples, Via Cintia 21, 80126, Naples, Italy
Department of Chemistry, Magnetic Resonance Center CERM, University of Florence, Via Luigi Sacconi 6, 50019, Sesto Fiorentino, Florence,Italy

b
c

Streptococcus pneumoniae, like many others Gram-positive bacteria, assembles long filamentous pili on their surface
through which they adhere to host cells. Pneumococcal pilus-1 is composed of three subunits (RrgA, RrgB and RrgC);
RrgB is the backbone component and the other two are the ancillary proteins.1 Recently, the crystal structure of the D2D4 domains of RrgB was solved at 1.6Å resolution. Moreover the three dimensional structure at 18Å resolution of the
whole native pilus was obtained using a combination of electron microscopy (EM) and single-particle image
reconstruction method. The rigid body fitting of the RrgBD2-D4 X-ray coordinates into the electron density map indicates
that the pilus shaft is made exclusively by several copies of the RrgB protein arranged in a head-to-tail organization.2 In
order to define the structure and assembly mechanism of the pneumococcal pilus in this study we determined the solution
structure of S. pneumoniae RrgB D1 domain by NMR spectroscopy. The D1 structure shows a common immunoglobulinlike (IgG-like) β sandwich fold. This work provides new information to understand the assembly mechanisms of the pilus
and of how the ancillary proteins RrgA and RrgC are incorporated into the pilus backbone.
References:
1. Telford J. L., Barocchi M. A., Margarit I., Rappuoli R. and Grandi G., Pili in Gram-positive pathogens, 4: 509 – 519 (2006)
2. Spraggon G., Koesema E., Scarselli M., Malito E.,Biagini M., Norais N.,Emolo C., Barocchi M. A., Giusti F., Hilleringmann M., Rappuoli R., Lesley
S., Covacci A., Masignani V. and Ferlenghi I., submitted
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Structure determination of KSRP-RNA complexes
Giuseppe Nicastro, David Hollingworth, Maria F. Garcia-Mayoral, Irene Diaz-Moreno, Silvia
Kralovicova and Andres Ramos
Division of Molecular Structure, MRC National Institute for Medical Research, London NW7 1AA, U.K., (gnicast@nimr.mrc.ac.uk)

K-Homology Splicing Regulator Protein (KSRP) is a multi-domain protein involved in important cellular processes,
such as mRNA localization, splicing, and mRNA decay. Recent work has established the role of KSRP in promoting the
degradation of AU-rich element (ARE)-containing mRNAs, making this protein a good model system for ARE-mediated
mRNA decay (AMD) studies at the molecular level.
KSRP contains four K-Homology (KH) domains responsible for recognizing the target ARE sequences. The KSRPRNA interaction recruits the degradation machinery promoting the mRNA decay. The malfunction of this mechanism has
been related to inflammatory diseases and abnormal cell proliferation leading to cancer.
To characterize the molecular features of the functional mechanism of KSRP we have determined the structures of the
isolated KH domains and studied their stability, dynamics, and relationship. We have performed NMR and CD-monitored
RNA binding assays with several oligos spanning overlapping regions of the TNFa ARE core, the best known
physiological target of KSRP, and evaluated the binding affinities and specificities of the transient KH-RNA complexes.
The four domains have different sequence specificities and in particular, KH3 recognizes short G-rich stretches with high
specificity and affinity. Work in our group revealed that KH3 recognizes the 5' GGG triplet in the terminal loop of prelet7 miRNA. In order to understand the role of KH3 in the recognition of G-RNA stretches the solution structure of two
complexes KH3-AGGGU and KH3-UGGGU are solved. KH3 interacts with the RNAs using the canonical hydrophobic
RNA binding surface of KH domains. The interactions are primarily hydrophobic and the RNA adopts an extended
single-stranded conformation.
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Solution structure and membrane-binding of the toxin Fst of the par toxinantitoxin system
Christoph Göbla, Simone Kosola, Thomas Stocknerb,c, Hanna Rückerta and Klaus Zanggera
a

Institute of Chemistry, University of Graz, Heinrichstrasse 28, 8010, Graz, Ausria, (christoph.goebl@uni-graz.at)
Department of Heath & Environment, Austrian Institute of Technology, 2444, Seibersdorf, Austria
Center for Pathobiochemistry and Genetics, Medical University of Vienna, 1090, Vienna, Austria

b
c

Toxin-antitoxin systems, also known as addiction systems, are highly common in plasmids and bacterial
chromosomes. By providing the host cell continuously with a toxic protein and an ongoing degraded antitoxin, these
systems ensure that cells that have lost the plasmid do not survive.1
The par toxin-antitoxin system guarantees stable inheritance of the plasmid pAD1 in its native host Enterococcus
faecalis.2 It codes for the toxin Fst and a small antisense RNA which inhibits translation of toxin mRNA and is the only
known antisense regulated toxin-antitoxin system in gram-positive bacteria. This study presents the structure of the par
toxin Fst, the first atomic resolution structure of a component of an antisense regulated toxin-antitoxin system.3 The mode
of membrane binding is determined by relaxation enhancements in a paramagnetic environment by addition of Gd(DTPABMA). The determination of PRE values allows positioning of peptides in membrane mimicking micelles.4
Fst binds in a transmembrane orientation with the C-terminus likely pointing towards the cytosol. It forms a membranebinding α-helix in the N-terminal part and contains an intrinsically disordered region near the C-terminus.
References:
1. Hayes F., Science, 301, 1496 – 1499 (2003)
2. Weaver K. E., Curr. Opin. Microbiol., 10, 110 – 116 (2007)
3. Göbl C., Kosol S., Rückert H., Stockner T. and Zangger K., Biochemistry, in revision
4. Respondek M., Madl T., Göbl C., Golser R. and Zangger K., J. Am. Chem. Soc., 129, 5228 – 5234 (2007)
Acknowledgments: C. G. thanks the Austrian Academy of Sciences (ÖAW) for a DOC fellowship. K. Z. gratefully acknowledges financial support by
the Austrian Science Foundation (Fonds zur Förderung der wissenschaftlichen Forschung, FWF) under project number 20020 and through the
“Doktoratskolleg Molecular Enzymology”.
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Magic angle spinning NMR studies of class-I and class-II intact filamentous
bacteriophage viruses
Amir Goldbourt
School of Chemistry, Tel Aviv University, Ramat Aviv 69978, Tel Aviv, Israel (amirgo@post.tau.ac.il)

Filamentous bacteriophages are viruses that infect specific bacterial hosts. They all have a rod-like shape and are
comprised of a circular ssDNA, wrapped by several thousands of copies of a major coat protein, each made of
approximately 50 amino acids. The phages are divided into two structural groups
according to their capsid symmetry. Pf1 bacteriophage (Class-II) and fd (Class-I)
have been studied extensively by fiber diffraction and static solid-state NMR of
aligned samples, and by cryo-EM (fd). Our magic-angle spinning NMR studies
on infectious, wild-type, intact viruses reveal new information on these systems.
For Pf1, which undergoes a structural phase transition at ~10oC, the residues
driving the transition are identified and associated with the hydrophobic surface
connecting the capsid proteins. These results were based on careful analysis of
chemical shift changes between the two forms of the virus. For the fd phage we
show that the capsid is highly symmetric in the precipitated and unaligned form
(other studies by fiber diffraction, static ssnmr and cryoEM required a Y21M
mutation to obtain structural homogeneity). Despite the highly condensed
character of helical coats, we manage to identify and to site-specifically assign
many amino acids in the sequence using multi-dimensional NMR experiments,
13
C-13C correlation (100ms
and correlate them to secondary structure elements.
mixing) showing Cα-Cα
Acknowledgments: Ann McDermott (CU, NY), Loren Day (PHRI), Omry morag & Gili Abramov (TAU).
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Interactiion Studiees and Strructure Determina
D
ation of th
he Pin1 W
WW Doma
ain and
phosphorylated Ligands
L
byy ITC and
d NMR
Nina Görnner, Eric Araagon and Maria
M
J. Macias
Institute for Ressearch in Biomediicine Barcelona, Parc Científic dee Barcelona, Bald
diri Reixac 10, E--08028 Barcelonaa (nina.goerner@
@irbbarcelona.orgg)

The prolyyl cis/trans isoomerase Pin1 catalyses thee cis to trans interconversio
i
on of prolines located direcctly downstreaam
of phosphoryylated seriness or threoninees. Recently it was shown that Pin1 deccreases Smadd3 protein lev
vels in a PPIaase
1
dependent manner.
m
The reeceptor regulaated Smad3 is a TGFß signaal mediator thhat consists off two globular MH1 and MH
H2
domains connnected by a linker. The Smad3 linkerr contains fou
ur serine/threeonine phosphhorylation sites followed by
b
proline, sugggesting that ciis/trans isomeerisation of thhe peptide bon
nd could reguulate the interraction to other proteins. We
W
expressed annd purified thee Pin1 WW doomain as a GST-fusion pro
otein and syntthesized four ppeptides (7-10
0 aa) containinng
either one or
o two of thhe four Smadd3 pS/pTP motifs
m
by Fm
moc-solid phasse peptide syynthesis. We identified one
phosphorylattion site as a preferred binnding motif foor the Pin1 WW
W domain byy ITC and NM
MR titration experiments. In
order to optim
mize the condditions for NM
MR experimennts we measurred binding aff
ffinities between the Pin1 WW
W domain annd
pSmad3 at diifferent pHs by
b ITC and obbserved an inccreased bindin
ng affinity by changing to hhigher pHs. We
W finally solved
the complex structure of the
t Pin1 WW
W domain bounnd to the pSm
mad3 ligand byy NMR and iidentified a NN to C-terminnus
orientation of the bound peeptide, typicall for group IV
V of WW dom
mains.
References:
m, 284, 6109 – 6115 (2009)
1. Nakano A., ett al., J Biol Chem
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Structurral Analyssis by EPR
R and Site-Directeed Spin Laabeling off the Rolee of the
Flexible Chaperon
n Protein NarJ in the
t Biogeenesis of Nitrate
N
Reeductase
b
Magali Lorrenzia, Guilllaume Gerbbauda, Léa Sylvi
S
, Mariine Mureb, Axel
A Magallonb, Hervé Vezinc,
a
a
Valérie Beelle and Bruuno Guigliaarelli
a

Bioénergétiquee et Ingénierie dess Protéines,CNRSS & Aix-Marseillee Université, 31 chemin
c
J. Aiguierr, 13009 Marseillle, France
(guigliar@ifr888.cnrs-mrs.fr)
b
Laboratoire de Chimie Bactérieenne, CNRS & Aixx-Marseille Univeersité, 31 chemin
n J. Aiguier, 130009 Marseille, Frannce
c
Laboratoire de Chimie Organique et Macromolééculaire, Universiité de Lille I, Villeeneuve d’Ascq, France
F

Nitrate reeductase A frrom Escherichhia coli is a respiratory
r
en
nzyme inducedd upon growiing in anerobiiosis and in the
t
presence of nitrate.
n
This membrane-bo
m
und complex is composed of three subuunits containinng eight metaal cofactors: the
t
catalytic Moo-cofactor, fivve FeS clusterrs and two b--type hemes. The
T biogenessis of this
Spin-labeled po
ositions on NarJ
Mo-enzyme is a complex process in whhich the role of
o the chapero
on protein NarrJ appears
to be essentiaal:1 this 236 am
minoacids prootein was show
wn to trigger the
t sequentiall insertion
within the caatalytic subunnit NarG2, 3 off both the Moo-cofactor and
d of a FeS ceenter with
S=3/2 spin sttate.
To underrstand the molecular basis of this biogennesis process,, the interactioon site of
NarJ with model
m
peptidess mimicking the
t N-terminaal region of NarG
N
were invvestigated
by EPR andd site-directedd spin labeling. Our EPR
R results and
d spin-spin innteraction
analysis revveal the flexibility of NaarJ and dem
monstrate thatt important structural
transitions unndergone by thhe chaperone protein are innvolved in the recognition process.
p
References:
P
J., Toci R., Blasco F., Giiordano G. and Magalon
M
A., J. Bio
ol. Chem., 281, 21170 – 2176 (20066)
1. Vergnes A., Pommier
2. Lanciano P., Savoyant
S
A., Grimaldi S., Magaloon A., Guigliarelli B. and Bertrand
d P., J Phys Chem
m B., 111, 13632 – 37 (2007)
3. Lanciano P., Vergnes
V
A., Grim
maldi S., Guigliarrelli B. and Magalon A., J Biol Chem., 282, 17468 – 74 (2007)
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Structural investigations on the 40.5 kDa Ure2 prion: sequential assignments of
its globular domain by solid-state NMR
Birgit Habensteina, Christian Wasmerb, Antoine Loquetc, Luc Boussetd, Yannick Souriguesd, Anne
Schützb, Beat H. Meierb, Ronald Melkid and Anja Böckmanna
a

Institut de Biologie et Chimie des Protéines, CNRS-UMR 5086, 7 passage du Vercors, 69367 Lyon, France (birgit.habenstein@ibcp.fr)
Laboratoire d’Enzymologie et Biochimie Structurales, CNRS, Avenue de la Terrasse, 91198 Gif-sur-Yvette, France
c
ETH Zürich, Physical Chemistry, Wolfgang-Pauli-Strasse 10, CH-8093 Zürich, Switzerland
d
Max-Planck-Institut für physikalische Chemie, Am Fassberg 11, 37077 Göttingen, Germany
b

A subset of neurodegenerative illnesses is intimately linked to the misfolding and subsequent aggregation of an
infectious protein: the Prion.
The yeast Ure2 prion is a two-domain protein. The structure of the globular C-terminal domain (94-354) was solved
by X-ray crystallography.1 The N-terminal (1-93) domain is essential for prion propagation. Structural investigations on
Ure2p fibrils by solid-state NMR are challenging considering the protein size (354 residues). We present here solid-state
NMR experiments on full-length Ure2p yeast prion fibrils, which demonstrate that fibrils formed under nearphysiological conditions have a mostly well-ordered and well-defined atomic structure leading to highly resolved NMR
spectra.2 Data presented here include 2D and 3D solid-state NMR experiments of the isolated prion and globular domains,
as well as on the native-like full-length Ure2p fibrils. Using a recently developed optimized set of 3D solid-state NMR
experiments3 we achieved the de novo sequential assignment of 74% of the 30 kDa C-terminal domain, which is the
largest monomer assigned by solid-state NMR today.
References:
1. Bousset L., Belrhali H., Janin J., Melki R. and Morera S., Structure, 9, 39 – 46 (2001)
2. Loquet A., Bousset L., Gardiennet C., Sourigues Y., Wasmer C., Habenstein B., et al., J Mol Biol., 394, 108– 18 (2009)
3. Schuetz A., Wasmer C., Habenstein B., Verel R., Greenwald J., Riek R., Böckmann A. and Meier B. H., ChemBioChem, accepted
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Determination of Ile and Leu side-chain conformations in ground and excited
states of proteins from chemical shifts
D. Flemming Hansena, Philipp Neudeckera, Pramodh Vallurupallia, Frans Mulderb and Lewis E. Kaya
a
University of Toronto, Departments of Molecular Genetics, Biochemistry and Chemistry, 1 King’s College Circle Canada.
(flemming@pound.med.utoronto.ca)
b
Groningen Biomolecular Sciences and Biotechnology Institute, 9747 AG Groningen, The Netherlands

Although it has become clear that backbone chemical shifts are
strongly correlated with backbone conformation it is still not straight
forward to derive the side-chain conformations from chemical shifts.
Here we establish simple relationships between side-chain chemical
shifts and side-chain rotamer conformations for isoleucine and leucine
residues, thereby extending the utility of chemical shifts as probes of
The two most populated χ2 conformations of the
structure and dynamics to also include side-chains.
isoleucine side-chain in solution: Trans, 66%; Gauche−,
Of interest for relating side-chain chemical shifts to structure and 30%. One γ-gauche effect is present in Trans, Cδ1-Cγ2,
dynamics is the γ-gauche effect. Here the chemical shift of an aliphatic while two γ-gauche effects are present in the Gauche−,
carbon is strongly influenced by its orientation relative to γ-substituents. Cδ1-Cγ2 and Cδ1-Cα, which is responsible for the
difference of ~6 ppm between δtrans(13Cδ1)
We show that the side-chain χ2 rotamer conformation of Ile residues chemical shift
and δgauche−(13Cδ1 ).
13 δ1
can be derived from the C chemical shift and that the population of
the Gauche− conformation is given by the simple relation, pGauche−(Ile)=[14.8ppm − δ(13Cδ1)]/5.5ppm. Similarly, the
conformational sampling of Leu side-chains can be derived from the chemical shifts of the 13Cδ1 and 13Cδ2 nuclei.
Chemical shift measurements are very sensitive and the relationship between shift and structure that is derived allow
determination of side-chain conformational sampling in very challenging systems, such as large protein complexes (>
1MDa) and excited states of proteins. As an example, we derive the conformational sampling of Ile and Leu of a protein
folding intermediate.
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Direct asssignment of EPR
R spectra to structturally deefined iroon-sulfur clusters in
i
complex I by doub
ble electron-electroon resona
ance
a,b
Maxie M. Roessler
R
, Martin S. King
K c, Alann J. Robinsonc, Fraser A.
A Armstronngb, Jeffrey Harmera annd
c
Judy Hirst
a

Centre for Advaanced Electron Spin
Sp Resonance, Department
D
of Chhemistry, South Parks
P
Road, Oxforrd, OX1 3QR, U.K
K. (jeffrey.harmeer@chem.ox.ac.ukk)
Inorganic Chem
mistry Laboratoryy, Department off Chemistry, Southh Parks Road, Oxxford, OX1 3QR, U.K.
c
Medical Researrch Council Mitochondrial Biologgy Unit, Wellcomee Trust / MRC Bu
uilding, Hills Roaad, Cambridge, C
CB2 0XY, U.K.
b

The In oxidative
o
phossphorylation, complex I (N
NADH:quinon
ne oxidoreducctase) coupless electron traansfer to protoon
translocationn across an ennergy-transduccing membranne. Complex I contains a flavin mononnucleotide to oxidize
o
NADH,
and an unussually long seeries of iron--sulfur (FeS) clusters, in several
s
subunnits, to transffer the electro
ons to quinonne.
Understandinng coupled electron transffer in compleex I requires a detailed knnowledge of the propertiees of individuual
clusters and of
o the cluster ensemble, and so it requirees the correlattion of spectrooscopic and sttructural data: this has provved
a challengingg task. EPR studies on com
mplex I from Bos
B taurus haave established that EPR siignals N1b, N2
N and N3 arisse,
respectively, from the 2F
Fe cluster in the 75 kDa subunit, and from 4Fe cluusters in the PSST and 51 kDa subunnits
(positions 2, 7 and 1 alonng the seven--cluster chainn extending frrom the flavinn). The otherr clusters have either evadded
detection or definitive signal assignm
ments have not
n been estaablished. Herre, we combiine double electron-electroon
resonance (D
DEER) spectrroscopy on B.
B taurus com
mplex I with the structuree of the hydrrophilic domaain of Therm
mus
thermophiluss complex I. By
B consideringg the magneticc moments off the clusters and
a the orientaation selectiviity of the DEE
ER
experiment explicitly,
e
signnal N4 is assiigned to the first
fi 4Fe clusteer in the TYK
KY subunit (position 5), an
nd N5 to the alla
cysteine ligatted 4Fe clusteer in the 75 kD
Da subunit (poosition 3). Th
he implicationss of our assignnment for the mechanisms of
electron transfer and energgy transductioon by complexx I are discusseed.
References:
M King M. S., Robinson
R
A. J., Armstrong
A
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H
J. and Hirrst J., Proc. Natl. Acad. Sci. U.S.A
A., 107, 1930 – 19
935 (2010)
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A chargee-sensitivee loop in the
t catalyytic doma
ain of FKB
BP38 mod
dulates biinding to
Bcl-2
Katja Hauppt, Mitcheelll Maestre-M
Martínez, Frrank Edlich
h, Gunter Fischer and C
Christian Lü
ücke
Max Planck Ressearch Unit for Enzymology
E
of Prootein Folding, Weeinbergweg 22, 06120
0
Halle (Saalle), Germany (k.hhaupt@enzyme-halle.mpg.de)

We identified for the first
fi time a low
w-affinity bindding site for caations in an FKBP domain. This electrosstatic interactioon
at the catalyttic domain off FKBP38 inffluences the innteraction witth and regulattion of Bcl-2,, a known bin
nding partner of
FKBP38. Mainly
M
responssible for this charge sensitivity are the acidic sideechains of Assp92 and Aspp94 within thhe α5-β1 loopp of the FKB
BP domain as
of the bindingg
identified byy chemical shift perturbationn mapping. Determination
D
2
constants forr several catioons (K+, Mg2+
, Ca2+, La3+) indicated an
n influence of
both ion net charge and ion radius, presenting Ca2+ ass the most fav
voured bindingg
partner of phhysiological relevance. Titrration with Tbb3+ revealed the
t position of
1
the bound ioon via pseudoccontact shift data
d derived from
f
H/15N-H
HSQC spectraa.
The affinity of the CaM//FKBP3835-153/Bcl-2 compllex was attenu
uated both byy
addition of Ca2+ and by
b deletion of the catiion-binding aspartates,
a
as
implementedd in an FKB
BP3835-153 D992N/D94N doouble mutantt. Hence, thee
charge-sensittive loop in thhe catalytic doomain of FKB
BP38 is appareently involvedd
in the regulaation of the protein
p
functioon via electroostatic associaation to ligandd
targets such as
a other proteins or salt ionns.
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A tri-fold magnetic resonance approach reveals the consequences of nucleotide
binding to a multidrug resistance ABC transporter
Ute A. Hellmicha, Sevdalina Lyubenovab, Elke Duchardtc, Hendrik W. van Veend, Jens Wöhnertc,
Thomas Prisnerb and Clemens Glaubitza
a
Institute of Biophysical Chemistry, Goethe University Frankfurt, Centre of Biomagnetic Resonance, Max-von-Laue-Str. 9, 60438 Frankfurt am Main,
Germany, (hellmich@chemie.uni-frankfurt.de)
b
Institute of Physical Chemistry, Goethe University Frankfurt, Centre of Biomagnetic Resonance
c
Institute for Molecular Life Science, Goethe University Frankfurt, Centre of Biomagnetic Resonance
d
Department of Pharmacology, University of Cambridge, Tennis Court Road, Cambridge, CB2 1PD, UK

The multidrug ATP Binding Cassette (ABC) transporter LmrA is an integral membrane protein and a functional
homologue of human P-glycoprotein involved in resistance against anti-cancer drugs in chemotherapy. LmrA forms a
homodimer with the typical ABC transporter architecture of two nucleotide binding domains (NBDs) and two
transmembrane domains (TMDs). It utilizes ATP binding or hydrolysis at its NBDs to drive the extrusion of toxic
hydrophobic compounds via its TMDs. Combined, NMR and EPR present excellent tools to investigate all aspects
associated with membrane transporter functionality, such as dynamics or structural effects. With a tri-fold magnetic
resonance approach including solid-state NMR, solution NMR as well as pulsed EPR, a comprehensive picture of the
functional dynamics of LmrA was developed. LmrA displays high flexibility in the apo state as shown by EPR. Our data
indicate that the TMDs and NBDs undergo concerted domain movements upon nucleotide binding and that the TMDs
adopt a favorable conformation with a significantly reduced degree of flexibility. A possible explanation for this
observation was obtained from solution NMR on the isolated NBD: peptides emulating the coupling helices of LmrA
were found to bind only in the presence of nucleotides. Distance constraints acquired from pulsed EPR measurements
paint a dynamic picture of LmrA in agreement with the conformational changes expected from current structures.
Nucleotide binding was investigated by ssNMR in more detail. In summary, our findings are in agreement with an
alternating site mechanism with nucleotide induced interaction between the NBD and the coupling helices. Nucleotide
binding is therefore sufficient to initiate the structural changes in the TMD leading to substrate extrusion.
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Molecular Interactions of GIP Incretin Hormone with its N-terminal Domain of
GIP Receptor
Kalyana Vennetia, Finbarr O’Harteb and Chandralal Hewagea
a
UCD School of Biomolecular and Biomedical Science, UCD Centre for Synthesis and Chemical Biology, UCD Conway institute, University College
Dublin, Belfield, Dublin 4, Ireland, (chandralal.hewage@ucd.ie)
b
School of Biomedical Sciences, University of Ulster, Cromore Road, Coleraine, BT52 1SA, Northern Ireland, UK

Diabetes is a major threat to the global community. In this regard, incretin hormones play an important role for
secreting insulin for the beta-cell. One of the hormones, glucose-dependent insulinotropic polypeptide (GIP) is a
gastrointestinal hormone that stimulates insulin secretion by interacting with a G-protein coupled receptor located in
pancreatic β-cell. Due to its glucose lowering and insulinotropic properties, GIP is considered as a potential target for
treating type 2 diabetes. In our laboratory, we identified the solution structures of GIP in various solution conditions
including membrane mimicking (micellular and bicellular) media using NMR spectroscopy and computational modelling
techniques. In order to exploit the potential of GIP for diabetes therapy, our research focus on understanding the GIP
hormone-receptor interactions. In this work using NMR based docking approach we have determined the likely docking
position of the hormone with its receptor binding region and revealed a likely interaction of GIP amino acid side chains
with specific residues on the extra cellular domain from the GIP receptor. These results provide a basic understanding of
the interaction mechanism of GIP with its receptor that can be useful for studying the development of peptide or nonpeptide drugs for treating type 2 diabetes and other related disorders.
Acknowledgments: Authors acknowledge the Science Foundation Ireland for funding to KV.
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Understanding how FLIPs inhibit death receptor-mediated apoptosis
Ruth E. Miramsa, Parimala R. Vajjhalaa, Stephanie Stojanovskia, Lynette K. Lambertb and Justine M.
Hilla
a
b

School of Chemistry and Molecular Biosciences (j.hill@uq.edu.au)
Centre for Advanced Imaging, The University of Queensland, Brisbane QLD 4072, Australia

Upon stimulation, death receptors such as Fas/CD95 recruit the adaptor protein FADD and procaspase-8 into the
death-inducing signalling complex (DISC). Assembly of the DISC promotes the dimerisation and activation of
procaspase-8 via an induced proximity mechanism. This process can be inhibited by a family of cellular and viral proteins
known as FLIPs. cFLIP exists as long (cFLIPL) and short (cFLIPS and cFLIPR) splice variants, all capable of protecting
cells from apoptosis by blocking procaspase-8 activation at the DISC. Several herpesviruses and poxviruses also express
FLIPs to suppress apoptosis and promote their survival in host cells. The hallmark of FLIPs is the presence of tandem
death effector domains (DEDs) that interact with the complementary DED of FADD and prodomain of caspase-8 to
hinder caspase recruitment and activation. However, the underlying mechanisms remain unclear. At present structural
information on the assembly and regulation of the DISC is relatively limited and DED complexes have remained elusive.
To further characterise the molecular basis of FLIP-mediated inhibition of apoptosis, we have optimised the production of
FADD for structural studies and successfully formed a stable FADD-FLIP complex. Here we present a detailed structural
and biochemical analysis of the 44kDa FADD-FLIP complex. Our results offer new insights into the mechanism by which
FLIPs subvert death receptor signalling.
Acknowledgments: We thank the Queensland NMR Network for access to excellent NMR facilities. This work was supported by the Australian
National Health and Medical Research Council (NHMRC) from a project grant [351503] and RD Wright Biomedical Career Development Award
[401748] to JMH.
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Possible involvement of superoxide and dioxygen with cryptochrome in avian
magnetoreception1
Hannah J. Hogben, Olga Efimova, Nicola Wagner-Rundell, Christiane R. Timmel and Peter J. Hore
Department of Chemistry, University of Oxford, Physical & Theoretical Chemistry LaboratorySouth Parks Road, Oxford, OX1 3QZ
(hannah.hogben@chem.ox.ac.uk)

Many species of migratory bird have been shown to use the Earth’s magnetic field for orientation although the
biophysical mechanism of this sense remains unknown.2 One of the two prevailing theories suggested to explain the
phenomenon involves a magnetically sensitive radical pair reaction in the retina of the birds eye.3 Recent studies have
shown that migratory birds are disorientated by radio-frequency fields applied with frequency (~1.3 MHz) corresponding
to the Zeeman splitting of an electron in the Earth’s magnetic field (~ 47 μT).4 It has been argued that in order for such a
“Zeeman resonance” to appear, one radical of the pair must have no significant hyperfine interactions.4 As superoxide and
dioxygen fulfil this requirement, they have been suggested as a possible partner to the flavin radical in a magnetically
sensitive radical pair formed in the photo-active protein cryptochrome.4,5
We examine the chemistry of these paramagnetic species and propose a viable reaction scheme. Superoxide and
dioxygen have strong zero-field splittings due to spin-orbit coupling and dipolar interaction, respectively, and we
demonstrate that both interactions could act as a source of magnetic anisotropy, and hence provide directional information
to the bird. These interactions also cause the effective g-value of the radical to deviate strongly from 2.0 and are expected
to induce extremely fast spin relaxation. As a result, neither offers a credible explanation of the in vivo EPR signals.
References:
1. Hogben H. J., Efimova O., Wagner-Rundell N., Timmel C. R. and Hore P. J., Chemical Physics Letters, 480, 118 – 122 (2009)
2. Wiltschko W. and Wiltschko R., Journal of Comparative Physiology A:-Neuroethology Sensory Neural and Behavioral Physiology, 191, 675 – 693
(2005)
3. Ritz T., Adem S. and Schulten K., Biophysical Journal, 78, 707 – 718 (2000)
4. Ritz T., Wiltschko R., Hore P. J., Rodgers C. T., Stapput K., Thalau P., Timmel C. R. and Wiltschko W., Biophysical Journal, 96, 3451 – 3457 (2009)
5. Solov'yov I. A. and Schulten K., Biophysical Journal, 96, 4804 – 4813 (2009)
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Two aromatic residues in yeast V-ATPase may be crucial for proton translocation
Walter Hohlweg and Klaus Zangger
Institute of Chemistry, Department of Organic and Bioorganic Chemistry, University of Graz, Heinrichstrasse 28, 8010 Graz, Austria.
(walter.hohlweg@uni-graz.at)

V-type ATPases are ATP-dependent proton pumps which exist in endomembranes of all eukaryotic cells, as well as in
the plasma membrane of specialised cells. They are involved in various processes, such as receptor-mediated endocytosis,
intracellular trafficking and protein degradation. In humans, they participate in bone remodelling, osteoporosis, urinary
acidification and maturation of sperm cells.1 We have studied the seventh transmembrane helix (TM7) of subunit a of
yeast V-ATPase in a membrane-mimetic environment by paramagnetic NMR spectroscopy. TM7 contains an Arg residue
previously shown to be essential for proton translocation.2 Surprisingly, we found this residue to be located inside of the
membrane.3 Also, the essential Arg is in close contact with two nearby aromatic residues. In contrast, a transmembrane
peptide (WALPR) with a central Arg residue lacking nearby aromatic amino acids could be shown to reside outside of the
membrane. Homology searches show aromatic residues near the essential Arg residue to be a highly conserved motive
among V-ATPases of different organisms. Extensive future investigation remains to be carried out. Still, we propose a
tentative mechanism for the involvement of the essential Arg residue in proton translocation, involving π-cation
interactions with the aromatic residues.
References:
1. Forgac N., Nat Rev Mol Cell Biol, 8, 917 – 929 (2007)
2. Kawasaki-Nishi T. and Forgac N, , Proc. Natl. Acad. Sci. U.S.A., 98, 12397 – 12402 (2001)
3. Zangger K., Respondek M., Göbl C., Hohlweg W., Rasmussen K., Grampp G. and Madl T., J Phys Chem B, 113, 4400 – 4406 (2009)
Acknowledgments:The authors gratefully acknowledge financial support by the Austrian Science Foundation (Fonds zur Förderung der
wisschenschaftlichen Forschung, FWF) under project number 20020 and through the “Doktoratskolleg Molecular Enzymology”.
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The PsbQ protein from Photosystem II – The NMR point of view
Michaela Horničákováa, Radovan Fialab, Jaroslava Ristvejovác, Rüdiger Ettrichc, Wolfgang
Schoefbergerd and Norbert Müllera
a

Institute of Organic Chemistry, Johannes Kepler University, Altenbergerstraße 69, A-4040 Linz, (Michaela.Hornicakova@jku.at)
National Centre for Biomolecular Research, Masaryk University, Kamenice 5,CZ- 62500 Brno
c
Institute of System Biology and Ecology, Zámek 136, CZ-37333 Nové Hrady
d
Institute of Inorganic Chemistry - Center of Nanobionics and Photochemical Sciences (CNPS), Altenbergerstraße 69, A-4040 Linz
b

PsbQ is the smallest extrinsic protein (16 kDa) located on the lumenal surface of Photosystem II (PSII) in higher
plants, cyanobacteria and green algae.1 Its solution structure and interactions are the subjects of this research effort.
The high-resolution crystal structure2 of PsbQ from PSII of Spinacea oleracea indicates two different structure
domains: the C-terminal region (residues 45-149) folded as a four up-down α-helix bundle and the flexible N-terminal
region (residues 1-44) with two parallel β-strands. In the crystal structure the loop formed by residues 14-33 („missing
link“) is highly disordered. It is supposed that PsbQ interacts via this N-terminal region with other proteins involved in
binding to PSII.2, 3 We initially focused on the NMR assignment as a prerequisite for further interaction studies by NMR.
We present the assignments of the PsbQ protein with complete backbone and nearly complete side-chain assignments
of the missing link. Twelve of the 13 proline residues of PsbQ (including the very challenging polyproline stretches)
could be assigned using 13C-detected experiments. Additionally, titration experiments monitored by chemical shift, T1 and
T2 relaxation provide insights into the interactions of PsbQ with calcium.
References:
1. Roose J. L., Wegener K. M. and Pakrasi H. B., Photosynth Res, 92, 369 – 387 (2007)
2. Balsera M., Arellano J. B., Revuelta J. L., Rivas J. D. L. and Hermoso J. A., J. Mol. Biol., 350, 1051 – 1060 (2005)
3. Ristvejová J., Kopecký-Jr. V., Sovová Ž., Balsera M., Arellano J. B., Green M. and Ettrich R., Biochem. and Biophysic. Res. Comm., 345, 287 – 291,
(2006)
Acknowledgments: P. Schmieder, M. Beerbaum and B. Schlegel (FMP-Berlin) and R. Fiala (NCBR-Brno) are acknowledged for the recorded NMR
spectra and for the helpful discussions. This work has been supported by ÖAD (WTZ-AT-CZ), FWF (P 18384) and East NMR (EU FP7
Project/Contract number 228461).
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NMR of Bioactive Saccharides: Comparison of DFT and Experimental Data
Milos Hricovíni
Institute of Chemistry, Slovak Academy of Sciences, 845 38 Bratislava, Slovakia (hricovini@savba.sk)

Theoretical DFT calculations, using B3LYP functional and the triple-ζ basis set, were aimed at analysis of both
counter-ions and solvent upon the structure heparin oligosaccharides. NMR chemical shieldings and scalar spin-spin
coupling constants were computed from the optimized structures of heparin disaccharides and tetrasaccharides. The
analysis of the data showed the influence of counter-ions (Na+, Ca2+) upon conformations of IdoA and the glycosidic
linkages in oligosaccharides. Electrostatic interactions among Na+ ions and the negatively charged sulfates and
carboxylates were found different in 1C4 and 2S0 forms of the IdoA residues. Such differences in positions of counter-ions
and the differences in electrostatic interactions could explain in part the stabilization of various IdoA conformers. Threebond proton-proton (3JH-H) and one-bond proton-carbon spin-spin coupling constants were also calculated from the
optimized molecular geometries.
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NMR structural study of exopolysaccharide produced by bacterium isolated from
cloud water
Slavomíra Husárováa,b, Mária Matulováa, Peter Capeka, Martine Sancelmeb and Anne-Marie Delortb
a

Institute of Chemistry, Center for Glycomics, Slovak Academy of Sciences, Dúbravská cesta 9, SK - 845 38 Bratislava, Slovakia
(slavomira.husarova@savba.sk)
b
Laboratoire de Synthèse et Etude de Systèmes à Intérêt Biologique, UMR 6504 Université Blaise Pascal - CNRS, 63 177 Aubière, France

Besides an importance of microbial exopolysaccharides (EPS) for their different applications in biotechnologies, their
precise role in EPS-producing bacteria depends on the microorganism natural environment. Most of functions ascribed to
EPS are of a protective nature - a protection against desiccation and predation by protozoas. Fructans were shown to
protect microbial cells against abiotic and biotic stress, such as desiccation, freezing, antibiotics or toxic compounds.
Incubation of Bacillus sp. 3B6 on sucrose afforded complex mixture of metabolites. NMR structural analysis showed
that this bacterium is able to transform sucrose into fructan EPS - levan, composed of 2,6-linked β-fructofuranoses. This
result might have some implications considering the environment: first, production of levan could be an efficient way for
this strain to survive in clouds which represent an extreme environment for living cells. This could explain why Bacillus
genus is often present as cultivable strains in atmospheric water. Second, it was found that EPS could be an important
factor controlling the formation of cloud droplets by changing the “wettability” of biological particles. Indeed the
presence of lipopolysaccharide or polysaccharidic and proteic structures was shown to enhance the hydrophilicity of the
cell surface. It can have a great importance concerning the cloud condensation nuclei (CCN) properties of strains in the
atmosphere. Our results highly suggest that Bacillus sp. 3B6, which was isolated directly from cloud water collected in
free troposphere of Puy de Dôme in France, could present the same properties in the atmosphere.
Acknowledgments: This project has been supported by the French Government scholarship (for S. Husárová), the Slovak Grant Agency VEGA No.
2/0155/08 and 2/0116/10, APVV Grant No. 0030-08 and Slovak state program 2003SP200280203, Stefanik project N° 17947UE (SK-FR-0009-07),
BIOCLOUDS CNRS-DFG French –German bilateral project.
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A dumbbell double nicked duplex dodecamer DNA with PEG6 tether
Karolina Hyza, Wojciech Bociana,b, Robert Kaweckia,c, Elzbieta Bednarekb, Jerzy Sitkowskia,b and
Lech Kozerskia,b
a

Institute of Organic Chemistry, Polish Academy of Sciencs Kasprzaka 44/52, 01-224 Warsaw,Poland, (hyzka@icho.edu.pl)
National Medicines Institute, Chełmska 30-34, 00-725 Warsaw, Poland
c
Institute of Chemistry, University of Podlasie, 3. Maja 54, 08-110 Siedlce, Poland
b

We have recently shown that nicked decamer DNA duplex with PEG6 tether is a useful model for studying the binary
complex with topotecan (topo I poison) in solution.1 Here we present NMR characteristics of the hairpin motif and
optimized conditions under which a dumbbell form, as a model to study the interactions
with topo II poisons, can be observed in solution.
A classical approach to increase the dumbbell population by increase the buffer
concentration does not work sufficiently at low solute concentration in a present case.
We have therefore studied the concentration dependence of a solute, solvent and ionic
strength influence on the position of the equilibrium in order to find conditions which
would promote the dumbbell form at moderate concentration of the solute, and allow
observation of sharp signals allowing to run NMR experiments based on scalar coupling.
The addition of 15 vol. % of methanol also changes the equilibrium of both species, in
favour of a dumbbell form. With addition of 15% of (CD3)2SO or CD3CN there is only one set of signals assigned to
hairpin motif. At 2 mM solute, 25/200 mM (NaCl/K3PO4) buffer and 15% of methanol at 0 deg only the dumbbell form is
observed. Computed structure based on NOESY and TOCSY spectra is presented.
References:
1. Kozerski L., Mazurek A. P., Kawecki R., Bocian W., Krajewski P., Bednarek E., Sitowski J., Williamson M. P., Moir A. J. and Hansen P. E., Nucleic
Acids Res., 29, 1132 – 1143 (2001)
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Solution of spatial structure of PH and C2 domains from oncoprotein BCR/ABL
by heteronuclear NMR. The first step to development of alternative medicaion for
the treatment of chronic myeloid leukemia
Olga Maliutaa, Gregor Ilcb,c, Igor Zhukovb,c,d and Genadiy Telegeeva
a

Institute of Molecular Biology and Genetics, National Academy of Sciences of Ukraine, 150 Acad. Zabolotnogo St., Kiev, 03143, Ukraine
(gregor.ilc@gmail.com)
Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, 1001 Ljubljana, Slovenia
c
EN®FIST Centre of Excellence, Dunajska 156, 1000 Ljubljana, Slovenia,
d
Institute of Biochemistry and Biophysics, Polish Academy of Sciences, ul. Pawinskiego 5a, 02-106 Warsaw, Poland
b

Philadelphia (Ph) chromosome – reciprocal translocation between chromosomes 9 and 22 that leads to the fusion of
the 5′ region of the bcr gene to the 3′ region of the abl gene. BCR-ABL fusion protein have constitutively active ABL
tyrosine kinase activity. Bcr-ABL-induced signaling is known to activate Ras-dependent signaling, phosphatidylinositol3-kinase/Akt, and Jak/STAT pathway. The modern approaches in treatment of chronic myelogenous leukemia patients are
mainly focused on inhibition of Abl-kinase domain. Unfortunately, many resistant clones of Bcr-Abl gene are appeared
under the treatment. The PH domain consists around 120 amino acids, specifically binds to PtdIns(3)P, PtdIns(4)P and
PtdIns(5)P phosphoinositides in biological membranes as a number of other proteins involved in vital cellular processes.1
C2 domain binds with the components of the mammalian endosomal sorting complex required for transport (ESCRT) and
regulates protein sorting process during endosomal trafficking.2 We choose PH and C2 domains of BCR protein as a
target for find a new tangets to inhibit this oncoprotein. Now, we plan to solve 3D structure of both, PH and C2 domains,
from Bcr/Abl protein by multidimensional NMR spectroscopy. Unfortunately, limited solubility recombinant proteins and
low stability stop our work. At the moment, looking for optimal conditions for NMR sample (pH, buffers, salt, etc) using
microdrop screening method.3
References:
1. Miroshnychenko D., Dubrovska A, Maliuta S., Telegeev G. and Aspenström P., Exp Cell Res., 16, 530 – 542 (2010)
2. Olabisi O. O., Mahon G. M., Kostenko E. V., Liu Z., Ozer H. L. and Whitehead I. P., Cancer Res., 66, 6250 – 6257 (2006)
3. Lepre C. A. and Moore J. M., J. Biomol. NMR, 12, 493 – 499 (1998)
Acknowledgements: This work was partially supported by Slovenian – Ukrainian bilateral grant and EN®FIST Centre of Excellence, Dunajska 156, SI1000 Ljubljana, Slovenia (for GI and IZ).
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In-Cell NMR studies for molecular interactions and folding stability of proteins
inside human cells
Kohsuke Inomataa, Ayako Ohnoe, Shin Isogaia, Takeshi Tennob, Ikuhiko Nakasec, Toshihide
Takeuchic, Shiroh Futakic, Yutaka Itod, Hidekazu Hiroakib, Hidehito Tochioa and Masahiro
Shirakawaa
a
Department of Molecular Engineering, Graduate School of Engineering, Kyoto University, Nishikyo-Ku, Kyoto 615-8510, Japan
(einomata@mrfm.mbox.media.kyoto-u.ac.jp)
b
Division of Structural Biology, Graduate School of Medicine, Kobe University, 7-5-1, Kusunoki-cho Chuo-ku, Kobe, Hyogo 650-0017, Japan
c
Institute for Chemical Reseach, Kyoto University, Uji, Kyoto 611-0011, Japan
d
Department of Chemistry, Tokyo Metropolitan University, 1-1 Minami-Osawa, Hachioji, Tokyo 192-0397, Japan
e
Institute of Health Biosciences, The University of Tokushima, 3-18-15, Kuramoto-cho, Tokushima 770-8503, Japan

In-cell NMR is an isotope-aided multi-dimensional NMR technique that enables observations of conformations and
functions of proteins in living cells. However, application of in-cell NMR has been limited to E. coli or Xenopus laevis
oocytes. For wider application, we have established a method to obtain high-resolution multi-dimensional heteronuclear
NMR spectra of proteins inside living human cells. Proteins were delivered to the cytosol by the pyrenebutyrate-mediated
action of cell-penetrating peptides (CPPs) linked covalently to the proteins. The proteins were subsequently released from
CPPs by endogenous enzymatic activity or autonomous reductive cleavage.
In this presentation, we will demonstrate three applications of our in-“human cell” NMR. First, we detect proteinprotein interaction of ubiquitin with endogenous binding partners. Intriguingly, the interaction was observed exclusively
inside cells, but not in cell lysates. Second, we will demonstrate protein-drug interactions of FKBP12 with extracellularly
administrated immunosuppuressants. Finally, we evaluate the folding stability of ubiquitin inside living cells by
performing a hydrogen exchange experiment coupled with in-cell NMR spectroscopy.
References:
1. Inomata K., et al., Nature, 458, 106 – 109 (2009)
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NMR insight into the supramolecular structure of daunorubicin loaded
poly(butylcyanoacrylate) nanoparticles
Galya Ivanovaa, Margarita Simeonovab, Eurico J. Cabritac and Maria Rangeld
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Nuclear magnetic resonance (NMR) spectroscopy has been employed for structural characterization of daunorubicinloaded poly(butylcyanoacrylate) nanoparticles. Measurements of the nuclear relaxation times (T1) and application of
diffusion ordered spectroscopy (DOSY) obtained through pulsed field gradient (PFG) NMR experiments have been
performed to determine the supramolecular structure of the drug-polymer conjugates and to clarify the mechanisms of
drug immobilization in the polymer matrix. The results confirm the coexistence of three different types of daunorubicin
inclusion into the poly(butylcyanoacrylate) nanoparticles: (i) association with the polymer chain by H-bonds and/or
dipole-charge interactions; (ii) physical entrapment in the polymer matrix; and (iii) adsorption on the surface of the
nanoparticles. Due to the presence of these different modes of inclusion, the nanoparticulate drug delivery system has the
potential for sustained delivery/release of daunorubicin in vitro. The present study shows how a synergistic combination
of NMR spectroscopic techniques can be used to characterise the structural behaviour of complex nano-scaled
intermolecular aggregates.
Acknowledgments: The authors acknowledge the financial support of the NSF of Bulgaria under contract DO 02-168/2008. The NMR spectrometers are
part of the National NMR Network and were purchased in the framework of the National Programme for Scientific Re-equipment, contract
REDE/1517/RMN/2005, with funds from POCI 2010 (FEDER) and Fundação para a Ciência e a Tecnologia (FCT).
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The photo-CIDNP effect in 15N-labelled plant photosystem I and II
Geertje J. Janssen, Karthick B. Sai Sankar Gupta, Huub J. M. de Groot, Jörg Matysik and A. Alia
Solid State NMR, Leiden Institute of Chemistry, Leiden University, Postbus 9502, 2500 RA, Leiden, The Netherlands
(G.J.Janssen@chem.leidenuniv.nl)

Photo-chemically induced dynamic nuclear polarization (photo-CIDNP) can be observed by magic-angle spinning
(MAS) NMR in frozen photosynthetic reaction centres (RCs), giving rise to a 10.000 fold increase of NMR signals.1 This
makes it a unique tool to directly access the heart of large photosynthetic protein complexes, where primary charge
separation occurs. Although photo-CIDNP MAS NMR was successfully used to explore the electronic structure of
bacterial RCs,2 its application to plant RCs is limited.3,4 Plant RCs are of particular challenge due to the difficulty of
incorporating (specific) isotope labels.
Here we present data obtained from RCs of the small water plant Spirodela Oligorrhiza (duckweed).5 We have
successfully introduced 15N isotope labels into the plant RCs and, by combining the resulting enhancement with the power
of photo-CIDNP, we were able to straightforwardly determine the number of cofactors involved in primary charge
separation in plant photosystem I and II. This information made it possible to come to a final assignment of the signals
appearing in complex spectra obtained directly from 13C-labeled entire duckweed plants.
References:
1. Jeschke G. and Matysik J., J Chem Phys, 294, 239 – 255 (2003)
2. Daviso E, Prakash S, Alia A, et al., Proc Natl Acad Sci U.S.A., 206, 22281 – 22286 (2009)
3. Alia A., Roy E, Gast P, et al., J Am Chem Soc, 126, 12819 – 12826 (2004)
4. Diller A,, Alia A., Roy E, et al., Photosynth Res, 84, 303 – 308 (2005)
5. Alia A., Hulsebosch van Gorkum H. J., et al., Chem Phys, 294, 459 – 469 (2003)
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Ensemble Descriptions of Intrinsically Disordered Proteins from NMR Data
Malene Ringkjøbing Jensen, Loïc Salmon, Guillaume Communie, Gabrielle Nodet, Valéry Ozenne
and Martin Blackledge
Institut de Biologie Structurale Jean-Pierre Ebel, Grenoble, France (malene.ringkjobing-jensen@ibs.fr)

Over the last decade it has become increasingly clear that a large fraction (up to 40%) of the proteins encoded by the
human genome are intrinsically disordered. Intrinsically disordered proteins (IDPs) remain functional despite a lack of a
well-defined structure. The classical structure-function paradigm breaks down for this class of proteins and new methods
are required to provide essential insight into the relationship between primary sequence and molecular function.
The high intrinsic flexibility of IDPs makes ensemble descriptions particularly appropriate to describe the
conformational equilibrium. We have developed an approach, ASTEROIDS, that selects representative structural
ensembles of IDPs that reproduce NMR data within experimental error. We have applied ASTEROIDS in conjunction
with RDCs, demonstrating site-specific mapping of conformational space in urea-denatured ubiquitin. We have also
incorporated the use of MTSL-induced paramagnetic relaxation enhancements in α-synuclein, taking into account the
mobility of the spin label for each conformer of the ensemble, as well as possible distortions of the RDC-baseline from
significantly populated long-range contacts in the disordered chain. Finally, we have shown that in combination with 13C
and 15N chemical shifts, ASTEROIDS identifies entire secondary structural elements and their associated populations, as
well as characterizing the subtle detail of local conformational sampling in disordered proteins. This raises the exciting
prospect of probing the conformational behavior of IDPs under conditions where additional parameters cannot be easily
measured, but where chemical shifts are still readily available, for example in crowded or cellular environments.
References:
1. Salmon L., Nodet G., Ozenne V., Yin G., Jensen M. R., Zweckstetter M. and Blackledge M., J. Am. Chem. Soc., in press
2. Jensen M. R., Salmon L., Nodet G. and Blackledge M., J. Am. Chem. Soc., 132, 1270 – 1272 (2010)
3. Jensen M. R., Markwick P. R., Meier S., Griesinger C., Zweckstetter M., Grzesiek S., Bernado P. and Blackledge M., Structure, 17, 1169 – 1185
(2009)
4. Nodet G., Salmon L., Ozenne V., Meier S., Jensen M. R. and Blackledge M., J. Am. Chem. Soc., 131, 17908 – 17918 (2009)
5. Jensen M. R. and Blackledge M., J. Am. Chem. Soc., 130, 11266 – 11267 (2008)
6. Jensen M. R., Houben K., Lescop E., Blanchard L., Ruigrok R.W.H. and Blackledge M., J. Am. Chem. Soc., 130, 8055 – 8061 (2008)
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Mechanism for recognition of polyubiquitin chains
Craig J. Markina, Olivier Juliena, Wei Xiaob and Leo Spyracopoulosa
a
School of Molecular and Systems Medicine, Department of Biochemistry, University of Alberta, Edmonton, Alberta T6G 2H7,Canada.
(leo.spyracopoulos@ualberta.ca)
b
Department of Microbiology and Immunology, University of Saskatchewan, Saskatoon, Saskatchewan, S7N 5E5, Canada

RAP80 plays a key role in signal transduction in the DNA damage response by recruiting proteins to DNA damage
foci by binding K63-polyubiquitin chains with two tandem ubiquitin (Ub) interacting motifs (tUIM). We used NMR
spectroscopy to characterize the binding of RAP80-tUIM to mono Ub and extended
polyUb chains. It is generally recognized that the typically weak interaction between Ub
and various recognition motifs is intensified using themes such as tandem recognition
motifs and Ub polymerization to achieve biological relevance. However, it remains an
intricate problem to develop a detailed molecular mechanism to describe the process that
leads to amplification of the Ub signal. RAP80-tUIM employs multivalent interactions
with ubiquitin chains, characterized by intrinsically weak binding and fast off-rates, that
achieve enhanced affinity in comparison to mono Ub interactions alone. These weak
interactions with fast kinetics may be an important factor underlying the transient nature
of protein-protein interactions that comprise DNA damage foci.
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Modern NMR approach to the structure elucidation of bacterial polysaccharides
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Verbanetsd and Alexander S. Shashkovb
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Polysaccharides of bacterial cell walls play important role in pathogenesis of diseases, immune response and bacterial
resistance.
NMR is powerful method for the investigation of bacterial polysaccharides. A combination of 1D, 1D-selective and
gradient-enhanced 2D experiments allows to perform complete resonance assignment in 1H, 13C and 31P spectra with
further analysis of resonance peaks and structure elucidation of polysaccharide repeating unit, even for non-labeled (13C)
samples. The diversity of monosaccharide residuals and strong overlap of spectral lines in specific regions, on the other
hand, makes difficulties for peak recognition. 1D-selective (selTOCSY, selROESY) and 2D combined experiments
(HSQC-TOCSY, HSQC-NOESY) helps in spectra assignment.
We present our research and structure of new polysaccharides for several series of bacteria, including Azospirillum,
Rahnella, Mesorhizobiums, Bifidobacterium and Providencia species. Several unusual substituents in the repeating unit
were revealed, with complete identification of their structure: (2R,4R)- and (2S,4R)-2,4-dihydropentanoic acids, 2acetamido-2-deoxy-4-O-methyl-D-glucopyranose and 3-methyl-D-Rhamnose.
References:
1. Lipkind G. M., Shashkov A. S., Knirel Yu. A., Vinogradov E. V. and Kochetkov N. K., Carbohydr. Res., 175, 59 – 75 (1988)
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Measurement of Dynamics of Aromatic Rings in Proteins by Solution-State NMR
Spectroscopy
Shuji Kaieda and Takahisa Ikegami
Institute for Protein Research, Osaka University, 3-2 Yamadaoka, Suita, Osaka 575-0871, Japan (kaieda@protein.osaka-u.ac.jp)

Not only three-dimensional structures but also dynamics have essential roles in the functions of proteins. Nuclear
magnetic resonance (NMR) spectroscopy has emerged as one of the most powerful tools to investigate protein dynamics
at atomic resolution. Although the increasing number of studies has addressed the dynamics of proteins using NMR, few
have employed aromatic side chains as spin probes. The aromatic rings constitute important parts of proteins, such as the
cores of the molecules and the binding sites with their ligands. Major difficulties of NMR experiments on the aromatic
residues reside in the sizable homonuclear C–C scalar couplings in the rings, which cannot be decoupled by simple pulse
techniques, and their ring flipping motions, which can potentially manifest as exchange phenomena and complicate
quantification of experimental data. Here we show a method to examine the dynamics of the aromatic rings in proteins on
the picosecond to nanosecond time scale by solution-state NMR. The approach is based on a 13C-labeling scheme that
accomplishes production of 1JCC coupling-free aromatic rings and the longitudinal and transverse 1H–13C dipolar/13C
chemical shift anisotropy (CSA) cross-correlated relaxation rates, ηCz and ηCxy. Unlike the transverse relaxation rate, R2,
the ηCxy rate is unaffected by exchange phenomena that occur on the microsecond-millisecond time scale, such as the
aromatic ring flipping in the slowest limit. By using the two relaxation rates, dynamic parameters of aromatic rings are
reliably extracted employing the Lipari-Szabo model-free formalism. The results show that buried and partially exposed
aromatic rings have significantly different motional properties, and that the ring flipping motions of the latter, like those
of the former, still take place at a time scale slower than the overall rotational correlation time of the molecule. The new
methodology will enable us to analyze the flexibility of the aromatic side chains thereby allowing us to gain further
insight into protein dynamics.
Acknowledgments: S.K. thanks a fellowship from the Japan Society for the Promotion of Science.
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Small-Molecule Inhibitors of PDZ-mediated Protein-protein Interactions
Nestor Kamdem, Annette Diehl, Peter Schmieder, Gerd Krause and Hartmut Oschkinat
NMR-Supported Structural Biology, Leibniz-Institut für Moleculare Pharmacologie, Robert-Roessle-Strasse 10, 13125 Berlin, Germany
(kamdem@fmp-berlin.de)

Protein-protein interactions (PPIs) are central to many biological processes which represents a large and important
class of targets for therapeutics. PDZ (Post-synaptic density-95, Drosophila discs large, Zonula occludens -1) domains are
protein-protein recognition modules that play a central role in organizing diverse cell signaling
assemblies. PDZ binding specificity involves the recognition of the carboxyl-terminus of various
proteins, belonging to receptor and ion channel families. Antagonizing PDZ-mediated interactions may
allow for the treatment of several human disorders such as neuropathic pain, congenital diseases,
psychiatric disorders, and cancers. NMR spectroscopy based screening methods are presented to
identify small-molecules that bind to a protein target. The NMR techniques are based on the observation
of chemical shift perturbations in two-dimensional (2D) 1H-15N HSQC and (1D) 1H NMR line-broadening experiments.
Here we report small-molecules for Shank3 PDZ, Af6 PDZ, Syn PDZ, Dvl PDZ and PSD95 PDZ with drug-like binding
affinity.
References:
1. Schultz J., et al., Nature Struct Biol, 5, 19 – 24 (1998)
2.Tannishtha R., et al., Nature, 434, 843 – 850 (2005)
3. Joshi M., et al., Angew Chem Int Ed, 45, 3790 – 3795 (2006)
4. Vargas C., et al., Angew Chem Int Ed, submitted (2010)
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Light by Spin Centers. A Magnetic Resonance Study of Bioluminescence in
Bacteria
Lydia Kammler and Maurice van Gastel
Department of Physical and Theoretical Chemistry, University of Bonn, Wegelerstrasse 12, D-53115, Bonn, Germany (kammler@pc.uni-bonn.de)

Bioluminescence is the emission of visible light by a living organism catalyzed by enzymes and makes a great visual
impact of one of nature‘s most remarkable reactions. It was discovered that the production of light is not accompanied by
heat (Boyle, 1668), which was the first indication of the high efficiency with which light is produced. The emission of
colored light by marine bacteria is generated by the oxidation of FMNH2 and a long-chain aliphatic aldehyde, catalyzed
by the luciferase.1 Once FMNH2 binds to the enzyme, it is protected from auto-oxidation. In the presence of oxygen, a
flavin-hydroperoxide is formed that is still bound to luciferase. The reaction is proposed to continue via several radical
intermediate states, in which the long-chain aldehyde participates.2 The crystal structures of bacterial luciferases have
become available only recently. The protein consists of a heterodimer of which the alpha and beta subunits have a slightly
different molecular weight.3
Cells from Vibrio fischeri are grown under aerobic conditions and the luciferase is purified via FPLC using DEAE
Sepharose. A light emitting reaction caused with decanal and reduced flavin gave evidence for the activity of the
examined luciferase. UV-VIS spectroscopy of purified protein furthermore showed an absorption maximum at 411 nm
and is a strong indication of the luciferase-bound flavin. The electronic structure of the reaction intermediates are
investigated by electron paramagnetic resonance (EPR) spectroscopy. Recent cloning experiment provide the opportunity
of heterologous expression of the bacterial luciferase and therefore a more efficient purification procedure.
References:
1. Baldwin T. O. and Ziegler M. M., Chemistry and Biochemistry of Flavoenzymes, 3, 467 – 530 (1992)
2. Macheroux P., Ghisla S. and Hastings J. W., Biochemistry, 32, 14183 – 14186 (1993)
3. Fisher A., Raushel F. M., Baldwin T. O. and Rayment I., Biochemistry, 34, 6581 – 6586 (1995)
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NMR characterization of the regulation of microtubule dynamics by EB1
Teppei Kanabaa, Tomoyuki Morib, Ryoko Maesakib, Yutaka Itoa, Toshio Hakoshimab and Masaki
Mishimaa
a

Department of Science and Engineering, Tokyo Metropolitan University, 1-1 Minamiosawa Hachioji, 192-0375,Tokyo, Japan
(kanaba-teppei1@ed.tmu.ac.jp)
b
Department of Information Science, Nara Institute of Science and Technology,8916-5 Takayama Ikoma, 630-0192, Nara, Japan

End-binding 1 (EB1) is a member of plus-end-tracking proteins (+TIPs) that bind to microtubule (MT) plus-end and
regulate MT dynamics. EB1 binds to MT with its N-terminal CH domain. Cryo-EM study suggested that Mal3p, the
fission yeast EB1 homolog, specifically bound to MT A-lattice and thus promoted its polymerization.1 Further, EB1 is
thought to lead MTs to cell peripherals by interactions between its C-terminal domain and other +TIPs, APC and CLIPs,
and cytoskeletal proteins that locate cell membrane.
We have attempted to reveal the molecular basis of MT-regulating mechanisms by EB1 using NMR spectroscopy.
Chemical shift perturbation experiments of EB1 C-terminal domain with APC C-terminal region revealed that APC bound
to EB1 via I2805 and P2806. This observation was consistent with previous report.2 Moreover, we found that EB1 bound
to APC by the same binding interface for dynactin subunit p150glued. These results suggest the possibility that APC could
compete p150glued by interacting with EB1. In addition, chemical shift perturbation experiments of CH domain with taxolstabilized tubulin or colchicine-depolymerized tubulin, we found that CH domain bound to only polymerized tubulins
specifically in solution. To identify the binding interface of CH domain for MT, we are trying to apply the transferredcross saturation experiment3 to this system at present. Taken together, we will discuss molecular basis of MT-regulating
mechanism of MT dynamics by EB1.
References:
1. Sandblad L., et al., Cell, 127, 1415 – 1424 (2006)
2. Honnapa S., et al., Cell, 138, 366 – 376 (2009)
3. Takahashi H., et al., Nat Struct Biol, 1,53 – 58 (2000)
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A systematic approach to NMR-based structural glycobiology
Koichi Katoa,b,c,d, Yukiko Kamiyaa,b and Yoshiki Yamaguchib,e
a
Institute for Molecular Science and Okazaki Institute for Integrative Bioscience, 5-1 Higashiyama, Myodaiji, Okazaki 444-8787, Japan
(kkatonmr@ims.ac.jp)
b
Graduate School of Pharmaceutical Sciences, Nagoya City University, 3-1 Tanabe-dori, Mizuho-ku, Nagoya 467-8603, Japan
c
The Glycoscience Institute, Ochanomizu Univerdsity, 2-1-1 Ohtsuka, Bunkyo-ku, Tokyo 112-8610, Japan
d
GLYENCE Co., Ltd., 2-22-8 Chikusa, Chikusa-ku, Nagoya 464-0858, Japan
e
Structural Glycobiology Team, Systems Glycobiology Research Group, Chemical Biology Department, RIKEN, Advanced Science Institute, 2-1
Hirosawa Wako,Saitama 351-0198, Japan

Recent advances in structural glycomics have enabled us to collect information on glycoforms, i.e. sequences, linkage,
positions and profiling of carbohydrate moieties of glycoproteins in systematic manners. The central issue in the next
stage of structural glycobiology is to provide structural basis of the biological functions of the individual glycoforms of
glycoproteins and glycolipids. Although NMR spectroscopy has great potential to provide atomic-level information on
these glycoconjugates, the carbohydrate NMR analyses are frequently hampered by the low sensitivity, the severe spectral
overlapping, and the insufficiency of conformational restraints. In view of this situation, we have been developing a
systematic method for the elucidation of the underlying mechanisms of the glycan functions by combined use of highfield NMR spectroscopy and stable isotope labeling techniques of glycoconjugates along with sugar library constructed
based on our home-made HPLC database ‘GALAXY’ (http://www.glycoanalysis.info/).1
In this presentation, we will illustrate several examples of applications of our stable-isotope-assisted NMR approach to
characterize structures, dynamics, and interactions of oligosaccharides, glycoproteins, and glycolipids of clinical interest.
References:
1. Kato K., Yamaguchi Y. and Arata Y., Prog. Nucl. Magn. Reson. Spectrosc., 56, 346 – 359 (2010)
Acknowledgments: This work was supported by CREST project from the Japan Science and Technology Agency.
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The SAGA of zinc-fingers goes on...
Ying-Hui Wanga, Jacques Bonneta, Gianpiero Spedalea, Robert Andrew Atkinsona, Christophe
Romiera, Ali Hamichea, Pim Pijnappelb, Marc H. Th. Timmersb, László Toraa, Didier Devysa and
Bruno Kieffera
a
b

IGBMC, CNRS UMR 7104, INSERM U 964, Université de Strasbourg, ILLKIRCH, France (kieffer@igbmc.fr)
Department of Physiological Chemistry, University Medical Center Utrecht, The Netherlands

SAGA is a large co-activator complex involved in chromatin remodelling, which harbours both histone acetylation
and deubiquitination activities. Two subunits of the SAGA deubiquitination module contain atypical zinc-fingers
sequences characterised by a long sequence insertion between the first and second zinc coordinating residues.
Biochemical experiments revealed the ability of one of these domains
(ATXN7) to bind the H2A/H2B histone dimer, whereas the other one
(ATXN7L3) is lacking this property. Comparison of the solution structures
of the two zinc-finger domains revealed a novel, common zinc-finger
motif at the heart of two distinct folds, providing a molecular basis for
the observed functional differences. Chemical shift titration and saturation
transfer experiments between zinc-fingers and highly purified
nucleosomes or histone H2A/H2B dimers provided further insights into
this interaction.
ATXN7
ATXN7L3
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Solid-state NMR structural studies of disease related membrane proteins
Name Tae-Joon Park, Ji-Sun Kim, Soo-Yuon Im, Ga-Ae Gang and Yongae Kim
Department of Chemistry and Protein Research Center for Bio-Industry, Hankuk University of Foreign Studies, Yong-In, 449-791, KOREA
(yakim@hufs.ac.kr)

Membrane proteins, constituting nearly 30% of eukaryotic genomes, play central roles in cellular transport processes,
intercellular signaling, and growth regulation. However, of the more than 28,000 high resolution protein structures known,
only some 25 unique families of membrane proteins are represented. This inequality is
accounted for by two bottlenecks in membrane protein structural studies: high-yield of
integral membrane protein production and membrane bound structure which is difficult
to study by using X ray crystallography and conventional solution NMR spectroscopy
techniques. Solid-state NMR experiments on lipid bilayer samples are especially
valuable for membrane proteins. Here we will present the optimized results of large scale
growth and purification to get disease related membrane proteins like obesity related
human melanocortin 4 receptor TM, dementia related Amyloid AβTM, and signal
transduction related Syndecan 4, and antimicrobacterial peptide of bovine milk,
Lactophoricin. And we will also present the solid-state NMR spectra of mechanically aligned planar lipid bilayer samples
and magnetically oriented bicelle samples of disease related membrane proteins.
References:
1. Park T., Kim J., Um S. and Kim Y. , Bull. Kor. Chem. Soc, 31, 187 (2010)
2. Park T., Im S., Kim J. and Kim Y., Process Biochemistry, 5, 682 (2010)
3. Park T., Kim J., Choi S. and Kim Y., Prot. Exp. Puri., 65, 23 (2009)
Acknowledgments: This work was supported by the HUFS Res. Fund of 2010 and the GRRC Program of Gyeonggi Province [GRRC HUFS 2010A02].
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Dimerization of the Oncogenic Transcription Factor Myc
Goenuel Kizilsavas and Robert Konrat
Department of Structural and Computational Biology, University of Vienna, Campus Vienna Biocenter 5, 1030, Vienna, Austria
(goenuel.kizilsavas@univie.ac.at)

The structural motif of the C- terminal domain of Myc is a DNA-binding and dimerization basic/helix-loophelix/leucine-zipper motif (bHLHZip). The C-terminal domain of homodimeric v-Myc was already observed by Frykberg
et al. 19871 postulating that the bHLHZip domain does not exist as a random coil in solution, but rather exhibits α-helical
regions. Max is the main binding partner for C-terminal Myc, which also forms a bHLHZip motif on its C-terminal.
With X-Ray crystallography the heterodimeric structure of the Myc/Max/DNA complex is still ambiguous.2,3 We
analyze the transient complex formation characteristics of Myc with Max and its chemical mechanism and elementary
steps, aiming to prove their antiparallel orientation as it could be proven for other dimers with bHLH motifs before4 and to
show apo-states of Myc. The orientation of Myc with respect to Max was analyzed by NMR relaxation measurements.
The relaxation features of Myc give overall insight into the dimerization behavior of Myc.
References:
1. Frykberg L., Graf T. and Vennstrom. B., Oncogene, 1, 415 – 422 (1987)
2. Schwab M., Varmus H. E., Bishop J. M., Grzeschik K. H., Naylor S. L., Sakaguchi A. Y., Brodeur G. and Trent J., Nature, 308, 288 – 291 (1984)
3. Ferredamare A. R., Prendergast G. C., Ziff E. B. and Burley S. K., Nature, 363, 38 – 45 (1993)
4. Starovasnik M. A., Blackwell T. K., Laue T. M., Weintraub H. and Klevit R. E., Biochemistry, 31, 9891 – 9903 (1992)
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NMR resonance assignments of NarE, a putative ADP-ribosylating toxin from
Neisseria meningitidis
Ludovic Carliera, Christian Koehlera, Daniele Veggib, Mariagrazia Pizzab, Marco Sorianib, Rolf
Boelensa and Alexandre M. J. J. Bonvina
a
b

Bijvoet Center for Biomolecular Research, Science Faculty, Utrecht University, Padualaan 8, 3584 CH, Utrecht, The Netherlands (c.kohler@uu.nl)
Novartis Vaccines and Diagnostics, 53100 Siena, Italy

NarE is a 16 kDa protein identified from Neisseria meningitidis, one of the bacterial pathogens responsible for
meningitis. NarE belongs to the ADP-ribosyltransferase family and catalyses the transfer of ADP-ribose moieties to
arginine residues in target protein acceptors. Many pathogenic bacteria utilize ADP-ribosylating toxins to modify and alter
essential functions of eukaryotic cells. NarE was proposed to bind iron through a Fe-S center which is supposed to be
implied in catalysis. We have produced and purified uniformly labeled 15N- and 15N/13C- NarE and assigned backbone and
side-chains resonances using multidimensional heteronuclear NMR spectroscopy. These assignments provide the starting
point for the three-dimensional structure determination of NarE and the characterizing of the role of the Fe-S center in the
catalytic mechanism.
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Atomic Resolution NMR Structure of a Transient and Low Populated Protein
Folding Intermediate
Dmitry M. Korzhneva, Tomasz L. Religaa, Wiktor Banachewiczb, Alan R. Fershtb and Lewis E. Kaya
a
Departments of Molecular Genetics, Biochemistry and Chemistry, The University of Toronto, Toronto, Ontario M5S 1A8, Canada
(korzh@pound.med.utoronto.ca)
b
MRC Centre for Protein Engineering, Hills Road, Cambridge, CB2 2QH, UK

Proteins can sample rare conformational states that are critical for biological function but that are seldom detected
directly because of their low occupancies and short lifetimes. Direct detection of on-pathway folding intermediates and
elucidation of their structures can be especially difficult. Here we use NMR spectroscopy to determine an atomicresolution three-dimensional structure of a transient folding intermediate of a small protein module - the FF domain - with
an equilibrium population of 2-3% and a millisecond lifetime. A general strategy is introduced for the structure
determination of such excited states based on measurement of a nearly complete set of backbone chemical shifts along
with residual dipolar couplings from NMR relaxation dispersion methods, thus opening a new direction in protein
structural biology.
The structure of the FF domain folding intermediate is the first for a transient, metastable state - such states have long
been thought to be ubiquitous along protein folding pathways. The intermediate is unexpectedly well structured and can
be thought of as representing an alternative, less favorable fold of the FF domain. In this fold there is a significant number
of non-native interactions that prevent the formation of the native structure in the C-terminal part of the protein,
suggesting that non-native interactions along folding pathways are likely more common than previously thought. Our
work establishes why a well-structured intermediate can be formed rapidly (μs timescale) and then rearrange slowly (ms
timescale) to the native conformation. The determined structure also provides a simple way for designing a variant FF
domain closely mimicking the intermediate with the native state selectively destabilized.
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STD NM
MR Studiees of Substrate Speecificity off Core Fu
ucosyltran
nsferase A
Miriam Köötzler, Simoon Blank, Eddzard Spillnner, Reinharrd Bredehorrst and Bernnd Meyer
Department of Chemistry,
C
Univerrsity of Hamburgg, Martin-Luther--King-Platz 6, 201
146, Hamburg, Germany,
G
(miriam
m.koetzler@chemie.uni-hamburg.dde)

Fucosylatted oligosacccharides playy a crucial role in man
ny physiologgical and pattho-physiolog
gical processees.
Recombinantt core fucosyyltransferase A (FUT-A) from honeyb
bee (apis meellifera) was studied for donor
d
substraate
specificity by SPR and STD
S
NMR teechniques. Fraagment screen
ning by SPR
revealed thaat the nucleeoside part of
o the donoor substrate GDP-Fucose
contributes dominantly
d
to binding affinnity. These finndings were confirmed
c
by
STD NMR ligand
l
epitopee mapping whhich showed the
t guanosine part binding
closest to thee enzyme surfface in the ennzyme-substraate complex.1 Furthermore,
according too SPR studiess, the fucose part of GDP--Fuc has no effect
e
on the
dissociation constant of thhe enzyme subbstrate compllex. However,, competition
of GDP-Fuc binding with GDP monitorred by STD NMR
N
allowed a more direct
insight into the contributiion of the fuccose to bindinng affinity (ccf. Fig). Data
obtained from
m a competitivve titration off GDP-Fuc agaainst GDP rev
vealed a Ki of
150 µM for GDP, taken KD = 28 µM for
f GDP-Fuc as
a basis. Thuss, the fucosyl residue improoves binding by
b a factor off 5
equivalent too about 1 kcaal/mol bindingg energy. Chharacterization
n of the bindiing epitope w
will be used for
f design off a
selective inhiibitor of FUT-A.
References:
1. Mayer M. andd Meyer B., Angeew. Chem. Int. Edd., 38, 1784 – 17888 (1999)
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PELDOR
R Spectrooscopy on
n Tertiaryy Folded RNA
R
c
Ivan Krsticca, Burkhardd Endewardda, Deniz Seezerb, Olga Frolow
F
, Jullia E. Weiggandd, Lauraa
c
Riccardie,G
Gerhard Stoocke, Beatrixx Suessd, Jooachim W. Engels
E
and Thomas F. Prisnera
a

Institute of Phyysical and Theoreetical Chemistry and
a Center for Biiomolecular Mag
gnetic Resonance,, Goethe-Universsity Frankfurt, Frrankfurt, Germanyy
(krstic_ivan@prrisner.de)
b
Faculty of Enggineering and Nattural Sciences, Saabancı Universityy, Istanbul, Turkey
ey
c
Institute of Orgganic Chemistry and
a Chemical Bioology,
d
Institute for Moolecular Bio Scieences, Goethe-Unniversity Frankfurrt, Germany
e
Institute of Phyysics, University of
o Freiburg, Freiiburg, Germany

Pulsed electron electroon double resoonance (PELD
DOR) spectrosscopy1 is estabblished as a powerful tool to
t measure lonng
range distancces (1.5–8 nm
m) in macromoolecular system
ms such as pollymers, oligonnucleotides, annd proteins, using
u
the dipollar
spin-spin intteraction betw
ween two paraamagnetic cennters. We inveestigated the structure
s
and conformation
nal dynamics of
different tertiiary folded RN
NA moleculess by means off site-directed spin labeling2 and PELDOR
R spectroscop
py.
Previous NMR/MD innvestigation onn a 14-mer-cU
UUCGg-tetralloop3 showed different dynnamics of the two uridines in
the loop regiion, however low temperaature PELDOR
R experimentss and CW EP
PR near room
m temperature do not suppoort
significant diifferences betw
ween this twoo uridines.
We studiied conformaational rearranngement of the
t neomycin
n-sensing ribooswitch uponn ligand bind
ding.4 PELDO
OR
measurementts at low tempperature show
wed no distancce alteration up
pon neomycinn binding, whiich implies th
he existence off a
prearranged tertiary structture without a significant global conforrmational channge induced bby ligand bin
nding. Excelleent
agreement with
w structural models basedd on the NMR
R data of the ligand-bound
l
state of the riiboswitch wass observed. The
EPR measureements reveall the intrinsic propensity
p
of the global rib
boswitch archiitecture towardd its ligand-bo
ound form.
References:
1. Milov A. D., Salikov
S
K. M. and Shirov M. D., Fizz. Tverd. Tela, 23,, 975 – 982 (1981))

2. Schiemann O.,
O Piton N., Plackkmeyer J., Bode B.
B E., Prisner T. F.
F and Engels J. W.,
W Nat. Protoc., 2,
2 904 – 923 (20007)
3. Nozinovic S.,, Fürtig B., Jonkeer H. R. A., Richter C. and Schwallbe H., Nucleic Accids Res., 38, 6833 – 694 (2010)
4. Krstić I., Frollow O., Sezer D., Endeward B., Weigand
W
J. E., Sueess B., Engels J. W.
W and Prisner T.. F., J. Am. Chem
m. Soc., 132, 1454 – 1455 (2010)
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Direct NMR Evidence for the Presence of Native and Non-Native Interactions in
the Denatured States of Some Ultrafast Folders
Per A. Rognea, Przemyslaw Ozdowya, Harald Schwalbeb, Peter J. Horec and Lars T. Kuhna
a

European Neuroscience Inst. (ENI), Grisebachstrasse 5, 37077, Göttingen, Germany (lars.kuhn@gwdg.de)
Inst. for Org. Chem. and Chem. Biology, JWG University Frankfurt, N160-304, 60438, Frankfurt/Main, Germany
Physical & Theoretical Chemistry Laboratory, University of Oxford, South Parks Road, OX1 3QZ, Oxford, UK

b
c

Deciphering the process of how nascent polypeptide chains attain a native fold only within a few tenths of a second in
the crowded environment of a living cell has recently been acknowledged as a key element for better understanding how
the formation of pathogenous protein aggregates occurs in vivo.1 Residue-specific spectroscopic information on unfolded
protein states, however, remains sparse due to their intrinsic conformational heterogeneity and dynamic nature.
Here, we present NMR data on the urea-denatured state of the ultrafast folding TC5b molecule, a small peptide
exhibiting natively a globular fold and long-range interactions. By combining 2D NMR spectroscopy together with 15N
relaxation experiments on the unfolded state of TC5b and a structurally optimized point mutant, we were able to highlight
the importance of both native and non-native interactions for ultrafast and productive refolding.2,3 Among other things,
NOE contacts between Trp and aliphatic amino acids exhibiting both native and non-native character were identified.
Moreover, a mutationally induced enhancement of the nucleation site’s hydrophobicity led to the detection of not only
additional non-random interactions but also a concomitant acceleration of refolding rates. The results are complemented
with 15N R1,2 and het. NOE measurements thus providing distance-independent sources of structural information.
Hence, our data productively contribute to the ongoing discussion of how only a few sequence determinants can direct
the entire folding pathway of globular proteins starting from the very early stages of structure formation.4
References:
1. Dobson C. M., Nature, 426, 884 – 890 (2003)
2. Neuweiler H., Doose S. and Sauer M., Proc. Natl. Acad. Sci. U.S.A., 102, 16650 – 16655 (2005)
3. Mok K. H., Kuhn L. T., Goez M., Day I. J., Lin J. C., Andersen N. H. and Hore P. J., Nature, 447, 106 – 109 (2007)
4. Felitsky D. J., Lietzow M. A., Dyson H. J. and Wright P. E., Proc. Natl. Acad. Sci. U.S.A., 105, 6278 – 6283 (2008)

__________________________________________________________________________________________________

P128

The TPR2B domain of Sti1 is involved in blocking Hsp90 ATPase function
Stephan Lagledera, Andreas B. Schmidb, Johannes Buchnerb and Horst Kesslera
a
b

Institute for Advanced Study, Technische Universität München, Lichtenbergstraße 4, 85747 Garching, Germany (stephan.lagleder@ch.tum.de)
Lehrstuhl für Biotechnologie, Technische Universität München, Lichtenbergstraße 4, 85747 Garching, Germany

Hsp90 is a molecular chaperone that activates a large number of client proteins. In particular maturation of the steroid
hormone receptor substrates mediated by Hsp90 is strongly dependent on the function of the cochaperone Sti1/Hop. This
adaptor molecule links the Hsp70 and Hsp90 chaperone systems by binding to both chaperones simultaneously thus
allowing a substrate transfer from Hsp70 to Hp90.1 Sti1/Hop contains 3 TPR (tetratricopeptide repeat) domains, which are
generally known as peptide binding domains: TPR1 was shown to bind the Hsp70 C-terminal peptide whereas TPR2A
binds the Hsp90 C-terminal peptide.2 The function of the TPR2B domain however remains unclear.
Our data now show that TPR2B binds Hsp70 and Hsp90 C-terminal peptides with nearly similar affinity although
NMR chemical shift perturbation patterns are different. Regarding its peptide binding ability this TPR domain can
obviously not discriminate between Hsp70 and Hsp90. However we could identify an additional weak interaction of
TPR2B with the Hsp90 middle domain by NMR that is independent from peptide binding. This indicates TPR2B playing
a role in blocking Hsp90 ATP hydrolysis since Sti1/Hop was shown to be a strong inhibitor of Hsp90 ATPase activity.3 A
Sti1 fragment combining both the TPR2A and TPR2B domain displays increased binding to Hsp90 middle domain and
maximum inhibition of Hsp90 ATP hydrolysis. We conclude that TPR2B together with TPR2A forms a joint binding site
for Hsp90 middle domain independent from TPR peptide binding to block Hsp90 ATP hydrolysis.
References:
1. Wegele H., Wandinger S. K., Schmid A. B., Reinstein J. and Buchner J., J Mol Biol, 356, 802 – 811 (2006)
2. Scheufler C., Brinker A., Bourenkov G., Pegoraro S., Moroder L., Bartunik H., Hartl F. U. and Moarefi I., Cell, 101, 199 – 210 (2000)
3. Prodromou C., Siligardi G., O'Brien R., Woolfson D. N., Regan L., Panaretou B., Ladbury J. E., Piper P. W. and Pearl L. H., Embo J, 18, 754 – 762
(1999)
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Structure and dynamics of the HIV viral envelope gp41 fusion domain
Nils-Alexander Lakomeka, Joshua D. Kaufmanb, Steven J. Stahlb, Paul T. Wingfieldb and Ad Baxa
a

Laboratory of Chemical Physics, National Institute of Diabetes and Digestive and Kidney Diseases, (lakomekn@niddk.nih.gov)
Protein Expression Laboratory, National Institute of Arthritis and Musculoskeletal and Skin Diseases, National Institutes of Health, Bethesda,
Maryland 20892, USA
b

A homotrimeric construct encompassing residues 1-194 of the HIV viral coat protein gp41 is being investigated with
TROSY-based NMR methods. Current work focuses on the structure and dynamics of the fusion domain of this protein.
A comparison of amide chemical shifts with those of the isolated fusion peptide in SDS micelles1 shows close agreement,
indicating that the fusion domain in the intact trimer also adopts an alpha-helical structure when embedded in DDM
micelles. The dynamics of the fusion domain has been studied by NMR relaxation measurements adapted for high
molecular weight systems. We find the fusion domain to exhibit high amplitude motions with respect to the remainder of
the protein.
References:
1. Jaroniec C. P., Kaufman J. D., Stahl S. J., Viard M., Blumenthal R., Wingfield P. T. and Bax A., Biochemistry, 44, 16167 – 16180 (2005)

__________________________________________________________________________________________________

P130

Capillary Isotachophoresis hyphenated with slotted Microstrip Nuclear Magnetic
Resonance Detection
Jörg Lambert and Roland Hergenröder
Leibniz Institut für Analytische Wissenschaften – ISAS,, P.O. Box 101352, D-44013 Dortmund, Germany, joerg.lambert@isas.de

The high theoretical plate numbers and the flat flow profiles of capillary electrophoretic (CE) methods are optimal
prerequisites for a successful hyphenation with NMR. Essential for hyphenation is a probe with a detection volume that
matches the peak dimension of the CE separation. With their detection volumes being in the high nanoliter range,
microprobes are well suited as detectors. In the common solenoidal microcoil designs, however, the sample capillary in
electrophoretic separations has to be oriented perpendicular to the external magnetic field. Hence electrophoretic currents
give rise to magnetic field gradients that cause substantial distortions in the NMR spectral linewidths:1 the magnetic field
in the capillary is a superposition of the external magnetic field and the magnetic field arising from the electrophoretic
current and hence depends on the position of the spins in the capillary. The spectral resolution in the online detection
mode is therefore drastically lower than in standard NMR measurements. A common workaround to avoid the detrimental
line broadening effect is to sample an NMR spectrum in stopped-flow mode, at the expense of a considerable diffusion
broadening of the CE peak profile. We here demonstrate that microprobes based on slotted microstrip2,3 NMR detection
allow high resolution NMR spectra to be obtained in online mode as well, as the sample tube can be oriented in parallel to
the external magnetic field. The linewidth does not depend on the current, even at electrophoretic currents as high as 60
μA, that result in drastic linewidth enhancements of a factor 5 in solenoidal coil CE-NMR setups. The performance of the
slotted microstrip detection is demonstrated for capillary isotachophoresis (ITP).
References:
1. Olson D., Lacey M., Webb A. and Sweedler J., Anal. Chem., 71, 3070 − 3076 (1999)
2. Maguire Y., Chuang I., Zhang S. and Gershenfeld N., Proc. Natl. Acad. Sci. U.S.A., 104, 9198 − 9203 (2007)
3. Krojanski H. G., Lambert J., Gerikalan Y., Suter D. and Hergenröder R., Anal. Chem., 80, 8668 − 8672 (2008)
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Red cell shape from NMR-1H2O q-space analysis
Timothy J. Larkina, Guilhem Pagesb and Philip W. Kuchela
a
b

School of Molecular Bioscience, University of Sydney, NSW, 2006, Australia (tim.larkin@sydney.edu.au)
Physical Chemistry, Royal Institute of Technology, Teknikringen 36, SE-10044, Stockholm, Sweden

Human red blood cells (RBCs) from healthy donors have the shape of biconcave discs, called discocytes. In some
diseases, and under various metabolic conditions, RBCs adopt several possible shapes. These include cup-shaped cells
called stomatocytes, and cells with ~20 membranous projections (spicules), called echinocytes. The q-space plots
obtained experimentally using pulsed field-gradient spin echo nuclear magnetic resonance (PGSE-NMR) spectroscopy
from water diffusing in RBCs of different morphologies have ‘signature’ features. To understand the forms of these plots,
geometrical models of stomatocytes, echinocytes, and spherocytes, were taken as restricting boundaries for water
diffusion in simulations using Monte-Carlo random walks.1 For stomatocytes formed by treating RBCs with dithiothreitol
the q-space plots had no diffraction features in contrast to those from a patient with hereditary stomatocytosis that showed
distinct diffraction minima.2 Numerical simulations of diffusion in stomatocytes indicated that diffraction minima are
indeed expected, so it was concluded that the absence of diffraction minima in the dithiothreitol-treated cells was due to
them not aligning with the external magnetic field unlike RBCs of normal discocyte shape.Spherocytes and echinocytes
were prepared from RBCs by inhibiting glycolysis with NaF, and depleting the cells of Mg2+, respectively. The
experimental q-space plots from suspensions of RBCs from both treatments showed no diffraction minima. Monte-Carlo
simulations, however, suggested that diffraction minima should be observed. Differential interference contrast (DIC)
microscopy images of spherocyte and echinocyte suspensions showed them to be heterogeneous in cell shape and size.
Therefore we concluded that the heterogeneous nature of the RBC suspensions resulted in the loss of the diffraction
minima. These insights are relevant to interpreting q-space images of other cell-types and tissues, including clinical
imaging.
References:
1. Larkin T. J. and Kuchel P. W., Bull. Math. Biol., in press (2010); DOI: 10.1007/s11538-009-9493-8
2. Torres A. M., Michniewicz R. J., Chapman B. E., Young G. A. R. and Kuchel P. W., Magn. Reson. Imaging, 16, 423 – 434 (1998)
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Recognition Elements in 7SK RNA for HEXIM1 binding
Isabelle Lebarsa, Denise Martinez-Zapiena, Alexandre Duranda, Jérôme Coutantb, Bruno Kieffera and
Anne-Catherine Dock-Bregeona
a
b
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Bruker BioSpin SA, 34 rue de l’Industrie BP 10002, 67166 Wissembourg Cedex, France

The 7SK RNA, an abundant snRNA, acts as a regulator of transcription by RNA polymerase II (RNApol II) by
sequestering the positive transcription elongation factor b (P-TEFb) into a ribonucleoprotein complex that also contains
the three nuclear proteins Hexim1, LaRP7 and MePCE.1-3 The La-related protein LaRP7 and the methylphosphate
capping enzyme MePCE act cooperatively to ensure the stability of 7SK and to promote the 7SK RNP assembly.4 PTEFb, formed by the kinase cyclin-dependent Cdk9 and the cyclin T1/T2, activates transcription by phosphorylating the
C-terminal domain of RNApol II. For the activation of the transcription, P-TEFb is released from the 7SK RNP complex.
The 7SK snRNA mediates the interaction of Hexim 1 with P-TEFb, enabling its inhibitory effect on the kinase activity of
P-TEFb.
The mechanism of recognition between 7SK RNA and Hexim1 is not characterized at atomic level. The 5'-terminal
hairpin of 7SK has been shown to support the Hexim1 binding.5 In this work, we investigated how Hexim1 recognizes its
target. We used Nuclear Magnetic Resonance in conjunction with biochemical techniques to define the elements in 7SK
that are required for recognition by Hexim1. Our results clearly demonstrate that a motif located in the upper part of the
hairpin appears to be essential for specific recognition.
References:
1. Nguyen V. T., et al., Nature, 414, 322 – 325 (2001)
2. Egloff S., et al., Mol.Cell.Biol., 26, 630 – 642 (2006)
3. Zhou Q. and Yik J. H. N., Microbiol.Mol.Biol.Rev., 70,646 – 659 (2006)
4. Markert A., et al., EMBO reports, 9, 569 – 575 (2008)
5. Belanger F., et al., J.Mol.Biol., 386,1094 – 1107 (2009)
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Alteration of the axial coordination in the heme carrier HasA. Role of the ligands
in the heme uptake and release process. The case of H32A and Y75A mutants
Celia Caillet-Saguya, Mario Picciolib, Paola Turanob, Gudrun S. Lukat Rodgersc, Kenton R. Rodgersc,
Nadia Izadi-Pruneyrea, Nicolas Wolffa, Ivano Bertinib, Muriel Delepierrea and Anne Lecroiseya
a
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Magnetic Resonance Center and Department of Chemistry, University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy
c
Department of Chemsitry and Molecular Biology, North Dakota State University, USA
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Bacteria have developed different systems to take advantage of all the iron sources present in their hosts, including
heme, free or bound to hemoproteins. One of them, the heme uptake system Has, has been identified in numerous
pathogenic Gram-negative bacteria. The hemophore HasA from Serratia marcescens, was the first to be discovered and
characterized. Heme binding is provided by His 32 and by Tyr 75. The heme iron is in the ferric state and presents a
thermal high spin - low spin equilibrium in fast exchange on the NMR time scale. The spin state equilibrium is triggered
by the hydrogen bond between its Oη and the Nδ1 of a nearby His 83.
To decipher the role of H32 and Y75 in heme uptake and release process, we perform a wide spectroscopic
characterization of holoHasA-H32A and holoHasA-Y75A mutants. Electronic properties were addressed via absorption
and Resonance Raman spectroscopies; EPR and paramagnetic NMR experiments were used to obtain information about
spin states and Fe(III) coordination. Finally, chemical shift mapping and 1H and 13C direct detection experiments on WT,
H32A and Y75A variants in both Fe(III) and Ga(III) derivatives provided information concerning global folds, pH
dependent properties and iron coordination spheres. The whole body of experimental data will upgrade the existing
picture on heme uptake and release processes.
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Measuring kinetics of conformational sampling in ubiquitin: Implications for
protein-protein recognition
Donghan Leea, Michael Funka, Rudolf Gulichb, Dalia Eggerb, David Bana, Korvin F.A. Waltera, R.
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The RDC enhanced NMR spectroscopy has recently detected intra-molecular protein dynamics in a previously hidden
time window between a few ns and 50 μs (supra-τc) to play a major role for protein-protein recognition in a
conformational selection scenario for ubiquitin.1,2 Here we determine the mean lifetime of the different conformations in
the ubiquitin solution ensemble to be about 1 μs at 309 K and approximately 50 μs at 265 K. This result is obtained by
dielectric relaxation (DR) spectroscopy via a newly discovered mechanism of coupling conformational variation to the ion
mobility. By considering RDC-derived ensembles and the time scale of inter-conversion between the different
conformations as measured by DR spectroscopy, we are able to correctly predict NMR relaxation dispersion data of
ubiquitin in super-cooled water, thus providing evidence for the 1 μs supra-τc motion with atomic resolution.
References:
1. Lange O. F., et al., Science, 320, 1471 (2008)
2. Lakomek N. A., et al., J. Biomol. NMR, 41, 139 (2008)
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Advanced EPR Study on The Active Site of Ni-SOD
Ju-Eun Leea, Jin-Won Leeb, Sa-Ouk Kangc, Brian M. Hoffmand and Hong-In Leea
a
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Superoxide dismutases (SODs) protect cells against oxidative stress by disproportionating O2- to H2O2 and O2. Recent
finding of a Ni-containing SOD widened the diversity of SODs in terms of metal contents and SOD catalytic mechanisms,
disclosing a new class among the redox-active Ni-containing enzymes. The coordination and geometrical structure of the
site and the related electronic structure are the keys to understand the dismutase mechanism of the enzyme. We performed
Q-band 14N, 1/2H CW and pulsed ENDOR and X-band 14N ESEEM on the resting-state (Ni(III)) Ni-SOD extracted from
Streptomyces seoulensis. In-depth analysis of the data obtained from the multi-frequency advanced-EPR techniques
detailed the electronic structure of the active site of Ni-SOD. The analysis of the field dependent Q-band 14N CW ENDOR
yielded the nuclear hyperfine and quadrupole coupling tensors (A = [55 55 70.4] MHz, P = [0.4 0.6 -1.0] MHz) of the
axial 14N ligand (N of His-1 imidazole) of Ni(III). The tensors are coaxial with the g-tensor frame, implying the g-tensor
direction is modulated by the imidazole plane. X-band 14N ESEEM found a weakly-coupled 14N nitrogen (A = [1.9 2.0
2.7] MHz) originating from N of His-1 imidazole. The nuclear quadrupole coupling constant of the nitrogen suggests
that the hydrogen-bonding between N -H and OGlu-17 present at the reduced state Ni-SOD is weakened or broken upon
oxidizing the enzyme. Q-band 1H CW ENDOR and pulsed 2H Mims ENDOR observed the hyperfine coupling (A = [-3.8
-3.8 10.6] MHz) to the protons(s) of the coordinated His-1 amine, the equatorial ligand.
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NMR-based, Structural Insight into the Activation Process of a Molecular
Chaperone Hsp33
Yoo-Sup Leea, Sung-Hee Leea, Seo-Jin Kima, Kyoung-Seok Ryub, Young-Ho Jeonb and Hyung-Sik
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A molecular chaperone Hsp33 uses the oxidation state to modulate its activity, thereby protecting cells from severe
oxidative stress. The expression of Hsp33 is regulated by heat at transcriptional level but post-translationally, it exhibits a
holdase activity upon response to oxidative stress. Despite several crystal structures available, the redox-switch
mechanism has been controversial. In this study, the structure of the reduced, inactive Hsp33 monomer was approached in
solution by NMR spectroscopy. As a result, the secondary structure, global topology, and the interdomain interaction site
of the inactive Hsp33 monomer were similar to those expected from the known crystal structures that showed an
unexpectedly dimeric conformation. However, in NMR, three specific regions including beta-strands 1 and 10 and alphahelix 1, as shown in the crystal structures, hardly exhibited NMR signals. In particular, beta-strand 1 in the crystal
structures forms an antiparallel beta-sheet with the beta-strand 10 of which unfolding results in activation of the protein.
Thus, we hypothesized that these regions are under dynamic conformational equilibrium, in real inactive state of Hsp33,
in solution. In order to prove this hypothesis, a mutant forms lacking the beta-1 strand was produced. The results clearly
indicated that the N-terminal deletions lead to constitutively active species. In addition, the dynamic properties in the
alpha-helix 1 region might be involved in substrate binding.
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S-nitrosylation of C-terminal cysteine leads to structural changes and may
regulates cell signaling processes of human apo-S100A1 protein
Martina Lenarčiča, Liliya Zhukovab, Aleksandra Wyslouch-Cieszyńskab and Igor Zhukova,b,c
a
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b
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S100A1 is a small EF-hand containing Ca2+-binding protein, which exists as a homodimer. Despite strong efforts, the
molecular mechanisms, through which S100A1 protein regulates cellular processes, are still not fully understood. Our
previous studies demonstrate that S-nitrosylation of a C-terminal cysteine results in notable changes in three-dimensional
structure of bovine S100A1 protein1. Estimation of changes induced by S-nitrosylation is important for understanding the
mode of cellular signal transduction mediated by nitric oxide.
Here we present analysis of structural differences in human apo-S100A1 protein based on backbone chemical shifts
perturbations which arise as a consequence of S-nitrosylation of the Cys85 thiol group. Our data indicate that hinge region
(10 residues long sequence between two EF-hand motifs) as well as C-terminal parts of both subunits show noteworthy
chemical shift alteration upon S-nitrosylation. This hydrophobic parts of human S100A1 structure are especially important
for interaction with other biomolecules. The observed chemical shift perturbations strongly support our previous
observations that S-nitrosylation of Cys85 causes structural changes of S100A1 protein and might control various cell
signaling processes in which S100A1 protein is involved.
References:
1. Zhukova L., Zhukov I., Bal W. and Wyslouch-Cieszynska A., Biochim. Biophys. Acta, 1742, 191 – 201 (2004)
Acknowledgments: This project was supported by Polish Ministry of Education grant nr 3P04A 01424, East-NMR (contract no.228461) inside of
transnational access program (for AW). This work was financed as a part of EN®FIST Centre of Excellence activity, Dunajska 156, SI-1000 Ljubljana,
Slovenia (for IZ).
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Structure based drug design for intrinsically unstructured proteins
Christofer Lendela,b, Carlos W. Bertoncinia, Nunilo Cremadesa, Peter Dambergc, Alfonso De Simonea,
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Increasing evidence accentuate the roles of intrinsically unstructured proteins in many devastating diseases. In
particular, the self-assembly of such proteins is intimately linked with the molecular events leading to neuronal death in a
range of neurodegenerative diseases. Drug development targeting this class of proteins is extremely challenging.1 We
present here a unique effort to rationalize this process. Our work involves development of new methods to describe the
conformational space of unstructured proteins using NMR spectroscopy2 and a critical assessment of NMR techniques for
high-throughput drug screening for unstructured target proteins. Finally, we present a pioneering effort to use an NMRderived ensemble structure of the intrinsically unstructured protein α-synuclein3 to perform in silico screening of novel
small molecule ligands. The misfolding and aggregation of this protein is a key event in the development of Parkinson’s
disease and our approach resulted in the identification of a drug-like small molecule which represents a new molecular
scaffold that has not previously been reported to interact with α-synuclein or to modulate its self-assembly. Taken
together, our results demonstrate that structure based drug design for intrinsically unstructured proteins is feasible.
References:
1. Lendel C., Bertoncini C. W., Cremades N., Waudby C. A., Vendruscolo M., Dobson C. M., Schenk D., Christodoulou J. and Toth G., Biochemistry,
48, 8322 – 8334 (2009)
2. Lendel C. and Damberg P., J. Biomol. NMR, 44, 35 – 42 (2009)
3. Dedmon M. M., Lindorff-Larsen K., Christodoulou J., Vendruscolo M. and Dobson C. M., J. Am. Chem. Soc., 127, 476 – 477 (2005)
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NMR-baased desiggn and evaaluation of
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H
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We repoort on the usse of a furannyl salicyl niitroxide deriv
vative (“spin--labeled” com
mpound), as a paramagnettic
phosphotyrossine mimetic,, to carry ouut a second-siite screening by NMR tecchniques agaiinst the PTPaase YopH froom
Yersinia pesttis. By meanss of a fragmennt-based screeening approach, we have iddentified severral small molecules targetinng
YopH that bind at sites addjacent to the spin-labeled compound. These
T
second-ssite binders haave been then
n used to desiggn
and synthesize bidentate YopH
Y
inhibitoors with sub-m
micromolar in
n vitro inhibittion, selectivitty against the human PTPaase
PTP1B, and cellular activiity against Y. Pseudotuberc
P
culosis.1
We also describe the design and NMR-bindingg studies of novel cyclic peptides targgeting the Yo
opH N-terminnal
domain.2 Theese studies maay help in clarrifying the struuctural determ
minants imporrtant for YopH
H inhibition an
nd may pave the
t
way to the deesign of even more active and
a drug-like compounds
c
fo
or the development of novell therapies agaainst Yersiniae.
References:
1. Leone M., Baarile E., Vazquez J., Mei A., Dahl R., Guiney D. annd Pellecchia M., Chem. Biol. Drug Des., in press ((2010)
2. Leone M., Baarile E., Dahl R. and
a Pellecchia M., Chem. Biol. Drrug Des., in prepaaration (2010)
2 and AI070494 to
t MP.
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Using liggand-baseed NMR technique
t
es to identtify α-chymotrypsin inhibito
ors from a
dynamicc combinaatorial library of booronate esters
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Dynamic combinatoriaal chemistry iss a useful straategy in the area of drug disscovery and innhibitor design
n.1 It allows the
t
generation of
o “dynamicc combinatorrial libraries”” through reversible chemical
interconversiion of simple building blocks. Interactioons inside thee protein activve site
can hence bee explored by the binding of
o these newlyy formed comp
ponents, thus aiding
the design annd identificatioon of lead com
mpounds for drug
d
discovery
y.
Boronic acids are well
w
known innhibitors of serine proteaases and seriine βlactamases.2 It is also knoown that the addition of cerrtain diols or sugars
s
improvves the
3
inhibition off proteases by
b boronic acids.
a
The formation
f
of boronate estters is
reversible inn aqueous soolution under physiologicaal pH conditiions.4 The reeaction
between borronic acids and diols caan therefore be used to generate dyynamic
combinatoriaal libraries off potential innhibitors. Usiing α-chymottrypsin as a model
system, we demonstrate
d
thhe feasibility and address the challengees of studyingg such bindingg events using
g various NM
MR
techniques suuch as direct observation
o
ussing 11B NMR
R, and indirectt techniques suuch as waterL
LOGSY.
References:
D
1, 26 – 36 (2002)
1. Ramström O. and Lehn J.-M., Nat. Rev. Drug Discov.,
2. Philipp M. annd Bender M. L., Proc. Natl. Acadd. Sci. U.S.A., 68, 478 – 480 (1971)
3. Suenaga H., Nakashima
N
K. andd Shinkai S., J. Chem.
C
Soc., Chem
m. Commun., 29 – 30 (1995)
4. Springsteen G.
G and Wang B. H.,
H Tetrahedron, 58,
5 5291 – 5300 (2002)
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Measurement of changes in Calcium channel activity in rat neuronal tissue in vivo
utilizing dynamic Manganese enhanced MRI (dMEMRI)
Christoph Leuzea,b,c, Yuichi Kimuraa, Sayaka Shibataa, Jeff Kershawa, Ichiro Shimoyamab and Ichio
Aokia
a
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c
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b

The ability of Manganese (Mn2+) to enter cells through Calcium channels (Ca2+) make it a useful tool for functional as
well as anatomical studies. By measuring changes of Mn2+ influx in tissue after Mn2+ and stimulant/inhibitor
administration it should therefore also be possible to examine changes in Ca2+ channel activity in vivo. Previous studies
observe for this purpose only the change in Mn2+ concentration in tissue. However, since agents acting on Ca2+ channel
activity may also influence the overall Mn2+ concentration in blood, both the Mn2+ concentration in tissue and the Mn2+
concentration in blood have to be monitored in order to acquire full information about Mn2+ influx into tissue. In this
study Mn2+ concentration in tissue and blood are measured using T1-weighted dMEMRI over a 2 hr period after Mn2+
bolus injection. These concentration values are then evaluated using one of the two linear models, Logan plot1 and Patlak
plot.2 The slope of Logan plot and Patlak plot, the so called total distribution volume (DVt) and the unidirectional influx
constant (Ki) respectively, deliver information about Mn2+ uptake. Alteration of Ca2+ channel activity by
stimulant/inhibitor administration should then be visible by observing a change in DVt and Ki. Measurements were
performed for 15 rats at the anterior and posterior part of the pituitary gland (APit and PPit). An incomplete blood-brainbarrier (BBB) in that region enables almost unhindered Mn2+ influx. The two measured regions, APit and PPit, showed
different Mn2+ uptake characteristics. While influx of Mn2+ into the PPit was reversible it showed to be irreversibly
trapped in the APit during the course of the experiment. Application of the stimulant glutamate led to an increase in DVt
of Mn2+ ions in the PPit and an increase of Ki in the APit. Application of the inhibiting agent verapamil led to a decrease
in DVt in the PPit and a decrease of Ki in the APit.
References:
1 Logan J., Nucl Med Biol, 27, 661 – 70 (2000)
2 Patlak C. and Blasberg R. G., J Cereb Blood Flow Metab, 5, 584 – 90 (1985)
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Interaction study on human androgen receptor (AR) DNA-binding domain (DBD)
and lysine-specific demethylase 1 (LSD1) SWIRM domain
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Prokaryotic and eukaryotic gene regulations are different. Prokaryotic gene regulation requires simply binding of
regulatory proteins to help with or avoid forming transcription complex. For eukaryotes like humans, however, their
regulation needs “chromatin remodeling” besides association of regulatory proteins, due to the need of opening up DNAhistone protein complex chromatin and unwinding DNA. Without remodeling, RNA polymerases responsible of
transcription cannot get access and perform transcription.
Lysine-specific demethylase 1 is one of the chromatin remodeling enzymes. It can demethylate specifically the N-tail
mono- or di-methylated K4 residue on histone H3 by oxidation.1 LSD1 has three known domains: FAD-binding domain,
demethylase domain and SWIRM domain. Till now, the exact function of SWIRM domain of LSD1 is still unclear,
although its solution structure is solved and analyzed. In 2005, Metzger’s group found that the LSD1 SWIRM domain
could bind the N-terminus, the DNA-binding domain (DBD) and the ligand-binding domain (LBD) of androgen receptor
(AR) by GST-pull down assay,2 and showed that SWIRM domain has the strongest interaction among the domains of AR.
This study is to investigate the interaction between ARDBD and LSD1 SWIRM domain by NMR techniques. We have
carried out chemical shift perturbation titration of N-labeled ARDBD protein with unlabeled SW domain protein. This
interaction shows a slow exchange of NMR titration profile. Interacting residues have been mapped onto the structure of
ARDBD after backbone resonance assignments on a doubly labeled ARDBD protein sample.
References:
1. Shi Y., Lan F., et al., Cell, 119, 941 – 53 (2004)
2. Metzger E., Wissmann M., et al., Nature, 437, 436 – 9 (2005)
Acknowledgments: This work was supported by grants from the Hong Kong University Research Grant and the Research Grants Council of Hong Kong
for KH Sze (HKU 7533/06M).
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CopG repressor and CopG(A30E) defective mutant DNA binding studied by
NMR
Blanca López-Méndeza, Tania S. Rubio-Lepeb, Gloria del Solarb and Oscar Milleta
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Repressor CopG controls the replication of the promiscuous plasmid pMV158 by inhibiting the expression of the
initiator of replication (repB) gene. Contacts of CopG span about 50 bp of the regulated promoter. The primary target of
CopG is a 13-bp pseudo symmetric element (SE) that binds two dimers of CopG (each interacting with a half of the SE)
and flanked by two additional outer binding sites (LA and RA). The current model for the whole DNA specifically
contacted by CopG thus assumes the cooperative binding of four dimers of the protein1. Interdimer contacts induced by
DNA binding play a main role on the activity of the CopG repressor as CopG mutants unable to form a number enough of
those interprotein productive contacts loose the capability of the wild type protein to control the plasmid replication. In
order to characterize the nature of such intermolecular contacts, we have determined the solution NMR structure of the
native protein and of one defective mutant CopG(A30E) and studied their interaction with the cognate DNA.
References:
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Human RegIV Protein Adopts A Typical C-Type Lectin Fold But Binds Mannan
With Two Calcium-Independent Site
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Human RegIV protein, which contains a calcium-dependent (C-type) lectin-like domain, is highly expressed in
mucosa cells of the gastrointestinal tract during pathogen infection and carcinogenesis and may be applied in both
diagnosis and treatment of gastric and colon cancers. However, the physiological function and possible carbohydrate
ligands of this protein remain poorly characterized. Here, we provide evidence that, unlike other C-type lectins, human
RegIV binds to polysaccharides, mannan and heparin in the absence of calcium. To elucidate the structural basis for
carbohydrate recognition by NMR, we generated the mutant with Pro91 replaced by Ser (hRegIV-P91S) and showed that
the structural property and carbohydrate binding ability of hRegIV-P91S are almost identical to those of wild-type
protein. The solution structure of hRegIV-P91S was determined and showed that it adopts a typical fold of C-type lectin.
Based on the chemical shift perturbations of amide resonances, two calcium-independent mannan-binding sites, which are
mostly conserved in other mammalian RegIV proteins, were proposed. The second site is on the upper lobe of hRegIVP91S, which is similar to the calcium-independent sugar-binding site on the carbohydrate recognition domain of Langerin.
Interestingly, the first site, which is composed mainly of α2/β4 and β6/β7 loops, is adjacent to the conserved carbohydrate
recognition site at position Ca-2 of typical C-type lectin. Moreover, model-free analysis of 15N relaxation parameters and
simplified CPMG relaxation dispersion experiments showed that a slow microsecond to millisecond time-scale backbone
motion is involved in mannan binding by this site, suggesting a potential role for specific carbohydrate recognition. Our
findings shed light on the sugar binding mode of Reg family proteins and we postulate that Reg family proteins evolved to
bind sugar without calcium to keep the carbohydrate-recognition activity under low pH environments in the
gastrointestinal tract.
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NMR studies of native and engineered forms of a Ring finger E3 ubiquitin ligase
Ariadni Loutsidoua, Christos T. Chasapisa, Detlef Bentropb, Vasso Episkopouc and Georgios A.
Spyrouliasa
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c
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b

E3 ubiquitin ligases play a key role in the recognition of target proteins by catalyzing the covalent attachment of the
ubiquitin and degradation by 26S proteasome.1 Many known tumor suppressors or oncoproteins are RING type E3
ubiquitin ligases and among them the most well studied are the pairs of HDM2/HDMX, BRCA1/BARD1 RING fingers.
Arkadia is a relatively new E3 ubiquitin ligase and comprise the first example of an E3 ligase that positively regulates
TGF–β family signaling. Arkadia has been suggested to induce ubiquitin-dependent degradation of negative regulators of
TGF–β signaling, through its C-terminal RING finger domain.2 Based on our previous studies on HDM2 and HDMX
RING fingers, the 68 a.a. Arkadia C-terminal polypeptide, including the RING finger, was cloned and expressed in its
zinc-loaded form, as suggested by atomic absorption (two Zn(II)), and studied through multi-nuclear and multidimensional NMR Spectroscopy (BioMagResBank acces.no.. 15948).3 Additionally, the 3D NMR solution structure of
Arkadia RING finger was determined (PDB 2KIZ) and its interaction with the E2 UbcH5B enzyme was studies through
titration experiments monitored by NMR The RING-E2 complex structure was also constructed through an NMR-driven
docking protocol (using HADDOCK). Finally, engineered Arkadia forms are prepared bearing amino acid substitution
inspired either by the atypical RING fingers sequences of HDM2 and HDMX or driven by identified cancer-related
mutations observed in human tumors. Putting all these data together, new non-native RING finger forms were produced
and currently are studied through multinuclear NMR
References:
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New Insights on the Protein-Ligand Interaction Differences between the Two
Primary Cellular Retinol Carriers
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The cellular retinol-binding proteins types I and II (CRBP-I, CRBP-II) are the main retinol carriers
in the cytosol. They exhibit distinct tissue distributions and play different roles in the maintenance of
vitamin A homeostasis. Moreover, CRBP-I and CRBP-II feature a 100-fold difference in retinol
affinity, despite the highly conserved three-dimensional protein fold and ligand-binding motif.1-3
Hydrogen/deuterium exchange data have revealed that many backbone amide protons exchange
much faster in CRBP-II than in CRBP-I, both in the apo and holo form. This remarkable difference in
intrinsic stability between the two homologs appears to modulate their binding properties: CRBP-I, as
the stronger retinol-binder, displays a reduced backbone flexibility with respect to CRBP-II. A different pattern of
potential salt-bridges on the protein surface and several key interactions inside the binding cavity have been identified and
apparently provide an additional stabilization of the CRBP-I scaffold. Hence, a number of specific evolution-based
sequence differences affect the internal protein dynamics to optimize each carrier for its particular physiological function.
Furthermore, by comparing 2D and 3D NMR spectra collected under a variety of solution conditions, it could be
demonstrated that helix αII, which belongs to the characteristic helix-turn-helix motif in the ligand entry portal, exists in
solution both in apo and holo CRBP-II, contrary to an earlier NMR report.1 As a consequence, the previously proposed
model2 of retinol binding to CRBP-II needs to be revised.
References:
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The structure and dynamics of mouse α-Synuclein fibrils characterized by solidstate NMR spectroscopy
Guohua Lva, Ashutosh Kumara, Karin Gillera, Claudio O Fernándezb, Stefan Beckera and Adam
Langea
a
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Parkinson’s disease (PD), the second most common neurodegenerative disorder, is caused by the loss of dopaminergic
neurons in the substantia nigra region of the brain and is accompanied by the formation of Lewy bodies.1 The major
component of Lewy bodies is fibrillar α-synuclein (AS), a 140 residue-long cytoplasmic protein.2 The primary sequence
of mouse AS differs from human AS at seven positions. Like human AS, mouse AS has a “natively unfolded” structure in
solution whereas at elevated concentrations mouse AS forms amyloid fibrils with predominant β-sheet secondary
structure much more rapidly than its human counterpart.3 The atomic-level structural details of the mouse AS fibrils are
not yet well understood. Here, we present the characterization of structural and dynamic aspects of mouse AS fibrils using
state-of-the-art solid-state NMR spectroscopy. We recorded a set of high resolution 2D and 3D NMR spectra on a
uniformly 13C/15N-labeled mouse AS fibril sample to obtain sequential resonance assignments. In the case of mouse AS
which has a major straight morphology, residues from G41 to F94 were identified to be within the β–sheet rich fibril core
by our current unambiguous resonance assignments. Major differences between mouse AS and human AS fibrils (B
form)4 are found for example around the mutation site S87N.
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ATP Binding Induces Conformational Rearrangements of the Multidrug ABC
Transporter LmrA: A PELDOR study
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The ATP-binding cassette (ABC) transporters are integral membrane proteins that couple hydrolysis of ATP to
vectorial translocation of diverse substrates across cellular membranes. All ABC transporters share common structural
architecture comprising two nucleotide binding domains (NBDs) where ATP is bound and hydrolyzed and two
transmembrane domains (TMDs) which provide a translocation pathway for the substrate. LmrA is a homodimeric
multidrug ABC transporter and a functional homologue of P-glycoprotein implicated in multi-drug resistance in treatment
of cancer.1 Here, we employ pulsed electron-electron double resonance (PELDOR) spectroscopy to gain insights into the
functional mechanism and conformational dynamics of LmrA. For this purpose, several sites along the NBDs and helix
six of the TMDs of LmrA have been selectively spin-labeled and the distance between them has been determined in five
different intermediate states throughout the ATP hydrolysis cycle. The PELDOR data reveal that binding of ATP causes
large changes in those distances and their distributions within both TMDs and NBDs implying that LmrA undergoes
substantial conformational rearrangements during the catalytic cycle. Broad distributions of distances have been observed
in the apo state pointing to a wide range of protein conformations. In contrast, narrow distance distributions have been
observed in pre- and post-hydrolysis states (ATP, ADP•Vi and ADP) indicating that LmrA adopts a preferable
conformation with a significantly reduced degree of flexibility upon nucleotide binding. Altogether, our findings reveal
that nucleotide binding induces the structural changes in the TMDs leading to substrate extrusion, in agreement with the
conclusions about communication between the NBDs and TMDs from structural studies of other ABC transporters.
References:
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Cell-Free Production of Membrane Proteins for NMR Studies
Ekaterina N. Lyukmanova, Gelina S. Kopeina, Nelli F. Khabibullina, Zakhar O. Shenkarev,
Alexander S. Paramonov, Konstantin S. Mineev, Alexander S. Arseniev, Dmitry A. Dolgikh and
Mikhail P. Kirpichnikov
Shemyakin-Ovchinnikov Insitute of Bioorganic Chemistry, Russian Academy of Sciences, 16/10 Miklukho-Maklaya str., 117997, Moscow, Russia
(katya@nmr.ru)

The structural investigations of membrane proteins (MPs) require large-scale systems for their production. Cell-free
(CF) expression systems are promising alternative to cell-based systems. In CF systems MPs can be produced in a soluble
form by adding detergents, liposomes or lipid-protein nanodiscs (LPNs) directly into a reaction mixture (RM). The
different approaches for CF production of helical MPs were studied using the transmembrane domain of human receptor
tyrosine kinase ErbB3 (TM-ErbB3, 1TM, residues 632-675) and the isolated voltage-sensing domain of the K+ channel
KvAP (VSD, 4TM, residues 1-148). Successful production of the TM-ErbB3 was achieved in three different ways: (1) in
soluble form in presence of Brij detergents, (2) in soluble form in presence of LPNs, and (3) in the form of RM precipitate
with subsequent refolding. In all cases high yields of the TM-ErbB3 (1.8-2.0 mg/ml of RM) were achieved. NMR analysis
of selectively 15N-Ile-labeled TM-ErbB3 obtained by different methods revealed concentration-dependent monomer to
dimer transition, thus pointing to the correct folding of the protein. In contrast, the production of the VSD in soluble form
in the presence of detergents or LPNs led to incorrectly folded domain. VSD conformation was monitored using a set of
characteristic resonances in TROSY spectra of selectively 15N-Ala-labeled protein. The successful refolding of the VSD
with ~ 70% efficiency was achieved by solubilization of RM precipitate in urea/SDS mixture followed by detergent
exchange to DPC on Ni2+-NTA column. The final yield of refolded VSD was 0.6 mg/ml of RM. Obtained results indicate
that CF production of polytopic helical MPs in soluble form does not always guarantee native folding of synthesized
protein and in some cases additional refolding procedure is required.
Acknowledgments: This work was supported by the Russian Foundation for Basic Research, Grant from the President of Russian Federation and by the
Federal Target Program “Scientific and Science-Educational Personnel of Innovative Russia”.
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The bigger the better: Large protein complexes investigated in solution by MAS
NMR
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Kayb and Bernd Reifa
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b
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Various cellular processes like protein homoeostasis, gene transcription or cellular trafficking are controlled and
regulated by large molecular machineries. The high molecular weight of these systems, and thus their slow reorientation
in solution, imposes enhanced NMR relaxation properties and impedes the applicability of solution-state NMR.
Instead of accelerating the molecular tumbling for conventional solution-state NMR methods or completely abolishing
molecular reorientation by crystallization or precipitation, we propose here to throttle the rotational diffusion of slowtumbling macromolecules to push the system to the static limit. Magic-Angle-Spinning (MAS) NMR can then
beneficially be applied in order to average anisotropic interactions and to accomplish adequate spectral resolution.
We applied the FROSTY approach (Freezing Rotational diffusion Of protein Solutions at low Temperature and high
viscositY) to human αB-Crystallin (αB) – a 20 kDa small heat-shock protein assembling into polydisperse 600 kDa
particles. Comparison of spectra recorded on PEG-precipitated αB oligomers and those in solution revealed similar
resolution and only marginal differences between the two sample preparations.1 Furthermore, we were able to reproduce
the feasibility of the approach on different constructs of the 20S proteasome of Thermoplasma acidophilum with
molecular masses of 360 kDa (α7α7) and 670 kDa (α7β7β7α7), respectively. As the particle size increased, we observed
improved resolution and signal intensities, revealing FROSTY MAS NMR spectroscopy as a suitable tool for the
investigation of large protein complexes in solution.
References:
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The initial events of the unfolding of the human nephrocystin SH3 domain probed
by hierarchical removal of NMR restraints
Nathalie Duclert-Savatiera, Leandro Martínezb, Michael Nilgesa and Thérèse E Malliavina
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The stabilities of the wild-type and mutated nephrocystine SH3 domain were compared from molecular dynamics
trajectories, using an original method based on the detection of the information hierarchy
in NMR restraints. The trajectories in explicit solvent, started from two sets of NMR
conformers, calculated with ARIA1 from full and reduced sets of restraints, the reduced
set being obtained by removing the most informative restraints detected by QUEEN2.
The QUEEN information was shown to generalize the definition of the contact order,
and to be closely related to the hierarchy of protein folding events. The use of a reduced
set of restraints affect only marginally the global folding of NMR conformers, but
induces nevertheless a destabilization of the protein structure along molecular dynamics
trajectories and enhances significant differences between wild-type and mutant proteins.
The destabilized structures display features similar to the observations previously made
on other SH3 domains, for the initial events of unfolding process, and show also a destabilized water structure around the
protein. The β-barrel shape, calculated using smooth constrained optimization, put in evidence a significant difference in
structure stability, between wild-type and mutant proteins, in the case of the reduced restraints set. This geometric shape
can thus be proposed as a general folding reaction coordinate for β-barrel structures.
References:
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Novel histone-binding ability of NuRD complex component CHD4
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Histone tails can have many different posttranslational modifications, such as lysine methylation or acetylation.
Proteins that bind histone tails bearing specific patterns of modifications can affect chromatin packing, and hence
transcriptional regulation. It is thought that the addition, recognition and removal of these modifications constitutes a
'histone code' that determines which parts of the genome are switched on and off at any given time in a given cell.
The nucleosome remodeling and histone deacetylase (NuRD) complex is a ~10-protein complex that has been shown
to repress some target genes; however the molecular details by which this complex acts are not well understood. One of
the core proteins is CHD4, a 218-kD protein that contains an ATP-binding helicase domain, two chromodomains and two
PHD (plant homeodomain) fingers of unknown function. We have recently discovered that each of the PHDs of CHD4
has histone binding properties. Moreover, PHD2 exhibits unique binding preferences, in that it can simultaneously
recognise the methylation state of two separate lysines on the N-terminal tail of histone H3. We have used NMR
spectroscopy to determine the structure of PHD2 in complex with histone H3, revealing the molecular basis for this
recognition. These data provide new insight into the mechanisms by which the NuRD complex regulates its target genes.
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Improved resolution in multidimensional Solid State NMR Spectra of proteins
through 2D projections of 3D spectra
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Studies of biological macromolecules by NMR spectroscopy rely upon multidimensional, multinuclear experiments to
separate, correlate and assign the large number of resonances present. Assignment of spin systems and related chemical
connnectivities from 2D correlation maps can be challenging for molecules of large molecular weight.2 3D spectra offer
bigger resolution at the price of a longer experimental time needed to sample systematically all of the grid points in the
3D frequency space. Instead of the customary step-wise exploration of the entire evolution space, multidimensional NMR
spectroscopy can be speeded up appreciably by techniques based on minimal sampling, reducing the number of evolution
periods examined independently.
This study will present the advantages of measuring 2D projections at a tilted angle ±α of a higher-3D dimensional
spectrum3 in the field of Solid State NMR. Specifically, we will show the utility of this strategy in order to overcome the
resolution limit of 2D biomolecular NMR spectra, providing a tool for sequential resonance assignment of
microcrystalline proteins of large MW.
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Pulsed Electron-Electron Double Resonance: Beyond Measuring Distances
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Pulsed Electron-Electron Double Resonance (PELDOR) Spectroscopy1 has been widely applied utilizing stable
nitroxide radicals in order to determine distances between unpaired electron spins.2 Here, the advancement of X-band
PELDOR spectroscopy (9 GHz, 0.3 T) on rigid nitroxide radicals beyond distance measurements towards unraveling an
utmost of relevant information encoded in the experimental PELDOR data is described. In an interdisciplinary attempt
between physical and organic chemistry, suitable polyradicals were synthesized, fully characterized and employed as
PELDOR benchmark systems in proof of principle studies. The analysis lead to the extraction of the conformational
flexibility of the studied compounds3 as well as to the relative orientations of spin labels with respect to each other.4 The
latter was applied to short double helical deoxyribonucleic acids (DNAs).5 In addition to the distance between the labels,
r, the relative orientation of the spin labels described by the angle between the z-component of the 14N-hyperfinecoupling
tensor (Azz) and r, φ, was unraveled. Moreover, using a multi-frequency approach including G-band (180 GHz, 6 T)
PELDOR measurements to resolve the torsional motion, the conformational flexibility of such short double helical DNAs
was additionally determined. As the introduced rigid nitroxide spin label is base paired to G these molecular cantilevers
directly report on the dynamics of the studied DNAs and reflect a radial “breathing motion” of B-DNA.
References:
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C-terminal helix folding of PTB RRM1 upon binding of an IRES RNA stem-loop
from Encephalomyocarditis virus and function implication for IRES activity
Christophe Maris, Sandrine Jayne and Frédéric H.-T. Allain
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The Polypyrimidine Tract Binding protein (PTB) is an important trans-acting factor required for translation of the
genome of Encephalomyocarditis virus (EMCV) via internal ribosome entry site (IRES) mechanism. Among the four
RNA recognition motif (RRM) domains of PTB, it has been shown recently that PTB RRM1 binds specifically the apical
UCUUU pentaloop of the stem-loop F (SL F).1 In order to understand the specificity of the loop interaction with PTB
RRM1, we have solved the structure of this stem-loop F in complex with PTB RRM1 using NOE and RDC restraints. The
structure reveals how the UCUU motif is specifically recognized via a set of hydrogen bonds. A lysine from loop 3
protrudes into the middle of the RNA pentaloop in order to neutralise the charges of the two phosphates. The loops 1, 3
and 5 at the edge of the β sheet and the conserved C and N termini of PTB RRM1 contact either the loop region or the
RNA stem. The affinity of RRM1 PTB with the stem-loop increases by a factor of five compared to the one with the
single stranded RNA. Unexpectedly, RNA binding induces the folding of a 14 amino acid C-terminal helix that packed on
the side of the domain against β2 strand and α1 helix. In order to assess the biological relevance of this recognition, we
performed bicistronic vector in vivo translation and band shift assays. These assays show how crucial is the interaction of
the UCUUU loop with PTB RRM1 for proper binding of PTB on the whole IRES and the function of PTB in enhancing
IRES-mediated translation. The simple mutation of UCUUU loop of SL F into the UUCG tetraloop almost abolish the
IRES activity of EMCV and the only deletion of the C-terminal helix of RRM1 within the full length PTB protein
decreases drastically both IRES-mediated translation and binding affinity. This work clearly demostrates that PTB RRM1
plays a central role for PTB function in promoting IRES-mediated translation of EMCV genome.
References:
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NMR Reveals Molecular Aspects of the Enzymatic Promiscuity
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Enzyme promiscuity is mainly used to describe enzyme activities other than those for which an enzyme evolved and
the degree of promiscuity indicates how diverse is this promiscuous activity of and how different are the native and
promiscuous functions. The native substrate may interact directly with active-site residues or through water molecules
which play an important role in promiscuous interactions. Indeed, spatially defined active-site water molecules have
catalytic powers that are comparable to amino acid residues. Searching more evidence for water-mediated promiscuity
among the lipase superfamily our research group has optimized lipase mediated reactions and in most examples a radical
change in the catalyzed reaction is caused by the polarity of the reaction
medium. We were particularly interested in understanding the Bayer
Villiger reaction which is mediated by C. cylindracea lipase providing no
enantiomeric excess. The formation of octanoic acid inverse micelles in
the benzene phase carrying the lipase and hydrogen peroxide was detected
applying several NMR techniques [Diffusion experiments (DOSY),
Relaxation (T1 and T2)]. The best answer was provided by 1H NMR
difference experiment using a two-phase (deuterobenzene–H2O2) and
saturating the residual water signal in the deuterobenzene layer.
Acknowledgments: CNPq, CAPES-DGU, FAPESP.
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Switched angle spinning NMR: hardware and experiments for oriented
membrane systems
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Isotropic-anisotropic correlation methods are a powerful means of obtaining structural information about strongly
oriented systems, as they provide a link between easily assignable isotropic spectra and information-rich anisotropic data.
Variable Angle Spinning (VAS) and Switched Angle Spinning (SAS) have a rich history in NMR of solids and liquid
crystals, where they have been used by many groups to extract isotropic spectra without sacrificing the chemical shift
anisotropy, dipolar couplings, or quadrupolar interactions. Recent work in our group has focused on optimizing SAS
hardware and methods for measuring scaled dipolar couplings in oriented membrane systems. This method has the
potential to be a powerful complement to existing static and MAS NMR techniques for membrane proteins, as it combines
some of the advantages of both. Here we describe a prototype 500 MHz 1H-13C double-resonance SAS probe optimized
for oriented membrane systems. It incorporates a transverse, high-homogeneity radiofrequency coil that moves with the
sample in order to maximize the filling factor. The coil is connected to the static part of the probe using capacitive
coupling, eliminating sliding or flexible contacts. Homogeneity and reduced sample heating are prioritized at the expense
of RF field strength, however this is not a major liability since the systems under investigation are highly motionally
averaged, reducing the need for high-power decoupling. Advantages and disadvantages of different coil choices for this
application will be discussed. A pneumatic SAS system allows reproducible switching on a timescale of about 17 ms. We
will present data from model systems in both thermotropic liquid crystals and stabilized DHPC/DMPC bicelles.
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NMR Studies on the Interactions between Model Membranes and selected
Photosensitizers
Mattia Marzorati, Martina Vermathen and Peter Bigler
Department of Chemistry and Biochemistry - NMR-Laboratory, University of Berne Freiestrasse 3, 3012 Bern, Switzerland (marzorati@ioc.unibe.ch)

Photodynamic therapy (PDT) is a well known method for the treatment of several diseases and is currently applied in
medical fields like oncology and dermatology. In this therapy, a key role is carried out by the photosensitizer (PS) which
after uploading into the diseased cells can stimulate cell death if excited by light of a particular wavelength. In recent
years, a huge amount of novel photosensitizers has been created. The major part of them has a common porphyrin or
chlorin skeleton-based core. These PSs are usually discovered by “trial and error” procedure. In fact following a rational
drug design is difficult, as the mechanisms behind PSs accumulation in tumour tissue and in particular the interactions
between PSs and membrane are up to now still not clear.
In this study, interactions between a series of commercially available PSs and model membranes have been probed by
NMR spectroscopy, which has proved to be a powerful and well-established method in this field1,2. A series of PSs with
different chemical structures, and thus different physic-chemical properties, were used. Unilamellar vesicles consisting of
dioleoyl-phosphatidyl-choline (DOPC), with an average radius of 30nm, were used as membrane models. Analyses of
selected vesicle resonances permit to understand the membrane localization of the PS, and to obtain an approximate
model of the diffusion of PS within the bilayer. Four main types of different interactions were found (called model-A1,
A2, B1 and B2). Particular PSs assigned to a respective model of interaction show high similarity in their chemical
structure, leading to the conclusion that there are specific correlations between PS structure and membrane interaction.
References:
1. Vermathen M., Vermathen P., Simonis U. and Bigler P., Langmuir, 24, 12521 – 12533, (2008)
2. Vermathen M., Marzorati M., Vermathen P. and Bigler P., Langmuir, in press (2010)
Acknowledgments: support was obtained from the Swiss National Science Foundation (SNF), Grant no. 200021-119691.
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NMR Study of APOBEC1 Complementation Factor (ACF) RNA Recognition
Motif in complex with RNA
Gregoire Masliah, Christophe Maris and Frederic Allain
Institute of Molecular Biology and Biophysics, ETH Zürich, 8093 Zürich, Switzerland (gregoire.masliah@mol.biol.ethz.ch)

Apolipoprotein B (apoB) mRNA editing is a cytoplasmic event consisting of a single C to U substitution occuring at a
specific position in the translated region. This modification encodes an early stop codon leading to the expression of an
apoB isoform lacking the C-terminal half of the full length protein. Fine regulation of apoB mRNA editing is essential for
the proper function of lipid metabolism in mammals.1 Two main players are involved in this reaction: the cytosine
deaminase APOBEC1 and the high affinity RNA binding protein ACF which is an adaptor between APOBEC1 and the
RNA. ACF is an hnRNP protein containing three RNA Recognition Motifs (RRM) involved in the specific recognition of
a RNA stretch surrounding the target cytosine.2 The goal of this project is to obtain structural information about the RRMs
domains of ACF in complex with RNA, in order to understand the determinant of the specificity of the editing reaction.
Several constructs including one or two RRMs were cloned and expressed in E. Coli. 15N-HSQC overlays of the different
constructs show that RRM1 and RRM2 interact together while RRM3 does not interact with the other RRMs. In order to
determine RNA target sequences, we carried out RRM3 and RRM12 titrations using several RNA sequences deriving
from the ACF binding region.. We could identify the CAGUA sequence as a good RNA target for RRM3. Complete
resonances assignment of RRM3 and of CAGUA in complex was obtained using triple resonances NMR experiments.
Chemical shift perturbation mapping and intermolecular noes indicate that the AGUA motif interacts with RRM3 residues
lying on the beta sheet surface and at the C terminal end. The RNA cassette containing the ACF binding site has been
shown to adopt a stem loop structure, the guanine of the CAGUA motif being localized in a bulge1. This study is a first
step toward a better understanding of ACF-RNA complex formation.
References:
1. Maris C., Masse J., Chester A., Navaratnam N. and Allain F., RNA, 11, 173 – 184 (2005)
2. Mehta M., Kinter M. T., Sherman N. E., Driscoll D. M., Mol Cell Biol., 20, 1846 – 1854 (2000)
Acknowledgment: Grant from Fondation Pour La Recherche Médicale (GM).
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NMR structural study of instant coffee arabinogalactan-protein oligosaccharides
Mária Matulováa, Peter Capeka, Luciano Navarinib and F. Suggi-Liveranib
a
b

Institute of Chemistry, Center for Glycomics, Slovak Academy of Sciences, Bratislava, Slovakia, (Maria.Matulova@savba.sk)
Illycaffè s.p.a., Research & Innovation, Trieste, Italy

Coffee belongs to the most widely used beverage in the world. Usually it is prepared of two main varieties, coffea
arabica or robusta, or their mixtures. Carbohydrate components - cellulose, (galacto)mannans and arabinogalactanprotein (AGP) - represent about 50% of dry weight of coffee beans, from which AGP, constitute about 17%. It is now
well known that arabinogalactans from green coffee beans exist as an extremely heterogeneous mixture of
arabinogalactan-proteins (AGPs) containing between 6 and 10% glucuronic acid and 0.4–1.9 % protein. This
heterogeneity mostly resides in both, the degree of branching (Gal/Ara ratio) and monosaccharide composition of side
chains. The result of this complexity is that different structural elements can be found depending on the adopted isolation
and fractionation (if any) procedure. Carbohydrate part of the AGP molecule, is primarily O-linked to Hyp (but also
Ser/Thr is possible), usually as type II arabino-3,6-galactans. Backbone, composed of 1,3-linked βGal, is highly
substituted at O6 by 1,6-linked βGal side chains of different length branched at O3 by Araf. Drastic industrial processing
conditions during the instant coffee powder preparation cause its structural modifications including depolymerization of
the main as well as side chains. We showed in previous study1,2 that AGP from Coffea arabica was highly destructed:
decreased molecular mass, very low content of Araf substituents.
In the present study we will discuss structural features of oligosaccharides obtained by size exclusion chromatography
after enzymatic and partial acidic hydrolysis of previously studied AGP.
References:
1. Capek P., Matulova M., Navarini L. and Liverani F. S., Carbohydr. Polym., 80, 180 – 185 (2010)
2. Capek P., Matulova M., Navarini L. and Liverani F. S., J. Food Nutr. Res., 48, 80 – 86 (2009)
Acknowledgments: This project has been supported by the Illycaffè grant, the Slovak Grant Agency VEGA No. 2/0155/08 and 2/0116/10, APVV Grant
No. 0030-08 and Slovak state program for infrastructure 2003SP200280203.
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Focused NMR Structural Proteomics on Hyperstable Proteome subsets
Meire C. Almeida, Luis C. Magalhães, Fabio M.R. Sabino, Hugo M. Botelho, Cláudio M. Gomes and
Manolis Matzapetakis
Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Av. da República, E.A.N. , 2780-157, Oeiras, Portugal,
(matzman@itqb.unl.pt)

In the interest of better understanding the factors that make some proteins more or less stable than others, we are
conducting a systematic structural characterization of proteins from the extremophilic organism, Sulfolobus solfataricus,
an archaea that grows optimally at 70 ºC. Previous work used a proteomics approach to identify a subset of the most
thermostable proteins from this organism. (1) This subset contains about 300 proteins many of which are uncharacterized
with unknown structure and function. In addition to being very stable, the majority of these proteins are also small and
soluble, characteristics that render them ideal to structural characterization by NMR.
We have selected a small subset of this protein pool in order to set-up a pilot program for NMR based structural
proteomics. Two of these targets, with 80 and 114 residues respectively, have been expressed and biophysically
characterized: These were used for the implementation of the most efficient protocols for rapid acquisition, analysis and
structure determination. Using double labelled samples and with the combination of rapid scanning, non-uniform
sampling and simultaneous acquisition techniques, we were able to collect complete data sets for assignment and structure
determination using less than 5 days of NMR time. Resonance assignment and initial structural studies have been carried
out and will be presented here.
References:
1. Prosinecki V., Botelho H. M., Francese S., Mastrobuoni G., Moneti G., Urich T., Kletzin A. and Gomes C. M., J Proteome Res, 5, 2720 – 2726
(2006)
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Solid-State NMR study of the Heptameric Oligomerization Domain of C4 Binding
Protein, an adjuvant used for producing vaccines
Simon Megya, Birgit Habensteina, Jean-Baptiste Marchandb, Fergal Hillb, Beat Meierc and Anja
Böckmanna
a

Institut de Biologie et Chimie des Protéines, CNRS-UMR 5086, 7 passage du Vercors, 69367 Lyon, France, (smegy@ibcp.fr)
Imaxio SA, 181-203 avenue Jean Jaurès, 69007 Lyon, France
Swiss Federal Institute of Technology (ETH) Zurich, Wolfgang-Pauli-Strasse 10, 8093 Zurich, Switzerland

b
c

Adjuvants are commonly used in immunology research because most highly purified protein antigens are weakly
immunogenic and produce unsatisfactory immune responses. Some proteins used as adjuvants can improve antigen
presentation, and are suitable for the development of human vaccines, unlike many classical adjuvants. Fusion proteins
comprising antigens of interest fused to the oligomerization domain of the human complement inhibitor C4-binding
protein (C4bp) have been produced. These C4bp domains exhibit favourable physicochemical and immunological
properties that make them suitable adjuvants for use with vaccines.
Here we present a structural study of IMX77, a homoheptamer of 65-residue chains comprising the oligomerization
domain of the human C4bp alpha chain. Early biological studies have shown that this domain auto-assembles in aqueous
solution into a stable coiled-coil alpha-helical heptameric structure stabilized by disulphide bonds. IMX77 is difficult to
study by solution NMR due to its size; crystals of IMX77 were obtained, but were too small to diffract. We thus used
solid-state NMR to study IMX77 samples fully labelled by 15N and 13C in crystals. The spectra exhibit nicely resolved
and isolated cross signals, which demonstrates that the heptameric structure has a well-ordered and well-defined atomic
structure. A set of NMR experiments (five 2D DARR with mixing times ranging from 10 to 200 ms and a 3D NCaCb)
allowed us to assign more than 60% of the residues IMX77. Complete assignment and distance measurements should lead
to the determination of the structure of monomeric IMX77, and heteronuclear correlation experiments on heterogeneously
labeled 15N:13C samples, as used for example with PAIN, should allow us to reconstruct the full structure of the
complete heptamer.
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Mapping cAMP Signalling in Eukaryotes by NMR: Dynamically-Driven InterDomain Allostery and Cyclic Nucleotide Selectivity
Eric Tyler McNicholla, Rahul Dasa, Soumita SilDasa, Susan S. Taylorb and Giuseppe Melacinia
a

Department of Chemistry and Chemical Biology & Department of Biochemistry and Biomedical Sciences, McMaster University, 1280 Main St, W., L8S
4M1, Hamilton, Ontario, Canada, (melacin@mcmaster.ca)
Department of Chemistry and Biochemistry, Department of Pharmacology and Howard Hughes Medical Institute, University of California, San Diego,
La Jolla, CA 92093-0654, USA

b

The two major receptors for the universal second messenger cyclic AMP (cAMP) in mammals are protein kinase A
(PKA) and the recently discovered Rap guanine-nucleotide-exchange protein directly activated by cAMP (EPAC). For
both systems, the comparative analysis of the cAMP-binding domains (CBDs) in the apo, agonist and antagonist bound
states has revealed that dynamics is a key determinant of the cAMP-dependent allosteric activation in eukaryotic signaling
domains, whereby inhibitory interactions between regulatory and catalytic domains are weakened by increasing their
entropic penalty.1-7 cAMP is able to modulate this entropic penalty through long-range intra-molecular signaling pathways
that relay the cAMP signal from the cyclic phosphate binding cassette to a distal helical bundle at the N-terminus of the
CBD. This N-terminal helical bundle represents a distinctive feature of eukaryotic CBDs and is absent in the bacterial
cAMP receptor, i.e. the catabolite activator protein. We will show how the cAMP-dependent changes in the dynamics of
this N-terminal helical bundle control not only the activation within a single CBD, but also the inter-domain
communication between the tandem CBDs of PKA as well as the cAMP vs. cGMP selectivity of EPAC.
References:
1. McNicholl E. T., Das R., Sildas S., Taylor S. S. and Melacini G., J Biol. Chem., in press (2010)
2. Das R., Chowdhury S., Mazhab-Jafari M. T., Sildas S., Selvaratnam R. and Melacini G., J Biol. Chem., 284, 23682 – 96 (2009)
3. Das R, Mazhab-Jafari M. T., Chowdhury S., Sildas S., Selvaratnam R. and Melacini G., J. Biol. Chem., 283, 19691 – 703 (2008)
4. Das R. and Melacini G., J Biol. Chem., 282, 581 – 93 (2007)
5. Mazhab Jafari M. T., Fotheringham S. A., Sildas S., Chowdhury S. and Melacini G., J. Am. Chem. Soc, 129, 14482 – 92 (2007)
6. Das R., Esposito V., Abu-Abed M., Anand G. S,, Taylor S. S. and Melacini G., Proc. Natl. Acad. Sci. U.S.A., 104, 93 – 98 (2007)
7. Das R., Abu-Abed M. and Melacini G., J Am. Chem. Soc., 128, 8406 – 7 (2006)
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Structure and function of Src-associated during mitosis, 68 kDa (Sam68)
N. Helge Meyera,b, Konstantinos Tripsianesa,b, Michelle Vincendeauc, Tobias Madla,b, Fatiha Kateba,b,
Ruth Brack-Wernerc and Michael Sattlera
a

Institute of Structural Biology, Helmholtz Zentrum München, Ingolstädter Landstr. 1, 85764 Neuherberg, Germany, (helge.meyer@ch.tum.de)
Munich Center for Integrated Protein Science (CiPSM) at Department Chemie, Technische Universität München, Lichtenbergstr. 4, 85747 Garching,
Germany
c
Institute of Virology, Helmholtz Zentrum München, Ingolstädter Landstr. 1, 85764 Neuherberg, Germany
b

Sam68 (Src-associated in mitosis, 68 kDa) is a prototypical member of the STAR (signal transducer and activator of
RNA) family of RNA-binding proteins and therefore involved in critical cellular processes. Sam68 has been shown to
modulate alternative splicing of the pre-mRNAs of CD44 and Bcl-xL, which are linked to tumor progression and
apoptosis. The so-called STAR domain consists of a KH domain, flanked by two domains, referred to as Qua1 and Qua2,
respectively. Sam68 and other STAR proteins recognize bipartite RNA sequences and are thought to function as
homodimers. Sam68 exhibits binding specificity for homopolymeric poly(U) RNA and specifically recognizes UAAA or
UUUA sequences with high affinity However, the structural and functional roles of the self-association are not known.
Here, we present the solution structure of the Sam68 Qua1 homodimerization domain as well as the structural and
biochemical characterization of the RNA-binding KH-Qua2 domain and the complete STAR domain comprising Qua1KH-Qua2. NMR relaxation data and analytical ultracentrifugation are used to determine the dimerization state of Qua1
and of the STAR domain. These data clearly show that the STAR domain is a homodimer in vitro. The dimerization
interface of the Qua1 domain was validated by residual dipolar couplings (RDCs) and paramagnetic relaxation
enhancement (PRE). Mutational analysis of Sam68 in vitro and in a cell-based assay revealed that the Qua1 domain and
residues within the dimerization interface as well as the KH-Qua2 domain are essential for alternative splicing of a CD44
minigene. Together, our results indicate that the Qua1 homodimerization domain is required for regulation of alternative
splicing by Sam68.
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H NMR monitoring of urea of the children with type 1 diabetes. Differentiation
and search for pathological stage markers
Piotr Mlynarza, Stanislaw Dejaa, Ewa Bargb, Ewa Willak-Jancc and Pawel Kafarskia
a
Bioorganic Chemistry Group, Department of Chemistry (piotr.mlynarz@pwr.wroc.pl), Wroclaw University of Technology, Wybrzeze Wyspianskiego
27, 50-370 Wroclaw, Poland (piotr.mlynarz@pwr.wroc.pl)
b
Department and Clinic of Endocrinology and Diabetology for Children and Adolescents, Wroclaw Medical University, J. Hoene Wrońskiego 13c, 50376 Wrocław, Poland
c
1st Department and Clinic of Paediatrics, Allergology and Cardiology, Wroclaw Medical University, J. Hoene Wrońskiego 13c, 50-376 Wrocław,
Poland

The incidents of type 1 diabetes are mostly associated with the civilization development. Among the most probable
reasons being attributed to the emergence of this sickness may be identified as: genetic background, diet, immunological
respond for external stimuli. Recently has been published that it is conceivable that maternal diet or intestinal microbiota
may influence on energy metabolism and immune system of the offsprings.1
In our studies we have monitored over 50 children with clinically confirmed type 1 diabetes who possessed the illness
in different pathological stages. The 1H NMR spectra allow to assign in unambiguous way the level of the readily applied
diagnostic species – glucose and ketone bodies. This methodology together with simply PCA statistical analysis enable to
divide children into three specific group: with significant improvement of health, prognosis good and serious health
condition. It became clear that the obtained results were in line with medical diagnosis. Furthermore, the remaining
regions (with cut glucose and ketone bodies signals) of the spectra were also very useful and allowed to distinguish
between the healthy (with significant improvement of health) and ill children. Moreover, an another diagnostic region of
the spectra, which allocates the children to these two groups was found.
References:
1. Oresic M., Simell S., Sysi-Aho M., Nanto-Salonen K., Seppanen-Laakso T., Parikka V., Katajamaa M., Hekkala A., Mattila I., Keskinen P., Yetukuri
L., Reinikainen A, Lahde J., Suortti T., Hakalax J., Simell T., Hyoty H., Veijola R., Ilonen J., Lahesmaa R., Knip M. and Simell O., J. Exp. Med.,
205, 2975 – 2984 (2008)
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Molecular recognition of thiogalactosides by human galectin-1
Maria Morandoa, João Pedro Ribeiroa, S. Martín-Santamaríab, K. Ramirez-Gualitoa,c, S. Andréd, H.-J.
Gabiusd, R. Caraballoe, O. Ramströme, D. Solísf, F. Javier Cañadaa and Jesús Jiménez-Barberoa
a
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c
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Ludwig-Maximilians-Universität, Munich, Germany
e
KTH - Royal Institute of Technology, Stockholm, Sweden
f
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Glycosylsulfides and glycosyldisulfides constitute a new class of carbohydrate derivatives with interesting chemical
and physical properties. They are glycomimetics with distinct structural and dynamic features relative to their parent Oglycosyl compounds. Synthetic methods have been described to access this type of molecules and some efforts to
understand their molecular recognition properties versus sugar receptors have been reported.1,2 In order to further explore
the binding features of these analogues and to propose an explanation, in structural terms, of the recognition process,
NMR and molecular modelling studies were performed. However, still there are not many conformational and interaction
studies on these thioanalogues and herein we have performed a detailed NMR and MD analysis of the conformational
behaviour of some of these molecules, and of their binding abilities towards human galectin-1, one of the most studied
protein of this family, involved in a wide range of biological process, interacting in major signalling pathways.
References:
1. Garcia-Herrero A., Montero E., Munoz J. L., Espinosa J. F., Via n A., Garcia J. L., Asensio J. L., Canada F. J. and Jimenez-Barbero J., J Am Chem
Soc., 124, 4804 – 4810 (2002)
2. Montero E., Vallmitjana M., Perez-Pons J. A., Querol E., Jimenez-Barbero J. and Canada F. J., FEBS letters, 421, 243 (1998)
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Structural and functional studies on a new family of cytochromes c7 from
Geobacter sulfurreducens
Leonor Morgadoa, Marta Bruixb, Vítor M. Paixãoc, Ana P Fernandesa, Yuri Y. Londerd and Carlos A.
Salgueiroa
a
Requimte-CQFB, Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, Campus Caparica, 2829-516
Caparica, Portugal (mlmorgado@dq.fct.unl.pt)
b
Departamento de Espectroscopía y Estructura Molecular, IQFR, CSIC, Serrano 119, 28006 Madrid, Spain
c
ITQB, Universidade Nova de Lisboa, Rua da Quinta Grande 6, 2780-156 Oeiras, Portugal
d
Biosciences Division, Argonne National Laboratory, Argonne, IL 60439, USA

Geobacter sulfurreducens (Gs) is the number one microorganism for bioremediation and for the conversion of organic
compounds to electricity.1 This ability relies on an efficient delivery of cytoplasmic electrons to cell exterior. A family
composed by five periplasmic cytochromes c7 (PpcA-E) has a crucial role is this process.2
These cytochromes were expressed and isotopically labeled in E. coli3 and their structural
features studied in solution. NMR spectroscopy was used to obtain the detailed
thermodynamic characterization of the redox centers of Gs cytochromes c7 (Gsc7).4 The
results obtained show that despite the structural similarities among the Gsc7, they are
functionally diverse: PpcA and PpcD interact with redox partners involving e-/H+ transfer,
which is not the case for PpcB and PpcE. This study constitutes a remarkable example of how
structurally related proteins can be designed by Nature to perform quite different cellular functions.
References:
1. Lovley D. R., Geobiology, 6, 225 – 31 (2008)
2. Shelobolina E. S., et al., BMC Microbiol, 7, 1 – 16 (2007)
3. Fernandes A. P., et al., Prot Exp Purif, 59, 182 – 188 (2008)
4. Morgado L., et al., Biophys J, in press (2010)
Acknowledgments: This work was supported by Fundação para a Ciência e a Tecnologia (Portugal) project PTDCI/QUI/70182/2006. LM is recipient of
a doctoral grant (SFRH/BD/37415/2007).
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Structure and dynamics of delta RNA polymerase subunit from Bacillus subtilis
Veronika Motáčkováa, Pavel Kadeřáveka, Lukáš Žídeka, Hana Šanderováb, Petr Padrtaa, Jiří
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c
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Architecture of RNA polymerase (RNAP) from B. subtilis and other gram-positive bacteria differs from its analogue
from gram-negative bacteria in the presence of two additional subunits - ω1 and δ. The δ subunit is important for
virulence of pathogens such as S. aureus. Recent results indicated that the presence of delta subunit increases the
transcription specificity and the efficiency of RNA synthesis. No structural information was available for the δ subunit
due to the lack of sequence homology. As crystallization at structure genomics centers failed, we focused on the δ subunit
in our NMR structural study. Because the C-terminal part of the δ subunit is unstructured and its peaks overlap as its
sequence is highly repetitive, we first characterized the ordered N-terminal domain. Its structure was solved using a large
set of high-quality NMR restraints, including 2341 NOE (544 long-range) and 384 RDC and 13C CSA restraints from two
aligning media (bacteriophage Pf1, 5% polyacrylamide gel). The calculations were run in CNS using a protocol modified
in our lab to combine the SCULPTOR module with RECOORD scripts. Program CING was used to check the quality of
the structures. The determined structure allowed us to identify unexpected structure homology of the N-terminal domain
of δ subunit with several proteins from the Forkhead DNA/RNA-binding domain SCOP family and to propose residues
interacting with the RNAP core. Relaxation dispersion revealed significant μs motions in the interaction surface,
supporting the induced-fit model of binding. The partially disordered full-size protein was then completely assigned using
5D non-uniformly sampled spectra and results of a preliminary analysis of its structure and dynamics will be presented.
Acknowledgments: Ministry of Education, Youth and Physical Culture of the Czech Republic (Grants MSM0021622413, LC06030, 2B06065, and
FRVŠ 1851/2010), Czech Science Foundation (Grants 204/09/0583 and 301/09/H004), 7FP of the EC (Contract 228461, EAST-NMR), Foundation for
Polish Science (MPD Programme).
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Superoxide Reductase: Different Interaction Modes with its two Redox Partners
Isabel Mouraa, Rui M. Almeidaa, Paola Turanob, Ivano Bertinib, José J. G. Mouraa and Sofia R.
Pauletaa
a
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Anaerobic organisms have molecular systems to quickly detoxify reactive oxygen species when transiently exposed to
oxygen. One of these systems is superoxide reductase, which is able to reduce O2.- to H2O2 without production of
molecular oxygen. In Desulfovibrio gigas, this metalloenzyme is a class II SOR, as it contains one Fe center coordinated
to 4 histidinyl residues side chains and a cysteinyl sulphur. In order to complete the reaction, this enzyme requires an
electron that is delivered either by rubredoxin or desulforedoxin.1
The interaction of rubredoxin and desulforedoxin with superoxide reductase was studied by 2D NMR and steady-state
kinetics and a model structure of the electron transfer complexes was obtained by restrained docking, using BiGGER
docking program.
Rubredoxin surface involved in the complex was identified by 2D NMR titration experiments, and comprises the
solvent exposed hydrophobic residues in the vicinity of its metal center, which are surrounded by a slightly acidic patch.
On the contrary, a complex between desulforedoxin and superoxide reductase could not be detected in a 2D NMR
titration, due to the very short half-life of the complex in the NMR time scale. However, this protein was shown to be able
to transfer electrons to superoxide reductase. NMR and steady-state kinetic competition assays show that these two
electron donors must compete for the same site on the enzyme surface.
References:
1. Auchere F., Pauleta S. R., et.al., J. Biol. Inorg. Chem., 11, 433 – 444 (2006)
Acknowledgments: Fundação para a Ciência e Tecnologia (SFRH/BD/25342/2005, POCI/QUI/57741/2004); Financial support by the Access to
Research Infrastructures activity in the 6th Framework Program of the EC (Contract # RII3-026145, EU-NMR) for conducting the research at CERM is
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NMR Crystallography in an Enzyme Active Site: Characterizing the Chemical
Structure of Catalytic Intermediates in Tryptophan Synthase
Jinfeng Laia, Dimitri Niksb, Yachong Wanga, Michael F. Dunnb and Leonard J. Muellera
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Chemical level details such as protonation and hybridization states are
critical for understanding enzymatic mechanism and function. Even
under moderately high resolution, these are difficult to determine from
X-ray crystallography alone. The chemical shift, however, is an
extremely sensitive probe of chemical environment and here we make
use of a combined solid-state NMR, X-ray crystallographic, and ab initio
approach to determine chemically-rich crystal structures for three
enzymatic intermediates in the PLP-dependent enzyme, tryptophan
synthase. In these experiments, the substrate 13C and 15N chemical shifts
of the enzyme-bound species are measured in the crystalline-state under
conditions of active catalysis. Chemically-rich structural models are then
developed using a synergistic approach in which the structure of the
substrate is freely optimized in the presence of active-site sidechain residues fixed at their crystallographically determined
coordinates. Various models of charge and protonation state for the substrate and nearby catalytic residues can be
distinguished by their calculated effect on the chemical shifts, allowing us to choose a single chemical species for each
intermediate. Our models support the canonical protonation states proposed for two of the intermediates, but suggest that
a third has a hydrogen shift that we believe has mechanistic implications.
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Cost-Effective and Comprehensive NMR Spectroscopy of Methyl Groups in
Large Proteins
Renee Ottena, Byron Chub, Karla D. Krewulakb, Hans J. Vogelb and Frans A. A. Muldera
a
Groningen Biomolecular Sciences and Biotechnology Institute, University of Groningen,Nijenborgh 4, 9747 AG Groningen, The Netherlands,
(f.a.a.mulder@rug.nl)
b
Structural Biology Research Group, Department of Biological Sciences, University of Calgary, 2500 University Drive Northwest, Calgary, Alberta T2N
1N4, Canada

Protein samples with 13C isotopic enrichment of all methyl groups can be produced cost-effectively by bacterial
expression using U-[1H,13C]-D-glucose and 100% D2O. This approach ensures a high level of deuteration along all
methyl-bearing amino acid side chains, facilitating the use of TOCSY transfer between side chain 13C nuclei, and high
levels of the favorable singly protonated methyl isotopomer for CHD2-selective constant-time (CT) [1H-13C] HSQC
detection (CT-CHD2-[1H-13C]-HSQC). A 3D C-TOCSY-CHD2-[1H-13C]-HSQC experiment was developed to match the
measured Cα/Cβ frequency pairs with known backbone assignments, established from experiments collected on the same
sample. Using only the 3D TOCSY experiment we were able to establish the sequence-specific assignment of 195 Ala,
Val, Thr, Ile and Leu methyl groups (85%) for the 34 kDa periplasmic binding protein FepB. Due to the labeling with
glucose, the stereospecific assignments are trivially obtained from a CT-CHD2-[1H-13C]-HSQC experiment on a 10%- U[1H,13C]-D-glucose based sample. The achieved level of completeness compares favorably with the expected ~60%
complete assignment possible for I(δ1)LV labeling, owing to the lack of methyl 13C incorporation at Ala, Ile(γ2) and Thr.
Because of the favorable NMR spectroscopic properties of methyl groups, the strategy outlined here will also be sensitive
for higher molecular weight systems, including oligomeric assemblies and solubilized membrane proteins.
Labeling with protonated glucose in heavy water has the added advantage that protein dynamics experiments can
utilize both the CHD2 and CH2D isotopomer. This will be demonstrated with the design of a novel 1H CPMG relaxation
dispersion experiment to study microsecond time scale methyl group dynamics, which is facilitated by the fact that
positions adjacent to methyl groups are scantilly protonated in these samples.
References:
1. Otten R., Chu B., Krewulak K. D., Vogel H. J. and Mulder F. A. A., J Am Chem Soc., 132, 2952 – 60 (2010)
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Molecular basis of methylated histone recognition by HP1 protein in the high
molecular weight nucleosome system
Francesca Munaria, Szabolcs Sörösb, Stefan Beckera, Wolfgang Fischleb and Markus Zweckstettera
a
b

Department of NMR-based Structural Biology (fram@nmr.mpibpc.mpg.de)
Chromatin Biochemistry Group Max-Planck-Institute for Biophysical Chemistry, Am Fassberg 11, 37077 Göttingen, Germany

Epigenetic events, that provide heritable changes in phenotype without modification of the DNA sequence, play a
critical role in gene regulation and cell differentiation.1 Since they have a key role in carcinogenesis, a great effort is in
progress to understand their molecular mechanisms, and the use of epigenetic targets is emerging as an effective approach
to chemotherapy. One of the most studied and medically relevant epigenetic phenomena is histone tail modification.2
Methylation of histones in the nucleosome governs the packaging of DNA in heterochromatin, a highly condensed and
silent form of chromatin.3 The key molecular event that triggers the heterochromatin assembly machinery is the
recognition of the methylated K9 mark on histone 3 by Heterochromatin protein 1 (HP1).4 To date, structural information
has been obtained by using HP1 single domain and histone 3 mimic peptides.5,6 However, we believe that the elucidation
of structural and binding properties of this protein complex in the supra-molecular assembly is required to obtain new
insights into the function of this key molecular recognition event. In this perspective we investigate by a combined
biochemical and NMR-based approach, the structural and binding properties of the complex using the whole proteins:
full-length HP1 and methylated histone 3 in the assembled nucleosome.
References:
1. Goldberg A. D., Allis C. D. and Bernstein E., Cell, 128, 635 – 8 (2007)
2. Egger G., Liang G., Aparicio A. and Jones P. A., Nature, 429, 457 – 63 (2004)
3. Eissenberg J. C. and Elgin S. C., Curr Opin Genet Dev., 10, 204 – 10 (2000)
4. Fischle W., Wang Y. and Allis D., Curr Opin Cell Biology., 15, 172 – 183 (2003)
5. Nielsen P. R., Nietlispach D., Mott H. R., Callaghan J., Bannister A., Kouzarides T., Murzin A. G., Murzina N. V. and Laue E. D., Nature, 416, 103 –
107 (2002)
6. Jacobs S. A. and Khorasanizadeh S., Science, 295, 2080 – 3 (2002)
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Probing 3D structure of a membrane-embedded potassium channel using solidstate NMR
Deepak Nanda, Christian Adera, Abhishek Cukkemanea, Stefan Beckerb and Marc Baldusa
a
b

Bijvoet Center for Biomolecular Research, Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands (deepak@nmr.chem.uu.nl)
Max Planck Institute for Biophysical Chemistry,Am Fassberg 11, 37077 Göttingen, Germany

Solid-state NMR (ssNMR) has made significant progress to determine 3D molecular structures of globular and
Amyloid proteins. In our contribution, we explore the use of ssNMR to determine 3D structures of the membraneembedded potassium channel KcsA-Kv1.3. Previously, we reported ssNMR resonance assignments and characterized
different functional states of KcsA-Kv1.3.1,2 Using structural restraints derived from high-resolution CHHC3 and CC
correlation spectra along with the crystal structure of KcsA (PDB ID: 3EFF), we now generated a homology based
ssNMR structure of the pore region of the KcsA-Kv1.3 channel. In addition, we produced channel variants using [2Glycerol 13C,15N] and fractional deuteration. We show that both strategies facilitate the spectal analysis and enhance the
prospects to structurally refine different functional states of the channel. Compared to the parent KcsA channel, our
studies reveal distinct conformational changes which may account for the functioning of the protein in a lipid-like
environment.
References:
1. Schneider R., Ader C., Lange A., Giller K., Hornig S., Pongs O., Becker S. and Baldus M., J Am Chem Soc, 130, 7427 – 35 (2008)
2. Ader C., Schneider R., Hornig S., Velisetty P., Wilson E. M., Lange A., Giller K., Ohmert I., Martin-Eauclaire M. F., Trauner D., Becker S., Pongs O.
and Baldus M., Nat Struct Mol Biol, 15, 605 – 12 (2008)
3. Baldus M., J. Biomol. NMR, 39, 73 – 86 (2007)
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NMR structural characterization of the Ros protein prokaryotic zinc finger
domain C27D mutant
Fortuna Netti, Gaetano Malgieri, Maddalena Palmieri, Luigi Russo, Sabina Esposito, Ilaria Baglivo,
Paolo V. Pedone, Carla Isernia and Roberto Fattorusso
Department of Enviromental Sciences, Second University of Naples,via Vivaldi 43, 81100, Caserta, Italy (fortuna.netti@unina2.it)

The first prokaryotic Cys2His2 zinc finger domain has been identified in the transcriptional regulator Ros from
Agrobacterium tumefaciens.1 Ros DNA-binding domain (Ros56-142) was structurally characterized via NMR and it is
observed that the prokaryotic Cys2His2 zinc-finger domain possesses a novel protein fold
never found in literature.3,4 The globular domain consists of 58 amino acids (from Pro9 to
Tyr66), arranged in a βββαα topology (Fig.) and it is stabilized by an extensive
hydrophobic core.2,3 The zinc ion is tetrahedrally coordinated by Cys-24, Cys-27, His-37
and His-42.2 Here, we report the study of Ros_C27D, a point mutant of Ros56-142 in which
the second coordinating cysteine is mutated to aspartic acid. Ros_C27D is still able to
coordinate the zinc ion and to bind the DNA.4 We demonstrate that in C27D mutant the
zinc ion is tetrahedrally coordinated by Cys-24, Asp-27, His-37 and His-42,4 forming a
coordination sphere that has never been described in eukaryotic zinc finger domains but is
naturally observed in many prokaryotic Ros homologues.3,4 The structural and dynamic NMR characterization of
Ros_C27D will therefore contribute to elucidate the extremely variable zinc coordination properties of this protein fold.
References:
1. Chou A. Y., Archdeacon J. and Kado C. I., Proc. Natl. Acad. Sci U.S.A.,95, 5293 – 5298 (1998)
2. Esposito S., et al., Biochemistry, 45, 10394 – 10405 (2006)
3. Malgieri G., Russo L., Esposito S., Baglivo I., Zaccaro L., Pedone E., Di Blasio B., Isernia C., Pedone P. V. and Fattorusso R., Proc. Natl. Acad. Sci.
U.S.A., 104, 17341 – 17346 (2007)
4. Baglivo I., Russo L., Esposito S., Malgieri G., Renda M., Salluzzo A., Di Blasio B., Isernia C., Fattorusso R. and Pedone P. V., Proc. Natl. Acad. Sci.
U.S.A., 106, 6933 – 6938 (2009)
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High-Resolution Structure Determination of a Low-Populated Folding
Intermediate from NMR Relaxation Dispersion Experiments
Philipp Neudeckera, Paul Robustellib, Andrea Cavallib, Patrick Walsha, Patrik Lundströma, Arash
Zarrine-Afsara, Michele Vendruscolob and Lewis E. Kaya
a
Departments of Molecular Genetics, Biochemistry, and Chemistry, University of Toronto, 1 King’s College Circle, Toronto, ON, M5S 1A8, Canada
(philipp@pound.med.utoronto.ca)
b
Department of Chemistry, University of Cambridge, UK

Understanding protein folding is important for protein structure prediction and design but also because of the critical
role folding intermediates are suspected to play in amyloid fibril formation commonplace in neurodegenerative disorders.
Unfortunately, experimental detection and characterization of intermediates is very difficult because they are both low and
transiently populated. Our NMR relaxation dispersion (RD) studies have established that several fast-folding SH3 domain
mutants fold through a low-populated on-pathway intermediate1, which could not be detected with stopped-flow
experiments. State-of-the-art CPMG RD experiments on suitably isotope-labeled samples allowed us to reconstruct the
15
N, 1HN, 13CO, 13Cα, 1Hα chemical shifts as well as 86 DNH RDCs and 31 13CO RCSAs in two different alignment media
for the 2% populated intermediate of the Fyn SH3 A39V/N53P/V55L with high precision. These experimental restraints
were sufficient to calculate the high-resolution structure of the “invisible” intermediate by molecular dynamics with
chemical shift restraints using the Camshift2 approach, and the resulting topology could be cross-validated by H/D
exchange. Formation of the 5-stranded SH3 fold proceeds hierarchically from the 3-stranded early transition state via a 4stranded intermediate stabilized by several readily identifiable non-native long-range interactions but with a disordered Cterminus, thereby exposing a strand predicted to be highly aggregation-prone. Accordingly, a mutant designed to mimic
the intermediate spontaneously formed fibrils that were clearly visible in negative stain electron micrographs, thus
providing strong experimental evidence for the link between folding intermediates and amyloid fibril formation.
References:
1. Neudecker P., Lundström P. and Kay L. E., Biophys. J., 96, 2045 – 2054 (2009)
2. Robustelli P., Kohlhoff K., Cavalli A. and Vendruscolo M., Structure, in press (2010)
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Solution NMR applied to the GNA1946 candidate antigen lipoprotein from
Neisseria meningitidis
Alexey Neumoina, Ainars Leonchiksb, Pierre Petitc, Laurent Vuillardc, Marco Sorianid, Rolf Boelensa
and Alexandre M. J. J. Bonvina
a

Bijvoet Center for Biomolecular Research, Science Faculty, Utrecht University, Padualaan 8, 3584 CH, Utrecht, The Netherlands (a.neumoin@uu.nl)
ASLA Biotech, Riga, Latvia
c
BioXtal, Marseille, France
d
Novartis, Siena, Italy
b

GNA1946 (Genome-derived Neisseria Antigen 1946) is a highly conserved exposed outer membrane lipoprotein from
Neisseria meningitidis bacteria of 287 amino acid length (31kDa). Although it has been predicted to be a periplasmic
receptor in the D-methionine uptake ABC transporter. the recent structure of GNA1946 solved by X-Ray crystallography
show it’s specificity to L-methionine.1 Understanding the behaviour and specificity of GNA1946 in aqueuos solution is
highly relevant for the discovery of the antigenic determinants of the protein that will possibly lead to a more efficient
vaccine development against virulent serogroup B strain of N.meningitidis. We produced uniformly 15N/13C-labelled
GNA1946 and assigned the backbone and side-chains 1H, 13C and 15N resonances using high-resolution NMR
spectroscopy. In this work we report almost complete assignments of GNA1946 so as the backbone dynamics analysis
describing the behavior of the protein in aqueous buffer solution.
References:
1. Yang X., Wu Z., Wang X., Yang C., Xu H. and Shen Y., J. Struct. Biol., 168, 437 – 43 (2009)
Acknowledgments: This work was supported by the Sixth Research Framework Programme of the European Community, FP6-STREP project
‘‘BacAbs’’, grant number LSHB-CT-2006-037325.
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Structurral Basis of
o bZIP Trranscripttion Facto
or Ribonu
uclease Acctivity
a
Yaroslav Nikolaev
N
, Laurent
L
Bigllerband Konnstantin Perrvushina,c
a

Biozentrum, Unniversity of Basell, Klingelbergstr. 70, 4056, Basel, Switzerland (y.niikolaev@unibas.cch)
Institute of Orgganic Chemistry, University of Zurrich, Winterthurerstr. 190, 8057, Zurich,
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Switzerlannd
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Technoloogical Universityy 60, Nanyang Drrive, 637551, Singgapore

b
c

Basic-reggion leucine zipper (bZIP
P) proteins
are one of thhe largest transscription factoor families
1
that regulate a wide rangee of cellular functions.
f
Owing to the
t
stability of their cooiled coil
structure leuucine zipper (LZ)
(
domains of bZIP
factors are widely empployed as dim
merization
motifs in protein engineeering studiess.2 In the
course of onne such studyy the ability of leucine
zipper GCN44 (LZGCN4) to catalyze the hydrolysis
3
of RNA was accidentally observed.
o
Our new NMR and LC
C-MS data revveal the substrrate specificity
y, catalytic coonformations aand RNA bind
ding sites of the
t
leucine zippeer motifs of factors
f
GCN4 and c-Jun. The topology of
o the RNA binding
b
interfaaces implies flexibility
f
of the
t
active site foormulation, suuggesting diffeerent bZIP mootifs shall exh
hibit a varyingg degree of caatalytic activitty depending on
o
the cellular context.
c
Togetther with the data
d on reactiion mechanism
m these results open a venuue for in vivo investigation of
biological role of bZIP ribbonuclease acttivity.
References:
S and Taparowskky E. J., Mol Bioll Evol, 23, 1480 – 92 (2006)
1. Deppmann C. D., Alvania R. S.
2. Reinke A. W.., Grant R. A. andd Keating, A. E., J Am Chem Soc, 132, 6025 – 6031 (2010)
3. Nikolaev Y., Deillon C., Hoffm
man S., Bigler L., Friess S., Zenobbi R., Pervushin K.,
K Hunziker P. and
a Gutte B., PLooS ONE, 5, e1076
65 (2010)
Acknowledgmennts: This work is financially suppoorted by the Swisss National Found
dation (grant 3100A0-118381 to K
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Pressuree/temperaature-depeendence of
o ubiquittin’s hydrrogen bon
nd networrk
Lydia Nisius and Stepphan Grzesiek
Biozentrum, University of Basel, Klingelbergstrassse 70, 4057, Bassel, Switzerland (L
Lydia.Nisius@unnibas.ch)

The presssure-dependence of 3hJNC’ scalar coupllings through hydrogen boonds was meeasured by nu
uclear magnettic
resonance (N
NMR) spectrosscopy in ubiquuitin as a moddel protein. Prressure series in the range ffrom atmospheric pressure up
u
to 2500 bar were
w
recordedd at different temperatures.
t
The quantitattive ‘long-rannge’-HNCO exxperiment waas used to deteect
changes in ellectronic orbittal overlap bettween the hyddrogen and accceptor nuclei in
i ubiquitin’s H-bonds.
On averaage, these couuplings are streengthened witth increasing pressure. Forr some hydroggen bonds in the
t β-sheets the
t
3h
JNC’ couplings show a nonlinear
n
presssure-dependeence with initiially increasinng coupling cconstants that decrease above
pressures of 1200 – 1500 bar.
b Togetherr with H-bonds that are weaakened alreadyy at low presssures, these residues mark the
t
probably most pressure-labbile regions of ubiquitin.
Only for the first β-haiirpin and the α-helix,
α
wherre the secondaary structure iss preserved att high pressurees, a correlatioon
between the pressure-depeendent changees of the 3hJNCC’ coupling co
onstants and thhe amide protton chemical shift changes is
observed. Thhis correlates with
w earlier finndings that the N-terminal half
h of ubiquittin is more staable.
Comparisson of pressuure-induced chhanges in ubiiquitin’s hydrrogen bond network with temperature-iinduced effectts1
shows that foor most residuues an increasee in pressure corresponds
c
to
o a decrease in
i temperaturee with respect to the effect on
o
3h
JNC’ coupliing constants. Hydrogen boonds that do not follow th
he global trennds mark poinnts, where loccal unfolding is
likely to be innitiated.
References:
7 – 752 (2002))
1. Cordier F. andd Grzesiek S., J. Mol. Biol., 715, 739
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NMR contribution to anti-apoptotic protein ligand development
Sophie Nogaret, Eric Guittet and Nicolas Birlirakis
Institut de Chimie des Substances Naturelles, CNRS, 91190 Gif-sur-Yvette, France (sophie.nogaret@icsn.cnrs-gif.fr)

This project concerns the NMR study of the interactions between the anti-apoptotic proteins and two potential ligand
candidates, the Meiogynine and the Drimane.1
These two terpenoids, identified from ICSN’s chemical library
screening against the Bcl-xL protein, have shown a significant
inhibiting activity, thus opening promising perspectives for the
treatment of cancer cells overexpressing anti-apoptotic proteins.2
In fact, as the compounds are considerably smaller than the
binding site, our objective is to introduce modifications (such as
elongation of their structure, functionalization with hydrophilic
groups etc.) that may improve their binding properties as well as
their delivery and bioavailability. Following to the successful recombinant expression and purification, necessary to
obtain labelled targets (15N/ 13C), our preliminary NMR studies suggested a rather universal action of our ligands, capable
to bind not only to Bcl-xL but also to the other major anti-apoptotic protein, Mcl-1. Titration experiments revealed
significant disturbances of the HSQC protein spectra with the progressive disappearance of several HN signals, confirming
dissociation constants at the µM region for both targets. However, the intermediate chemical exchange observed,
associated with the weak ligand solubility, poses severe difficulties for the structural elucidation of the complexes by
classical NMR methods. In this work we’ll present alternative approaches for the localisation of the ligands in the
hydrophobic cleft of both target proteins.
References:
1. O’Neill J., et al., Biochim Biophys Acta, 1705, 43 – 51 (2004)
2. Litaudon M., et al., J Nat Prod, 72, 480 – 483 (2009)
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NMR studies of the DNA Damage-Inducible UBL-UBA protein Ddi1
Urszula Nowickaa, Daoning Zhanga, Tony Chena, Michael Glickmanb and David Fushmana
a
b

Department of Chemistry and Biochemistry, University of Maryland, College Park, MD 20742, USA (unowicka@umd.edu)
Department of Biology,Technion –Israel Institute of Technology,32000 Haifa, Israel

The ubiquitin-proteasome pathway is the principal regulatory mechanism for the turnover of short-lived proteins in
eukaryotes. It influences vital cellular events, including the cell cycle, malignant transformation, and responses to
inflammation and immunity. Substrates for the ubiquitin-proteasome pathway are tagged with polyubiquitin chains and
selectively driven to the proteasome for degradation.
DNA damage-inducible protein (Ddi1) has been identified as a ubiquitin receptor protein in Saccharomyces
cerevisiae, although its precise role is yet to be unearthed. Three main domains can be identified in the Ddi1 gene: Nterminal ubiquitin-like domain (UBL), C-terminal ubiquitin-associated domain (UBA), and positioned in the middle
aspartyl protease domain (RVP). As a member of the UBL-UBA protein family, Ddi1 is hypothesized to shuttle
ubiquitinated substrates to the proteasome for degradation. Moreover, Ddi1 seems to be also involved in interactions with
other shuttle proteins, although the scope and the roles of such interactions are not yet understood.
In order to shed light on the role of Ddi1 in the ubiquitin-proteasome pathway, we obtained complete NMR
assignment (1H, 15N, 13C) of the backbone and side chains of the UBL and UBA regions of Ddi1 and determined their
three-dimensional structures in solution. Furthermore, we characterized using 15N relaxation measurements the backbone
dynamics of the UBL domain of Ddi1 and compare it with ubiquitin. Moreover, we examined whether the UBL and UBA
regions of Ddi1 have the binding properties characteristic for the corresponding domains. For this purpose, we monitored
by NMR interactions of Ddi1 domains with their respective potential binding partners from the ubiquitin-proteasome
pathway. We expect that the outcomes of these studies will reveal details of Ddi1’s function as a ubiquitin-shuttle protein
and thus help understand the role of Ddi1 in the ubiquitin-proteasome system.
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New molecular and structural insights into protein-protein interaction in
apoptosis
Lorenzo Sborgi, Patricia Obregón, Susana Barrera-Vilarmau and Eva de Alba
Centro de Investigaciones Biológicas. Consejo Superior de Investigaciones Científicas. C/ Ramiro de Maeztu, 9. Madrid-28040. Spain,
(pobregonc@cib.csic.es susanabv@cib.csic.es)

Strong evidence points to dysfunctional apoptosis as a hallmark of cancer and other diseases. Thus, increasing
research efforts are targeted at the detailed understanding of apoptotic mechanisms. Programmed cell death is mainly
controlled by selective interactions between prosurvival and cell death-inducing members of the Bcl-2 family. Within this
family, proteins share homology in short fragments called BH domains (BH1-BH4). In particular, the BH3-only
subfamily (with homology solely in the BH3 region) includes intrinsically unstructured proapoptotic proteins known to
bind to prosurvival members. Structural studies show that peptides comprising the BH3 domain of BH3-only proteins
adopt alpha-helical structure when complexed to prosurvival Bcl-2 partners, whereas these peptides are random coil in
isolation. However, the inner workings of this fine-tuned binding mechanism are still poorly understood and the role of
some molecules whose activity has been reported as ambiguous remains to be clarified.
We report here on a novel interaction between the Bcl-2 member Diva (Boo), a controversial molecule categorized as
both pro- and antiapoptotic, and the largely disordered BH3-only protein Harakiri. These studies have been performed
with synthetic BH3 peptides derived from Harakiri using two specific techniques ELISA and NMR. We show that
binding affinity increases with the length of Harakiri peptide fragment and provide the first experimental evidence
indicating higher affinity of full-length BH3-only proteins than the corresponding BH3 peptides. Our results suggest that
additional energetic factors besides those associated to specific intermolecular interactions influence the concomitant
binding and folding process.
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DnaE intein structure from Nostoc punctiforme and design of new split inteins
Jesper S. Oeemig, A. Sesilja Aranko and Hideo Iwaï
Research program in structural biology and biophysics, Institute of Biotechnology, University of Helsinki, Viikinkaari 1 (P.O.Box 65), 00014 University
of Helsinki, Finland (jesper.oemig@helsinki.f)

Protein splicing is a posttranslational modification where an intervening protein sequence, termed intein, is excised
from a protein precursor.1 The flanking sequences of the intein, termed N- and C-extein, are then ligated to form a mature
polypeptide chain. Inteins have several possible biochemical applications, e.g. segmental isotope labeling, protein
cyclization, and site-specific chemical modification. However, it remains elusive how the intein structure affects the
protein splicing efficiency and requires further investigation to obtain full potential of inteins.
DnaE intein from Nostoc punctiforme (Npu) is a naturally split intein with a robust splicing activity.2 To better
understand the function and dynamic of inteins, we have performed a structural investigation of NpuDnaE intein.3 For the
structure determination of NpuDnaE intein an inactive single chain mutant (C1A) was constructed. The NpuDnaE intein
structure assembles a horseshoe-like fold common in inteins. Effects of the C1A mutation were investigated by
performing resonance assignment of NpuDnaE intein without the mutation and analyzing the difference in chemical shift.
We determined 15N T1- and T2- relaxation rates to investigate the dynamics of the intein. Analysis showed that new split
sites could be introduced in flexible regions of the intein and a new functional split intein was designed that has a high
potential in site-specific chemical modifications.
References:
1. Paulus H., Annu Rev Biochem, 69, 447 – 496 (2000)
2. Iwai H., Züger S. and Tam P., FEBS lett, 580, 1853 – 1858 (2006)
3. Oeemig J. S., Aranko A. S., Djupsjöbacka J., Heinämäki K. and Iwaï H., FEBS lett, 583, 1451 – 1456 (2009)
Acknowledgments: This work is supported by grant from the Academy of Finland (118385). J.S.O. acknowledges the National Graduate School in
Informational and Structural Biology and the Centre for International Mobility (CIMO) for funding.
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NMR Structural Studies of Regulatory Protein-target Peptide-drug Complexes
Marta Oleszczuk, Monica X. Li and Brian D. Sykes
Department of Biochemistry, School of Molecular and Systems Medicine, University of Alberta, 4-19 MSB, Edmonton, Alberta, Canada T6G 2H7
(oleszczu@ualberta.ca)

Our study is focused on the regulatory N-domain of cardiac troponin C (cNTnC) and its interaction with calmodulin
antagonist, N-(6-aminohexyl)-5-chloro-1-naphthalenesulfinamide (W7), in the presence of cardiac troponin I (cTnI). We
have previously determined the NMR solution structures of cNTnC•Ca2+ in complex with a 17-residue peptide
representing the switch region of cardiac troponin I (cTnI147-163),1 with W7,2 and with both cTnI147-163 and W7.3 Results
show that electrostatic repelling between the positively charged primary amine at the end of polymethylene ‘tail’ of W7
and the basic R147 on the N-terminus of cTnI147-163 plays an important role in interpretation of inhibitory effect of W7 in
cardiac muscle contraction and offers an explanation for the ~13-fold affinity reduction of cTnI147-163 for cNTnC•Ca2+ in
the presence of W7. In this study we have concentrated on investigating the interaction of cNTnC with W7 and a longer
version of the switch region of cTnI (cTnI144-163). This 20-residue peptide possesses a three amino acids (RRV) N-terminal
extension as compared to cTnI147-163. This peptide demonstrates a ~10 fold higher affinity to cNTnC•Ca2+ than its shorter
version4 due to stronger electrostatic attraction between RRV and negatively charged residues in cNTnC located in the
cNTnC:cTnI interface. We have made a stable cNTnC•Ca2+•cTnI144-167•W7 complex and we are in the process of
determining the structure. We believe that comparison of this structure with previously obtained structures will generate
insights into the features that are useful for the understanding the molecular mechanism underlying the cTnC-cTnI-W7
interaction and for the design of cTnC-specific cardiotonic drugs in the therapy of heart disease.
References:
1. Li M. X., Spyracopoulos L. and Sykes B. D., Biochemistry, 38, 8289 – 8298 (1999)
2. Hoffman R. M. and Sykes B. D., Biochemistry, 48, 5541 – 5552 (2009)
3. Oleszczuk M., Robertson I. M., Li M. X. and Sykes B. D., J Mol Cell Cardiol, 48, 925 – 933 (2010)
4. Robertson I. M., Baryshnikova O. K., Li M. X. and Sykes B. D., Biochemistry, 47, 7485 – 7495 (2008)
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Assessment of Androgens and Estrogens as metabolic modulators in cultured
Sertoli cells by 1H-NMR spectroscopy
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b

Sertoli cells have been classified as the “nurse cells” within the seminiferous epithelium and their main function is to
provide the adequate environment for germ cells development. They actively metabolize glucose and the majority of it is
converted to lactate, which is preferentially used by developing germ cells, unable to use glucose for their energy
metabolism. There is a growing awareness that androgens and estrogens have general metabolic roles that reach far
beyond reproductive processes. So, the purpose of this study was to examine the effect of sex hormones on metabolite
secretion or consumption in primary cultures of rat Sertoli cells using 1H-NMR spectra analysis.
Sertoli cell-enriched cultures (>95%) were maintained in a defined medium for 50 hours (h). During this interval,
glucose and pyruvate consumption, lactate and alanine secretion into the incubation medium were determined, by 1HNMR spectra analysis, in the presence or absence of either 100 nM 17β-estradiol (E2) or 100 mM dihydrotestosterone
(DHT). Cells cultured in the absence (control) or presence of E2 consumed the same amount of glucose (29 ± 2 μmoles)
at similar rates during the 50h treatment. After 25h treatment with DHT, glucose consumption and glucose consumption
rate significantly increased. Control cells and cells treated with E2 secreted similar amount of lactate during the 50 h (18 ±
0,5 and 17 ± 0,5 mmoles, respectively) while cells treated with DHT secreted 15 ± 0,9 mmoles. As for glucose
consumption, lactate production rate peaked after 25 h treatment with DHT. Pyruvate was entirely consumed in the first 5
h incubation for all conditions, and alanine production was significantly higher in E2-treated cells after 25 h treatment,
which indicated a lower redox state/higher oxidative stress for the cells on those conditions when compared with cells of
the other groups. This provides a first assessment on androgens and estrogens as metabolic modulators of Sertoli cells.
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Distinct ubiquitin binding modes exhibited by the SH3 domains of CD2AP.
Molecular determinants and functional implications
Jose L. Ortega-Roldana, Salvador Casaresa, Malene Ringkjobing-Jensenb, Martin Blackledgeb, Ana I.
Azuagaa and Nico A. J. van Nulandc
a
Departamento de Química Física e Instituto de Biotecnología, Facultad de Ciencias, Universidad de Granada, Fuentenueva s/n, 18071 Granada,
Spain (ortegajl@ugr.es)
b
Protein Dynamics and Flexibility by NMR, Institut de Biologie Structurale Jean-Pierre Ebel, CEA, CNRS, UJF UMR 5075, 41 Rue Jules Horowitz,
Grenoble 38027, France
c
Structural Biology Brussels, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium

Ubiquitin is known to regulate a wide variety of cellular activities via mono- or poly- ubiquitination. Recently it was
found that a subset of SH3 domains constitutes a new, distinct type of ubiquitin-binding domains.1 We previously showed
that the third SH3 domain (SH3-C) of CD2 associated protein (CD2AP) binds to ubiquitin,2 but in an alternative
orientation that does not coincide with the binding surface found for the Sla1 SH3-3 domain or the CIN85 SH3-C
domain.3 We present an RDC-based structural model of the complex between the first SH3 domain of CD2AP and
ubiquitin. We show that the first and second SH3 domains of CD2AP bind ubiquitin in a similar orientation than Sla1
SH3-3 despite of their high sequence homology with the SH3-C domain of CD2AP. Both structures, in combination with
a mutational analysis, have allowed us to decipher the determinants of the CD2AP SH3-C binding mode to ubiquitin. We
have also shown that CD2AP SH3-C domain bind tighter to ubiquitin molecules with an extended C-terminus. We
propose a different biological role for this interaction mode where the CD2AP SH3-C domain is able to interact with
ubiquitin molecules covalently attached to CD2AP via its C-terminus, blocking this protein for further polyubiquitination
as it has been observed previously,4 thus changing the previously established mechanism of EGF-dependent
CD2AP/CIN85 monoubiquitination.
References:
1. Stamenova S. D., French M. E., He Y., Francis S. A., Kramer Z. B., Hicke L., et al., Mol. Cell, 25, 273 – 284 (2007)
2. Ortega-Roldan J. L., Jensen M. R., Brutscher B., Azuaga A. I., Blackledge M. and van Nuland N. A., Nucl. Ac. Res, 37, e70 (2009)
3. Bezsonova I., Bruce M. C., Wiesner S., Lin H., Rotin D. and Forman-Kay J. D., Biochemistry, 47, 8937 – 8949 (2008)
4. Haglund K., Shimokawa N., Szymkiewicz I. and Dikic I., Proc. Natl. Acad. Sci. U.S.A., 99, 12191 – 12196 (2002)
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Structural Study of the molecular recognition mechanism of P63 by ITCH-E3
Ligase
Maurizio Pacia, Alessia Bellomariaa, Gaetano Barbatoa, Gennaro Melinob,c and Sonia Melinoa
a

Dipartimento di Scienze e Tecnologie Chimiche, University of Rome "Tor Vergata", Italy, (paci@uniroma2.it)
Medical Research Council (MRC) Toxicology Unit, Leicester University, Leicester, UK
c
Dipartimento di Biochimica e Medicina Sperimentale, University of Rome "Tor Vergata", Italy
b

Recently, it has been shown that Itch mediates the degradation of TAp63 and ΔNp63 proteins.1 Itch E3–ligase is
characterized by the presence of four WW domains that are important in the recognized process. Several signalling
complexes, that these domains mediate, have been implicated in human diseases (Muscular Dystrophy, Alzheimer's
Disease, Huntington Disease etc.). WW domains interact with short proline-rich sequences and on the basis of their
ligand-binding specificity WW domains have been categorized into four groups. WW domains are highly compact
protein-protein interaction modules, which fold into stable three-stranded antiparallel β-sheet structures, and are
characterized by the presence of two conserved tryptophan residues spaced 20-22 amino acids apart. The four WW
domains of Itch are considered belonging to the Group I, which binds polypeptides with PY motif characterized by a
PPXY consensus sequence, where X can be any residue. It is probably that Itch-p63 interaction can be due to a direct
interaction of Itch-WW2 domain with the PY motif of p63. Here, we report a characterization by fluorescence, CD and
NMR spectroscopy of the structural features of the Itch-WW2 domain. Interaction studies in vitro between Itch-WW2
domain and pep63, which correspond to the fragment of the p63 protein including the PY motif, were performed.
Moreover, the effects of a site specific mutation of p63, that has been reported in both Hay–Wells and Rapp–Hodgkin
syndrome, were also evaluated both on the conformation of pep63 and on the WW-pep63 interaction.
References:
1. Rossi M., Aqeilan I., Neale M., Candi E., Salomoni P., Knight R. A., Croce C. M. and Melino G., Proc. Natl. Acad. Sci. U.S.A., 103, 12753 – 58,
(2006)
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NMR-based interaction studies on the fibroblast growth factor-2 and a new nonpeptidic thrombospondin-1 derived antiangiogenic compound
Katiuscia Paganoa, Simona Tomasellia, Rubben Torellab, Giorgio Colombob, Giulia Tarabolettic,
Lucia Zettaa and Laura Ragonaa
a

Istituto per lo Studio delle Macromolecole, CNR, via Edoardo Bassini 15, 20133, Milan, Italy (katiuscia.pagano@ismac.cnr.it)
Istituto di Chimica del Riconoscimento Molecolare,CNR, viaMario Bianco 9, 20131, Milan, Italy
c
Tumor Angiogenesis Unit, Department of Oncology, Mario Negri Institute for Pharmacological Research, via Gavazzeni 11, 24125 Bergamo, Italy
b

Endogenous inhibitors of angiogenesis, such as thrombospondin-1 (TSP-1), are promising sources of therapeutic
agents to treat angiogenesis-driven diseases, including cancer. TSP-1 regulates angiogenesis through different
mechanisms, including binding and sequestration of the angiogenic fibroblast growth factor-2 (FGF-2), through a site
located in the calcium binding type III repeats. A FGF-2 binding sequence of TSP-1 was identified in the 15-mer
sequence DDDDDNDKIPDDRDN using a peptide array approach followed by binding assays with synthetic peptides and
recombinant proteins.1 The relevant residues and conformational determinants for the peptide-FGF-2 interaction were
identified by STD nuclear magnetic resonance and molecular dynamics simulations. The information was translated into a
pharmacophore model used to screen the NCI2003 small molecule databases, leading to the identification of three small
molecules that bound FGF-2 with affinity in the submicromolar range. NMR titration experiments were carried out on the
15
N-labelled FGF-2 with the most active of the identified molecules. The analysis revealed a residue specific interaction in
the fast exchange regime, whereas the FGF-2 structure remains overall unperturbed. The small molecule binds in a crucial
position that provides specific contacts with FGF-2 that are essential for the binding to heparin and also potentially
positioned to counteract the interaction with the FGF receptor kinases 1. The dynamics and the water bound molecules to
the free FGF-2 protein were also characterized.
References:
1. Colombo G., Margosio B., Ragona L., Neves M., Bonifacio S., Annis D.S., Stravalaci M., Tomaselli S., Giavazzi R., Rusnati M., Presta M., Zetta L.,
Mosher D. F., Ribatti D., Gobbi M. and Taraboletti G., J Biol Chem., 285, 8733 – 8742 (2010)
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Side-chain dynamics of a mutant staphylococcal nuclease and the stabilizing effect
of mannosylglycerate - a naturally occurring solute
Tiago M. Paisa, Pedro Lamosaa,c, David L. Turnerb and Helena Santosa
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School of Chemistry, University of Southampton, UK
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b
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We have been investigating the effect of mannosylglycerate (MG), a charged stabilizing solute isolated from
hyperthermophilic microorganisms,1 on the dynamics of a Staphylococcal nuclease mutant (P117G, H124L, and S128A)
using several NMR techniques. At 0.5 M concentration, MG increases the Tm of mSnase by 6.7°C - from 67.6°C to
74.3°C. The main objective of this work is to use NMR relaxation measurements to find out whether a relationship exists
between protein stabilization and protein rigidification induced by compatible solutes. Our first studies focused on the
protein backbone and its dynamics at different time scales.2 Using techniques of 15N relaxation, water-amide saturation
transfer and hydrogen/deuterium exchange we showed that increasing amounts of MG resulted in the progressive
reduction of the internal motions of the whole protein, in particular of those occurring at very high (us-1) and very low
frequencies (h-1). Motions on the millisecond time-scale appeared to be little affected by the presence of MG, at least
when compared to other solutes that do not stabilize the mSNase protein, such as glycerol and KCl which also served the
purpose of viscosity and ionic strength controls, respectively. Moreover, it was observed that the effect of MG on the fast
backbone motions correlates well with the added stability conferred to the mSNase. Since in the majority of the proteins,
backbone motions are intrinsically small, we expanded our studies to the effect of MG on the dynamics of protein side
chains. For this we have labelled methyl groups with 13C isotopes and measured the relaxation rates of this nucleus
thereby accessing the high frequency motions of the corresponding side chains. The results of this work will be presented
during the symposium as well as other studies on the dynamics of mSNase.
References:
1. Martins L. O. and Santos H., Appl Environ Microbiol., 61, 3299 – 3303 (1995)
2. Pais T. M., Lamosa P., Garcia-Moreno B., Turner D. L. and Santos H., J. Mol. Biol., 394, 237 – 250 (2009)
Acknowledgement: This work was supported by Fundação para a Ciência e a Tecnologia, Portugal, by projects POCI/BIA-PRO/57263/2004,
PTDC/BIO/70806/2006 and by grant support for Tiago Pais SFRH/BD/42210/2007.
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NMR structural characterization of the Ros protein prokaryotic zinc finger
domain H42A mutant
Maddalena Palmieri, Gaetano Malgieri, Luigi Russo, Fortuna Netti, Sabrina Esposito, Ilaria Baglivo,
Carla Isernia, Paolo V. Pedone and Roberto Fattorusso
Department of Environmental Sciences, Second University of Naples, Via Vivaldi, n.43, Caserta 81100 Italy (maddalena.palmieri@unina2.it)

Ros protein from A.tumefaciens is the first prokaryotic classical zinc finger protein. Ros87, a mutant of Ros wild-type
obtained by deletion of the first fifty-five amino acids, which is soluble and contains the zinc finger domain, is still able to
bind DNA.1 The NMR structure of Ros872 consists of a very well defined globular
domain, in which the zinc ion is tetrahedrally coordinated by Cys-24 and Cys-27 and by
His-37 and His-42, and two disordered tails at the N- and C-terminal region. Ros87
globular fold has βββαα topology and it is stabilized by an extended hydrophobic core of
15 amino acid. These new features define a novel fold never found in literature. The
mutant H42A of Ros87 (in which the second coordinating histidine is mutated to alanine)
is still able to bind the specific DNA sequence. Moreover, HSQC-J18 experiment
demonstrated that in H42A the zinc ion is tetrahedrally coordinated by Cys-24, Cys-27,
His-37 and His-41.1 We report the NMR structural characterization of H42A mutant (see
fig.) to understand the structural variations caused by this mutation and a study of the
protein folding behavior to determine the kinetics of secondary structure formation.
References:
1. Esposito S., Baglivo I., Malgieri G., Russo L., Zaccaro L., D’Andrea L., Mammucari M., Di Blasio B., Isernia C., Fattorusso R. and Pedone P. V.,
Biochemistry, 45, 10394 – 10405 (2006)
2. Malgieri G., Russo L., Esposito S., Baglivo I., Zaccaro L., Pedone E., Di Blasio B., Isernia C., Pedone P. V. and Fattorusso R., Proc. Natl. Acad. Sci.,
U.S.A., 104, 17341 – 17346 (2007)
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Protein Assisted Metal Reconstitution of a Biologically Unique Mo-Cu Cluster
Sofia R. Pauletaa, Marta S. Carepoa, Anthony Weddb, Paola Turanoc, Ivano Bertinic, Isabel Mouraa
and José J. G. Mouraa
a
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School of Chemistry, University of Melbourne, Parkville, Victoria 3010, Australia
c
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b

The ORange Protein (ORP) from Desulfovibrio gigas is an orange coloured protein that contains a mixed-metal
sulphide cluster, of the type [S2MoS2CuS2MoS2]3-, non-covalently bound to the polypeptide
chain.1,2 A blast search revealed that this protein has sequence homology of around 30 to 50
% with conserved proteins from eubacteria and hyperthermophilic archaea with unknown
function. They all contain a conserved domain common to the nitrogenase accessory
factors (NifB C-terminal domain, NifX and NafY). The ORP was produced for NMR
studies by heterologous expression in E. coli as the apo-form.3 Reconstitution of the metal
cluster in the apo-ORP was studied either by addition of the pre-synthesized cluster or by its synthesis in the presence of
the apo-protein, upon addition of copper sulphate and thiomolybdate or thiotungstate. NMR studies clearly show that
there is a protein assisted metal reconstitution of the heterometallic cluster. The over-all solution structures of the apo and
reconstituted ORP are similar, with a α/β motif, characteristic of the members of the ribonuclease H family. The two
structures are similar and the mapping of the chemical shift differences between them was used to elucidate which region
of the polypeptide chain is involved in the binding of the metal cluster. These results give insights into the metal binding
mode of chaperons involved in the synthesis of the nitrogenase metal cofactor.
References:
1. George G. N., et al., J Am Chem Soc, 122, 8321 – 23 (2000)
2. Bursakov S. A., et al., J. Inorg. Biochem., 98, 833 – 837 (2004)
3. Pauleta S. R., et al., Biomol. NMR Assignm., 1, 81 – 83 (2007)
Acknowledgments: This work was supported by the project POCI/QUI/55350/2004 (Fundação para a Ciência e Tecnologia) and by the EU-NMR
Research Infrastructure (Contract n° 026145).
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Preliminary Structure of the 2-Domain Monothiol Grx3 from Trypanosoma brucei
Carlo Pavana, Christophe Faresb, Stefano Mammia, Maria Sunnerhagenc and Massimo Bellandaa
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Glutaredoxins (Grxs) are general disulfide reductases important for the regulation of cellular redox homeostasis.
Today, Grxs are recognized as versatile regulatory proteins with multiple functions in health and disease.1 The recently
discovered monothiolic Grxs have a single cysteine in the active site and their functional role is still not clear.
Nevertheless, the extent of conservation of these proteins and the poor viability of some knock-outs, suggest a decisive
importance in central processes within the cells, and a role which is not redundant with classical dithiolic Grxs. Two
subclasses of these proteins exist, those with a single glutaredoxin domain2 and those with a thioredoxin-like region
followed by one or more glutaredoxin domains.3 No structure of multidomain monothiol Grxs is currently available.
The challenge for control of reactive oxygen is greater for parasites since they are required to cope with the continuous
production of ROS by the host immune system. Parasites have therefore developed unique antioxidant systems which may
provide new drug targets. African trypanosomes have a thiol metabolism based on bis(glutathionyl)spermidine.4 T. brucei,
the causative agent of African sleeping sickness, encodes three genes for monothiol Grxs. Two of them are single-domain
proteins, while Grx3 contains an additional N-terminal thioredoxin-like domain. We will present here a preliminary
structural model of the multidomain T. brucei Grx3 based on homology, chemical shift and residual dipolar coupling data.
References
1. Lillig C. H. and Holmgren A., Antioxid. Redox Signal., 9, 25 – 47 (2007)
2. Fladvad M., Bellanda M., Fernandes A. P., Mammi S., Vlamis-Gardikas A., Holmgren A. and Sunnerhagen M., J. Biol. Chem. 280, 24553 – 61
(2005)
3. Herrero E. and De la Torre-Ruiz M. A., Cell. Mol. Life Sci., 64, 1518 – 30 (2007)
4. Krauth-Siegel R. L. and Comini M., Biochim Biophys Acta, 1780, 1236 – 48 (2008)
Acknowledgments: we thank Prof. Luise Krauth-Siegel for providing the plasmid for Gr3 expression.
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Optimized isotope incorporation with cell-free protein synthesis
Anders Pedersen, Johan Enberg and B. Göran Karlsson
Swedish NMR Centre, University of Gothenburg, PO Box 465, SE-40530, Gothenburg, Sweden (anders.pedersen@nmr.gu.se

The current state of cell-free protein synthesis (CFPS) at the Swedish
NMR Centre will be reported. We are using an E. coli-based batch system
utilizing a crude extract (S12) containing the translation factors and necessary
soluble enzymes. Specific expression is ensured by using constructs under T7
promotor control. So far the expression system has been used to produce ~100
different proteins, with more than 80% expressing at yields suitable for
structural biology. General system optimization has been performed with
experimental design principles and fluorescent proteins as reporters of
expression yield. Extract activities metabolizing amino acids have been
identified and inhibited, increasing synthesis yield up to threefold depending
on expression target. Future strategies for improving the system for expression
of difficult proteins will be outlined, including results on expression of
membrane proteins, proteins with multiple disulfide bonds and viral proteins.
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Dynamics studies of Engrailed 2 homeoprotein
Philippe Peluppesya, Rafal Augustyniaka, Fabien Ferragea, Olivier Lequina and Geoffrey
Bodenhausena,b
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Many proteins play a physiological role in living organisms while lacking well-defined regular secondary structure.
Frequently, entire disordered molecules or longer unstructured fragments are essential in cellular signal transduction
pathways. Interactions with different biological partners require fast conformational changes and the high flexibility.
Engrailed 2 is a transcription factor from the homeoprotein family. It is expressed in embryonic state as well as in
dopaminergic neurons in adults. We are studying the construct of Engrailed 2 that comprises residues 146 to 259,
corresponding to the homeodomain and a long disordered N-terminal extension.
A full assignment of backbone resonances has been performed in spite of the weak dispersion of signals. Minor
resonances corresponding to the tryptophan residues from unfolded region have been identified, suggesting the presence
of slow conformational exchange in this region.
Conventional nitrogen-15 relaxation rates (R1, R2 and heteronuclear nOe) have been measured. The analysis of nOe
values confirmed the presence of a well structured homeodomain and a long disordered N-terminal tail. Higher nOe
values have been measured for a hexapeptide in the middle of the N-terminal extension, which is a protein-protein
interaction site. We estimated the exchange contribution to transverse R2 relaxation rates using longitudinal and
transverse CSA/DD cross-correlated cross relaxation rates. Significant contributions of chemical exchange to transverse
relaxation have been observed for this hexapeptide. This was confirmed by comparing R2 rates measured under CPMG
and in a single-echo sequence. In addition, minor contributions of chemical exchange to R2 have been detected in loops,
particularly between the first and the second α-helix. These results show the complex conformational equilibrium around
this hexapeptide and show that transverse relaxation rates alone cannot be a good assessment of residual structure.
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NMR Structure and Ion Channel Activity of the p7 protein from Hepatitis C
Virus
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b
Centre de Biochimie Structurale, CNRS-UMR 5048, INSERM-UMR 554, 34090 Montpellier, France
c
Institut de Biologie Structurale, UMR 5075, CEA, CNRS, Université Joseph Fourier, 38000 Grenoble, France
d
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The small membrane protein p7 of hepatitis C virus forms oligomers and exhibits ion channel activity essential for
virus infectivity. These viroporin features render p7 an attractive target for antiviral drug development. In this study, p7
from strain HCV-J (genotype 1b) was chemically synthesized and purified for ion channel activity measurements and
structure analyses. p7 forms cation-selective ion channels in planar lipid bilayers and at the single-channel level by the
patch-clamp technique. Ion channel activity was shown to be inhibited by hexamethylene amiloride, but not by
amantadine. Circular dichroism analyses revealed that the structure of p7 is mainly alpha-helical, irrespective of the
membrane mimetic medium, e.g. lysolipids, detergents, organic solvent-water mixtures. The secondary structure elements
of the monomeric form of p7 were determined by 1H and 13C NMR in trifluoroethanol-water mixtures. Molecular
dynamics simulations in a model membrane were combined synergistically with structural data obtained from NMR
experiments. This approach allowed us to determine the secondary structure elements of p7, which significantly differ
from predictions, and to propose a three-dimensional model of the monomeric form of p7 associated to the phospholipid
bilayer. These studies revealed the presence of a turn connecting an unexpected N-terminal alpha-helix to the first
transmembrane helix TM1, and a long cytosolic loop bearing the dibasic motif and connecting TM1 to TM2. These results
provide the first detailed experimental structural framework for a better understanding of p7 processing, oligomerization,
and ion-channel gating mechanism.
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The fungus protein cerato platanin: structural characterization and the search for
its biological function
Thelma A. Pertinheza, Mariana Gallob, Aline L. Oliveirac, Luigia Pazzaglid, Barbara Panterad, Celso
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The understanding of plant disease resistance is of paramount importance to sustainable agriculture and human health.
Plant defence mechanisms against virus and bacteria have been extensively studied, while little is known about plantfungus interaction. Though fungi cause serious plant diseases of global relevance, the basis, at a molecular level, of their
pathogenicity is still unclear.
Pazzagli and co-workers1 have identified a 120 residues protein, named cerato-platanin (CP), expressed by the planetree pathogen Ceratocystis platani and that induces defence responses when applied to plane leaves: plasmolysis, cell
death and production of phytoalexins.2,3 The protein is the progenitor of the CP family.4 The description of the protein 3D
structure reveals a globular fold containing 2 α-helices, 6 β-strands forming a double-ψ β-barrel and long flexible loops
(PDB 2KQA). As the proteins most structurally close to CP are proteins involved in polysaccharide recognition we
explored the ability of CP to bind oligosaccharides.
The description of the structural and dynamic properties of CP, for which the real biological function is not known,
will allow to understand its role both in fungus biology and in the host-fungus interaction: thus it will open the way to
devise new and hopefully more effective and human-safe crop control methodologies.
References:
1. Pazzagli L., et al, J Biol Chem, 274, 24959 (1999)
2. Scala A., et al, J Plant Pathol, 86, 23 (2004)
3. Fontana F., et al, J Plant Pathol, 90, 295 (2008)
4. Oliveira A. L., et al, J Biomol NMR, 36 ,50 (2006)
Acknowledgments: FAPESP (Brazil), MIUR (Italy).
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Entropy and invariance in lipid membranes
Horia I. Petrache
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Structural studies of biological membranes are complicated due to the tremendous number of variables which include
chemical compositions, preferential interactions, and molecular motions. Changes in lipid composition, for example
addition of polyunsaturated lipid chains, ceramides, and cholesterol have been shown to alter substantially the activity of
membrane receptors and of ion channels. To describe these effects, we employ statistical mechanics and thermodynamics.
We analyze order parameter data from solid-state NMR measurements on lipid bilayers to describe how bilayer properties
scale with temperature and with acyl chain length. We find an invariant description of acyl chain packing, which allows
us to address the correspondence between changes in acyl length and changes in temperature. We present the functional
form of this scaling relationship, the conclusions that can be drawn from such a study, and how this invariance is
ultimately a step in determining the guiding principles of lipid organization in biological membranes.
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High resolution structure of a 2'-F/2'-OMe modified 42-nt dimeric siRNA
construct
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RNA interference is triggered by short RNA duplexes, which can be used for the silencing of virtually any gene.
Unfortunately, synthetic siRNAs consisting of solely standard nucleotides exhibit short half-life in serum due to the
activity of endo- and exonucleases. A fully modified duplex, which is comprised of alternating 2'-F and 2'-OMe
nucleotides exhibits several desirable pharmacokinetic properties, which results in a more than 500-fold increase in in
vitro potency versus unmodified siRNA (1). To gain some insight into the structural features, which result in the high
potency of the modified siRNA, we determined the 3D structure of the siRNA construct in solution.
Sufficient resolution of NMR signals was achieved on an 800 MHz NMR spectrometer which enabled sequential
assignment of a 14 kDa dimer without isotope labeling. Structure calculations utilized a set of H-F RDC values under
conditions of weak alignment achieved by Pf1 phages for all 21 2'-F modified nucleotides. The two 21-nt oligonucleotides
efficiently hybridize thus forming an A-type double helix with 3' UU overhangs on both strands. The helical segment is
completely complementary and exhibits 19 Watson-Crick base pairs. However, NMR data suggests that the stability of
individual base pairs is not uniform through the whole length of the construct. The last three base pairs display somewhat
different properties. Their imino protons are accessible to solvent exchange, which is an indication of base pair opening.
Stabilization of these base pairs is achieved through favourable stacking interactions. The labile base pairs suggest which
strand will serve as a guide strands and will thus control the incorporation of the siRNA duplex into the RISC complex.
References:
1. Allerson C. R., Sioufi N., Jarres R., Prakash T. P., Naik N., Berdeja A., Wanders L., Griffey R. H., Swayze E. E. and Bhat B., J. Med. Chem., 48, 901
– 904 (2005)
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Between high and low fields: DEER experiment on a nitroxide radical pair at Qband frequency
Yevhen Polyhach, Enrica Bordignon, René Tschaggelar and Gunnar Jeschke
Laboratory of Physical Chemistry,ETH Zürich, Wolfgang-Pauli-Str. 10,8093, Zürich, Switzerland (yevhen.polyhach@phys.chem.ethz.ch)

Measuring distance distributions between nitroxide radicals using Double Electron Electron Resonance (DEER)
experiment is one of the standard experimental methods in modern structural biology. Routinely, such measurements are
performed at low (standard) X-band frequencies (≈9.5 GHz). The reason for that is a favourable combination of the
relatively narrow EPR spectrum of nitroxide at these frequencies with the measurement conditions (microwave power and
resonator bandwidth) provided by commercial hardware. Thus, optimum excitation of the nitroxide spin pair is achieved,
and the distance measurements are typically performed on the overnight time scale at X-band. Additionally, orientation
selection effects in the spin-labelled proteins are negligible in most of the cases. At high fields, including and above Wband range (≥ 94 GHz), performance of the DEER experiment in both selective and non-selective regimes is still hindered
by the lack of power of commercial spectrometers.
Here, we analyse performance of the DEER experiment at intermediate microwave frequencies in the Q-band (≈34.5
GHz) range. To enhance experimental flexibility we used a home-built spectrometer together with a custom probehead
adapted for oversized samples. This allowed us to vary experimental conditions from the hard pulse excitation regime in
order to achieve ultimate sensitivity of the measurement to the soft excitation regime aiming at better observation of
orientation selection effects. Concentration sensitivity of the measurement is further improved by using 3-mm sample
tubes possible in the oversized resonator. Performance is tested for shape-persistent biradicals as well as spin-labelled
protein samples.
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Metabolic Studies of Bovine Urine and Blood Plasma using 1H and 13C-SSPF High
Resolution NMR after Treatment with Ivermectin
Matheus P. Postigoa,b, Ana Carolina de S. Chagasc, Márcia C. de S. Oliveirac and Luiz A. Colnagoa
a
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b
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Bovine Metabolomics represents a novel tool for inspecting meat and dairy products quality and helping to detect
animal diseases or disorders. In our studies, 24 Dutch Holstein female calves received intravenous Ivermectin 4% (dosage
of 1 mL/50 Kg), from which urine and blood plasma were analysed before (blank), and 3
and 6 hours after treatment. Samples were analysed by using 1H NMR PRESAT
sequence, and 13C SSFP (Steady-State Free Precession) sequence. The 13C SSFP
sequence leads to an average 3-fold increasing in the signal-to-noise ratio, when
compared to standard 13C sequences, avoiding the need for isotope labelling, and thus
representing a pioneer technique for metabolic analysis. Metabolites were identified by
using online databases, and chemometric studies were carried out to highlight the
variations in both urine and plasma samples (both 1H and 13C-SSPF spectra). Several
changes were observed in post-treatment samples, such as a considerable increasing in
1
H-NMR Urine Spectrum
concentration of aminoacids and histamine (what clearly denotes an allergic reaction)
and a decreasing of citrate levels. The information from these studies are the very first step for establishing a chemical
fingerprint for ivermectin misuse and/or the non-observance of the drug withdrawal term and consequent contamination
of milk and meat.
References:
1. Wishart D. S., et al., Nucleic Acids Res., 35, D521 – 6 (2007)
2. Lindon J. C., et al., An. Rev. Anal. Chem., 1, 45 – 69 (2008)
3. Lundberg P., et al., MDL - The Mag. Res. Metab. Database, ESMRMB, Basel, Switzerland (2005)
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Towards Understanding the Folding Mechanism of a Four-Helix-Protein, ACBP
the Cooperative Formation of Specific Tertiary Contacts in the Unfolded State
Susanne W. Bruun, Vytautas Iešmantavičius, Jens A. Danielsson and Flemming M. Poulsen
Department of Biology, University of Copenhagen,Ole MaaløesVej 5, DK-2200 Copenhagen, Denmark (fmp@bio.ku.dk)

In studies of the ensembles of unfolded structures of a four helix bundle protein ACBP –acyl coenzyme A binding
protein -we have detected the presence of potential precursors of native
tertiary structures. These observations were based on the perturbation of
NMR chemical shifts of the protein backbone atoms by single site
mutations. Some mutations change the chemical shifts of residues
remote from the site of mutation indicating the presence of an interaction
between the mutated and the remote residues. This suggests that the
formation of helix segments and helix-helix interactions is cooperative.
We can begin to track down the folding mechanism of this protein using
only experimental data by combining the information available for the
rate limiting structure formation during the folding process with
measurements of the site specific hydrogen bond formation in the burst
phase, and with the existence prior to the folding reaction of tertiary
structures in the ensemble of otherwise unfolded structures observed in
the present study. We envisage that the detection of long range
interactions in ensembles of unfolded proteins is not only restricted to ACBP. For many proteins it has been noticed that
after the unfolding transition residual structure prevails which disappears only upon increase of the denaturant
concentration as observed either by CD and/or NMR or other techniques. It is the ensemble of transient residual structure
in the unfolded state, which has been characterized in case of ACBP, however, it seems most likely that many other
unfolded proteins could be candidates for a similar study. The method is therefore seen to have a potential to become an
important experimental tool for the advancement of our understanding of the protein folding problem.

236

7.1 Biological Systems
__________________________________________________________________________________________________

P201

NMR in protein-ligand interaction studies
Alessandra Prando and Ljubica Tasic
Department of Organic Chemistry, State University of Campinas, Cidade Universitária "Zeferino Vaz", P.O. BOX 6154 Campinas, Brazil –
(alessandra@iqm.unicamp.br)

Studies related to intermolecular interactions especially among small ligands and macromolecular species are very
important in biochemistry once these regulate great number of biochemical and physiologic processes, in which the
complexes among macromolecule/ligands result in a biological feedback. These interactions can be followed by the STD
– (STD-Saturation Transfer Difference) NMR techniques, that use low
protein/ligand ratios (1:100). Herein, our investigations are
concentrated on orange’s Hsp90 (Heat Shock Protein of 90kDa),1
chaperone responsible for the protein folding, that’s probably involved
in the infection process by the Citric canker agent Xac (Xanthomonas
axonopodis pv. citri). It’s known that this chaperone may interact with
ATP, and this interaction was monitored by STD assays. We’ve also
investigated the interactions among the Human Heat Shock Protein
(Hsp100) and nucleotides, like ATP, ADP and ATPγS. The Hsp100
protein was used as a model for studying the interactions between
orange’s Hsp (Hsp90) and different drugs, including geldanamycin.
The STD NMR spectra obtained for the Hsp100 and the ligands showed very similar profiles, and therefore, the spectrum
obtained in Hsp100/ATPγS (shown on Figure) illustrates well all our measurements. Very interesting results were
obtained in Hsp90 and drugs investigations all pointed specific protein-ligand complexation with specific Kd values.
References:
1. Garavaglia B. S., Garofalo C. G., Orellano E. G. and Otaddo J., Eur. J. Plant Pathol., 123, 91 – 97 (2009)
Acknowledgments: FAPESP and CAPES.
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Structural Studies of the Light Driven Enzyme NADPH: Protochlorophyllide
Oxidoreductase
Andrew Proudfoot, C. Jeremy Craven, C. Neil Hunter and Mike P. Williamson
Department of Molecular Biology and Biotechnology, University of Sheffield, Sheffield, S10 2TN, UK (a.proudfoot@sheffield.ac.uk)

The light driven enzyme Protochlorophyllide Oxidoreductase (POR) is responsible for catalysing the reduction of the
C17 – C18 double bond of the D ring of protochlorophyllide (Pchlide), in the presence of NADPH, forming chlorophyllide
(Chlide).1 The reduction of Pchlide involves a light-induced hydride transfer reaction from the pro-S face of nicotinamide
adenine dinucleotide phosphate (NADPH), to the C17 position coupled to the addition of a proton to the C18 position
forming Chlide.2 The reaction catalysed by POR is a key step in chlorophyll biosynthesis and is essential in the
development of chloroplasts.3
Due to the large size of POR (37 kDa) work has been conducted to optimise the conditions used to conduct the NMR,
allowing all of the 322 signals to be resolved with sufficient intensity to confidently assign them. Chemical exchange
broadening means that the improvements in relaxation rates to be gained from perdeuteration are offset by the sensitivity
loses from the longer TROSY based pulse programmes. This coupled with the fact that spectra from this thermophilic
enzyme can be acquired at 50 ºC means that optimal spectra are obtained at 600 MHz using a double labelled sample.
References:
1. Heyes D. J. and Hunter C. N., Trends in Biochemical Sciences, 30, 642 – 49 (2005)
2. Townley H. E., et al., Proteins-Structure Function and Genetics, 44, 329 – 335 (2001)
3. Griffiths W. T., et al., FEBS Lett., 398, 235 – 238 (1996)
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Pulsed ENDOR Spectroscopy of the S2-State Multiline Signal of Photosystem II
Susanne Pudolleka, Christian Teutloffa, Matthias Broserb, Athina Zounib and Robert Bittla
a
b

Department of Physics, Free University Berlin, Arnimallee 14, 14195 Berlin, Germany, (susanne.pudollek@fu-berlin.de)
Department of Chemistry, Technical University Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany

The oxygen evolving complex (OEC) in photosystem II (PSII) is the catalytic core where water splitting and oxygen
evolution takes place. Water oxidation occurs during the five steps (S0-4) of the redox-cycle (Kok-cycle).1 The OEC
consists of four Mn ions and one Ca ion connected by several µ-oxo bridges.2 Due to radiation damage3 and resolution
limitations of the crystal structure4 the bridging ligands between the metal ions and the protein ligands of the cluster have
not been unequivocally identified yet. However, the knowledge of the electronic and geometric structure of the OEC as
well as its ligand surrounding is the foundation for a mechanistic understanding of the OEC catalysed water splitting.
EPR spectroscopy is well suited to gain information on the electronic structure and subsequently on the geometry of
radicals and paramagnetic centers. 55Mn-ENDOR spectroscopy can directly provide information on the hyperfine
couplings of the OEC. Here, we addressed two problems with this technique.
First, 55Mn-ENDOR spectroscopy was applied to the S2-state of the OEC in PSII single crystals. The analysis of the
recorded spectra will be presented, allowing a tentative assignment of the Mn ion in the OEC carrying the largest
hyperfine coupling, i. e. likely the oxidation state III, to two out of the four Mn positions in the structure.
The second question concerns the Ca ion in the OEC. Ca is a functional important part of the OEC as without Ca
activity is lost. The only known functional substitute for Ca2+ is Sr2+. To learn more about the role of Ca2+ we investigated
the effects of Sr-substitution for Ca on the electronic structure of the OEC in the S2-state by 55Mn-ENDOR at 34 GHz.
References:
1. Kok B., Forbush B. and McGloin M., Photochem. Photobiol., 11, 457 – 475 (1970)
2. McEvoy J. P. and Brudvig G. W., Chem. Rev., 106,4455 – 4483 (2006)
3. Yano J., Kern J., Irrgang K.-D., Latimer M. J., Bergmann U., Glatzel P., Pushkar Y., Biesiadka J., Loll B., Sauer K., Messinger J., Zouni A. and
Yachandra V. K., Proc. Natl. Acad. Sci. U.S.A., 102, 12047 –12052 (2005)
4. Guskov A., Kern J., Gabdulkhakov A., Broser M., Zouni A. and Saenger W., Nat. Struct. Mol. Biol., 16, 334 –342 (2009)
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Structural investigation of pro-apoptotic protein BNIP3
Yulia Pustovalovaa, Alexey Schulgab, Elena Tkachb and Mikhail Kirpichnikovb
a
Laboratory of biomolecular NMR spectroscopy, Shemyakin-Ovchinnikov Institute of bioorganic chemistry RAS, Mikluho-Maklaya str., 16/10, 117997,
Moscow, Russian Federation, (jul@nmr.ru)
b
Laboratory of protein engineering, Shemyakin-Ovchinnikov Institute of bioorganic chemistry RAS, Mikluho-Maklaya str., 16/10, 117997, Moscow,
Russian Federation

Mitochondrial pro-apoptotic protein BNIP3 belongs to BH3-only subfamily of BCL-2 family. Cell death mediated by
BNIP3 is independent of cytochrome c release and shows several characteristics of necrosis. BNIP3 plays important role
in hypoxic cell death of normal and malignant cells. BNIP3 inserts into outer mitochondrial membrane by C-terminal
transmembrane domain that is crucial for pro-apoptotic activity, mitochondrial localization, and homodimerization of the
protein. BNIP3 unlike the other members of BH3-only subfamily does not require BH3 domain for its pro-apoptotic
activity, whereas the its N-terminal region can be involved in interaction with BCL-2 family proteins. The deep analysis
of BNIP3 activity is problematic without availability of raw material, containing this protein in big quantities. The BNIP3
gene was expressed in Escherichia coli directly or as fusion to 3′-end of SUMO or Mistic genes. The highest expression
level was observed in the case of the SUMO fusion – more than 100 mg/L in rich autoinduction medium. The fusion
protein contains two affinity tags – sequence of six histidins on N-terminus of SUMO and Streptag II on C-terminus of
BNIP3 for efficient purification. Several milligrams of 15N-labeled recombinant BNIP3 was isolated. The protein was
solubilized in aqueous solution of DPC micelles and investigated by solution NMR spectroscopy. Acquired spectra
represent dispersion of chemical shifts suited for predominantly alpha-helical protein that was confirmed by CD spectra.
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The dynamic hydrogen bonding network in the distal pocket of the nitrosyl
complex of Pseudomonas aeruginosa cd1 nitrite reductase
Marina Radoula, Dmytro Bykovb, Serena Rinaldoc, Francesca Cutruzzolàc, Frank Neeseb and Daniella
Goldfarba
a

Department of Chemical Physics, Weizmann Institute of Science, 76100, Rehovot, Israel (marina.radoul@weizmann.ac.il)
Institute for Physical and Theoretical Chemistry, University of Bonn, Wegelerstr 12, Bonn - 53115, Germany
c
Dipartimento di Scienze Biochimiche, "A. Rossi Fanelli" Università di Roma "La Sapienza", Rome, Italy
b

P. aeruginosa cd1 NiR contains a d1-heme cofactor, found only in this class of enzymes, where the reduction of nitrite
to NO occurs. The unique d1-heme structure is possibly responsible for the fast NO dissociation rate from the ferrous
form, not observed in standard b-type hemes.1 The location of Tyr10, His327 and His369 in the distal pocket, and the
formation of H-bonds between these residues and the substrate (NO2-) and the product (NO) are strategic factors in
catalysis. In this work we have demonstrated the value of high field ENDOR combined with DFT calculations2 for the
characterization of H-bonds and highlighted the major role of DFT in assigning and interpreting of ENDOR spectra. We
have shown that the NO in the d1-heme-NO complex of cd1 NiR forms H-bonds with Tyr10 and His369 and by this
stabilizes the NO complex. The second conserved histidine, His327, appears to be less involved in NO stabilization by Hbonding. We have also observed a larger solvent accessibility to the distal pocket in the mutants compared to the WT. It is
clear from this work that the H-bonding network within the active site is dynamic and that a change in one of the residues
does affect the strength and position of the H-bonds formed by the other ones. In the Y10F mutant His369 moves closer to
the NO and its hydrogen bond is shorter, whereas mutation of both distal histidines displaces Tyr10 removing its H-bond.
References:
1. Rinaldo S., Arcovito A., Brunori M. and Cutruzzolà F., J Biol Chem., 282, 14761 – 14767 (2007)
2. Radoul M., Sundararajan M., Potapov A., Riplinger C., Neese F. and Goldfarb D., Phys Chem Chem Phys, 12, 7276 – 7289 (2010)
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A Metalobonomic Study of Fatty Acids Influence in Hepatic Cell Growth
Gabriel Rata, Toke Hansen, Lone Hansen, Jan J. Enghild, Anders Malmedal and Niels Chr. Nielsen
Center for Insoluble Protein Structures (inSPIN) and The Interdisciplinary Nanoscience Center (iNANO), Aarhus University, Langelandsgade 140 8000
Århus C, Denmark (rata@chem.au.dk)

In the recent years a big interest has been shown in the food science, with a particular interest in fatty acids. There is a
very heated debate about the role of fatty acids in human nutrition, but the data is mostly empirical and subjective and no
clear explanation of metabolic processes involved is given. To cast light on these issues we have studied the influence of
different fatty acids on the metabolism of hepatic cells by analyzing their excreted metabolites. Liver cells grown in
HepG2 growth medium enriched with small quantities of elaidic, oleic and stearic acid have been investigated by 1D
NMR spectra of the medium. Based on the spectral regions that mostly show signals from excreted metabolites we can
differentiate between cells grown in different cell growth media. Lactic acid is the metabolite that changes most between
the four classes of growth medium. A difference in glucose levels is also observed. The difference between glucose levels
and the changes in lactic acid show the influence of the fatty acids in metabolic processes.
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Interaction between amyloid beta peptide and an aggregation blocker IAPP
mimicking peptide: Importance of histidine residues
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b
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Amyloid beta peptide assembly into cytotoxic oligomeric and fibrillar aggregates is widely believed to be a main
pathologic event in Alzheimer's disease (AD). Interfering with aggregation of Abeta is a major target in currently
developing therapeutic strategies. Prior studies have shown that the double N-methylated analog of islet amyloid
polypeptide (IAPP) IAPP-GI, which is a conformationally constrained IAPP analog mimicking non-amyloidogenic IAPP,
is capable of blocking cytotoxic self-assembly of Abeta.1 In contrast to native IAPP, IAPP-GI is soluble, nonamyloidogenic, and lacks, due to methylation of specific amide bond nitrogens, the ability to propagate the hydrogenbond network of inter-molecular beta sheets. Here we investigate the interaction of IAPP-GI with Abeta40 using NMR
spectroscopy. Chemical shift perturbation analysis after titration of Abeta40 with IAPP-GI showed fast-exchange of
Abeta40 between bound and free forms, with the most significant perturbation observed around residues 11-20. In
addition, water-amide proton exchange rates were lower for residues 15-20 and 28-38, suggesting that these residues are
less accessible to chemical exchange with solvent in the bound form of Abeta40. In conclusion our data indicate that
Abeta interacts with IAPP-GI predominantly in the two regions of the sequence which are converted into β-strands in
amyloid fibrils, with the histidine residues at position 13 and 14 probably playing an important role in mediating
intermolecular interactions.
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Detecting the transition from normal to malignant phenotype in the brain of rats
bearing implanted C6 gliomas by multinuclear HR MAS and genomic analysis
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We report a 1H and 13C HR-MAS NMR study of normal and diseased brain regions of rats bearing C6 gliomas
implanted. The detection of selectively enriched metabolites through ex vivo HR-MAS spectroscopy and the correlations
with the expression of the genes involved in the glycolytic metabolism are the aims of this work. C6 gliomas were
induced in rats and tumour growth was evaluated in vivo using T1 and
T2 weighted MRI. Three weeks after C6 implantation, rats were
infused with [1-13C] glucose and then cerebral metabolism was
arrested. The fixed brain was removed from the skull and five biopsies
were taken from different brain regions. The 1H spectra show the
increase in Lac and mobile lipids in the tumour biopsies (regions 3 and
4, fig. 1) and the 13C spectra present a significant increase of (3-13C)
Lac and decrease of (4-13C) Glu and (4-13C) Gln, revealing a marked
increase in glycolytic metabolism in the tumour (fig. 2). Then, we
investigated the individual expression of specific genes coding for
Figure 2. Representative 13C ex vivo
Figure 1. Representative CPMG
enzymes involved in the glycolytic pathway, to improve our
ex vivo 1H HR-MAS (TE:144ms)
HR-MAS spectra.
spectra.
understanding of the genetic basis of the metabolic profile observed by
13
C HR-MAS.
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Analysis of the interaction of UIM domain STAM2 with Ubiquitin by NMR
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STAM2 is a human protein of the STAM (signal transducing adaptator molecule)
family, involved in numerous cellular pathways as signal transduction, T-Cell development,
lysosomal pathway,1 as well as in the cell sorting ubiquitinated cargo. The cell sorting is
possible because STAM2 contains two Ubiquitin Binding Domains (UBDs): modular
protein domains that non-covalently bind to Ubiquitin, or ubiquitinated cargo, called: VHS
and UIM (see Figure1).
Our NMR study focuses on the dynamical and structural characterization of the UIM
domain in interaction with Ubiquitin. Two methods will be used: chemical shift
perturbation (CSP) and spin relaxation. The CSP experiments on uniformly labeled 15N
UIM domain allowed us to map the interaction surface of UIM domain with Ubiquitin and to determine the dissociation
constant (KD) in presence of Ubiquitin. The same study has been done with labeled Ubiquitin in interaction with UIM. We
observed that UIM domain, an amphiphilic helix, interacts on the hydrophobic patch of Ubiquitin. The spin relaxation
data on UIM alone and UIM in interaction with Ubiquitin, indicates that UIM domain of STAM2 interacts with one
Ubiquitin molecule.
References:
1. Ren X., et al, Structure, 17, 406 – 416 (2009)
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Direct evidence of coexistence of horseshoe and extended helix conformations of
membrane bound Alpha-Synuclein
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c
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α-Synuclein (αS) is a 140 residue protein abundantly present in Lewy bodies characteristic of Parkinson disease.
Although the exact function of αS has yet to be determined, membrane binding has been suggested to be important for its
physiological role. While αS is natively unfolded in solution, upon binding to
membranes it adopts an amphipathic, α-helical structure involving residues 1-100.
There is ongoing debate about the physiologically relevant conformation of
membrane-bound αS with some reports favouring a horseshoe, others an extended
helix structure.1-4 Experimental data obtained by site-directed spin labelling in
combination with pulsed electron paramagnetic resonance provide compelling
evidence of the coexistence of the horseshoe structure and an extended helix of αS
bound to a membrane surface, and potentially resolve the debate on the structure of
membrane-bound αS.
References:
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2. Jao C., Hedge B., Chen J., Haworth J. and Langen R., Proc. Natl. Acad. Sci. U.S.A., 105, 19666 – 19671 (2008)
3. Bussel R., Ramlall T. F. and Eliezer D., Protein Sci., 14, 862 – 872 (2005)
4. Georgieva E. R., Ramlall T. F., Borbat P. P., Freed J. H. and Eliezer D., J. Am. Chem. Soc., 130, 12856 (2008)
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Metabolic profiling of lung tumour tissues by High Resolution Magic Angle
Spinning (HRMAS) NMR-metabonomics
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c
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This work aims to evaluate the potential of NMR-metabonomics for discriminating between tumour and non-involved
(control) pulmonary tissue as well as between different histological types. Paired tissue samples from 24 patients with
primary lung cancer were directly analysed by 1H HRMAS NMR (500 MHz) and the spectral profiles subjected to
multivariate analysis, namely Principal Component Analysis (PCA) and Partial Least Squares Regression Discriminant
Analysis (PLS-DA). Tumor and control tissues were clearly discriminated in the PLS-DA model with 95% sensitivity and
100% specificity. In agreement with previous work,1 the metabolites giving rise to this separation were mainly lactate,
glycerophosphocholine, phosphocholine, taurine, glutathione and uridine di/tri-phosphate (elevated in tumours), and
glucose, phosphoethanolamine, acetate, lysine, methionine, glycine, myo- and scyllo-inositol (reduced in tumours
compared to control tissues). Furthermore, PLS-DA of a sub-set of tumour samples allowed carcinoid tumours to be
discriminated from adenocarcinomas and epidermoid carcinomas and suggested a trend for the metabolic differentiation
between these latter classes.1H HRMAS NMR was found to be suitable, in tandem with multivariate analysis, for
characterizing the tumours both in terms of malignancy biomarkers and in respect to different histological types,
suggesting that the metabolic profile may aid in the differential diagnosis of lung cancer.
References:
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L. and Duarte I. F., J Proteome Res, 9, 319 – 332 (2010)
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Nuclear Magnetic Resonance applied in Adenosine Kinase inhibition
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The Adenosine Kinase (AK) is an important enzyme related to many important metabolic routes. The AK has two
ligand sites; one is to ATP and the other to adenosine (ADO). Inhibitors of adenosine kinase elevate adenosine to levels
that activate nearby adenosine receptors and produce a wide variety of therapeutically beneficial activities. For this
reason, the investigations and development of compounds that can inhibit the AK are of great importance. The Nuclear
Magnetic Resonance is a technique with great ability to characterize potential inhibitors, especially by 1H-NMR, 13CNMR and 2D techniques, like HSQC, gHMBC, gCOSY, and also to evaluate the interactions among inhibitors/AK, by
the utilization of STD (Saturation Transfer Difference, 1D and 2D) experiments. Different pharmacophore groups have
been studied, but the 4-anilinoquinazolines are a class of compounds with special importance in this area. The 4anilinoquinzolines mimic AK’s natural substrates, and as our in silico studies have demonstrated, great affinities in
binding to AK. The target compounds were obtained by three steps synthesis1 with slight modifications in comparison to
literature and two additional purification procedures; and characterized principally by NMR. For this purpose the
compounds were solubilized in DMSO-d6 and analyzed by INOVA Varian 500 MHz spectrometer. Our interaction studies
were based on standard 1D and 2D STD-NMR procedures using 1:100 molar ratio between AK (cloned, expressed and
purified by us), this enzyme substrates (ADO and ATPγS) and synthetized compounds. Our results showed that two of
series of 30 inhibitors have strong interactions with AK, and hopefully, upon isotopic labeling of AK (pET28a-SUMOAdk) further NMR investigations will indicate its binding site for 4-anilinoquinazoline inhibitors.
References:
1. Rocco S. A., Barbarini J. E. and Rittner R., Synthesis, 3, 429 – 435, 2004
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NMR – Derived Solution Structure and Calcium binding properties of partially
folded EhCaM: a calmodulin like protein from Entamoeba histolytica
Ashok K. Routa, Narendra Padhanb, Ravi P. Barnwala, Alok K. Bhattacharyab and Kandala V. R.
Charya
a
b

Department of Chemical Sciences, Tata Institute of Fundamental Research, Mumbai-400005, India,(ashokr08@gmail.com)
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The calcium binding proteins from Entamoeba histolytica belong to a superfamily of EF-hand proteins and play a vital
role in the pathogenesis of this parasite, through various Ca2+-signaling pathways. It has been identified to have 27 CaBPs
in the genome of E. histolytica and one of them identified as EhCaM. This EhCaM is thought to be a calmodulin (CaM)
like protein, from sequence homology studies. The presence of EhCaM in addition to other EhCaBPs, in the eukaryote E.
histolytica is still under debate, though there is some biological evidence for the presence of CaM like proteins in this
parasite. Further the immuno-fluorescence data suggests the localization of EhCaM in both cytoplasm and nucleus unlike
other CaBPs.
In an attempt to understand the structural and functional similarity of EhCaM with CaM, the 3D high-resolution
solution structure of EhCaM has been determined using NMR. NMR-derived structure of EhCaM revealed that, the
protein is predominantly α-helical in conformation and possess converged N-terminal domain with the lowest RMSD (0.7
Å). On the other hand we noticed that the structure of its C-terminal domain could not be conserved revealing the EhCaM
is partially folded. HSQC based NMR and ITC experiments showed that EhCaM sequentially binds two Ca2+ with a
moderate affinity, both the binding sites are present in its N-terminal domain and no Ca2+-binds to its C-terminal domain
due to extensive mutations at the conserved Ca2+-binding loops during the process of evolution. The structural features are
further discussed in light of the 15N-relaxation data.
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Interaction of STAT6783-814 with NCoA1 PAS-B domain: elucidating the structural
features of the complex by NMR
Luigi Russoa, Sandra Meesea, Karin Gillera, Edith Pfitznerb, Christian Griesingera and Stefan Beckera
a
Department for NMR based Structural Biology, Max Planck Institute for Biophysical Chemistry, Am Fassberg 11, 37077 Göttingen, Germany
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Signal transducer and activator of transcription 6 (STAT6) regulates transcriptional activation in response to
interleukin-4 (IL-4)-induced tyrosine phosphorylation by direct interaction with coactivators, an event which plays a very
crucial role in several biologically important processes, including the activation of genes involved in immune and antiinflammatory responses.1 The CREB-binding protein and the nuclear coactivator 1 (NCoA1) bind independently to
specific regions of STAT6 and act as coactivators. STAT6-NCoA1 interaction is mediated by a short region of the STAT6
transactivation domain that includes the motif LXXLL.2 The crystal structure of STAT6 derived peptide (Leu794-Gly814) in
complex with NCoA1 PAS-B domain257-385 revealed that the leucine side-chains of the motif, are deeply embedded into
the hydrophobic groove of the NCoA1 surface.3 Recently, it has been demonstrated by a fluorescence polarization binding
assay that additional residues (Leu794, Pro797, Thr798), flanking the LXXLL motif in STAT6, may play an important role in
stabilizing the protein binding to NCoA1.4 In spite of this wealth of knowledge, the details of this strenghtened interaction
are still poorly understood. In the current study, we have undertaken the structural characterization by NMR of STAT6783814
-NCoA1 PAS-B domain complex to address the interaction mechanism in a more detailed level. The initial analysis of
NMR data, including chemical shift mapping, mobility analysis and water amide proton exchange rates suggests that the
interaction is stabilized by an extended region of STAT6. Upon completion of structural calculation, analysis of the three
dimensional structure of the complex will shed further light on the structural rearrangements that characterize this proteinprotein interaction.
References:
1. Bruns H. A. and Kaplan M. H., Crit. Rev. Oncol. Hematol., 57, 245 – 253 (2006)
2. Litterst C. M. and Pfitzner E., J.Biol.Chem., 277, 36052-36060 (2002)
3. Razeto A., Ramakrishnan V., Litterst C. M., Giller K., Griesinger C., Carlomagno T., Lakomek N., Heimburg T., Lodrini M., Pfitzner E. and Becker
S., J.Mol.Biol., 336, 319 – 329 (2004)
4. Seitz M., Maillard L. T., Obrecht D. and Robinson J. A., ChemBioChem, 9, 1 – 6 (2008)

243

7. Posters
__________________________________________________________________________________________________

P215

Correlated Motion in the Protein Core: Implications for Protein Recognition
T. Michael Sabo, Korvin F. A. Walter, Karin Giller, Stefan Becker, Donghan Lee and Christian
Griesinger
Department of NMR-based Structural Biology, Max Planck Institute for Biophysical Chemistry, Am Faßberg 11, 37077 Göttingen, Germany
(misa@nmr.mpibpc.mpg.de)

The residual dipolar coupling (RDC) derived ubiquitin ensemble1 covering a previously inaccessible supra-τc window
between a few ns and 50 μs, provides evidence for molecular recognition governed by conformational selection. The
ensemble also predicts a high amount of long-range correlated motion within a protein. This correlated motion is
necessary to overcome the high entropic barrier imposed from a combinational standpoint, due to the probability of
finding all residues simultaneously in the proper configuration for successful molecular recognition. The long-range
correlated motion occurring in the supra-τc window can be studied by cross-correlated relaxation (CCR) rate
measurements,2-6 which cover the same time scale. However, observation of the long-range correlated motion has been
hindered by the lack of experimental methodology. Here, we present a novel method to detect the long-range correlated
motions using CCR between the methyl groups in the protein core. These results have implications not only for protein
recognition, but may provide a method for following the trajectory of protein folding in regard to long-range correlated
motions within the protein’s core.
References:
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2. Reif B., Hennig M. and Griesinger C., Science, 276, 1230 – 1233 (1997)
3. Felli I. C., Richter C., Griesinger C. and Schwalbe H., J. Am. Chem. Soc., 121, 1956 – 1957 (1999)
4. Pelupessy P., Ravindranathan S. and Bodenhausen G., J. Biomol. NMR, 25, 265 – 280 (2003)
5. Vögeli B. and Yao L., J. Am. Chem. Soc., 131, 3668 – 3678 (2009)
6. Reif B., Diener A., Hennig M., Maurer M. and Griesinger C., J. Magn. Reson., 143, 45 – 68 (2000)
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Linking function to dynamics in globular and unstructured proteins using NMR
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A detailed understanding of the biological function of macromolecules requires both knowledge of their 3D structure
and their time-dependent fluctuations. Methods to determine the structure of proteins and
nucleic acids are now well established and the static representations that they provide have
contributed much to our understanding of protein stability and biological function. The
determination of the structural fluctuations at atomic resolution is, by contrast, still in its
infancy, particularly for motions taking place at biologically relevant time scales. Recently,
however, newly developed methodologies that exploit the information contained in residual
dipolar couplings (RDCs) have provided key insights into the link between the dynamics of
macromolecules and their function. In this communication we will present the determination of
native ensembles for globular and disordered proteins that explicitly represent their structural
heterogeneity in the sub-ms time scale. The detailed descriptions of macromolecular dynamics
that we have obtained have allowed us to characterize the transfer of structural information
across a surface patch in ubiquitin involved in molecular recognition by the proteins that regulate protein degradation and
the native residual contacts in chemically denatured ubiquitin that initiate the folding of this protein1
References:
1. Esteban-Martín S., Fenwick R. B. and Salvatella X., J. Am. Chem. Soc., 132, 4626 – 4632 (2010)
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Atom By Atom Analysis Of The Ultrafast Folding α+β Protein GPW
Lorenzo Sborgi, Abhinav Verma, Eva De Alba and Victor Muñoz
Centro de Investigaciones Biologicas, Consejo Superior de Investigationes Cientificas (CSIC), Madrid, 28040, Spain (losborgi@cib.csic.es)

In contrast to the conventional view, in which single-domain proteins fold according to a two-state model with a large
free energy barrier and no transient accumulation of intermediates, theory predicts the possibility of barrierless (downhill)
protein folding.1 Downhill protein folding is exciting from an experimental viewpoint because under these conditions it
becomes possible to investigate the folding process at a full atomic level in equilibrium experiments using NMR
methods.2 This idea has been recently demonstrated experimentally in the small ultra-fast folding protein BBL.3
Here we extend this approach to gpW, another ultra-fast folding protein that appear to cross a marginal folding barrier
according to a variety of equilibrium and kinetic tests.4 gpW is a larger protein (62 aminoacids) with an α/β folding
topology. The main goal of this analysis is to determine whether folding over marginal barriers is also accessible to the
atom by atom equilibrium analysis of protein folding, thus extending its applicability to a wide range of proteins that fold
in the sub-millisecond timescale. Particularly, we have followed the equilibrium thermal unfolding of GPW using
multidimensional NMR to monitor the changes in 15N, 13C and 1H chemical shifts in the 273-371 K temperature range.
Our results confirm the presence of unfolding heterogeneity at the atomic level and enable a microscopic interpretation of
structural events during the folding of GPW. Performing a residue pairwise comparison of atomic unfolding behaviors as
described before,3 we obtain a map of the critical network of interactions stabilizing GPW in its native structure that
provides critical insights into the structural determinants and mechanism of folding in this protein.
References:
1. Bryngelson J. D., Onuchic J. N., Socci N. D.and Wolynes P. G., Proteins, 21, 167 – 95 (1995)
2. Garcia-Mira M. M., Sadqi M., Fischer N., Sanchez-Ruiz J. M. and Muñoz V., Science, 298, 2191 – 5 (2002)
3. Sadqi M., Fushman D. and Munoz V., Nature, 442, 317 – 321 (2006)
4. Fung A., Li P., Godoy-Ruiz R., Sanchez-Ruiz J. M. and Munoz V., J. Am. Chem. Soc., 130, 7489 – 7495 (2008)
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NMR-based structural investigations of a minimalistic neomycin sensing
riboswitch in complex with different aminoglycosids
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a
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Center of Biomolecular Magnetic Resonance (BMRZ), Johann-Wolfgang-Goethe-University, Max-von-Laue Str. 9, 60438 Frankfurt/Main, Germany
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The 27nt engineered neomycin sensing riboswitch (N1) is the smallest functional riboswitch
identified so far.1 N1 represses gene expression upon binding of the aminoglycoside antibiotics
neomycin B and ribostamycin. The NMR structure of the N1-ribostamycin-complex has already
been solved and ligand binding was found to occur according to a conformational capture
mechanism.2 While the very closely related compounds paromomycin and tobramycin also bind
to N1 with high affinity they are not able to inhibit gene expression in vivo. We used high
resolution NMR structural studies to delineate structural differences of N1 in complex with
regulatory active and inactive aminoglycosides (tobramycin and paromomacin) in order to
identify the structural basis for the differences in their regulatory activities. These investigations
will contribute to understanding the relationships between ligand binding and regulatory activity
in vivo.
References:
1. Weigand J. E., Sanchez M., Gunnesch E. B., Zeiher S., Schroeder R. and Suess B., RNA, 14, 89 – 97 (2008)
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The HIV-1 gp120 Interaction with Nt-CCR5 – New Insights from NMR
Einat Schnura, Tali Scherfa, Fred Naiderb and Jacob Anglistera
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b

Human immunodeficiency virus type 1 (HIV-1) is the retrovirus that causes the acquired immunodeficiency syndrome
(AIDS). HIV infection in humans is a pandemic affecting millions of people around the world. HIV-1entry into target
cells is mediated by the successive interaction of the viral envelope glycoprotein gp120 with the cellular receptor CD4 and
with a G protein-coupled chemokine co-receptor, mainly CCR5 or CXCR4. Interaction of CCR5 with the HIV-1 gp120CD4 complex involves the amino-terminal domain of the CCR5 receptor (Nt-CCR5) and requires posttranslational
sulfation of its tyrosine residues.
We studied a 27-residue peptide corresponding in sequence to Nt-CCR5 (residues 1-27) and containing two sulfated
tyrosine residues at positions Y10, Y14, in complex with a truncated, homogenously glycosilated, gp120 JR-FL (residues
88-492, ΔV1, ΔV2) and a CD4-mimic miniprotein. T1-rho-filtered NOE experiments revealed evidence for a helical
conformation in the center of the peptide, induced upon gp120 binding. Saturation Transfer Difference (STD) experiments
allowed identification of the Nt-CCR5 residues that participate in gp120 binding and highlight the importance of the
sulfated tyrosine residues.
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GABARAP directly interacts with Bcl-2: Structural basis of an interaction at the
interface between autophagy and apoptosis
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The cross talk between apoptosis and autophagy plays an essential role in the regulation of tumorigenesis and
development. One of the most prominent regulators of apoptosis is the anti-apoptotic protein Bcl-2 (B-cell lymphoma 2),
which is also able to inhibit autophagy, depending on its localization. Thus, Bcl-2 is one of the nodes connecting
apoptosis and autophagy. The present work identifies GABARAP as a direct ligand of Bcl-2. Using NMR spectroscopy,
information about the binding surfaces of both proteins were obtained. Based on these data, an atomic model of the
complex was generated using HADDOCK. This model reveals that the N-terminal region of the BH4 domain of Bcl-2 is
anchored to a prominent hydrophobic pocket of GABARAP.1,2 In addition, the interaction was verified by coimmunoprecipitation and pulldown assays. Functional studies showed, that over-expression of Bcl-2 inhibited the
lipidation of GABARAP, a key step in autophagosome formation. These results support and further define the regulatory
role of Bcl-2 in autophagy.
References:
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Dynamics of multi-domains proteins seen by NMR: the di-ubiquitin model
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While recent progresses1 have been made in understanding intra-domain conformational fluctuations, the evaluation of
the relative motions of individual domains of multidomains proteins is still a challenge. We use monomers of ubiquitin, a
76-residues protein, linked by isopeptide bonds between Lys48 and the C-terminal residue Gly76 as a model to assess
new methodologies. It has been proposed that this dimer is in equilibrium between a ‘closed’ state and an ‘open’ state,
where the hydrophobic surfaces of the two monomers are, respectively, in direct interaction or not.2 The thermodynamic
and kinetic parameters of this equilibrium are not yet fully understood. We would like to address here this issue on the
basis of our studies by NMR spectroscopy.
We conjugated 15N-labelled ubiquitin monomers, by enzymatic reaction, to obtain two types of dimers. One is a
‘linear’ dimer, which contains one isopeptide bond, and the other is a ‘cyclic’ dimer, with two identical isopeptide bonds
between the monomers. 1H-15N HSQC spectra suggest that the mono-ubiquitin and the ‘cyclic’ di-ubiquitin might be,
respectively, good models for the “open” and the ‘closed’ states. We characterized the ‘cyclic’ dimer structure to confirm
its potential as a model for the ‘closed’ state. The 1H-15N HSQC spectra revealed the symmetric structure of the ‘cyclic’
dimer. Consequently, by using RDC data, we could obtain an ensemble of possible structures for comparison with
structures of the ‘closed’ conformation. We also used relaxation data to evaluate the dynamics of the various
conformations.
Thus, the usage of cyclic dimer has been a tremendous advantage. It allowed us to make the first steps toward an
accurate evaluation of the thermodynamic and kinetic parameters of the ‘open / close’ equilibrium.
References:
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Lipid-Protein Nanodiscs in High-Resolution NMR Studies of Integral Membrane
Proteins and Membrane Active Peptides
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Lipid-protein nanodiscs (LPNs) represent a fragment of lipid bilayer (~160 lipid molecules) stabilized by a dimer of
human apolipoprotein A1. These particles have discoid shape with characteristic dimensions 10x4 nm. The applicability
of LPN based membrane mimetics in high-resolution NMR investigations of membrane proteins and membrane-active
peptides was studied using bacterial K+ channel KcsA, isolated voltage-sensing domain of the K+ channel KvAP (VSD)
and antibiotic antiamoebin I (Aam-I). The complexes of KcsA with LPN/DMPC, of VSD with LPNs containing DMPC,
DMPG, and POPC/DOPG, and of Aam-I with LPNs based on DOPG, DLPC, DMPC, POPC and DLPC/DLPG lipids
were formed. The hydrodynamic properties and stoichiometry of obtained complexes were studied using gel-filtration,
31
P-NMR spectroscopy, 15N-CSA/dipolar cross correlation and translational diffusion measurements. The complexes
demonstrate isotropic motion on the NMR time scale with effective rotational correlation times of ~ 50 ns at 45°C. The
2D 1H-15N-spectra of these proteins recorded in the LPNs environment demonstrated similar signal dispersion but
significantly increased line-width as compared to spectra in detergent micelles and bicelles commonly used in NMR
spectroscopy. The observed 1HN line-width was about 50-80 Hz for membrane-associated fragments of the molecules and
about 20-30 Hz for mobile solvent-exposed domains. The spectra of VSD and Aam-I embedded into LPNs containing
pure PC lipids showed an additional selective line broadening, thus suggesting μs-ms exchange processes within
incorporated proteins. On the example of VSD it was shown that LPNs can be used as a reference medium in NMR
screening of conventional detergent media for studies of integral membrane proteins. The high-quality TROSY spectra
obtained for VSD and Aam-I in the complexes with LPNs containing PG lipids suggest the feasibility of direct structural
studies of integral membrane proteins and membrane active peptides incorporated into the bilayer of LPN particles.
Acknowledgments: This work was supported by Russian Foundation for Basic Research, Grant from the President of Russian Federation and by Federal
Target Program “Scientific and Science-Educational Personnel of Innovative Russia”.
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Structure and Function of the E. coli Rhomboid Protease N-terminal Cytoplasmic
Domain
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Rhomboids are unique membrane proteins that use a serine protease mechanism to cleave their transmembrane
substrate within the lipid bilayer. The proteolytic activity responsible for these functions is achieved by a core domain
comprised of 6 transmembrane (TM) segments. In addition to the core domain, many rhomboids also possess aqueous
domains of varying sizes at the N- and/or C-termini, the sequences of which tend to be rhomboid-type specific. The
functional role of these domains is generally not well understood; however, we previously uncovered an interaction
between the cytoplasmic domain and the catalytic core domain when the bacterial rhomboid protease activity was the
highest.1 To investigate this interaction in greater detail, the E. coli rhomboid (GlpG) was chosen based on the availability
of X-ray crystal stuctures2-4 for its core domain. Solution NMR was used to solve the structure of the isolated N-terminal
cytoplasmic domain, which is now being used to identify residues that may be involved in domain interactions.
References:
1. Sherratt A. R., Braganza M. V., Nguyen E., Ducat T. and Goto N. K., Biochim Biophys Acta, 1788, 2444 – 53 (2009)
2. Wang Y., Zhang Y. and Ha Y., Nature, 444, 179 – 80 (2006)
3. Wu Z., Yan N., Feng L., Oberstein A., Yan H., Baker R. P., Gu L., Jeffrey P. D., Urban S. and Shi Y., Nat Struct Mol Biol, 13, 1084 – 91 (2006)
4. Ben-Shem A., Fass D. and Bibi E., Proc Natl Acad Sci U.S.A., 104, 462 – 466 (2007)

__________________________________________________________________________________________________

P224

NMR Characterization of the 13C Enriched Cholesterol Biosynthesized by Yeast
Rupali Shivapurkara, Mohammadali
Foroozandeha, Cleiton M. de Souzab, Howard
Riezmanb and Damien Jeannerata
a

Department of Organic Chemistry, University of Geneva, 30 Quai
Ernest Ansermet, 1211, Geneva 4, Switzerland
(Rupali.shivapurkar@unige.ch)
b
Department of Biochemistry, University of Geneva, 30 Quai Ernest
Ansermet, 1211, Geneva 4, Switzerland

Cholesterol is a very important lipid in all eukaryotes.
It has attracted a lot of attention because of its
involvement in cardiovascular diseases and because it has been suggested to play an important role in formation of
membrane microdomains. Until now, only very limited and expansive sources of labelled cholesterol were available.
Previously, we engineered a Saccharomyces cerevisiae strain that was capable of synthesizing cholesterol.1 We present
the first efficient biosynthesis and purification of 13C-enriched cholesterol using an improved, stable strain of yeast that
produces almost exclusively cholesterol. We produced uniformly labelled cholesterol 1 with up to about 95% enrichment.
The source of carbon being glucose we could take advantage of the availability of (1-13C, 99%) and (2-13C, 99%) to
selectively favor the enrichment of the metabolitic intermediate AcCoA at the CH3 or CO positions, which should result
to the isotopomers 2 and 3 respectively. These enriched compounds should find many applications in biology.
References:
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Phosphorylation in the Proline-rich region of the neuronal Tau protein induces a
change of conformation
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The Tau protein has generated a lot of interest due to its potential causative involvement in the Alzheimer’s Disease
(AD) pathogenesis and other neurodegenerative diseases. Tau is indeed a neuronal Microtubule Associated Protein
(MAP), which has a central role in both physiological (neurone cytoskeletal stabilisation) and pathological (aggregation in
Alzheimer disease) processes. Knowing that the neuronal phosphoprotein Tau protein has 40 potential sites of
phosphorylation and that it regulates its interaction with microtubules and its aggregation, it is therefore, fundamental to
pursue the challenge to understand functional and structural molecular aspects of phospho-Tau’s.
Although Tau is described as a globally disordered protein when isolated in solution, previous work using high
resolution NMR has shown that local transient structures and global dynamic folding can be characterized, that could be
important for its function. These transient conformations could reflect a possible ordered structure once Tau is bound to
the microtubules or aggregated. However, little is known about the impact of phosphorylation on these characteristics. We
here decided to characterize the conformational changes that are induced by phosphorylations in the regulatory Pro-rich
region of Tau. To do so, we have chosen a Tau Fragment to avoid too much overlap in the spectrum but that still remains
functional, thanks to the repeats R1 to R3, and contains the Pro-rich domain. This Tau Fragment was fully phosphorylated
on the T231 and Ser235 residues by a CDK/cyclin kinase, reconstituting the AT180 epitope found in AD brain or on the
S214 site by cAMP-dependent Protein Kinase A kinase. We present here our data on the first structural characterization of
a phospho-Tau protein based on the chemical shift values, RDC measurements and Paramagnetic Relaxation Experiments
NMR parameters.
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If we understand the structural rules governing antibody/antigen interactions in a given virus, then we have the
molecular basis to attempt to design and synthesize new epitope to be used as vaccines or optimize the antibodies
themselves for passive immunization. Comparing the binding of several different antibodies to related antigens should
also further our understanding of general principles of recognition.
To obtain and compare the three dimensional structure of a large number of different complexes, however, we need a
faster method than traditional experimental techniques. While biocomputational docking is fast, its results might not be
accurate. Combining experimental validation with computational prediction may be a solution.
As a proof of concept, here we isolated a monoclonal antibody from the blood of a human donor recovered from
Dengue Virus infection, characterized its immunological properties and identified its epitope on domainIII of Dengue
Virus E protein through simple and rapid NMR chemical shift mapping experiments. We then obtained the threedimensional structure of the antibody-antigen complex by computational docking, using the NMR data to drive and
validate the results. In an attempt to represent the multiple conformations available to flexible antibody loops, we docked
several different starting models and present the result as an ensemble of models equally agreeing with the experimental
data. The antibody was shown to bind a region accessible only in part on the viral surface, explaining why it cannot
effectively neutralize the virus.
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Investigations into a 69 kDa dimeric Glycosyltransferase: Isotope Labeling and
NMR studies
Nora Sindhuwinata, Robert Schönherr, Hannelore Peters, Thorsten Biet and Thomas Peters
Institute of Chemistry, University of Luebeck, Ratzeburger Allee 160, 23538 Luebeck, Germany (nora.sindhuwinata@chemie.uni-luebeck.de)

Glycosyltransferases (GTs) belong to an important class of enzymes that are responsible for the biosynthesis of
oligosaccharides, polysaccharides and glycoconjugates. These biomolecules have essential functions which range from
structural roles and energy storage to signal transduction, and are ubiquitous in all organisms. GTs catalyze the transfer of
a sugar moiety from an activated donor sugar to an acceptor which can be another carbohydrate, lipid, protein, DNA, or
natural product. The reaction proceeds either with retention or inversion of the configuration of the anomeric center of the
donor sugar. While the catalytic mechanism of inverting GTs is largely established, the mechanism of retaining GTs is
still a matter of debate.
As the expression of recombinant and soluble human blood group B galactosyltransferase (GTB) is possible,1 we have
chosen GTB as a model for retaining GTs. Optimized expression conditions based on the labeling technique of Marley et
al.2 were used to obtain high yields of isotopically labeled recombinant GTB, that allowed recording TROSY HSQC
spectra with a high resolution. On this basis further NMR experiments were performed including studies of protein-ligand
interactions.
References:
1. Seto N. O., Palcic M. M., Hindsgaul O., Bundle D. R. and Narang S. A., Eur J Biochem, 234, 323 – 328 (1995)
2. Marley J., Lu M. and Bracken C., J Biomol NMR, 20, 71 – 75 (2001)
Acknowledgments: We thank the University of Luebeck for financial support. The DFG and the state of Schleswig-Holstein are thanked for the
cryogenic probe. NS thanks the Studienstiftung des Deutschen Volkes for a stipend.
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Postprandial effects of sea buckthorn and lingonberry: A metabolomic study of
human blood plasma and urine by NMR and statistical methods
Jari Sinkkonena, Anni Lindstedtb, Riikka Järvinenb, Henna-Maria Lehtonenb, Heikki Kalliob, Gonçalo
Graçac and Ana M. Gilc
a

Department of Chemistry, University of Turku, Vatselankatu 2, 20014, Turku, Finland (jari.sinkkonen@utu.fi)
Department of Biochemistry and Food Chemistry, University of Turku, 20014, Turku, Finland
c
Department of Chemistry, University of Aveiro, 3800, Aveiro, Portugal
b

The aim of the study was to find out the effect of berries on postprandial metabolism and absorption after a high fat
meal. The clinical study was randomized, single-blind, cross over study, where the subjects were their own controls. The
blood has been collected from the study subjects before the test meal and postprandially for 6 hours. Urine was collected
before the test meal and after eating pooled until 180 min and from 180 min to 360 min. The meal consisted of yoghurt,
rapeseed oil and sea buckthorn or lingonberry (crushed dried whole berries).
The NMR spectroscopic analysis of plasma samples included mainly three experiments: water suppressed 1H
spectrum, cpmg spectrum to suppress the signals from large biomolecules, and 1-dimensional diffusion measurement to
suppress all small molecule signals. For urine samples only water suppressed 1H spectra were recorded. In addition
several 2D techniques were utilized for selected samples to allow the identification of most important signals. NMR
spectra were bucketed by Amix-program and further analysed statistically by PCA and PLS-DA methods.
The results obtained thus far show that berries have a significant effect on the postprandial metabolic profile. The
absorption of lipids achieves its maximum clearly later after berry meals compared with control meals. In addition some
berry specific compounds were identified from NMR spectra. The main compounds were ethyl-β-D-glucose for sea
buckthorn and hippuric acid for lingonberry.
Overall this study demonstrates the usability of NMR with statistical methods to provide an effective tool for the
analysis of postprandial effects from human blood plasma and/or urine samples.
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Cation Movements in G-Quadruplexes
Primoz Sket and Janez Plavec
Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, SI-1001, Ljubljana, Slovenia and EN→FIST Centre of Excellence, Dunajska
156, SI-1001, Ljubljana, Slovenia (primoz.sket@ki.si)

DNA molecules can adopt besides the well-known B-type double helix several higher-order structures, including Gquadruplex structures. G-quadruplexes are stable structures adopted by DNA guanine-rich sequences that can be found in
the promoter regions of a number of genes, including oncogenes, ribosomal DNAs as well as in telomeric DNA regions.
In the past years G-quadruplex DNA structures are a subject of great interest since their formation has been suggested to
play a role in variety of important biological processes as well as due to their potential therapeutic applications. The main
building blocks of G-quadruplex structures are stacks of square-planar arrays of G-quartets, consisting of four guanines
that are linked together by eight hydrogen bonds. The presence of cations seems to be prerequisite for G-quartet formation
due to their role in reducing repulsions amongst guanine carbonyl oxygen atoms and additionally enhancing base-base
stacking interactions. A fairly wide variety of cations is capable of inducing formation of G-quadruplex structures. In
general, cations have been localized along the central cavity of G-quadruplex between two G-quartets or in the plane of a
G-quartet. Cations inside G-quadruplex structures are not static, but are moving between binding sites and bulk solution.
Bigger cations such as ammonium or potassium require partial opening of G-quartets to move through. The use of
heteronuclear NMR in combination with 15N-labeled ammonium ion as a non-metallic substitute enabled us to localize
15
NH4+ ion binding sites between pairs of adjacent G-quartets and in addition study kinetics of their movement inside a
number of G-quadruplex systems. We were able to demonstrate that 15NH4+ ion movement within G-quadruplex core and
into bulk solution is influenced by G-quadruplex molecularity as well as by steric restraints imposed by loop residues.1-3
References:
1. Sket P. and Plavec J., J. Am. Chem. Soc., 129, 8794 – 8800 (2007)
2. Podbevsek P., Sket P. and Plavec J., J. Am. Chem. Soc., 130, 14287 – 14293 (2008)
3. Trajkovski M., Sket P. and Plavec J., Org. Biomol. Chem., 7, 4677 – 4684 (2009)
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Heterogeneous Hydrogen Bonding and Dielectric Environment of a
Transmembrane α-Helix by pH-sensitive Spin-labeling and High Field EPR
Alex I. Smirnova, Maxim A. Voynova, Oleg G. Poluektovb and Tatyana I. Smirnovaa
a
b

Department of Chemistry, 2620 Yarbrough Dr., North Carolina State University, Raleigh, NC 27695-8204, USA (Alex_Smirnov@ncsu.edu)
Chemistry Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439, USA

Membrane proteins are exposed to exceptionally large transmembrane gradients of hydrophobic and hydrogen
bonding interactions that are known to be essential for these proteins’ membrane insertion and folding, thermodynamic
stability, and ultimately function. Currently, a rather limited set of experimental data could be found on the effective
dielectric gradient and the hydrogen bond network experienced by the protein side chains immersed into the lipid bilayer
in a transmembrane orientation. Here we employ an arsenal of advanced spin-labelling EPR methods to profile
heterogeneous dielectric and hydrogen bonding environment along the α-helical chain of an alanine-rich WALP peptide
that is anchored in a lipid bilayer in a transmembrane orientation. A series of WALP cysteine multants was labeled with a
pH-sensitive nitroxide IMSTL (S-(1-oxyl-2,2,3,5,5-pentamethylimidazolidin-4-ylmethyl) ester) that is similar in
molecular volume to phenylalanine.1 The protonation state of this nitroxide could be directly observed by EPR allowing
us to follow proton gradient across the membrane in the vicinity of the WALP α-helix, and, thus, to reconstruct the
gradient in the effective dielectric constant. These experiments were complemented by measurements of local polarity
from characteristic changes in EPR spectra that were enhanced by use of perdeuterated and 15N-substituted nitroxides and
high field EPR at 130 GHz (D-band). Formation of hydrogen bonds between the nitroxides and membrane-penetrating
water molecules was observed directly in HYSCORE X-band experiments. Taking together these data provide
experimental profiles of heterogeneous dielectric and hydrogen bonding environment along a transmembrane α-helix.
References:
1. Voinov M. A., Ruuge A., Reznikov V. A., Grigor’ev I. A. and Smirnov A. I., Biochemistry, 47, 5626 – 5637 (2008)
Acknowledgments: Funded by: NSF-0843632 to TIS and NIH 1R01GM072897 to AIS.
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Molecular Mechanism of Phospholipid Transfer by Lipid Transfer Protein
Sec14p: Multifrequency High EPR and ENDOR Study
Tatyana I. Smirnovaa, Thomas G. Chadwicka, Oleg Poluektovb and Vytas Bankaitisc
a

Department of Chemistry, North Carolina State University, Raleigh, NC, USA (tatyana_smirnova@ncsu.edu)
Argonne National Laboratory, 900 Cass Avenue, Argonne, IL, USA
Department of Cell and Developmental Biology, University of North Carolina, Chapel Hill, NC, USA

b
c

Sec14p is a major yeast phosphatidylinositol (PI)/phosphatidylcholine (PC) transfer protein that promotes the energyindependent transfer of either PI or PC between lipid bilayers in vitro. Although the crystal structure of Sec14p had
recently become available, the detailed mechanism of the lipid binding is still unsettled. Here we report on multifrequency
electron paramagnetic resonance experiments to analyze dynamics as well as the electrostatic and hydrogen bonding
microenvironment for series of doxyl-labeled PC molecules bound by Sec14p in a soluble protein: PC complex. Partially
resolved 130 GHz EPR spectra from n-doxyl-PC molecule bound to Sec14p were assigned to a hydrogen-bonded and a
non-hydrogen bonded nitroxide species. Analyses allowed us to calculate the fraction of hydrogen-bonded nitroxide
species and to characterize polarity and proticity profile along the phospholipid-binding cavity of Sec14p. The data
suggest that water molecules are drugged into the protein cavity upon the lipid binding. Proposed lipid exchange
mechanism indicates that the polarity gradient inside Sec14p cavity contributes to the driving thermodynamic force for
extracting a single phospholipid molecule from the bilayer. Proposed mechanism is being confirmed by x-ray crystal
structure. Calibration of electrostatic and hydrogen bonding effects on magnetic parameters of doxyl-labeled PC were
carried out using structurally similar compound 5-doxyl stearic acid and a series of simple solvents of various polarity.
130 GHz pulsed ENDOR study of the H-bonds formed by 5-doxyl-SA in set of alcohols was conducted to investigate the
geometry and strength of the hydrogen bond between the nitroxide radical and solvents and to correlate these parameters
with polarity of the solvent.
Acknowledgments: This work was supported by the NSF Grant 0843632 to TIS.
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H MRS of Human Bile in the Detection of Cholestatic Liver Diseases:
Conjugation Pattern of Bile Acids could be a Diagnostic Indicator
Ian C. P. Smitha, Omkar B. Ijarea, Nils Albiinb, Annika Bergquistb, Urban Arnelob, Matthias Löhrb,
Johannes Hovc and Tedros Bezabeha
a

National Research Council Institute for Biodiagnostics, Winnipeg, Manitoba, Canada (Ian.Smith@nrc-cnrc.gc.ca)
Karolinska University Hospital, Karolinska Institutet, Huddinge, Stockholm, Sweden
c
Department of Medicine, Oslo University Hospital, Rikshospitalet, Oslo, Norway
b

Bile acids in human bile are conjugated with the amino acids glycine and
Cholestatic
taurine which helps in the normal bile flow (from liver to the intestine) and
protects the liver and bile ducts from the harmful effects of the unconjugated bile
acids. In health, the ratio of glycine-conjugated bile acids (GCBAs) to taurineconjugated bile acids (TCBAs) is generally 3:1.1 Cholestasis is characterised by
an impairment in the normal bile flow which results in various chronic liver
diseases including malignancies such as cholangiocarcinoma and gallbladder
Control
cancer. It has been reported that during cholestasis, TCBAs are elevated in bile.2
In this study, we collected bile samples from patients with and without cholestatic
diseases and performed 1H MRS on a 360 MHz NMR spectrometer. In additon to
the elevation in the levles of TCBAs, we have also observed a decrease in the
levels of GCBAs in some patients (Figure 1). The mean ± SD of the ratio of
Figure 1: 1H MRS of human bile from control
GCBAs to TCBAs in control and cholestatic patients were found to be 2.88 ± and
cholestatic patients showing elevated
1.47 and 1.47 ± 0.83 respectively. This ratio is considerably reduced in levels of TCBAs and reduced levels of
cholestatic patients compared to controls, and hence could be a valuable marker GCBAs.
in the early detection of chronic cholestatic diseases augmenting routine liver function tests.
References:
1. Bove K. E., Heubi J. E., Balistreri W. F. and Setchell K. D., Pediatr Dev Pathol., 7, 315 – 334, (2004)
2. Cox I. J., Sharif A., Cobbold F. L., Thomas H. C. and Taylor-Robinson S. D., World J. Gastroenterol., 12, 4773 – 4783 (2006)
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Characterization of the membrane proximal domain from HIV gp41 coat protein
in detergent micelles with multi-dimensional NMR
Patrick N. Reardona, Barton F. Haynesd and Leonard D. Spicera,b,c
a

Department of Biochemistry (spicer@biochem.duke.edu)
Duke NMR Center
Department of Radiology
d
Duke Human Vaccine Institute and Department of Medicine, Duke University Medical Center, Durham NC 27710
b
c

The membrane proximal ectodomain region (MPER) of the HIV-1 trimeric gp-41 coat protein is an important target
for vaccine development. This region contains the epitopes for several broadly neutralizing antibodies against HIV-1,
including 2F5 and 4E10. Kinetic studies indicate that the binding of 2F5 and 4E10 to these epitopes is likely assisted by
the phospholipid membrane of the virus. We have designed and expressed peptides containing the MPER of HIV-1 with
and without trimerization domains and membrane anchoring segments. Biophysical properties of these constructs in
detergent micelles are being studied by multi-dimensional NMR and equilibrium analytical ultracentrifugation, along with
surface plasmon resonance to probe the binding to the 2F5 and 4E10 antibodies. We have studied a monomer construct
with a transmembrane anchor in several detergent micelles and have found that the detergent LMPG yielded good spectra.
We have also initiated NMR studies of a trimer complex that does not include a full transmembrane domain in
dodecylphosphocholine detergent micelles. Chemical shift data from backbone assignments using a variety of 3D data
sets indicate the structure of the MPER domain is disrupted at the membrane interface which may contribute to the
antibody recognition process.
Acknowledgments: This work is funded by the Bill and Melinda Gates Foundation. We thank Dr. Ron Venters for helpful advice.
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Biophysical characterization and solution structure of the Core Protease Domain
of Anthrax Lethal Factor
Petros V. Gkazonisa, Georgios A. Dalkasa, Christos T. Chasapisa, Detlef Bentropb and Georgios A.
Spyrouliasa
a
b

Department of Pharmacy, University of Patras, GR-26504, Patras, Greece (G.A.Spyroulias@upatras.gr)
Institute of Physiology II, University of Freiburg, D-79104 Freiburg, Germany

The most prominent virulence factor of the disease anthrax is the bacterium’s lethal toxin (LeTx) and in particular a 90
kDa Zn-dependent highly specific metalloprotease called Anthrax Lethal Factor (LF).1 LF exhibits high proteolytic
specificity towards vital cellular signal transducers, the family of mitogen-activated protein kinase kinases (MAPKKs)
cleaving them close to their N-termini, thus altering of signalling pathways vital for cell cycle.2 Moreover, the high
cleavage specificity of LF against these kinases, often found overexpressed in tumour cells,3 might provide new insight
for possible implication of engineered LF polypeptides in MAPKK-dependent cancer cells cycle regulation.4 For this
reason the LF-MAPKK substrates interaction is important for the understanding of enzyme specificity.5
Here we report the recombinant expression and purification of a C-terminal part of LF (LF672-776) that harbors the
enzyme's core protease domain. The biophysical characterization and backbone assignments (1H, 13C, 15N) of the
polypeptide revealed a stable, well folded structure even in the absence of Zn(II), suitable for high resolution structural
analysis by NMR.6 The NMR structure of the metal free catalytic core polypeptide has been also determined exhibiting
great similarities with the crystal structures of the corresponding polypeptide both in Zn-free and Zn-loaded forms.
References:
1. Pannifer A. D., et al., Nature, 414, 229 (2001)
2. Duesbery N. S., et al., Science, 280, 734 – 737 (1998)
3. Davies H., Bignell G. R. and Cox C., Nature, 417, 949 (2002)
4. Huang D., et al., Cancer Res,. 68, 81 – 8 (2008)
5. Dalkas G. A., Papakyriakou A., Vlamis-Gardikas A. and Spyroulias G. A., Protein Sci., 18, 1774 – 85 (2009)
6. Gkazonis P., Dalkas G. A., Chassapis C., Vlamis-Gardikas A., Bentrop D. and Spyroulias G. A., Biochem. Biophys. Res. Commun., May 7, (2010)
[Epub ahead of print]
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Ligand induced conformational capture of a synthetic tetracycline riboswitch
revealed by pulse EPR
Dorith Wunnickea, Denise Strohbachb, Julia E. Weigandc, Bettina Appeld, Beatrix Suessc, Sabine
Müllerd and Heinz-Jürgen Steinhoffa
a

Fachbereich Physik, Universität Osnabrück, 49069 Osnabrück, Germany, (hsteinho@uos.de)
Fakultät für Chemie und Biochemie, Ruhr-Universität Bochum, 44780 Bochum, Germany
c
Inst. für Molekulare Biowissenschaften, Johann Wolfgang Goethe-Universität, 60438 Frankfurt am Main, Germany
d
Institut für Biochemie, Ernst-Moritz-Arndt-Universität Greifswald, 17487 Greifswald, Germany
b

RNA aptamers are in vitro selected binding domains which recognize their respective ligand with high affinity and
specificity.1 They are characterized by complex three-dimensional conformations providing preformed binding pockets
which undergo conformational changes upon ligand binding. Small molecule binding aptamers have been exploited as
synthetic riboswitches for conditional gene expression in various organisms. In the present study, double electron electron
resonance (DEER) spectroscopy combined with site directed spin labeling2,3 was used to elucidate the conformational
transition of a tetracycline binding aptamer. Different sites were selected for post-synthetic introduction of either the (1oxyl-2,2,5,5-tetramethylpyrroline-3-methyl) methanethiosulfonate by reaction with a 4-thiouridine modified RNA or of 4isocyanato-2,6-tetramethylpiperidyl-N-oxid spin label by reaction with 2'-aminouridine modified RNA. The results of the
DEER experiments reveal the presence of a thermodynamic equilibrium between two aptamer conformations in the free
state and capture of one conformation upon tetracycline binding. In the outlook we will report on DEER experiments on
DNA containing deoxyadenine residues which were functionalized with the spin label 4-azido-2,2,6,6-tetramethylpiperidine-1-oxyl via azide-alkyne ‘click’ chemistry.
References:
1. Suess B. and Weigand J. E., RNA Biol, 5, 24 – 29(2008)
2. Steinhoff H.-J., Biol. Chem., 385, 913 – 920 (2004)
3. Klare J. P. and Steinhoff H.-J., Photosynth Res., 102, 377 – 90 (2009)
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Structural characterisation of the C39 peptidase-like domain of the ABCtransporter HlyB
Justin Lechera, Matthias Stoldta,b, Christian Schwarzc, Sander Smitsc, Lutz Schmittc and Dieter
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c
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b

Haemolysin B (HlyB) from E. coli belongs to the family of bacteriocin-associated ATP-binding cassette (ABC)transporter. In complex with the outer membrane protein TolC and the membrane fusion protein HlyD, the ABCtransporter HlyB translocates the toxin HlyA over inner and outer membranes into the medium without detectable
periplasmic intermediates. In general, ABC-transporters consist of two domains, the transmembrane domain and the ATPor nucleotide-binding domain. HlyB however, like all members of the bacteriocin ABC-transporter family, features an
additional N-terminal C39 peptidase-like domain. C39 peptidases are members of the thiol protease family. As a domain
of bacteriocin ABC-transporters, those peptidases are assumed to cleave the protein or peptide substrate after a consensus
GG motif. Interestingly, HlyB contains a proteolytically inactive C39 domain, as the functional important cystein is
mutated to a tyrosine residue. Nevertheless the domain has to play an important role, because deletion of the C39 domain
in HlyB abolishes the translocation activity completely.
We investigated the C39 domain structurally and solved its solution structure by NMR. Besides the fact that the C39
domain of HlyB contains a tyrosine residue at the important cystein position, the structure revealed a further distortion of
the catalytic triade, stabilized by a tryptophan sandwich. Thus, the role of the C39 in the haemolysin transport system may
differ from the canonical role known for homologous domains of other bacteriocin transport systems. We will present the
solution structure of the isolated C39 domain of HlyB from E. coli and reveal insights in the interaction with the substrate
of the transporter, the bacteriocin HlyA.
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A definedd receptor binnding domainn (RBD) on thhe viral spikee protein (S) mediates
m
the aattachment off SARS Corona
Virus to its cellular
c
recepttor, angiotensiin converting enzyme 2 (ACE2).1,2 Bindding of the SA
ARS spike protein with ACE
E2
was analyzedd by SPR andd STD NMR.3 From a peptiide library a hexapeptide
h
fr
from
Tyr438 tto Leu443, Ty
yr-Lys-Tyr-ArrgTyr-Leu (YK
KYRYL), of S protein was identified to have binding
g affinity to ACE2
A
(KD= 466 µM). This peptide
p
has allso
strong antivirral activity annd can suppresss viral prolifeeration compleetely at a conccentration of 110mM.
STD NM
MR spectroscoppy was used to
t detect the innteraction of YKYRYL
Y
andd related peptiides with the receptor
r
proteein
ACE2. Furthhermore the self aggregattion of the viral spike pro
otein was chhecked. Thereefore the bind
ding affinity of
YKYRYL too the S proteinn was investigaated by STD NMR.
N
References:
1. Drosten C., ett al., N Engl J Meed, 348, 1967 – 1976 (2003)
2. Li W., et al., Nature,
N
426, 450 – 454 (2003)
3. Mayer M. andd Meyer B., Angeew Chem Int Ed, 38,
3 1784 – 1788 (1999)
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Urokinase-type plasmiinogen activattor, uPA, is a possible targ
get for in vivo inhibition in many cancer forms. A smaall
cyclic peptidde, upain-1, waas found to bee a strong, speecific inhibitorr for uPA.1
Our liquiid state NMR
R investigationns reveal major differencess in the amouunt of structurre of upain variants.
v
A nooninhibiting vaariant, where the tryptophaan was removved, shows no
o medium or long range innteractions. Extension
E
of the
t
peptide at booth termini leeads to a connsiderably inccreased numbeer of interactiions, as well as an increase in inhibitoory
function, eveen though x-raay studies show
w no differencce in the boun
nd structure.2
A low tem
mperature sollution structurre model wass calculated fo
or the extendeed
variant. The cyclic part of the peptide is well orderred, while the extensions arre
highly mobille. Two sharpp turns positioon the sidechains for interaaction with thhe
inhibitory sitte of uPA. Thhe tryptophan indole ring iss positioned perpendicular
p
t
to
the backbonee, but may flipp out upon binnding, stabilisiing the interacction with uPA
A.
Our resullts show a stroong structure dependency of
o the inhibito
ory effect of thhe
upain peptidde. These finddings suggestt that structurre stabilisation
n of the upaiin
peptide may lead to an eveen stronger uP
PA inhibitor.
References:
W
T., Blouse G.
G E., Christenseen A., Petersen H.
H H., Kjelgaard S.,
S Mathiasen L., Holtet T. L. and Andreasen P. A., J Biol Chem, 280,
1. Hansen M., Wind
38424 – 37 (22005)
2. Zhao G., Yuaan C., Wind T., Huang
H
Z., Andreassen P. A. and Huaang M., J Struct Biol,
B
160, 1 – 10 (2007) and unpubblished results
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Dynamics of a skeletal troponin C – troponin I chimera probed by comparison of
experimental and simulated NMR relaxation parameters
Olivier Juliena, Pascal Merciera, Claire Allenb, Olivier Fisettec, Carlos H. I. Ramosd, Patrick Lagüea,
Tharin M. A. Blumenscheinb and Brian D. Sykesa
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The activation of skeletal and cardiac muscle is triggered by the release of calcium from the sarcoplasmic reticulum.
The calcium sensor is the troponin complex that is formed by three subunits: the calcium-binding protein troponin C
(TnC), the inhibitory protein troponin I (TnI) and the tropomyosin-associated protein troponin T (TnT). When calcium
binds to TnC, the resulting conformational change allows TnC to bind TnI, leading to the removal of the C-terminal
region of TnI from actin. Consequential movement of the tropomyosin allows the binding of the myosin head to actin
resulting in a power stroke. Regions of these proteins are highly flexible and the importance of these intrinsically
disordered sections has been recognized and rationalized.1
Structural studies of the muscle system have been very successful in determining the structural organization of most of
the molecular components involved in force generation at the atomic level. Although mainly α-helical, the structure and
dynamics of TnI remains controversial, particularly in its C-terminal region. Different structures have been presented for
this region: a single α-helix observed by x-ray crystallography, a “mobile domain” containing a small β-sheet derived
from NMR restraints, and a mainly unstructured region according to NMR relaxation data. To investigate this, we have
constructed a skeletal TnC-TnI chimera that contains the N-domain of TnC (1-91), a short linker (GGAGG), and the Cterminal region of TnI (98-182). Our objective is to determine which of the three proposed structures best fit the
experimental 15N relaxation data for this chimera. The comparison between experimental and NMR relaxation parameters
calculated from molecular dynamic simulations will be presented to assess the validity of the models.
References:
1. Hoffman R., et al., J. Mol. Biol., 361, 625 – 633 (2006)
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All-parallel G-quadruplex DNAs
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A G-quadruplex DNA is composed of stacked G-quartets, each of which involves the planar association of four
guanine bases circularly connected through Hoogsteen type base-pairings. The size and planarity of a G-quartet are wellsuited for interaction with a porphyrin ring through π-π stacking. The complexation of G-quadruplex DNAs
withporphyrin or metal-porphyrin derivatives has been studied extensively to characterize their molecular recognition of
each other as well as to create catalytic DNAs that exhibit various functions. In the presence of an appropriate [K+], a
single repeat sequence of the human telomere, d(TTAGGG), forms all-parallel G-quadruplex DNA, which further
assembles to form a “dimer” through end-to-end stacking of the 3’-terminal G-quartets (Fig. 1).1 We have demonstrated
that heme, the iron(III)-protoporphyrin IX complex, binds to G-quadruplex DNA to
form a stable “heme-DNA complex”, which exhibits spectroscopic and functional
properties remarkably similar to those of hemoproteins. For example, the ferric
T
heme Fe in the heme-DNA complex exhibits a characteristic pH-dependent spin T K+
K+
Heme
A
equilibrium between the high spin state, i.e., S = 5/2, and the low spin one, i.e., S = G
1/2, with a midpoint at pH = 8.6 ± 0.3.2 The structural characterization of the low G
G
spin heme-DNA complex revealed that the heme is sandwiched between the 3’- Single Monomer
terminal G-quartets of the G-quadruplex DNA, possibly with the formation of novel strand
coordination of the G6-quartet oxygen atoms to the heme Fe in the complex (Fig.
Dimer
Heme-DNA
1). This finding provides new insights into the design of the molecular architecture Fig. 1. Schematic representation
of the assembly
between
heme
and
G-quadruplex
DNA.
and functional properties of various heme-DNA complexes.
References:
1. Kato Y., et al., J. Am. Chem. Soc., 127, 9980 – 9981 (2005)
2. Mikuma T., et al., Chem. Commun., 1708 – 1709 (2003)
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Leaf water content measurements by portable hand-held NMR
Elena Talnishnikh, Leon Jong and Henk Van As
Laboratory of Biophysics and Wageningen NMR Center, Wageningen University, Dreijenlaan 3,6703 HA, Wageningen, The Netherlands
(Elena.Talnishnikh@wur.nl).

water content, [r.u.]
amplitudes of FID, [r.u.]

Non-spatially resolved portable NMR is becoming available to study leaf water content (LWC) and distribution of
water in different (sub-cellular) compartments, e.g. chloroplasts. These parameters directly relate to plant transpiration,
CO2 uptake, and photosynthesis. Application of portable NMR is not
1.0
straightforward due to magnetic field inhomogeneities, complex leaf structure and
FID
0.8
water content
shrinking-elongation movements during changes in LWC. Here we investigate the
0.6
quantitative relation between LWC and NMR signal intensity as observed by a
0.4
surface coil. The dehydration of leaves of different plants was studied continuously
0.2
from the moment they were removed from the plant until their mass became
0.0
constant. Two approaches were used to follow the wilting process in leaves. One
-0.2
was to use portable NMR while the second was a simple weighing method until the
0
4
8
12 27
28
time, [h]
sample has been dried out completely. For the first time we monitored changes in
water status of a whole leaf, directly correlated to weight measurements. The NMR Figure 1. Wilting of Quercus robur leaf. It
signal was obtained from the Free Induction Decay (FID) for measurement of is shown that amplitudes of NMR siganl
proton signal intensity and by Carr–Purcell–Meiboom–Gill (CPMG) for change in a same way as a leaf water
determination of the spin-spin relaxation time. The NMR results were compared content calculated according to the weigh
measurements.
with changes in LWC (Figure 1). The results demonstrate that the NMR signal is
uniquely and quantitatively related to LWC, in contrast to observations reported elsewhere.1
References:
1. Capitani D., Brilli F., Mannina L., Proietti N. and Loreto F., Plant Physiology, 149, 1638 – 1647 (2009)
Acknowledgments: Virtual Institute for Portable NMR (funded by the Helmholtz Association).
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NMR chemical shifts to characterize protein order and disorder
Kamil Tamiola, Buricn Açar and Frans A. A. Mulder
Department of Biophysical Chemistry, Groningen Biomolecular Sciences and Biotechnology Institute, Laboratory of Molecular Dynamics and
NMR,University of Groningen, Nijenborgh 4, 9747AG, Groningen, The Netherlands, (k.tamiola@rug.nl)

Proteins are dynamic entities, displaying conformational flexibility on a wide range of time and length scales. The fact
that intrinsically disordered proteins (IDPs) are widespread in Nature,1 and sustain various functions, puts forward the
notion that protein dynamics has evolved for the adaptive benefit of higher organisms, and advances a 'systems view' on
protein interaction networks, expanding beyond the traditional 'structure-function' paradigm.2,3
Among the great palette of experimental techniques, only NMR spectroscopy offers the unique possibility to relate the
structural propensities of disordered proteins and loop segments to biological function and aggregation behavior.
Backbone chemical shifts are ideally suited for this task, given that appropriate reference data are available. For this
purpose we describe here the first 'random coil' chemical shift database derived from intrinsically disordered proteins, and
provide an algorithm to reliably detect functional protein changes.4
Our newly developed tool: ncSPC (neighbor corrected Structural Propensity Calculator) uses NMR chemical shift
data as sole input to determine the molecular conformation of proteins. ncSPC can detect and classify areas of disorder
more reliably than currently available methods because it can better predict 'random coil' chemical shifts of disordered
proteins, and, as a consequence, can more accurately discern local tendencies to adopt canonical secondary structure.3 The
neighbor-corrected structural propensity calculator program (ncSPC) will be made available at http://www.proteinnmr.org, and updates to the IDP 'random coil' chemical shift database will be posted at the same site.
References:
1. Dobson C. M., Nature, 426, 884 – 890 (2003)
2. Mittenmaier A. and Kay L. E., Science, 312, 224 – 228 (2006)
3. Henzler-Wildman K. and Kern D., Nature, 450, 964 – 972 (2007)
4. Tamiola K., Acar B. and Mulder F. A. A., submitted for publication (2010)
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Insights into the structure of beta-2 microglobulin fibrils and the role of serum
amyloid-P component in their stabilisation
Garrick Foster Taylora, Steve Woodb, Jörn Wernera and Philip Williamsona
a
School of Biological Sciences, University of Southampton, University Rd, SO17 1BJ, Southampton, United Kingdom
(garrick.taylor@southampton.ac.uk)
b
Centre of Amyloidosis and Acute Phase Proteins, Royal Free and University College Medical School, Rowland Hill St, NW3 2PF, London, United
Kingdom

Dialysis related amyloidosis (DRA) is a serious complication for patients undergoing long term renal dialysis and
results in the deposition of amyloid in the joints causing pain and restricted mobility. The major protein component of
these amyloid deposits is fibrillar β2-microglobulin (β2m). Serum amyloid-P component (SAP) is a protein ubiquitously
present in fibrillar deposits and is thought to play a key role in stabilising the fibrillar structures and preventing their
clearance by the host’s defences.
We are currently investigating the structural transitions that result in the conversion of monomeric β2m into its
fibrillar form and identifying sites involved in the interaction with SAP. Magic-angle spinning (MAS) 2D homo- and
hetero-nuclear correlation spectroscopy have permitted the assignment of many of the resonances to particular amino
acids within the fibrils. Two dimensional homonuclear correlation experiments in the presence of SAP reveal significant
changes in the region corresponding to the glutamate sidechains highlighting the importance of these residues in SAP
binding.
During the expression of β2m inclusion bodies are formed. Two-dimensional MAS-NMR studies of these inclusion
bodies resulted in high quality spectra; however the distribution of chemical shifts appears different to the fibrillar
material and exhibits lower resolution. Evidence suggests that this arises from a change in dynamics of the protein rather
than the protein being amorphous leading to the possibility that proteins within the inclusion bodies have a defined
structure.
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Structure and dynamics in the molten globule state of the nuclear coactivator
binding domain of CBP
Magnus Kjaergaard, Kaare Teilum and Flemming M. Poulsen
Department of Biology, University of Copenhagen, Ole Maaløes Vej 5, DK-2200 Copenhagen N, Denmark, (kaare.teilum@bio.ku.dk)

Native molten globules are the most folded members of the intrinsically disordered proteins. We have characterized
the ligand-free state of the nuclear coactivator binding domain (NCBD) in order to understand the mechanism of folding
upon ligand binding. Biophysical studies show that despite of the molten globule nature of domain, it has a small
cooperatively folded core. Using NMR spectroscopy, we show that despite of the dynamic nature of the molten globule
ensemble, NCBD has a well-ordered conformer with specific side chain packing. We show that this conformer resembles
the structure of NCBD in complex with one of its ligands, ACTR, and not the structure in the complex with another
ligand, IRF-3. This suggests that ACTR binds NCBD by selecting a prefolded NCBD molecule from the ensemble of
interconverting structures.
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Interaction between the PDZ domain of the microtubule associated serine /
threonine kinase 205 and the cytoplasmic domain of the glycoprotein of rabies
Virus
Elouan Terriena, Florence Cordiera, Catherine Simenela, Mireille Lafageb, Christophe Prehaudb, Alain
Chaffottea, Muriel Delepierrea, Henri Bucc, Monique Lafonb and Nicolas Wolffa
a

Institut Pasteur, Unité de RMN des Biomolécules, 25-28 rue du Docteur Roux, 75015, Paris, France (eterrien@pasteur.fr)
Institut Pasteur, Unité de Neuro-immunologie Virale, 25-28 rue du Docteur Roux, 75015, Paris, France
c
Institut Pasteur, 25-28 rue du Docteur Roux, 75015, Paris, France
b

Cell signaling pathways are strategic targets of many viruses during infection. Interactions between a viral protein and
the PDZ domains of cellular proteins play a fundamental role in the pathogenicity of the virus as it was observed in other
families of viruses (influenza virus,2 HTLV-1,3 adenovirus type 94).We address the following question: what are the
cellular and viral proteins involved in the perturbation of homeostasis after Rabies virus infection?
The propensity of Rabies virus to induce survival of neurons (virulent strain) or death (attenuated strain) depends on
the nature and number of cellular partners of the viral glycoprotein binding-site (PDZ-BS)5. The PDZ-BS of the
glycoprotein of Rabies virus (Cyto-Gvirulent or Cyto-Gattenuated) was identified as a key element in controlling the pathways
of survival and apoptosis of infected neurons.1 The PDZ-BS of these two viruses differs only in one amino acid. This
mutation (E -> Q) is enough to shift the cell towards death or survival.
In this study, we focused on the survival protagonists that could compete with the viral glycoprotein. The only partners
of the virulent Rabies virus PDZ-BS are two kinases belonging to the MAST family (microtubule associated serine /
threonine). To understand the fine structural basis for the specificity of the PDZ-Cyto-G complexes, we determined the
3D structure and the dynamics of the MAST2-PDZ/Cyto-G (13aa) complexes by NMR. The structure of the complex
reveals an original binding mode with a very large surface of interaction. One of the perspectives is now to use our
knowledges to optimize the sequence of the peptide to enhance their proliferative properties for therapeutic issues.
References:
1. Prehaud C., Lay S., Dietzschold B., et al., J Virol, 77, 10537 – 10547 (2003)
2. Jackson D., Hossain M. J., Hickman D., et al., Proc Natl Acad Sci U.S.A., 105, 4381 – 4386 (2008)
3. Rousset R,. Fabre S., Desbois C., et al., Oncogene, 16, 643 – 654 (1998)
4. Lee S. S, Glaunsinger B., Mantovani F., et al., J Virol, 74, 9680 – 9693,(2000)
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Localizing of a substrate analog in a nickel superoxide dismutase biomimetic by
REDOR solid-state NMR
Daniel Tietzea, Diana Imhofb, Oliver Ohlenschlägerc and Gerd Buntkowskya
a
Technische Universität Darmstadt, Eduard-Zintl-Institut für Anorganische und Physikalische Chemie, Petersenstr. 22, D-64287 Darmstadt, Germany,
(tietze@chemie.tu-darmstadt.de)
b
Friedrich-Schiller-Universität Jena, Institut für Biochemie und Biophysik, Philosophenweg 12, D-07743 Jena, Germany
c
Fritz-Lipmann-Institut, Beutenbergstr. 11, D-07745 Jena, Germany

SODs are metalloenzyms which catalyze the disproportionation of the superoxide
.
anion (O2- ) to peroxide and molecular oxygen.1 Since the NiSOD is structurally not
related to other SODs and the coordination sphere is provided by the so called Ni-hook
.
the catalytic mechanism of O2- degradation by NiSOD is probably different to other
SODs. Metallopeptide based NiSOD biomimetics perfectly match the spectroscopic and
functional properties of the native enzyme.2,3 For our investigations we used
metallopeptides which are based on the first 7 residues from the N-terminus of the active
form of S. coelicolor NiSOD (Fig. 1). Concerning the discussions about an inner- vs.
outersphere mechanism REDOR NMR is used to localize the position of cyanide, which
we used as a substrate analogue in the NiSOD metallopeptide.4 For this we synthesized
the cyanide adduct of the metallopeptide using different 15N and 13C labelled positions in
the peptide backbone and 13C or 15N labelled CN.4

Figure 1 Metallopeptide structure (based on
liquid NMR data and computational structure
optimising[1]) showing two possible cyanide
positions (1 and/ or 2)

References:
1. McCord J. M., et. al., J.Biol.Chem., 244, 6049 – 6055 (1969)
2. Schmidt M., et. al., Chem.Bio.Chem, 9, 2135 – 2146 (2008)
3. Shearer J., et. al., Inorg.Chem., 45, 2358 – 2360 (2006)
4. Tietze D., et. al., Chem.Eur.J., 15, 517 – 523 (2009)
Acknowledgments: Financial support by the Deutsche Forschungsgemeinschaft is gratefully acknowledged. We thank Prof. L. González and Doreen Mollenhauer for
performing the DFT calculations.
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Conformational changes induced by phosphorylation out of Effector Domain
favors MARCKS antibody interaction
Luzineide W. Tinocoa, Jully L. Fragaa, Cristiane D. AnoBomb, Flavio Zolessic and Cristina Arrutic
a

NPPN , Federal University of Rio de Janeiro, CCS- Bl H, 21941902, Rio de Janeiro, Brazil (lwtinoco@nppn.ufrj.br)
Departmentof Biochemistry, Federal University of Rio de Janeiro, CT-Bl A, 21941909, Rio de Janeiro, Brazil
Laboratorio de Cultivo de Tejidos, Sección Biología Celular, DBCM, Facultad de Ciencias, Universidad de la República, Iguá 4225, 11400
Montevideo, Uruguay
b
c

The Myristoylated Alanine-Rich C Kinase Substrate (MARCKS) is a protein present in different tissues, being
abundant in nervous system. Although MARKCS is a ubiquitous protein, the development of neuroblast and some types
of neurons depend of the cells which have MARCKS isoform phosphorylated at a serine
residue located at its N-terminal moiety.1 In this region was identified a epitope that
interacts with the monoclonal antibody mAb3C3. Binding assays of this epitope with
mAb3C3
show
that
only
the
phosphorylated
form
(S25p
EKPGEAVAApSPSKANGQENG) maintained the connection properties observed for
MARCKS.2 In this work we used Circular Dichroism (CD) and Nuclear Magnetic
1D 1H NMR spectra showing the effect of
Resonance (NMR) spectroscopy to understand how the phosphorylation favors the
phosphorylation on the MARCKS peptides.
interaction of the MARCKS peptide with mAb3C3 antibody. NMR and CD spectroscopy
data suggest that S25 (S10 in the peptide) phosphorylation does not causes significant structural modification in the
peptide structure. The greater 1H chemical shift dispersion observed for the phosphorylated peptide suggests a more
ordered structure. This punctual structural modification could be related with the ability of the S25p peptide interacts with
the mAb3C3 antibody.
References:
1. Toledo A. and Arruti C., Biochem. Biophys. Res. Commun., 338, 353 – 357 (2009)
2. Zolessi F. R., Durán R., Engström U., Cerveñansky C., Hellman U. and Arruti C., J. Proteome Res., 3, 84 – 90 (2004)
Acknowledgments: CNPq, INBEBB, FINEP for the financial support.
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Structural basis for the interactions of the MyD88 TIR domain in TLR4 signaling
Hidenori Ohnishia, Hidehito Tochiob, Zenichiro Katoa, Takeshi Kimuraa, Naomi Kondoa and
Masahiro Shirakawab
a
b

Department of Pediatrics, Graduate School of Medicine, Gifu University, Gifu 501-1194, Japan
Department of Molecular Engineering, Graduate School of Engineering, Kyoto University, Kyoto 615-8510, Japan (tochio@moleng.kyoto-u.ac.jp)

Myeloid differentiating factor 88 (MyD88) and MyD88 adaptor-like (Mal) are adaptor molecules involved in the Tolllike receptor (TLR) 4 signaling pathway in innate immune responses. MyD88 mediates signal transduction from activated
TLR4 to downstream components, while Mal has been proposed to act as a bridging adapter between the TLRs and
MyD88. The Toll/Interleukin-1 receptor (TIR) domains are known to mediate the interaction between MyD88 and Mal.
Here we determine the solution structure of the MyD88 TIR domain. By combining in vitro mutational binding
experiments with an NF-κB reporter system in mammalian cells, two surface sites of the MyD88 TIR domain are
identified as binding interfaces for the TIR domain of Mal. These two sites are distantly located each other, suggesting
that the TIR domain of MyD88 simultaneously interacts with two Mal-TIR molecules, which may provide a highly
efficient scaffold for signal transduction. The interaction between MyD88 and TLR4 is also examined and it turns out that
MyD88-TIR does not directly bind to the cytosolic TIR domain of TLR4, while Mal-TIR does.
References:
1. Ohnishi H., Tochio H., Kato Z., Orii K., Li A., Kimura T., Hiroaki H., Kondo N. and Shirakawa M., Proc. Natl Acad. Sci. U.S.A., 125, 10260 – 10265
(2009)
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Solution and Solid-State NMR Investigation of Maximin 4, an Antimicrobial
Frog-Peptide in Membrane-Mimicking Environments
Zoltán Bánóczia, Péter Királyb, Ferenc Hudecza and Orsolya Tokeb
a
Research Group of Peptide Chemistry, Hungarian Academy of Sciences and Department of Chemistry, Eötvös Loránd University, P.O. Box 32, H-1518
Budapest 112, Hungary(toke@chemres.hu)
b
Institute of Structural Chemistry, Chemical Research Center of the Hungarian Academy of Sciences, Pusztaszeri út 59-67, H-1025 Budapest, Hungary

Maximin 4 is a 27-residue antimicrobial peptide (AMP) from the Chinese red belly toad Bombina maxima with a
broad spectrum of antibacterial activity and high selectivity for prokaryotic cells. Similar to other AMPs, its mode of
action is thought to be ion channel or pore formation in the bacterial cell membrane. To obtain a high-resolution picture of
its interaction with membrane systems, we have conducted a joint solution and solid-state NMR investigation of maximin
4 in membrane-mimicking environments.
Under our experimental conditions, in sodium dodecyl sulfate (SDS) micelles the peptide adopts a helix-break-helix
conformation with an unstructured N-terminal segment. The kink between the helices is positioned in the middle of the
sequence and is stabilized by van der Waals interactions. The two helices form an approximate L shape with an
interhelical angle of ~95º. The solution NMR results in detergent micelles are complemented with the characterization of
peptide backbone conformation in phospholipid bilayers using solid-state NMR methodologies. Rotational echo double
resonance (REDOR) experiments on specifically 13C and 15N-labeled maximin 4 embedded in multilamellar vesicles of
various phospholipid compositions have confirmed helix formation and suggested a deep insertion of the peptide into the
lipid bilayer.
Comparison of the structural features of maximin 4 with other well-studied alpha-helical AMPs is presented.
References:
1. Toke O., Biopolymers, 80, 717 – 735 (2005)
Acknowledgments: Hungarian GVOP-3.2.1.-2004-04-0210/3.0 and OTKA F68326.
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The Carboxy Terminal of Tubulin: a Versatile Cationic-Partner Binding Domain
Regulated by Calcium
Julien Lefèvre, Konstantin G. Chernov, Vandana Joshi, Stéphanie Delga, Flavio Toma, David Pastré,
Patrick A. Curmi and Philippe Savarin
Structure-Activity of Normal and Pathological Biomolecules, INSERM – UEVE U829, Université d’Evry val d’Essonne, Evry, France
(flavio.toma@univ-evry.fr)

The C-terminal region of tubulin is involved in multiple aspects of the regulation of microtubules assembly. To
enlighten the molecular mechanisms of this regulation, we have studied by NMR and other techniques the interaction of
the three representative partners of the tubulin C-terminal region, i.e. Tau, spermine and calcium with the peptide
fragment comprizing the last 42 residues of α tubulin, (αT-CTD(410-451)).
The NMR study using 15N-13C-double labelled αT-CTD shows that binding of the three tubulin partners involves
overlapping amino acid stretches on the C-terminal tubulin region: specifically, residues 421-441 for Tau; residues 430432 and 444-451 for spermine; residues 421-443 for calcium.
NMR, ITC and cosedimentation experiments show that Tau and spermine have similar micromolar binding affinities
while the binding stoichiometry differs (respectively, αT-CTD:spermine = 1:2 and αT-CTD:Tau = 8:1).
Interestingly, calcium, known as a negative regulator of microtubule assembly, can compete with the binding of Tau
and spermine to the C-terminal domain of tubulin and twarth the positive effect of these two partners with microtubule
assembly in vitro. This observation opens the possibility that calcium may participate to the regulation of microtubule
assembly in vivo through a direct (still unknown) or indirect mechanism (displacement of microtubule partners).
The functional importance of this part of tubulin was also underlined by the observation that the α-tubulin mutant
deleted from the last 23 amino acid residues does not incorporate properly into microtubules in living HeLa cells. All
together, the results provide structural basis for a better understanding of the complex interactions and putative
competition of tubulin cationic partners with the C-terminal region of tubulin.
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NMR studies of a heterotypic complex of a chicken liver bile acid binding protein
showing site selectivity for two different bile acids
Simona Tomasellia, Clelia Cogliatia, Michael Assfalgb, Serena Zanzonib, Lucia Zettaa, Henriette
Molinarib and Laura Ragonaa
a
b

NMR Lab, ISMAC-CNR, via E. Bassini 15, 20133, Milano,Italy (simona.tomaselli@ismac.cnr.it)
Dipartimento Scientifico e Tecnologico, Università di Verona, Strada Le Grazie 15, 37134 Verona, Italy

Bile acid-binding proteins (BABPs) are cytosolic lipid chaperones that play central roles in driving bile flow, as well
as in the adaptation to various pathological conditions, contributing to the maintenance of bile acid homeostasis and
functional distribution within the cell. Understanding the mode of binding of bile acids with their cytoplasmic transporters
is a key issue in providing a model for the mechanism of their transfer from the cytoplasm to the nucleus, for delivery to
nuclear receptors.
We studied by NMR the behaviour of a chicken liver BABP characterized by the presence of a naturally occurring
disulphide bridge (cl-BABP(SS)) whose presence affects ligand-binding properties and backbone dynamics.1 The clBABP(SS) retains the 1:2, protein:ligand, stoichiometry tipical of the cl-BABP but shows a site selectivity for glycocholic
(GCA) and glycochenodeoxycholic acid (GCDA), the most abundant bile acids in chiken liver. In order to understand the
structural basis of the site selectivity we are currently studying the structure of cl-BABP(SS) complexed with both GCA
and GCDA. By comparing HSQC spectra of the homotypic complexes (cl-BABP(SS) with GCA and GCDA alone) and
of heterotypic complex (cl-BABP(SS) with GCA and GCDA in the same molecule) we outlined the aminoacids anchoring
GCA in the more buried site of cl-BABP(SS) and GCDA in the more superficial one and localized the bile acid binding
sites in a preliminary model of the holo cl-BABP(SS) obtained by CS-Rosetta. Data from chemical shift perturbation
analysis, backbone dynamics studies and 3D NOESYs will be used for the calculation of the heterotypic complex
structure by HADDOCK software, starting from the structure of the holo protein scaffold obtained by CYANA.
References:
1. Cogliati C., Tomaselli S., Assfalg M., Pedò M., Ferranti P., Zetta L., Molinari H. and Ragona L., FEBS J., 276, 6011 – 23 (2009)
Acknowledgments: CIRMMP, University of Florence.
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Rational approach for designing unimolecular G-quadruplexes
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a
b

Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, SI-1001 Ljubljana, Slovenia, (marko.trajkovski@ki.si)
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G-quadruplexes are four stranded structures consisting of stacks of at least two basic structural elements called Gquartets in which four guanines are H-bonded. G-quadruplexes can form in different genome regions such as telomeric
and promoter regions, which makes them potential targets for therapeutics. Apart from that, their characteristics such as
structural variability and high temperature stability make DNA G-quadruplexes interesting potential building blocks for
nanotechnology. The rules that govern assembly of G-quadruplexes are not yet understood, which makes the exploitation
of apparent potential of G-quadruplex as therapeutic targets and building blocks limited.
A deductive system for prediction and control of unimolecular G-quadruplex self-assembly was proposed recently.1
Two ranges of torsion angle around glycosidic bond define two conformations of guanines - anti and syn. In Gquadruplexes disposition of the two conformations is interrelated with the structure.
Applicability of prediction and control of G-quadruplex formation with the use of the proposed concept was tested on
oligonucleotide sequence d[G3TG3T4G3T3G3], which was predicted to fold into a single topology. The self-assembly of
the oligonucleotide is controlled through optimal choice of the loop lengths, which directed disposition of guanine
conformations in G-quadruplex stem. Solution-state NMR was used to verify and confirm the predicted topology of the
formed G-quadruplex and thus evaluate general validity of the rational approach for designing G-quadruplex structures.2
References:
1. Webba da Silva M., Chem. Eur. J., 13, 9738 – 9745 (2007)
2. Webba da Silva M., Trajkovski M., Sannohe Y., Ma’ani Hessari N., Sugyiama H. and Plavec J., Angew. Chem. Int. Ed., 48, 9167 – 9170 (2009)
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Membrane-based induction of α-helical structure within a subset of peptides
derived from HAMP domains
Sofia Unnerstålea, Gunnar von Heijnea, Roger R. Draheima,b and Lena Mälera
a
Department of Biochemistry and Biophysics, Arrhenius Laboratories for Natural Sciences, Stockholm University, Stockholm, Sweden
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b
Current address: Institute for Biochemistry, Johann Wolfgang Goethe University, Frankfurt am Main, Germany

Since the environment is constantly changing, environmental adaption is crucial in gene regulation for even the most
basic organisms to survive. Prokaryotes need to adapt their gene expression profiles and their regulation of gene product
activity to match current circumstances. The main system used by bacteria for this task is the two-component system. A
linker domain, known as the HAMP domain, is found in many prokaryotic transmembrane signal transduction proteins,
connecting the signal input domain with the catalytic core. The HAMP domain is composed of two amphipathic
sequences (AS1 and AS2) joined by a connector. This domain is usually found adjacent to the inner leaflet of the
cytoplasmic membrane. Because of this close proximity, we examined the influence of several membrane mimetics on
peptides containing either AS1 or AS2 from four different HAMP domains: the Archaeoglobus fulgidus protein (Af1503),
the E. coli osmosensor (EnvZEc), the E. coli nitrate/nitrite sensor (NarXEc) and the aspartate chemoreceptor of E. coli
(TarEc). Based on our study these HAMP domains can be divided into two groups considering their membrane interaction
features. The group consisting of NarXEc and TarEc is distinguished by showing helical induction in AS1 upon addition of
negatively charged large unilamellar vesicles (LUVs) in circular dichroism studies. The secondary structure of AS1 from
NarXEc and TarEc, respectively, was further investigated by 2D 1H-1H NMR and two solution structures were calculated.
Further, the AS1 peptides of NarXEc and TarEc interact strongly with bicelles as shown by diffusion NMR. The group
consisting of Af1503 and EnvZEc, on the contrary, does not show any helical induction in AS1 upon addition of LUVs,
and their AS1 segments do not interact as strongly with bicelles. Interestingly, NarXEc and TarEc are suggested to share a
common mechanism of transmembrane signaling involving a periplasmic four-helix bundle.
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Why can one metalloprotease overcome elastin and collagen triple helices?
Sources of specificity and biophysical properties via NMR and “BINDSIght”
Steven R. Van Doren, Xiangyang Liang, Yan Fulcher, Rajagopalan Bhaskaran and Mark O. Palmier
Department of Biochemistry, 117 Schweitzer Hall, University of Missouri, Columbia, MO 65211 USA (vandorens@missouri.edu)

How does MMP-12 achieve its high specific activity upon fibrils from lungs and arteries in disease? To elucidate the
specificity, we developed a general strategy called BINDSIght, for BIoinformatics and NMR Discovery of Specificity of
Interactions. Protection from a paramagnetic probe suggests that elastin might enfold MMP-12. Mutagenesis and enzyme
kinetics corroborate this. BINDSIght guided choice of mutations at each of ten peripheral locations encircling the catalytic
cleft, forming an exosite, and impairing specific activity towards elastin. Eight of the lesions also impair hydrolysis of a
triple helical peptide from collagen V. The lesions primarily impair Km for elastin, and yet the advantage of MMP-12 over
its closest paralog (MMP-3) is in kcat. We looked for properties that may be associated with the higher activity and kcat of
MMP-12 relative to MMP-3. We monitored backbone relaxation and residue-specific stabilities. Regions surrounding the
active sites of both proteases sample conformational substates within msec. The more extensive line broadening in MMP3 suggests greater sampling of conformational substates throughout the active site, and at more remote sites. This could
suggest more excursions to functionally incompetent substates. Hydrogen exchange protection suggests that MMP-3
possesses 2.8 kcal/mol higher folding stability than MMP-12(E219A). The higher stability of MMP-3 coincides with its
much lower proteolytic activity. This is consistent with the hypothesis that enzymes often trade stability for higher
activity.
Acknowledgments: Supported by NIH grant R01 GM57289 and the American Heart Association.
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Mapping the structure of the N47A Spc-SH3 amyloid fibrils by H/D exchange
Lorena Varela Alvareza, Jose L. Ortega-Roldána, Bertrand Morela, Ana I. Azuagaa, Nico A. J. van
Nulandb and Francisco Conejero-Laraa
a
Departamento de Química Física e Instituto de Biotecnología, Facultad de Ciencias, Universidad de Granada, Fuentenueva s/n, 18071 Granada,
Spain (lvarela@ugr.es)
b
Structural Biology Brussels, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium

Amide H/D exchange combined with NMR spectroscopy is a powerful technique to probe the regions of proteins
involved in stable structure at single-residue resolution. In this work we have compared the H/D amide exchange rates
between the amyloid fibril state1 and the native state of the N47A mutant of the Spc-SH3 domain under the same
experimental conditions.2
The results reveal that the protection against H/D exchange is dramatically enhanced in the fibrillar state compared to
that in the native state and the patterns of H/D exchange protection are also highly different indicating that the regions of
the N47A Spc-SH3 chain participating in the structure of the fibrillar state are markedly different to those in the native
state. We have also compared the H/D exchange in two types of fibrils formed during different incubation times and we
have observed different degree of protection possibly due to their morphological differences.
References:
1. Hoshino M., Katou H., Hagihara Y., Hasegawa K., Naiki H. and Goto Y., Nat Struct Biol, 9, 332 – 6 (2002)
2. Morel B., Casares S. and Conejero-Lara F., J. Mol. Biol., 356, 453 – 68 (2006)
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High-resolution structure of pentameric phospholamban and its interaction with
the Ca-ATPase using a hybrid solution/solid-state NMR approach
Raffaello Verardia, Nathaniel J. Traasetha, Lei Shib, Martin Gustavssona and Gianluigi Vegliaa,b
a
b

Department of Biochemistry, Molecular Biology and Biophysics (verar006@umn.edu)
Department of Chemistry, University of Minnesota, 321 Church St SE, 55455, Minneapolis, MN

Phospholamban (PLN) is a single-pass membrane protein that binds to and regulates the Sarcoplasmic Ca-ATPase in
muscle cells. In lipid membranes, PLN readily oligomerizes into stable non-covalent pentamers. Dysregulation of the
SERCA/PLN complex has been linked to the development of heart failure. Understanding the molecular basis of such
interaction is a fundamental step towards the development of new therapeutic approaches.
In order to solve the structure of the SERCA/PLN complex, we are using a hybrid approach1 that combines solution and
solid-state NMR derived structural information. Solution NMR and magic angle spinning NMR are used to measure
distances and angular restraints, whereas oriented solid-state NMR gives information about the topology of membrane
proteins in lipid bilayers. Here we present the hybrid high-resolution structure of pentameric PLN in lipid and detergent
environments. This structure differs markedly from the previous model proposed by Chou and Oxenoid2 mainly in the
orientation of the cytoplasmic regulatory domain as well as in the size and arrangement of the transmembrane pore. Our
results exclude the presence of a conducting ion pore and point to the role of pentameric PLN as a storage form of active
monomers.
We also present structural data on the interaction between monomeric PLN and SERCA reconstituted in oriented lipid
bilayers and lipid vesicles measured by oriented solid state NMR and magic angle magic angle spinning NMR.
References:
1. Shi L., Traaseth N., Verardi R., Cembran A., Gao J. and Veglia G., J Biomol NMR, 44, 295 – 205 (2009)
2. Oxenoid K. and Chou J. J., Proc. Natl. Acad. Sci. U.S.A., 102, 10870 – 10875 (2005)
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The Influ
uence of Temperat
T
ture and Binding
B
on
o the Dyn
namics off CtCBM1
11
Aldino Vieegas, Ana Luísa
L
Carvallho, Anjos L.
L Macedo and
a Eurico J. Cabrita
REQUIMTE–CQ
QFB, Dep. de Quuímica, Faculdadde de Ciências e Tecnologia,
T
Univeersidade Nova dee Lisboa, 2829-5116 Caparica, Portugal
(aldinoviegas@dq.fct.unl.pt)

Degradattion of celluloose is one off the most im
mportant stepss in the global turnover pprocess of atm
mospheric CO
O2.
Cellulolytic anaerobic
a
baccteria, like Cloostridium therrmocellum, produce large extracellular m
multi-enzymatiic complexes (i.
e.) cellulosoomes comprissing a consorrtium of enzzymes, which
h contain nonn-catalytic
carbohydratee-binding moddules (CBM) that increase the activity of
o the catalytiic module
towards the efficient
e
degraadation of crystalline celluloose.
In previoous work1 wee used STD-N
NMR to idenntify the moleecular determ
minants of
ligand specifficity of famiily 11 CBMs from C. therrmocellum (C
CtCBM11). We
W showed
that the prottein interacts more stronglyy with the ceentral glucosee units of celllohexaose
(cellohexaose was used to mimic celluloose). In the prresent work we
w focus on thee residues
responsible for
f ligand reccognition by determining
d
thhe solution sttructure and describing
d
the backbonee dynamics off CtCBM11 at 25 and 50ºC
C and in the prresence and absence
a
of
cellohexaosee. No modificcations were detected on the behavior of amino accids involved in ligand reecognition upoon
temperature change. The analysis of the internal dynamics rev
veals a generrally rigid strructure, with some exposed
segments whhich undergo fast
f (ps to ns) internal motioons.
In combinnation with ouur previous sttudies, our ressults representt a significant improvementt in understan
nding the factoors
that determinne the specificcity and the mode
m
of action of CtCBM11 at the molecuular level.
References:
1. Viegas A., et al., Febs J. 275, 2524 – 2535 (20008)
Acknowledgmennts: This work haas been carried out
o with the finanncial aid of the research network RQUIMTE
R
(Projeect Reqmol) and Portuguese Sciennce
and Technologyy Foundation (FCTMCTES througgh project PTDC/QUI/68286/2006
6 and scholarship SFRH/BD/359922/2007).
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Structurral studiess on Tau-K
K19 fibrills using so
olid-state NMR
Vinesh Vijjayana, Venita Daebela, Subash Chhinnathambiib, Jacek Biernatb, Chriistian Griesiingera,
b
Eckhard Mandelkow
M
and Adam Langea
a

NMR-based Strructural Biology, Max Planck Insttitute for Biophysical Chemistry, Am
A Faßberg 11, 37077
3
Göttingen, Germany
(vivi@nmr.mpibbpc.mpg.de)
b
Max-Planck Unnit for Structural Molecular Biologgy at DESY, Notkkestraße 85, 2260
07 Hamburg, Gerrmany

Tau prottein is prominnent in neuroons and playss an importan
nt role in neeurite outgrow
wth and axon
nal transport by
b
stabilizing microtubules
m
w
which
providee the tracks foor motor proteeins. Interactioons of tau witth microtubulees are regulatted
by the lengtth of the miccrotubule bindding domain and by phossphorylation. Hyperphosphhorylated Tau
u does not binnd
microtubuless. Instead, it accumulates
a
innto fibrils called paired heliical filaments (PHFs). PHF
Fs are the prim
mary componeent
of neuro-fibrrillary tangles (NFTs) foundd in the brain of
o Alzheimer patients.1
The moleecular fine struucture of PHF
Fs is unknownn in detail, bu
ut represent onne of the majoor goals in thee field as it may
m
aid in the deevelopment off methods andd drugs to preevent aggregattion.2 We empployed solid-sstate NMR to
o investigate the
t
structure andd dynamics off a shorter connstruct of Tauu protein (K19) containingg three repeat domains, whiich is known to
form PHFs similar to thosee formed by thhe wild type protein.
p
Our studies indicate thhat K19 has a well-defineed hydrophobic core involvving the hexaa-peptide3 reg
gion. Secondaary
chemical shiift analysis as well as a model
m
of the K19 core strructure basedd on distance measuremen
nts is presenteed.
Mutation stuudies confirminng our model were also perrformed.
References:
N
8 239 – 259 (19991)
82,
1. Braak H. and Braak E., Acta Neuropathology,
E von Bergen M.,
M Biernat J. and Mandelkow
M
E-M
M., Brain Patholog
gy, 17, 83 – 90 (22007)
2. Mandelkow E.,
3. von Bergen M.,
M Friedhoff P., Biernat
B
J., Heberlle J., Mandelkow
w E-M. and Mandeelkow E., Proc. Natl.
N
Acad. Sci. U
U.S.A., 97, 5129 – 5134 (2000)
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Probing biologically relevant motions on large multidomain proteins by liquid
state NMR
Vincent Brunoa, Jean-Pierre Placiala, Carine Van-Heijenoorta, Louise Aigrainb, Gilles Truanb, Eric
Guitteta and Ewen Lescopa
a

Centre de Recherche de Gif-sur-Yvette, Institut de Chimie des Substances Naturelles, Laboratoire de Chimie et Biologie Structurales, 1, avenue de la
Terrasse, 91198 Gif-sur-Yvette, France (ewen.lescop@icsn.cnrs-gif.fr)
b
Centre de Génétique Moléculaire FRE3144, Gif sur Yvette, France

Developments in biochemistry and liquid state NMR spectroscopy now allow the study of high molecular weight
proteins. It thus opens the field for NMR spectroscopists to get information on large proteins with the advantage
compared to other techniques to be in conditions close to those encountered in the native environment, i.e in a liquid state
and without any additional probe. The work presented here aims at obtaining the dynamical characterization of a multi
domain protein of more than 65 kDa for which RX structures are already available. Inter domain motion in this protein is
thought to limit the catalytic rate. Several strategies can be used to overcome the fast transverse relaxation rates. A
deuteriation protocol followed by the use of the TROSY effect on high magnetic field spectrometers (950 and 800 MHz)
led to spectra with sufficient sensitivity for an extensive set of 3D triple resonance and NOESY edited experiments
including the usually poorly sensitive HNCACO and HNCANH. The sequential assignment obtained so far is 30% and is
still ongoing. The protein sample allows us to record 15N relaxation experiments and to calculate R1 and R2 parameters.
We can thus estimate the correlation time of the protein and probe possible differences in mobility between domains. In
addition 15N relaxation dispersion experiments, which are sensitive to motions occurring on the 100μs-10ms timescale,
could be collected. These CPMG based experiments detect the chemical exchange of spins oscillating between two states,
even if one of them is low populated. Some amide nitrogens indeed experience chemical exchange and these phenomena
are currently under analysis. The results obtained so far show the potential for NMR to contribute to the characterization
of the dynamical behavior of high molecular weight multi domain proteins on timescales of biological relevance to their
activities.
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Structural Basis of the Integrin β3 Cytoplasmic Tail Phosphorylation and its
Crosstalk with VEGF Receptor
Lalit Deshmukh and Olga Vinogradova
Department of Pharmaceutical Sciences, School of Pharmacy, University of Connecticut, 69 North Eagleville Rd, Unit 3092, Storrs, CT, 06269, USA
(olga.vinogradova@uconn.edu)

The attachment of adhesion receptors, integrins, to the extracellular matrix is a
tightly controlled event. While tyrosine phosphorylation of integrin β3 cytoplasmic
tail (CT) has been shown to play an important role in this process, the molecular
basis remains unclear. Here we present the first 3D structure of the full length
integrin β3CT mono-phosphorylated at tyrosine-747. We show that this
phosphorylation causes significant conformational rearrangement in β3CT,
surprisingly preventing the αIIb/β3 membrane-proximal clasp formation which is a
key to maintain the receptor in the inactive state. This finding explains how
tyrosine phosphorylation may regulate integrin activation by sustaining the receptor
in the active state. We also show that the tyrosine phosphorylation enhances the
β3CT binding to Vascular Endothelial Growth Factor Receptor 2 (VEGFR2) – an
interaction that has been shown to promote integrin activation and control VEGFinduced angiogenesis. These data provide novel molecular insights into how
tyrosine phosphorylation of integrin β3CT plays multiple roles in regulating integrin activation.
References:
1. Hynes R. O., Cell, 110, 673 – 87 (2002)
2. Luo B. H., Carman C. V., et al., Annu. Rev. Immunol., 25, 619 – 47 (2007)
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Std NMR of ternary enzyme-coenzyme-substrate complexes – binding studies of
NADH and NADPH to Candida tenuis xylose reductase
Michael Vogla, Regina Kratzerb, Lothar Breckera and Bernd Nidetzkyb
a
b

Institute of Organic Chemistry, University of Vienna, Währinger Straße 38, A-1090 Wien, Austria (michael.vogl@univie.ac.at)
Institute of Biotechnology and Biochemical Engineering, Graz University of Technology, Petersgasse 12, A-8010 Graz, Austria

Candida tenuis Xylose Reductase (CtXR) reduces its natural substrate xylose to xylitol. This enzyme shows dual coenzyme specificity with preference of NADPH over NADH to be the hydride donor in this catalysis. Also the accepted
spectrum of substrates is inherently broad.1 To improve the enzyme's activity towards non-natural substrates, a number of
CtXR mutants have been produced. However, the co-factor binding was affected. Hence, we focus our investigations onto
binding studies of the ternary non-covalent enzyme-coenzyme-substrate interactions by the STD NMR technique.2
In these studies we found that intensities of STD NMR signals differ entirely within the non-natural substrates which
are accepted by CtXR with different catalytic activity.3 Therefore, we focused the investigations onto binding of the coenzymes and substrates during a productive binding mode, leading to the desired biotransformations. For that purpose we
studied the STD effects of both co-enzymes. Furthermore we analyzed non-productive substrate binding, not causing any
transformation to products. Apart from studies of the natural wild type enzyme we furthermore investigated ternary
complexes of some CtXR mutants, also showing variations in STD effects. With these STD NMR data we make some
suggestions for ternary binding complexes in the active side of the CtXR wild type and mutant enzymes.
References:
1. Kratzer R., Leitgeb S., Wilson D. and Nidetzky B., Biochem J., 393, 51 – 58 (2006)
2. Brecker L., Schwarz A., Gödl C., Kratzer R., Tyl C. E. and Nidetzky B., Carbohydr. Res., 343, 2153 – 2161 (2008)
3. Vogl M., Kratzer R., Nidetzky B. and Brecker L., in 24th NMR Valtice, p C-19 (2009)
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Mapping the Encounter State of a Transient Protein Complex by PRE NMR
Spectroscopy
Alexander N. Volkov and Nico van Nuland
Department of Molecular and Cellular Interactions, VIB and Structural Biology Brussels, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels,
Belgium (ovolkov@vub.ac.be)

Many biomolecular interactions proceed via a short-lived encounter state, consisting of multiple, lowly-populated
species invisible to most experimental techniques.1 Recent development of paramagnetic relaxation enhancement (PRE)
nuclear magnetic resonance (NMR) spectroscopy has allowed to directly visualize such transient intermediates in a
number of protein-protein and protein-DNA complexes.2-4 Here we present an analysis of the recently published PRE
NMR data5 for a protein complex of yeast cytochrome c (Cc) and cytochrome c peroxidase (CcP). First, we describe a
simple, general method to map out the spatial and temporal distributions of binding geometries constituting the Cc-CcP
encounter state. We show that the spatiotemporal mapping provides a reliable estimate of the experimental coverage and,
at higher coverage levels, allows to delineate the conformational space sampled by the minor species. To further refine the
encounter state, we performed PRE-based ensemble simulations. The generated solutions reproduce well the experimental
data and lie within the allowed regions of the encounter maps, confirming the validity of the mapping approach. The
refined encounter ensembles are distributed predominantly in a region encompassing the dominant form of the complex,
providing experimental proof for the results of classical theoretical simulations.
References:
1. Clore G. M., Mol.Biosyst., 4, 1058 – 1069 (2008)
2. Iwahara J. and Clore G. M., Nature, 440, 1227 – 1230 (2006)
3. Tang C., Iwahara J. and Clore G. M., Nature, 444, 383 – 386 (2006)
4. Volkov A. N., Worrall J. A. R., Holtzmann E. and Ubbink M., Proc.Natl.Acad.Sci.U.S.A., 103, 18945 – 18950 (2006)
5. Bashir Q., Volkov A. N., Ullmann M. and Ubbink M., J.Am.Chem.Soc., 132, 241 – 247 (2010)
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Protein dynamics
d
contribu
ute to the mechanis
m
sm of Aβ aggregati
a
on
Yilin Yan and Chunyuu Wang
Department of Biology,
B
Rensselaaer Polytechnic Innstitute, 110 8th St.,
S NY12110, Troyy, USA (wangc5@
@rpi.edu)

Aβ is widdely recognizeed as a key molecule
m
in Allzheimer's diseease, causing neurotoxicityy through Aβ aggregates
a
suuch
as Aβ oligom
mers and fibrils. Aβ40 and Aβ42, compoosed of 40 and
d 42 residues,, respectively,, are the majo
or Aβ species in
human brain. Aβ42 aggreggates much faaster than Aβ440 but the mechanism of suuch differencee in aggregatio
on propensity is
poorly underrstood. Using NMR spin relaxation,
r
wee have shown that Aβ40 annd Aβ42 havee different dy
ynamics in booth
backbone and sidechain on the ps-ns tim
me scale. Aβ442 is more rig
gid in C-termiinus in both bbackbone and sidechain whiile
Aβ40 has moore rigid methhyl groups in the
t central hyddrophobic cluster (CHC: Aβ17-21). Thesse observation
ns are consisteent
with differennces in the maajor conformaations of Aβ400 and Aβ42 monomers
m
derived from repplica exchangee MD (REMD
D).
To further deemonstrate thhe relevance of
o dynamics inn aggregation
n mechanism, a perturbationn was introdu
uced to Aβ42 in
the form of M35 oxidatiion. After M35 side chainn oxidation to
t sulfoxide, Aβ42 experiences Aβ40-llike changes in
dynamics. At
A the same tiime, M35 oxiidation causess dramatic reduction in Aβ
β42 aggregatiion rate. Our data have thhus
established an
a important roole for proteinn dynamics in the mechanissm of Aβ aggrregation.
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The structure of FgHET-s(
F
(218-289) amyloid fibrils by solid-statte NMR
a
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We preseent the solid-state NMR sttructure of a distant homo
olog of the fuungal HET-s pprion, which is found in the
t
fungus Fusarrium graminearum. The doomain FgHET
T-s(218-289), which correspponds to the pprion domain in HET-s froom
Podospora annserina, formss amyloid fibrrils in vitro annd is able to efficiently
e
crooss-seed HET
T-s(218-289) prion
p
formatioon.
FgHET-s(218-289) and HE
ET-s(218-2899) have 38% sequence identtity.
Solid-statte NMR and hydrogen/deuuterium exchaange detected
d by NMR
enabled us to calculatte the structure of FgH
HET-s(218-28
89) using
experimentall distance resttraints with ann approach sim
milar to the on
ne used for
HET-s(218-2289)1. We fouund a high degree of structtural similarity
y between
the two fibrills that readily explains whyy cross seedingg occurs here in spite of
the sequencce divergencee. However, there are also
a
several structural
differences. These includde the proloongation of 2 beta-sheetss and the
associated shhortage of the flexible loop,, and a profouund structural change of
one of the 3 beta-arches.
b
Figure: Stick-represen
S
ntation of thhe lowest-eneergy structurre of one
FgHET-s(218-289) molecuule within thee amyloid fibriil.
References:
L
A., Van Meelckebeke H., Sieemer A. B., Riek R. and Meier B. H., Science, 319,, 1523 – 1526 (20008)
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DNA bound ruthenium complex structure determination by NMR
Lisha Wua, Martin Billeterb, Per Lincolna and Bengt Nordéna
a
b

Department of Bioscience, Chalmers University of Technology, Kemivägen 10, SE-412 96 Gothenburg, Sweden (lisha@chalmers.se)
Department of Chemistry, University of Gothenburg, P.O. Box 462, 40530 Gothenburg, Sweden

The design and study of DNA-binding molecules have been of great interest for many years due to their possible
applications as diagnostic agents, genetic probes, or chemotherapeutics. Optical spectroscopy methods have shown that
the binuclear ruthenium complex P (Figure) intercalates into DNA by threading a
coordinated ruthenium ion through the DNA base stack, ending up with one subunit in
each groove of DNA and the bridging bidppz ligand sandwiched between the DNA base
pairs.1-3 We here investigate by NMR spectroscopy the detailed structure of P threaded
into a short DNA sequence (CGCGAATTCGCG) at 25 0C. The NMR spectra of
unbound P exhibit symmetry both about the central bond of the molecule as well as
Ruthenium complexes studied:
within each half-unit. Aggregation of free P is observed in aqueous solution. To obtain
[µ-bidppz(phen)4Ru2]4+
further insights into this unusual binding mode, the structural characterization is
supplemented by kinetic and thermodynamic studies. Ruthenium complexes strongly
binding to DNA and slowly dissociating from the binding sites have been considered for anticancer agent.4 Structure
analysis plays an important role for understanding how ruthenium complex intercalate into DNA and for the design of
new medicines.
References
1. Wilhelmsson L. M., Westerlund F., Lincoln P. and Nordén B., J. Am. Chem. Soc.,124, 12092 (2002)
2. Wilhelmsson L. M., Esbjörner E. K., Westerlund F., Nordén B. and Lincoln P., J. Phys. Chem. B, 107, 11784 (2003)
3. Nordell P. and Lincoln P., J. Am. Chem. Soc., 127, 9670 (2005)
4. Müller W. and Crothers D. M., J. Mol. Biol., 35, 251 – 290 (1968)
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RNA binding and dynamics of the rRNA methyltransferse Nep1
Philip Wurma,b, Britta Meyera, Karl-Dieter Entiana and Jens Wöhnerta,b
a
Institute for Molecular Bioscience, Johann-Wolfgang-Goethe University, Max-von-Laue-Str. 9, 60438 Frankfurt/Main, Germany,
(wurm@bio.uni-frankfurt.de)
b
Center of Biomolecular Magnetic Resonance (BMRZ), Johann-Wolfgang-Goethe University, Max-von-Laue-Str. 9, 60438 Frankfurt/Main, Germany

Nep1 (Emg1) is a highly conserved nucleolar protein with an essential function in
ribosome biogenesis. A mutation of a conserved aspartate in the human Nep1 homolog
causes Bowen–Conradi syndrome—a severe developmental disorder. Structures of Nep1
revealed a dimer with a fold similar to the SPOUT-class of RNA-methyltransferases.
Recently, we were able to show that Nep1 is responsible for the methylation of a
conserved N1-methyl-N3-(3-amino-3-carboxypropyl)-pseudouridine in the 18S rRNA.1
We initiated NMR studies on M. jannaschii Nep1 (MjNep1), a 48 kDa homodimer, to
characterize the RNA binding site and to investigate the effect of the mutation (D56G)
responsible for Bowen-Conradi syndrome. As a prerequisite the backbone resonances of
MjNep1 were assigned, which revealed that MjNep1 exists as an asymmetric dimer in
solution. Short RNA oligomers corresponding to the 16S rRNA of M jannaschii, which
are bound with high affinity and are efficiently methylated by MjNep1, were used for
chemical shift perturbation measurements to map the RNA binding site. To determine the Figure 1: Crystal structure of the2
orientation of the bound RNA paramagnetic relaxation enhancement experiments with Nep1 dimer from M. jannaschii
spin labeled oligomers were performed. Furthermore we compared the dynamcis of MjNep1-wt and the D56G mutant by
15
N relaxtion studies.
References:
1. Wurm J. P., Meyer B., Bahr U., Held M., Frolow O., Kötter P., Engels J. W., Heckel A:, Karas M., Entian K. D. and Wöhnert J., Nucleic Acids Res.,
38, 2387 – 2398 (2010)
2. Taylor A. B., Meyer B., Leal B. Z., Kötter P., Schirf V., Demeler B., Hart P. J., Entian K. D. and Wöhnert J., Nucleic Acids Res., 36, 1542 – 1554
(2008)
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Structural basis of the interaction between ganglioside clusters and amyloid-β
peptide
Maho Yagi-Utsumia,b, Tomoshi Kamedac, Yoshiki Yamaguchia,d, Katsuhiko Yanagisawae and Koichi
Katoa,b
a

Graduate school of Pharmaceutical Sciences, Nagoya City University, 467-8603, Nagoya, Japan, (p012505@phar.nagoya-cu.ac.jp)
Institute for Molecular Science and Okazaki Institute for Integrative Bioscience, 444-8787, Okazaki, Japan
c
CBRC, Advanced Industrial Science and Technology, 135-0064, Tokyo, Japan
d
RIKEN, Advanced Science Institute, 351-0198, Wako, Japan
e
National Institute for Longevity Sciences, National Center for Geriatrics and Gerontology, 474-8522, Obu, Japan
b

Accumulating evidence has indicated that gangliosides interact with amyloid β (Aβ) peptide on neuronal cell surfaces,
and thereby promote its assembly, which is considered as a crucial step in Alzheimer’s disease. To provide a structural
basis for this pathogenic event at atomic resolution, we have designed and conducted NMR studies of the interactions
between gangliosides and Aβ using small GM1 micelles as a model system. We characterized the interaction between
micelles and Aβ using spin-labeled analogs of this peptide. The paramagnetic relaxation enhancement and chemical shift
perturbation data stress the importance of the sugar-lipid interface of the ganglioside clusters for accommodating Aβ.1
Furthermore, we have performed saturation transfer analyses using deuterated Aβ bound to GM1 micelles. The NMR data
revealed that Aβ lies on hydrophobic/hydrophilic interface of ganglioside cluster exhibiting an up-and-down topological
mode in which the two α-helices and the C-terminal segment are in contact with the hydrophobic interior, whereas the
remaining regions are exposed to the aqueous environment.2 These findings suggest that the ganglioside clusters serve as
a unique platform for binding coupled with conformational transition of Aβ molecules, rendering their spatial
rearrangements restricted to promote specific intermolecular interactions.
References:
1. Yagi-Utsumi M., Kameda T., Yamaguchi Y. and Kato K., FEBS Lett., 584, 831 – 836 (2010)
2. Utsumi M., Yamaguchi Y., Sasakawa H., Yamamoto N., Yanagisawa K. and Kato K., Glycoconjugate Journal, 26, 999 – 1006 (2009)
Acknowledgments: This work was supported by CREST project from the Japan Science and Technology Agency.
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Paramagnetic NMR approach to conformational analysis of N-glycans
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b
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c
Department of Chemistry , University of Gothenburg, Kemigården 4, SE-412 96, Göteborg, Sweden
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N-linked oligosaccharides, a major class of glycoprotein glycans, play crucial roles in a variety of biological events
including cell-cell interactions and protein quality control. Despite their biological importance, few reports describe 3D
structures of the oligosaccharides in solution. The major limitation of the traditional NMR methods is insufficient
numbers of conformational restraints of the oligosaccharides provided by the NOE data. In addition, quantitative
interpretation of the NMR data associated with dynamic properties of oligosaccharides remains as tasks with more
challenge, although it is essential for understanding molecular basis of the various glycan functions. Hence, development
of novel NMR methods is highly desirable for detailed characterization of conformations and dynamics of the N-linked
oligosaccharides.
We herein illustrate an application of paramagnetic effects to NMR characterization of the carbohydrate
conformations in solution. An EDTA derivative as a lantanide chelating-tag was covalently attached to the reducing end
of N, N'-diacetylchitobiose, which constitutes the common core structure shared among all the N-linked oligosaccharides.
Upon complexation with a lanthanide ion such as Tm3+ and Ho3+, the tagged disaccharide exhibited spectral changes
induced by pseudocontact shift (PCS), offering an opportunity to determine the spatial positions of the individual 1H and
13
C nuclei with respect to the paramagnetic center. The experimentally obtained PCS values were in good agreement with
those back-calculated from a 3D structure model of this disaccharide, indicating that the common core part of the Nglycans is little affected by the tagging. On the basis of these data, we conclude that this lanthanide-tagging method can
provide valuable conformatinal informations of a variety of N-linked oligosaccharides.
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Structural and functional analyses of a male mice-specific pheromone ESP1
Sosuke Yoshinagaa, Toru Satob, Makoto Hirakanea, Sachiko Hagab, Hiroko Kimotob, Ichio Shimadac,
Kazushige Touharab and Hiroaki Terasawaa
a

Faculty of Life Sciences, Kumamoto University, Kumamoto 862-0973, JAPAN (yoshinaga@structbiol.com)
Graduate School of Agricultural and Life Sciences, the University of Tokyo, Tokyo 113-8657, JAPAN
c
Graduate School of Pharmaceutical Sciences, the University of Tokyo, Tokyo 113-0033, JAPAN
b

Pheromones are species-specific chemical signals that regulate a wide range of social and sexual behaviours in many
animals. The vomeronasal organ (VNO) mediates the pheromonal information via the vomeronasal sensory neurons
(VSNs) in mice. We previously identified a male-specific peptide ESP1 (exocrine-gland-secreting peptide 1) secreted into
tear fluids that stimulates females' VSNs.1 Recently, we also elucidated that ESP1 elicits lordosis, a sexual behaviour of
females to accept males via its own receptor V2Rp5 (vomeronasal type 2 receptor p5), which is one of the G proteincoupled receptors (GPCRs) expressed in females’ VNO.2,3 ESP1 is the first peptidic pheromone that both of the receptor
and the inducing behaviour are revealed. ESP1 also turned out to be a member of a new multigene family which is
supposed to convey information on sex, strain and species in rodents.4
The aim of this study is to elucidate mechanisms underlying the pheromone-reception system on the ESP family. We
report here the three-dimensional structure and the V2Rp5-binding sites of ESP1, based on solution NMR analyses and
mutational effects on the VSNs-stimulating activity. A structural model of the ESP1-V2Rp5 complex was constructed by
focusing on the identified binding sites and the electric charge distribution on the molecular surface.
The informations on the structure and the receptor-binding sites of ESP1 revealed by our structural and mutational
analyses will give a way to elucidate specific ligand-receptor recognition mechanism on the whole ESP family.
References
1. Kimoto H., Haga S., Sato K. and Touhara K., Nature, 437, 898 – 901 (2005)
2. Haga S., et al., Nature, in press (2010)
3. Haga S., Kimoto H. and Touhara K., Pure and Applied Chemistry, 79, 775 – 783 (2007)
4. Kimoto H., Sato K., Nodari F., Haga S., Holy T. E. and Touhara K., Current Biology, 17, 1879 – 1884 (2007)

__________________________________________________________________________________________________

P270

HR-MAS NMR study of Salmonella enterica serovar Typhimurium living cells
Giorgia Zandomeneghia, Karin Ilgb, Markus Aebib and Beat H. Meiera
a
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Physical Chemistry, ETH Zurich, Wolfgang-Pauli-Str. 10, 8093, Zurich, Switzerland (giza@nmr.phys.chem.ethz.ch)
Institute of Microbiology, ETH Zurich, Wolfgang-Pauli-Str. 10, 8093, Zurich, Switzerland

NMR spectroscopy can detect biomolecules directly in the cell, thus avoiding time-consuming processes like isolation
and purification, and providing a more realistic description of a cell’s status than the one derived from in-vitro studies.
The resulting spectra can be very complex, and the use of MAS is often required in order to observe narrow lines, mostly
because MAS averages the magnetic-susceptibility variations present in such heterogeneous samples.
Here we present a study of the O-antigen of the pathogenic bacterium Salmonella enterica serovar Typhimurium (S.
Typhimurium), where we performed high-resolution MAS (HR-MAS) NMR experiments directly on the living cells. In
Gram-negative bacteria lipopolysaccharides (LPS) is a major component of the
bacterial outer membrane. LPS is an important virulence factor in pathogenic
species. In S. Typhimurium the outermost part of the LPS, the O-antigen region,
consists of 70-100 repeating [→2)α-D-Manp-(1→4)-α-L-Rhap(1→3)-α-DGalp(1→] units where Rha is rhamnose, Gal galactose and Man mannose. The
Man residue is substituted at carbon 3 (C3) with α-linked abequose (Abe) Oacetylated at C2. We found that O-acetylation of Abe dramatically decreases in
stationary phase cultures and with increasing pH of the medium. On the other
side, high degrees of O-acetylation were observed in late stationary phases if extra
1
H NMR spectrum of S. Typhimurium
glucose (Glc) or Gal was added to the growth media. Our NMR studies also
cells
in the late exponential phase.
revealed that the acetylation of the Abe altered the structural or dynamic
characteristics of the whole O-antigen, providing the first experimental evidences
of the effect of O-acetylation on the global physicochemical characteristics of the O-antigen. This correlates with previous
findings that O-acetylation alters the immunological properties of S. Typhimurium and other Gram-negative bacteria.
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Structurral studiess on proteeins and peptides
p
by
b relaxattion enhan
ncements in a
paramaggnetic envvironmentt
Tobias Maadla, Michal Respondekka, Wolfganng Bermelb, Christoph Göbl
G a and K
Klaus Zangg
gera
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A param
magnetic centeer yields disttance-dependeent enhancem
ments of relaxxation rates oof nearby nucclei. While the
t
paramagneticc probe is ofteen covalently attached to thhe system und
der study, it is also possiblle to add an in
nert and solubble
paramagneticc agent to thee solvent and thus make the “environmeent” paramagnnetic. This typpe of compou
und allows forr a
tunable relaxxation enhanccement simplyy by variation of the conccentration. Foor our studiess we used the water-solubble
complex Gd((DTPA-BMA
A),1 which is innert towards proteins
p
and cannot
c
penetraate their interiior. The overaall paramagnettic
relaxation ennhancement (PRE)
(
of a specific nuclleus depends on the com
mbined effect of the entiree paramagnettic
environment. It yields ann immersion depth-depende
d
ent parameterr. We developped an approaach that allow
ws the structuure
determinationn of proteins using these PREs together with limited NOE
N
data
sets.2 We obtained
o
struuctures of tw
wo model syystems (ubiq
quitin and
maltodextrinn-binding protein) employinng PREs and NOEs of exch
hangeable
protons onlyy. This approaach should allso be suitable for system
ms of high
molecular mass
m
where PRE
P
restraintss and NOEs between exch
hangeable
protons can be obtained even on perddeuterated sam
mples. Besidees soluble
proteins, relaaxation enhanncements in a paramagneticc environmen
nt can also
be used in a quantitativee way to obttain the orienntation and lo
ocation of
micelle-bounnd peptides.3
References:
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1
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Chicken ileal bile--acid-bind
ding prottein: a pro
omising taarget of in
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understaand bindin
ng co-opeerativity across
a
thee protein family
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(
Acid Binnding Proteinns) are intraceellular transpo
orters able to bind ligands with differentt stoichiometrry,
BABPs (Bile
selectivity annd co-operatiivity.1-3 The present
p
work addresses the study and proposes a m
mechanism fo
or the multi-siite
interaction of bile acids wiith chicken I-B
BABP (ileal BABP)
B
with th
he aim of eluccidating the deeterminants off ligand bindinng
in comparisoon with homollogous proteinns from differrent species an
nd tissues. A thermodynam
mic binding model
m
describinng
two independdent consecuttive binding sites is derivedd from isotherrmal titration calorimetry eexperiments and
a validated on
o
the basis of both protein--observed andd ligand-obserrved NMR tittration data. It
I emerges thhat a singly bound protein is
relatively abuundant at low
w ligand/protein molar ratioos assessing th
he absence off strong co-opperativity. Botth the measurred
energetics off binding and the distributeed protein cheemical-shift peerturbations are
a in agreemeent with a firsst binding eveent
triggering a global
g
structuural rearrangem
ment. The ressults described
d in the presennt study pointt to the presen
nce of a proteein
scaffold whiich is able too establish loong-range com
mmunication networks, buut does not m
manifest positiive-binding coc
operativity, as
a observed for
fo the human protein. We consider chiccken I-BABP a suitable moodel to addresss the molecullar
basis for a gaain-of-functionn on going froom non-mamm
malian to mam
mmalian speciies.
References:
1. Kouvatsos N.., Thurston V., Baall K., Oldham N.
N J., Thomas N. R.
R and Searle M. S., J. Mol. Biol., 371, 1365 – 13777 (2007)
2. Capaldi S., Saaccomani G., Fesssas D., Signorelli M., Perduca M. and Monaco H. L., J. Mol. Biol., 385, 99 – 116 (2009)
3. Toke O., Monnsey J. D., DeKosster G. T., Tochtrrop G. P., Tang C.
C and Cistola D. P.,
P Biochemistry,, 45, 727 – 737 (22006)
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Solution NMR Structure and RNA interaction studies of the Human SBDS
Protein

Juliana F. Oliveiraa, Maurício L. Sforçaa, Tharin M. A. Blumenscheinb, Mauricio B. Goldfederc,
Beatriz G. Guimarãesa, Carla C. Oliveirac, Nilson I. T. Zanchina and Ana C. Zeria
a
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b
c

We determined the solution structure and backbone dynamics of the human SBDS protein and describe its RNA
binding site using NMR spectroscopy.1 SDS (Shwachman-Bodian-Diamond syndrome) is an autosomal recessive genetic
syndrome with pleiotropic phenotypes including pancreatic deficiencies, bone marrow dysfunctions with increased risk of
myelodysplasia or leukemia and skeletal abnormalities. This syndrome has been associated to mutations in the SBDS
gene, which encodes a conserved protein showing orthologs in Archaea and eukaryotes.2 Significant conformational
exchange was observed in the NMR dynamics experiments for the flexible linker between the N-terminal and the central
domains, and these experiments also reflect the relative motions of the domains. RNA titrations monitored by
heteronuclear correlation NMR experiments and chemical shift mapping analysis identified a classic RNA binding site at
the N-terminal domain that concentrates most of the mutations described for the human SBDS.
References:
1. de Oliveira J. F., Sforca M. L., Blumenschein T. M., Goldfeder M. B., Guimaraes B. G., Oliveira C. C., Zanchin N. I. and Zeri A. C., J Mol Biol, 396,
1053 − 1069 (2010)
2. Boocock G. R., Morrison J. A., Popovic M., Richards N., Ellis L., Durie P. R. and Rommens, J. M., Nat. Genet. 33, 97 − 101 (2003)
Acknowledgments: FAPESP, CNPEM/ABTLuS.
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3D structure of EMAP II protein in solution reveals high flexibility and exposure
of N-terminal cytokine motif which is partially buried in crystal structure
Dmytro Lozhkoa, Łukasz Jaremkob,c, Mariusz Jaremkob, Igor Zhukovb,d,e and Aleksandr I. Kornelyuka
a
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Institute of Biochemistry and Biophysics, Polish Academy of Sciences, ul. Pawinskiego 5a, 02-106 Warsaw, Poland
c
Departmewnt of Chemistry, University of Warsaw, ul. Żwirki i Wigury 93,02-089 Warsaw, Poland
d
Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, 1001 Ljubljana, Slovenia (igor.zhukov@ki.si)
e
EN®FIST Centre of Excellence, Dunajska 156, 1000 Ljubljana, Slovenia
b

Endothelial and monocyte activating polypeptide II (EMAP II) is the proinflammatory cytokine which induces
endothelial cells apoptosis and reveals strong antitumor activity in vivo.1 Analyzing crystal structure of EMAP II by MD
simulations we postulated the rearrangement of structural loop Lys116 – Lys123 in solution which resulted in
stabilization of the adjacent α-helix and extension helix by four residues (Pro120 – Lys123). In present work, we describe
the high-resolution 3D structure of EMAP II obtained by multidimensional NMR spectroscopy in solution. In order to
make all sequence-specific assignments, the standard 3D NMR experiments were supported by 4D NMR HNCOCA /
HNCACO datasets2 acquired using arbitrary sampling in evolution time space.3 According to our NMR data, the Val6 –
Thr18 cytokine motif in EMAP II protein reveals much higher accessibility in comparison with known EMAP II crystal
structures where it is partially buried. Solved 3D structure also supports our observations about α-helix extension by four
residues in Pro120 – Pro130 region which does not observed in some EMAP II crystal structures. Our data shown that the
flexible region of EMAP II structure (Lys116 – Pro130) may be involved in the formation of tRNA binding site of this
polypeptide.
References:
1. Reznikov A. G., Chaykovskaya L. V., Polyakova L. I. and Kornelyuk A. I., Exp. Oncol., 29, 267 – 271 (2007)
2. Zawadzka-Kazimierczuk A., Kazimierczuk K. and Kozminski W., J. Magn. Reson., 202, 109 – 116 (2010)
3. Kazimierczuk K., Zawadzka A., Kozminski W. and Zhukov I., J. Biomol. NMR, 36, 157 – 168 (2006)
Acknowledgements: This work was partially supported by Polish – Ukrainian bilateral grant, grant N 30107131/2159 founded by Polish Minister of
Sciences and High Education for years 2006 – 2009 and FP7 East-NMR project (contract no.228461) inside of transnational access program (for AK).
The NMR measurements on Varian VNMRS 700 were run at the Structural Research Laboratory, Department of Chemistry, University of Warsaw.
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Using 19F HRMAS
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m
pathhway, providees precursors for
f the synthessis of a variety
y of metabolittes
The Krebbs cycle, a welll-conserved metabolic
and macromoolecules. Recent studies indicate that som
me intermediaates of the Krrebs cycle, such as 2-oxogllutarate (2-OG
G),
act as signalling moleculees involved inn the regulatioon of differen
nt cellular activities in
O
bacteria, plannts and humann. Most of theese studies haave been carried out in vitroo, and the
signaling funnction of suchh metabolites is difficult too establish in vivo becausee they are
COOH
rapidly metaabolised. To circumvent this
t
difficultyy, we have recently
r
synthhesized a 22-OG HOOC
1,2
nonmetabolizzable analoguue of 2-OG : the
t 2,2-difluoropentanedioiic acid (DFPA
A). This
F
F
analogue cann be easily trraced in vivo by 19F Highh-Resolution Magic
M
Angle Spinning
COOH
DFPA HOOC
(HRMAS) teechniques. In particular,
p
wee show here prreliminary resu
ults obtained by
b Pulsed D
3
1
19
Gradient Spiin Echo (PGSE
E) and H- F HOESY expperiments to elucidate
e
the innteraction
between DFP
PA and its puttative receptorr NtcA.
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Sp140 Pllant Hom
meoDomain (PHD) finger:
f
a structuraal and fun
nctional sttudy
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b
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The plantt homeodomaain (PHD) fingger is a conseerved zinc-bin
nding domain found in manny
chromatin-reemodelling proteins. Mutattions targetingg PHD fingerrs have been associated wiith
cancers, imm
munological annd neurological diseases.1 PHD
P
fingers can
c work as SU
UMO E3 ligaase
or as readerss of epigeneticc marks, mainnly on histone H3. They aree functionally diversified annd
work in a combinatoriial fashion with other nuclear inteeracting dom
mains, such as
bromodomaiins. The leukkocyte-specificc Sp140 protein is a com
mponent of thee PML-NBs in
mature B cellls, plasma cellls and some T cells2 and coontains a tand
dem PHD-brom
modomain. It is
implicated inn chronic lymphocytic leeukemia, but its real funcction is still unknown. W
We
expressed Spp140 PHD finnger in E.coli and we are soolving its stru
ucture in soluttion. Its 1H-15N
NHSQC specttrum showed the presence of cis/trans issomerization of one of its peptidyl-prollyl
bonds. The issomerization was
w further coonfirmed by means
m
of Pro-A
Ala mutation.
In vitro SUMOylationn tests perforrmed on the tandem PHD
D-bromodomaiin expressed in
E.coli revealed that one SU
UMO moiety can covalentlly bind to a lysine of the tanndem. By NM
MR
titration we also
a demonstrrated that SUM
MO E2 enzym
me Ubc9 bindss to one face of
o the PHD finnger (mapped
d in black on the
t
PHD structurral model). We
W are currenttly verifying thhe hypothesiss that Sp140 PHD
P
finger w
works as SUM
MO E3 ligase for
f
the adjacent bromodomainn. We are alsso investigatinng its role as epigenetic reaader, by meanns of NMR an
nd fluorescennce
titrations whiich test the doomain affinity towards moddified and unm
modified H4 annd H3 tails.
References:
1. Wang G. G., et al., Mutat Res, 647, 3 – 12 (20008)
e al., J Biol Chem
m, 271, 29198 – 204
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Longitudinal analysis of macrophage activity in inflammatory bowel disease using
perfluorocarbon nanoemulsion and 19F MRI
Deepak K. K. Kadayakkara, Won-Bin Young and Eric T. Ahrens
Department of Biological Sciences, Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, PA, 15213, USA (eta@cmu.edu)

Methods to non-invasively diagnose and quantify inflammatory bowel disease (IBD) can potentially aid in our understanding
and treatment of this serious disease. In a mouse model, we demonstrate that quantitative and longitudinal monitoring of IBD is
possible in vivo using 19F MRI following perfluorocarbon (PFC) nanoemulsion delivery intravenously (i.v.). The nanoemulsion
droplets are taken up by circulating monocytes and macrophage that participate in inflammatory events in vivo, resulting in an
accumulating of 19F at inflammatory loci. IBD was induced in IL10-/- mice (n=6) by feeding piroxicam-doped chow for 14 days.
The PFC nanoemulsion (VS1000, Celsense, Inc., Pittsburgh, PA) was then injected i.v., and longitudinal 1H and 19F images were
acquired in anesthetized mice on days 2, 9, 16, 23 and 30 post-injection at 11.7 T. Additionally, excised colon tissues were
imaged ex vivo using MR microcopy. Colon tissues were subjected to H&E histology and immunohistochemistry to look at
macrophages (F4/80), neutrophils, monocytes (Ly6C) and endothelial cells (CD31), and RNA was extracted to measure
macrophage load using qRT PCR. A thickening of the colon wall was observed in 1H images (panel a), and patchy 19F signals
were observed (panel b, R=external reference). Longitudinal quantification of 19F in the colon showed increasing 19F signal from
days 2 to 16 and then decreased thereafter. H&E staining displayed pancolitis with
heavy mononuclear cell infiltration. Immunofluorescence of colon tissues showed that
PFC was localized within macrophage exclusively. The qRT PCR revealed a linear
correlation between macrophage RNA and 19F signal in the same tissue samples.
Overall, 'in situ' macrophage labeling using PFC nanoemulsion can enable visualization
and quantification of a wide range of acute inflammatory lesions with high specificity.
Acknowledgments: NIH R01-CA134633, R01-EB003453, P01-HD047675, and P41-EB001977.
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Hyperpolarized 129Xe NMR for Analysis of Blood-compatible Xenonizer
Membranes
Nadia Amora, Kathrin Hamiltonb, Markus Küppersa, Ulrich Steinseiferb, Thomas Schmitz-Rodeb,
Stephan Appeltc and Bernhard Blümicha
a
b

ITMC of RWTH Aachen University, Germany (amor@itmc.rwth-aachen.de)
HIA of RWTH Aachen University, Germany, cResearch Center Jülich GmbH, Germany

NMR of hyperpolarized 129Xe has found a great variety of applications in many fields of research,1 mainly due to the broad
chemical shift range and the lipophilic character of the large xenon atom allowing, in principle, for dissolution of the gas in
liquids. However, especially for medical use such as in blood studies, the dissolution process must not lead to bubbles and
should exert as little mechanical stress on the fluid as possible. The so-called "xenonizer" setups2 have turned out to meet these
requirements to a wide extent. Basically, they consist of hollow fiber membranes in oxygenator modules and have been proven
to be feasible for more complex experiments on dissolved hyperpolarized 129Xe.3
In order to further enhance the efficiency and biocompatibility of the xenonizers, a home-built system featuring different
membrane materials has systematically been analyzed for various biologically relevant solvents ranging from water and isotonic
saline solution to porcine plasma, whole blood, and highly concentrated erythrocytes. The suitability of the studied membrane
types has been characterized with regard to the significance of the parameters relevant for different applications, e.g. highest
signal-to-noise ratio, fastest exchange of depolarized and freshly hyperpolarized 129Xe in the solvent, lowest hemolytic effect,
etc.
Based on the results presented, experiments employing xenonizers can further be improved. Moreover, they lay the
foundation for future studies of the complex processes within the xenonizer setup itself as well as for the understanding of
xenon-blood interactions and the resulting anesthetic effect.
References:
1. Goodson B. M., J Magn Reson, 155, 157 (2002)
2. Baumer D., Brunner E., Blümler P., Zänker P. P. and Spiess H. W., Angew. Chem. Int. Ed., 45, 7282 (2006)
3. Amor N., et al., J Magn Reson, 201, 93 (2009)
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Toward molecular imaging using 129Xe NMR-based biosensors
Céline Boutina, Nawal Tassalia, Estelle Léoncea, Hervé Desvauxa, Aude Pavillaa,b, G. Hubera, Luisa
Ciobanub, Yves Boulardc, Nadège Jaminc, Thierry Brotind, Jean-Pierre Dutastad and Patrick Berthaulta
a
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A promising molecular imaging modality proposes to detect hyperpolarized
xenon transported to biological targets via host molecules functionalized with
adequate ligands.1 Research for developing potent biosensors2 and fast imaging
techniques taking full advantage of the hyperpolarization3 aim at alleviating the
sensitivity problem. Whereas the proof-of-concept of this approach was
already established by the specific detection of proteins or nucleic acids at low
concentration in solution, none of these 129Xe NMR studies were developed
directly with biological cells or in vivo. First, in order to assess its potential for
detection of specific cellular surface receptors, we have built 129Xe NMR-based
sensors of the transferrin receptors and studied their interaction with eukaryotic
cells through NMR combined with fluorescence.4 Then, in order to check the
validity of the ‘post-labeling’ concept where xenon delivered in a second step enables localization of the biosensor
previously injected, we have instilled cryptophanes (ideal xenon host molecules) in rat lungs. The spatially-resolved
spectrum of laser-polarized xenon inhaled by the animal some minutes after reveals the signal of the noble gas in the
biosensor (see figure).
References:
1. Berthault P., Huber G. and Desvaux H., Prog. Nucl. Magn. Reson. Spectrosc., 55, 35 – 60 (2009)
2. Lerouge F., Melnyk O., et al., J. Mater. Chem., 19, 379 – 386 (2009)
3. Berthault P., Bogaert-Buchmann A., Desvaux H., Huber G. and Boulard Y., J. Am. Chem. Soc., 130, 16456 – 16457 (2008)
4. Manuscript in preparation
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In situ MR imaging of food during continuous heating
Mustapha Bouhrara, Sylvie Clerjon, Jean-Louis Damez, Abdlatif Benmoussa, Cyril Chevarin and
Jean-Marie Bonny
UR370 QuaPA, INRA, F-63122 Saint-Genès-Champanelle, France (jean-marie.bonny@clermont.inra.fr)

MR imaging can overcome the limitations of destructive methods for the in situ monitoring of structural changes and
mass transfer in foods during heat treatment. For this application, a nonmagnetic adiabatic heating system is necessary.
Moreover, a continuous control over the measuring conditions is needed to prevent the signal-to-noise ratio (SNR)
worsening with rising temperature. A nonmagnetic experimental device was designed based on circulating water heated
linearly from 20 to 75 C. The tank containing the meat sample and the circulating water was heat-insulated from the
transmitter-receiver antenna by a PTFE® tube. During the experiment the SNR loss of ~40% due to concomitant
variations in the intrinsic NMR parameters of the muscle outweighed the ~15% loss caused by the extrinsic experimental
variations. To obtain sufficient contrast in the muscle and monitor its deformation at 4.7T, the imaging sequence made use
of the difference in magnetic susceptibility between the network of conjunctive tissue and the muscle fibres. This
sequence featured bipolar gradients to cancel the signal from the mobile protons in the circulating hot water. Velocity
mapping by MRI showed that the distribution of mean velocities in the heating water was uneven in the tank, which
explains the persistence of minor artefacts in the low velocity areas. In addition, numerical temperature simulations
showed that the heat exchange varied little at the surfaces of the sample over the range of velocities measured. These
conditions therefore ensured homogeneous and reproducible heating of samples. An acceleration strategy based on the
BRISK method1 was developed to achieve a time resolution of 1’45’’, a mean SNR of ~40 and a voxel size of
0.25×0.25×2 mm3. In these conditions, structural changes and juice transfer in slowly cooking meat samples can be
monitored in an original and robust way.
References:
1. Doyle M., Walsh E. G., Blackwell G. G. and Pohost G. M., Magn Reson Med, 33, 163 – 170 (1995)
Acknowledgments: This work was funded by the EU project ProSafeBeef (www.prosafebeef.eu/asp/).
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Region Specific Frequency Differences Between Water And Metabolite
Resonances Within The Human Brain
Grzegorz L. Chadzynskia, Adrianne Groegerb and Uwe Klosec
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Department of Neurodegeneration, Hertie Institute for Clinical Brain Research, Hoppe-Seyler strasse 3, 72076 Tuebingen, Germany

b
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Recent studies showed that frequency shifts responsible for phase contrast in gradient echo MRI are dependent from
the brain tissue architecture.1 The aim of this work was to examine possible regional differences in
water to metabolite frequency distances with proton Chemical Shift Imaging (CSI) without water
suppression.
Unsuppressed in-vivo CSI data were collected at 3T MR scanner (Siemens, Erlangen) from 14
healthy volunteers at the level of lateral ventricles. Parameters of CSI acquisition were as follows:
TE/TR = 144/1350 ms, voxelsize of 5x5x10 mm. Water and metabolite peaks were fitted with
Gauss-Lorenz function and resonant frequencies were evaluated.
Fig. 1 shows the example of water to N-Acetyl Aspartate (NAA) frequency distance map. One
Figure 1
can notice that the frequency distance for white matter is lower than for grey matter. This can be
seen in case of all volunteers and for all metabolites. However, this tendency is strongest in case of
water to NAA frequency distance.
We showed that there are regional differences in water to metabolites frequency distances between gray and white
matter. This observation is confirmed by phase images and proves that CSI without water suppression may provide
important additional information.
References:
1. He X. and Yablonskiy D. A., Proc. Nat. Acad. Sci. U.S.A., 106, 13558 – 13563 (2009)
Acknowledgments: Study supported by the German Research Foundation (DFG KL 1073/7-1).
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Automated Parahydrogen-Induced Polarizer (PHIP) Employing Low Field NMR
Spectrometer, Tunable RF Circuit and in situ Detection
Kevin W. Waddell, Aaron Coffey, Raul Colon and Eduard Y. Chekmenev
Institute of Imaging Science, Vanderbilt University, 1161 21st Avenue South, 37232, Nashville, USA
(eduard.chekmenev@vanderbilt.edu)

Parahydrogen-Induced Polarization (PHIP) of 13C and 15N enriched contrast agents allow for real time metabolic
imaging. However, PHIP technical implementation and routine use is limited to very few research groups in the world
capable of in-house design and development of PHIP equipment. Previously published PHIP polarizer designs capable of
up to 20% nuclear spin polarization utilize un-tuned RF coils and have
lacked onboard receivers. As a result, these first generation polarizers
require tedious calibrations of B1 and B0 fields, which are often
accomplished on an external high field NMR instrument. Moreover, any
adjustments of polarizing conditions (reaction time, B1, etc.) as well as the
quality control of the hyperpolarized compounds also require this access to
high field MR systems that are not always available or of a significant cost.
Here, we present a PHIP polarizer design based on the commercially
available Kea2 low-field NMR system (Magritek, New Zealand) operating
at 49 mT. A double-tuned RF circuit operating at 2.02 MHz (1H) and 0.51
MHz (13C) allows for RF transmission and direct NMR detection of PHIP,
Fig. 1. B1 and B0 calibrations and in situ quality assurance of PHIP contrast
13
C hyperpolarized signal,
agents (Fig. 1) are carried out within minutes without access to high field Figure 1.
~40%,
detected after 32 s in situ
P
produced
NMR equipment. This design on the Kea2 platform (<$100k total cost) can
and
referenced
to 23Na signal obtained
be readily replicated by other research groups.
from NaCl sample at 49 mT spectrometer.
Acknowledgments: We thank the following for funding support: NIH/NCI 4R00CA134749, 3R00CA134749-02S1, Prevent Cancer Foundation, ICMIC.
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Metabolomics and Its Applications
Leo L. Cheng
Departments of Radiology and Pathology, Massachusetts General Hospital, Harvard Medical School Boston, MA 02114, USA
(cheng@nmr.mgh.harvard.edu)

In the era of genomics and proteomics, metabolomics offers a unique way to probe the underlying biochemistry of
physiological and pathological conditions. Cancer metabolomics studies the global variations of metabolites involved in
the development and progression of malignancy. Cancer metabolomics uses techniques such as magnetic resonance (MR)
methodologies to discover disease biomarkers that may have the potential to assist disease detection and diagnosis, as well
as to predict the courses of progression. In the past ten years, utilizing the intact tissue MR spectroscopy method that we
developed, my laboratory has engaged in the studies of human malignancies of prostate, breast, brain, lung, etc. Examples
from these studies will be presented to illustrate the power of cancer metabolomics in detecting human prostate cancer
through metabolomic imaging1 and in predicting prostate cancer recurrence using metabolomic profiles.2 Further
demonstration of the ability of human serum metabolomic profiles in characterization of lung cancer will also be
discussed.3
References:
1. Wu C. L., Jordan K. W., Ratai E. M., Shen J, Adkins C. B., DeFeo E. M., Jenkins B. G., Ying L., McDougal W. S. and Cheng L. L., Sci Transl Med,
2, 16ra8 (2010)
2. Maxeiner A., Adkins C. B., Zhang Y., Taupitz M., Halpern E. F., McDougal W. S., Wu C. L. and Cheng L. L., Prostate, 70, 710 – 7 (2009)
3. Jordan K. W., Adkins C. B., Su L., Halpern E. F., Mark E. J., Christiani D. C. and Cheng L. L., Lung Cancer, 68, 44 – 50 (2010)
Acknowledgments: PHS/NIH Grants: R01CA115746, R01CA115746-S1, R21CA141139, and MGH A. A. Martinos Center for Biomedical Imaging.
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Depth Profile Imaging using Single-Sided RF Coils – A Novel Application
Stephen P. Cottrell
Science and Technology Facilities Council, ISIS facility, Rutherford Appleton Laboratory, Chilton, Didcot, UK, (stephen.cottrell@stfc.ac.uk)

Complementary to conventional magnetic resonance techniques, muon spectroscopy1,2 uses an implanted 100% spin
polarised spin-½ positive muon either as a probe of the local magnetic environment or to act as a proton analogue in
diffusion studies and chemistry. RF techniques can be applied;3 however, excitation is indiscriminate over the volume of
implanted muons (typically of ~20mm diameter and 0.5mm depth for a material of mass density 1g.cm-3), making it
difficult to study highly inhomogeneous systems.
The purpose of this present work was to examine whether the experimental setup described by Casanova and
Blumlich,4 and used with great success for the NMR-MOUSE®, could be applied to the RF μSR technique to introduce
depth discrimination and localise the μSR signal to comparatively thin volume sections. With the permanent magnet
orientated such that the field lines are parallel to the incident muon beam, an RF surface coil located on a pole face is
ideally positioned to accept the muon beam. Results will be presented that demonstrate this novel application of imaging
methodology.
A valuable aspect of this work is the evaluation of surface coils for RF μSR measurements. Typically, cavities are
constructed as a flattened solenoid (~24x24x2mm) both to match the profile of the incoming muon beam and contain the
sample. While simple to make, they have the disadvantage that a fraction the incident beam is stopped in the coil winding
to give a background signal. Surface coils remove this problem, and results will be presented to evaluate performance.
References:
1. Cox S. F. J., J. Phys. C: Solid State Phys., 20, 3187 – 3319 (1987)
2. See http://www.isis.stfc.ac.uk
3. Cottrell S. P., et al., Appl. Magn. Reson., 15, 469 – 476 (1998)
4. Casanova F. and Blümich B., J. Magn. Reson., 163, 38 – 45 (2003)
Acknowledgments: The Neutron Scattering and Muon Spectroscopy Integrated Infrastructure Initiative (under EU Framework Programmes 6 and 7) is
thanked for supporting this project. Iain McKenzie, Zaher Salman and Nigel Clayden are thanked for useful discussions.
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Magnetically oriented nanovesicles as MRI CEST agents
Daniela Delli Castelli, Enzo Terreno, Walter Dastrù and Silvio Aime
Department of Chemistry I.F.M. and Molecular Imaging Center, University of Torino, Torino, Italy (daniela.dellicastelli@unito.it)

The growing interest aroused by CEST agents resides in the possibility to develop innovative diagnostic protocols
currently precluded with the use of conventional MRI contrast agents (e.g. multiple probe detection). It has been shown
that nanosized scaffolds are excellent candidates for the class of CEST agents. In particular, nanovesicles have been used
either as carrier for the probe itself or as a source of mobile protons, provided by the water molecules contained in their
inner cavity, properly shifted by the addition of a paramagnetic shift reagent (the so-called LipoCEST agents).1 The latest
approach has proved extremely effective for increasing the sensitivity of the CEST agent. For in vivo applications, it is
particularly important to deal with agents displaying a very large separation between the resonance of the intraliposomal
water and the bulk signal. This task has been tackled by generating non-spherical vesicles in which the intraliposomal
water resonance receives a substantial contribution from bulk magnetic susceptibility effects.2 Despite this progress, the
preliminary in vivo experiments using LipoCEST agents have highlighted some limitations in their applicability. In fact,
the rapid uptake of liposomes by macrophages and their subsequent degradation occurring in cellular organelles,
determines the disappearance of the CEST contrast. However, this drawback may be turn into an opportunity to shed light
into biological processes. In fact, the exploitation of the multicontrast (T1, T2 and CEST) ability of paramagnetic
liposomes has allowed the evaluation of the intracellular fate of the vesicles (and their content) in the tumor
microenvironment.3
References:
1. Aime S., Delli Castelli D. and Terreno E., Angew. Chem Int. Ed., 44, 5513 – 5515 (2005)
2. Terreno E., Cabella C., Carrera C., et al., Angew. Chem Int. Ed., 966 – 968 (2007)
3. Delli Castelli D., Dastrù W. and Terreno E., J. Control. Release, 144, 271 – 279 (2010)
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Magnetic Resonance Spectroscopy Method for the Detection of Metabolites and
Macro-molecules in Human Brain at 7 Tesla
Mohammed Elywaa, Samir Mulla-Osmana, Oleksandr Khorkhordina, Frank Godenschwegera, Kai
Zhonga, Jörn Kaufmannb and Oliver Specka
a
b

Department of BMMR, University of OVGU Magdeburg, Leipziger str. 44, 39120, Magdeburg, Germany (mohamed.elywa@st.ovgu.de)
Department of Neurology, University of OVGU Magdeburg, Leipziger str. 44, 39120, Magdeburg, Germany

The increased frequency separation at high magnetic field strength, 7 Tesla, can provide signals of high signal-to-noise
ratio which allows the detection of various brain metabolites and macromolecules.1-3 Model metabolite solutions,4 prepared from twenty metabolite
models of different concentrations, was used in a combination with
automatic shimming, water suppression adjustments and STEAM-VERSE
sequence (TR=3000 ms, TE=20 ms, TM=15 ms and VOI= 1 mL) to make
the Basis –Set for use with Linear Combination Model. The in vivo spectra
acquired from human brain at 7 T can then be quantified using LC-Model.5,6
The results provide a powerful tool for routine proton magnetic resonance
spectroscopy of the human brain at high magnetic fields.
References:
1. Govindaraju V., Young K. and Maudsley A., NMR Biomed, 13, 129 – 153 (2000)
2. Mandal P. K., Concepts Magn Reson, 30A, 40 – 64 (2007)
3. De Graaf R. A.and Rothhman D. L., Concepts Magn Reson, 13, 32 – 76 (2001)
Fig. in vivo human brain metabolites
4. Provencher S. W., Magn Reson Med, 30, 672 – 679 (1993)
quantification using LC-model at 7 Tesla.
5. Tkáč I. and Gruetter R., Appl Magn Reson, 29, 139 – 157 (2005)
6. Mekle R., Mlyna´rik V., Gambarota G, Hergt M., Krueger G.and Gruetter R., Magn Reson Med, 61, 1279 – 1285 (2009)
Acknowledgments: I would like to thank my scholarship owner, Arab Republic of Egypt.
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In vitro and in vivo characterization of polymer-water interaction studied by an
off-resonance MRI - synthetic copolymer gels and breast carcinoma
Seiichi Eraa, Shigeru Matsushimab, Masaru Sogamia and Yasutomi Kinosadac
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Introduction: In order to clarify the characteristics of tissue water protons in MRI, i.e., biopolymer-water interactions
in living systems, we studied the correlations between cross-relaxation rate (CR) and physical state of water in synthetic
copolymer gels for in vitro study, and between CR and histological parameters of carcinoma in human breast for in vivo
study.
Materials and Methods: Fourteen synthetic copolymer gels (rod-shaped, 15 x 100 mm) were composed of any two or
three monomers among HEMA, GMA, N-VP and MMA. Water contents were adjusted to 18.4 - 83.0% changing
monomer composition. Twenty-seven patients with histologically confirmed invasive ductal carcinoma of the breast were
participated. These carcinoma were classified based on their histological features, i.e., extent of fibrosis in the intercellular
matrix, dysplastic changes of nuclei and mitotic index. Breast MRI was conducted using a 1.5 Tesla MRI clinical scanner.
To evaluate CR values, an off-resonance MR technique for preferential saturation of the immobile protons was used (offresonance irradiation at 7, 19 or 75 ppm apart from the frequency of water resonance).
Results and Discussion: In the model system such as copolymer gels, there was a good correlation between CR values
and the hydrophilicity of various copolymer gels, especially the CR-7 (CR at 7 ppm) values were found to be more
separable parameter depending on the different hydrophilicity of the samples. In the breast carcinoma, CR-7 values were
correlated well with the intracellular characteristics, whereas CR-19 values were correlated with the histological
intercellular structure. Intracellular macromolecules such as DNA, RNA and proteins contain a large number of OH
groups. The CR-7 values are increased with increasing dysplastic changes of nuclei and mitotic index, suggesting that
CR-7 values might reflect the amount of bound water or the degree of hydration with the intracellular macromolecules.
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Cellulose Liquid Crystalline Defects Probed by MRI
João P. Canejoa, António G. Feioa, Pedro Almeidaa,b and Maria H. Godinhoa
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Cellulosic liquid crystal solutions were found to exhibit spontaneous
twist due to intrinsic curvature.This twist enables fibres electrospun from the
liquid crystal phase to mimic the shapes of the tendrils from climbing
plants.1, 2 In order to investigate the origin of the intrinsic curvature of the
fibers different confined cellulosic solutions were studied by means of
nuclear magnetic resonance imaging (NMRI).
Solutions of cellulose in cholesteric liquid-crystal phase, which generate
curved fibers, showed a heterogenous structure in cross-section with hard
“islands” predominantly located closest to the tube walls and never in the
middle of it. Confined solutions of isotropic cellulosic solutions showed a
homogeneous cross-section.
References:
1. Canejo J. P., Borges J. P., Godinho M. H., Brogueira P., Teixeira P. I. C. and Terentjev E. M., Advanced Materials, 20, 4821 (2008)
2. Godinho M. H., Canejo J. P., Pinto L. F. V., Borges J. P. and Teixeira P. I. C., Soft Matter, 5, 2772 (2009)
Acknowledgments: J. P. Canejo gratefully acknowledges FCT for grant SFRH/BD/37958/2007.
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NMRD profiles of silica based contrast agents at high magnetic fields
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Nanosized periodic mesoporous silica (PMS) materials loaded with gadolinium have shown promising properties as
potential contrast agents for magnetic resonance imaging (MRI).1-3 Knowledge of the field dependence of T1, known as
Nuclear Magnetic Relaxation Dispersion (NMRD), is needed to model the detailed mechanisms of paramagnetic
relaxation in these systems. However, as MRI is moving towards higher magnetic fields it is important to also map the
corresponding NMRD profiles at these fields. The objective of the work presented is to measure the NMRD profiles of
PMS materials in a wide range of magnetic fields, with a particular emphasis to measurements at high fields (> 1.0 T).
This has been achieved using two different NMR techniques and instrumentation; a dedicated Field Cycling NMR
relaxometer, which allows measurements of relaxation data from 0.01 to 40 MHz (200 uT to 1.0 T), and a new cryogenfree, variable field, superconductive magnet for measurements in the field range from 40 to 80 MHz (1.0 to 2.0 T).
Common for all of the obtained NMRD profiles is that the maximum in relaxivity occurs at higher magnetic field
strengths (50-60 MHz or 1.2-1.5 T) than normally observed in gadolinium-based contrast agents. Also, the relaxivity of
the materials stays above 20 mM-1 s-1 even at 2.0 T (80 MHz). The very characteristic relaxation behavior of the PMS
materials at high fields would not have been possible to observe without the use of the new cryogen-free, variable field,
superconductive magnet.
References:
1. Lin Y. S., Hung Y., Su J. K., Lee R., Chang C., Lin M. L. and Mou C. Y., J.Phys.Chem. B, 108, 15608 (2004)
2. Rieter W. J., Kim J. S., Taylor K. M. L., An H., Lin W. and Tarrant T., Angew.Chem. Int. Ed., 46, 3680 (2007)
3. Carniato F., Tei L., Dastrù W., Marchese L. and Botta M., Chem. Commun., 10, 1246 (2009)

__________________________________________________________________________________________________

P290

Determination of rCMR(O2) and rCBF in the Human
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Determination of Regional Cerebral Metabolic Rate of Oxygen (rCMR(O2)) and Regional Cerebral Blood Flow
(rCBF) is important for the understanding of physiological and pathophysiological processes in man as aging, sleep and
drug effects on the brain. Quantitative determination of rCMR(O2) and rCBF consist of direct means for determining the
extent of infarct core and penumrba in the diagnosis of stroke and could be useful in the evaluation of vascular dementia
and neoplastic processes.
By means of 17O MRI we determined rCMR(O2) and rCBF in the human voxel by voxel using a clinical 1.5T GE
scanner.1-3
17
O imaging was carried out using Fast Multi Planar Gradient Recalled (FMPGR) and 3 Dimensional Projection
Reconstruction (3DPR)4,5 pulse sequences at 1.5 and 3 Tesla using GE clinical scanners.
Data analysis was carried out by a least square fit of a whole body reflow simulation (WBRS)6 to the experimental
data. The method could be extended to other organs.
References:
1. Fiat D., Hankiewicz J., Liu S., Trbovic S. and Brint S., Neurological Research, 26, 803 – 808 (2004)
2. Fiat D., US patent number 5,433,196, Date of Patent: July 18, 1995 Filed: June 2, 1993
3. Fiat D., US patent number 5,682,833, Nov 4, 1997 Filed May 5, 1995
4. Glover G. H., Pauly J. M. and Bradshaw K. M., J. Magn. Reson. Imaging, 2, 47 – 52 (1992)
5. Fiat D., Proc. of the XXVIIth Congress Ampere on Magn Reson to mark 50 years of Magnetic Resonance, Kazan, August 1994, p 187 and 1074
6. Fiat D., Hankiewicz J. and Song X., EENC, p. 16, Leipzig, Germany. Full reviewed paper on the Web and at the Library of the Univ. of Leipzig,
Germany (2000)
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Relaxivity Studies of Potential Nanoparticulate MRI Contrast Agents:
Lanthanide Based Metal Organic Frameworks and Polyoxometalates-Silica
Nanocomposites
Carlos F. Geraldesa, Giovannia A. Pereiraa,b, Filipe Pazb, Carlos Granadeirob, Helena Nogueirab, João
Rochab and Joop A. Petersc
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The potential use of aqueous suspensions of two new kinds on Ln(III)-containing nanoparticles made up of hybrid
materials as MRI contrast agents was explored by studying the relaxometric properties of their aqueous suspensions.
Paramagnetic porous metal organic [Ln(H2cmp)(H2O)] frameworks (MOF) (H2cmp=(carboxymethyl)
iminodi(methylphosphonic acid)) particles, with sizes defined by SEM, TEM and DLS, were studied.1 The water 1H r1
values are very small in all cases, while r2 are larger, proportional to μeff2 of the Ln(III) and dependent on τCP (the time
interval between two consecutive refocusing pulses in the train of 180o pulses applied in a CPMG pulse sequence),
saturating at values 3 to 5 times lower than r2p*. This was explained by the static dephasing regime (SDR) theory. r2
relaxivity also increases when particle size decreases. Nanoparticles of Ln(III)-containing polyoxometalate (POM)
encapsulated in a silica shell have very low r1 values, while r2 depends on μeff2 and is independent of τCP. This is in
agreement with the outer-sphere relaxation mechanism, since the particles are small enough to satisfy the condition for
motional narrowing. Both kinds of particles studied, despite the presence of one water molecule in the inner-sphere of
each framework Ln(III) ion, show very low r1 values. This inefficiency can be attributed to inadequate exchange with
bulk water due to hindered diffusion through the frame. The large r2 values at high magnetic fields make these particles
very efficient as potential MRI contrast agents for T2-weighted imaging.
References:
1. Pereira G. A., Peters J. A., Paz F. A., Rochaan J. and Geraldes C. F. G. C., Inorg. Chem., 49, 2969 – 2974 (2010)
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The Advantages and Drawbacks of Contrast enhancement in MRI by magnetic
nanoparticles: The Inflammatory Response to Iron Nanoparticles in MRI study of
murine model
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Magnetic iron oxide nanoparticles (NPs) are widely used in MRI for diagnostic of various diseases including
inflammatory lung complications. The inflammatory response of contrast agent used in the nanoparticulate form of
superparamagnetic iron nanoparticles through intratracheal route of administration to mice was studied. The images of
lung-bronchial tract of mouse were detected with Avance ΙΙ spectrometer (Bruker) at 11.7 T. The measurements were
carried out using gradient-echo sequence (GEFI ORTO), multiscan-multiecho (MSME). The T1, T2 –weighted images
were obtained with help of RARE-T1 and Turbo-RARE-T2 scanning regimes. Iron NPs were synthesized by gas
decomposition of iron pentacarbonyl. NPs were about 30 nm in diameter with outer Fe3O4 shell (2-3 nm) and inner Fe
core. The metabolomic effect of the iron nanoparticles was studied upon orotracheal administration of NPs (1mg/mouse)
to nonbread mice. The low intensity signals in response to NPs were observed as grey level images. The inflammatory
response to NPs and its suppression by anti-inflammatory drug was also confirmed by the total cell number in
bronchoalveolar lavage (BAL), the relative quantity of macrophages and neutrophils and metabolic characteristics of BAL
fluid (pH, redox potential, lactate, total protein, proteomic profile). The protein composition of BAL fluid of BALF and
plasma probes were carried by PAGE, HPLC and NMR spectroscopy methods. The inflammatory response to instillation
of iron NPs is characterized by the increase of total protein, neutrophils relative count, ethanol and lactate in BALF.
Pharmacological substance IL-1ra may be one of contra-inflammatory means to reduce lack of iron NPs-lung
inflammation in MRI.
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Water flow from soil to roots investigated by MRI
Sabina Haber-Pohlmeiera, Andreas Pohlmeierb and Bernhard Blümicha
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Water flow in soils is one of the most important functions that control the water supply for root and plant growth.
Since flow velocities in soils are mostly too slow to be monitored directly by MRI flow velocity imaging, we used GdDTPA as tracer for the first time to visualize flow processes in soils1. Apart from its chemical stability it turns out that the
main advantage is the anionic net charge in neutral aqueous solution which hinders the adsorption at soil mineral surfaces
and therefore avoids retardation. To obtain optimal measurement parameters the relation between signal intensities, tracer
concentrations, repetition time tR und echo time tE were investigated in a preliminary study. The images were measured
with a spin echo multi-slice sequence with strong T1-weighting (e.g.: tR = 0.2s, tE = 2.7 ms, 0.16 × 0.16 × 0.9 mm3 voxels).
Water flow has been investigated during i) infiltration and ii) injection experiments of unsaturated model soils with
maize and lupin plants. During the infiltration experiment we observed initial rapid homogeneous wetting of the bulk soil
from the bottom, whereas the immediate vicinity of the root is not reached by the tracer. After this initial period a continuous enrichment of the tracer is observed in this region within the next hour, but no uptake by the plant. Furthermore,
injection experiments were performed to decouple the wetting from the transport process. Under bright illumination
different steps could be observed: Dispersive spreading of the plume in the soil, followed by directed flow to the root
system, enrichment in the cortex of the roots, and final transport upwards in the xylem. Under dark conditions spreading
of the plume is still present, but Gd-DTPA is now taken up so slowly that it is not enriched in the cortex but actively
transported with the water to the xylem. With these results active and passive uptake of Gd-DTPA can be distinguished
and conclusions on the water flux processes can be drawn. The soil structure determining the flow process was
additionally investigated by relaxometric imaging (tE = 4 ms, nE = 64, 0.32 × 0.32 × 0.6 mm3 voxels). These first results
show that the root-soil interface possesses a small zone of higher water content und homogenous relaxation times around
lateral roots corresponding to the extension of the root hair zone and may serve as water buffer for roots.
References:
1. Haber-Pohlmeier S., Stapf S. and Pohlmeier A., Vadose Zone J., submitted
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Magnetic Resonance Imaging of Oscillating Electrical Currents
Nicholas W. Halpern-Manners, Vikram S. Bajaj, Thomas Z. Teisseyre and Alexander Pines
Materials Science Division, Lawrence Berkeley National Laboratory & Department of Chemistry, UC Berkeley, Berkeley, CA, 94720, USA
(nick_hm@berkeley.edu)

Direct imaging of neuronal activity by MRI would resolve many issues inherent to fMRI, yet common techniques rely
on phase measurements which cancel in the presence of oscillatory magnetic fields. We demonstrate experiments to
directly image oscillating currents by MRI. The approach1 rests on a resonant interaction between an applied RF field and
an oscillating magnetic field in the sample and, as such, permits quantitative, frequency-selective measurements of current
density without spatial or temporal cancellation. We apply this method in a current loop phantom, mapping its magnetic
field and achieving a detection sensitivity that is at the threshold of that required for detection of neuronal currents. The
spectroscopic control afforded by the experiment allows us to independently image current-induced magnetic fields of
different frequencies, and we further demonstrate how ramped and phase modulated spin lock radiation can enhance the
sensitivity and robustness of the experiment. We introduce a Fourier imaging experiment in which the spatial variation of
the magnetic field can be readily measured.
Finally, we perform a remotely-detected analogue of the experiment, in which we measure the effects of currents in
small volumes of flowing water. By separating the encoding and detection steps of the MRI experiment, remote detection
allows the separate optimization of each. We are thus able to overcome filling factor, magnetic susceptibility, and other
limitations to achieve high spatial and temporal resolution without sacrificing sensitivity. In this way, we can easily
acquire high-resolution images which display features of the phase distribution that may otherwise be compromised by
spatial averaging when viewed at lower resolutions.
References:
1. Witzel T., Lin F. H., Rosen B. R. and Wald L. L., Neuroimage, 42, 1357 – 1365 (2008)
Acknowledgments: This work is supported by the Director, Office of Science, Office of Basic Energy Sciences, and Materials Sciences Divisions of the
U.S. Department of Energy under contract DE-AC02-05CH11231.
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Quantification of the water exchange between vessels and parenchyma cells in
xylem of diffuse-porous viburnum tree
Natalia Homan and Henk Van As
Laboratory of Biophysics and Wageningen NMR Center, Wageningen University, Dreijenlaan 3, 6703 HA Wageningen, The Netherlands
(natalia.homan@wur.nl)

Water exchange between fluid in xylem vessels and surrounding them parenchyma cells in diffuse-porous viburnum
tree was non-invasively investigated by Magnetic Resonance Imaging (MRI). The signal from vessels and parenchyma
cells was discriminated on the basis of different in T2 and diffusion coefficients. From the diffusion-T2 correlated
measurements follows that two peaks detected at observation time 20 ms and corresponding to water in different types of
cells (component with faster diffusion coefficient and longer T2 is water in vessels and component with slower diffusion
coefficient and shorter T2 is water in parenchyma cells) gradually associate in one peak with increase of observation time
(Δ). Such behaviour is typical for exchange between components. It is known that exchange between the compartments
results in a decrease of the relaxation times of both components, an increase of the amplitude of the flowing water (water
in xylem vessels) and a corresponding decrease of the amplitude of stagnant water (in parenchyma cells). Since the signal
from flowing fluid in porous media is sensitive to susceptibility effects and the amplitude of this component uncorrected
decreases with increasing Δ, this component can not be used for determination of exchange. The amplitude of stagnant
water in parenchyma cells after correction on apparent T1 (T1app) strongly increased with increasing of Δ. Since exchange
between component with different T1 is accompanied by a decrease of the T1app, the correction of the amplitude of
stagnant water on this value results in overcorrection of this amplitude. The application of the T1 value without exchange
(T1real) results in that the corrected amplitude of stagnant component becomes independent on Δ. From the difference
between T1app and T1real the mean residence time of water in parenchyma cells can be calculated.
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Apparent diffusion anisotropy in rat cerebellum is altered at short effective
diffusion-times using oscillating-gradient diffusion-tensor MRI
Jeff Kershawa, Christoph Leuzea,b, Joonas Autioa,c, Sayaka Shibataa, Takayuki Obataa, Iwao Kannoa
and Ichio Aokia
a

Department of Biophysics, Molecular Imaging Centre, Nat. Inst. of Radiol. Sciences, Chiba, Japan(len@nirs.go.jp)
Department of Neurophysics, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
c
NationalBio-NMR facility, AI Virtanen Institute, University of Kuopio, Kuopio, Finland
b

It has long been hypothesised that restricted (or hindered) motion of water molecules is responsible for the anisotropic
image contrast in diffusion-tensor MRI, in particular in white matter. It has also been recognised that in that case, by
varying the length or separation of the motion-probing gradients (MPGs), it should be possible to alter the contrast of in
vivo images and thus common measures of diffusion anisotropy to probe tissue microstructure. Most previous efforts were
unable to find in vivo evidence for the restricted-diffusion hypothesis (eg Clark1), but recent work using a technique that
utilises rapidly oscillating MPGs added to a standard spin-echo sequence, has demonstrated some of the characteristics of
restricted diffusion for in vitro samples, and normal and diseased rat brain.2-4 However, the technique has never been
applied to examine alterations to apparent diffusion anisotropy as the MPG frequency is increased. In this study, an
oscillating MPG sequence was applied to investigate changes to the apparent diffusion tensor, fractional anisotropy and
mean diffusivity in rat cerebellum. The gradient frequencies were in the range 30-200 Hz and corresponded to effective
diffusion times of 1-8 ms.2 The results clearly showed that the mean diffusivity increased with MPG frequency, which is a
characteristic expected of the restricted/hindered diffusion model. Other indices of diffusion anisotropy were also visibly
altered by changes to the MPG frequency. Given sufficient gradient-set performance, it is anticipated that normal and
pathological in vivo tissue structure can be probed with this technique.
References:
1. Clark, et al., Magn Reson Med, 45, 1126 – 9 (2001)
2. Does, et al., Magn Reson Med, 49, 206 – 215 (2003)
3. Parsons, et al., Magn Reson Imaging, 21, 279 – 285 (2003)
4. Colvin, et al., Cancer Res, 68, 5941 – 5947 (2008)
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Intracellular water lifetime measured by diffusion weighted and dynamic contrast
enhanced MRI
Sungheon Kima, Jin Zhanga, Lindsey Decarlob and Robert Schneiderb
a
b

Department of Radiology, (sungheon.kim@nyumc.org)
Microbiology, New York University School of Medicine, NY, NY10016,USA

Exchange of water between intracellular and interstitial compartments is an important factor to be considered in estimating
physiologically relevant parameters from dynamic contrast enhanced (DCE)-MRI data using a pharmacokinetic model.1 While it
has been demonstrated that intracellular water lifetime (τi) can be estimated from DCE-MRI data, it has not been shown whether
the estimated τi can be compared with any other in vivo measurement method. In this study, we measured τi using both DCEMRI and diffusion weighted imaging (DWI) in BALB/c mice (n=3) with 4T1 mammary
carcinoma. DCE-MRI data were acquired using a 3D FLASH sequence with 3.8s/frame for
12 min and were analyzed using the adiabatic approximation of tissue homogeneity model3
with full water exchange model.4 DWI experiment was performed with a constant gradient
strength of 150 mT/m and seven diffusion times from 15 ms to 200 ms. From DWI data, τi
was estimated as negative inverse slop of the regression line of the natural logarithm of data
between 75 ms and 200 ms.5 The plot on the right shows comparison of τi histograms from
tumour lesion measured by both methods. The medians (25th - 75th percentile) of τi from
DCE-MRI and DWI were 112 (72 – 150) and 90 (71 – 146) ms, respectively. To our best
knowledge, this is the first in vivo imaging study to measure τi using both DWI and DCEMRI and to report a good agreement between their estimates.
References:
1. Landis C. S., Li X., Telang F. W., et al., Magn Reson Med, 42, 467 – 478 (1999)
2. Yankeelov T. E., Rooney W. D., Li X., et al., Magn Reson Med, 50, 1151 – 1169 (2003)
3. St. Lawrence K. S. and Lee T. Y., J Cereb Blood Flow Metab, 18, 1365 – 1377 (1998)
4. Li X., Rooney W. D. and Springer C. S., Magn Reson Med, 54, 1351 – 1359 (2005)
5. Pfeuffer J., Flogel U., Dreher W. and Leibfritz D., NMR Biomed, 11, 19 – 31 (1998)
Acknowledgments: NIH P30 CA016087-29.
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Liquid State Dynamic Nuclear Polarization for MRI applications: An In-bore
Approach
Jan G. Krummenackera,b, Vasyl P. Denysenkova, Laura M. Schreiberb and Thomas F. Prisnera
a
b

Institiute of Physical and Theoretical Chemistry, University of Frankfurt, Max-von-Laue-Str. 7, 60438, Frankfurt aM., Germany
Johannes Gutenberg University Medical Center Mainz, (krummenacker@prisner.de)

Contrast and scan time being key issues in Magnetic Resonance Imaging (MRI), several approaches can be taken to
improve the Contrast-to-Noise Ratio (CNR) of MRI images. Among those, hyperpolarization techniques are very
promising, one of which is Dynamic Nuclear Polarization (DNP).
In DNP, hyperpolarization of nuclei is achieved by microwave irradiation of electron spins (“radicals”) transferring
their larger Boltzmann polarization to the nuclei – in this study via the Overhauser Effect.
We present a liquid state DNP polarizer operating in flow through mode at a magnetic
field strength of 1.5 T (42 GHz microwave frequency), compatible with a standard 1.5 T
medical imaging magnet. Compared to other approaches, where the polarization of the
sample takes place in a separate magnet placed well outside the imager bore, e.g. the
Oxford Instruments HyperSense, there are major technical differences. Out-of-bore solid
state polarization buildup time is in the range of an hour, making it a one-shot procedure.
However, liquid state polarization buildup time is in the range of seconds, allowing for a
flow through design providing a constant flow of polarized sample. Additionally, any
system polarizing outside the imager bore has to shuttle the sample into the imager. This
is a process roughly on a timescale of the nuclear T1, making polarization loss during that
period significantly large. On the other hand, polarizing in the liquid state at room temperature and 1.5 T will yield less
polarization enhancement than an external system operating at a magnetic field optimized for the polarization process in
the solid state at low temperature. The work presented outlines the design of the DNP system, comprising of the flowthrough resonator and an appropriate microwave source, and demonstrates its performance in enhancing water proton
NMR signals.
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Implementation of MRI to pharmacopoeial method of evaluation of controlled
release dosage forms – experimental results, a priori and a posteriori modeling
Piotr Kulinowskia,c, Przemysław P. Dorożyńskib, Aleksander Mendykb, Anna Młynarczyka, Renata
Jachowiczb and Władysław P. Węglarza
a

Department of MRI, Institute of Nuclear Physics PAN, ul. Radzikowskiego 152, 31-342 Kraków, Poland (Piotr.Kulinowski@ifj.edu.pl)
Department of Pharmaceutical Technology and Biopharmaceutics, Jagiellonian University, ul. Medyczna 9, 30-688 Kraków, Poland
c
Institute of Technology, Pedagogical University, ul. Podchorążych 2, 30-084 Kraków, Poland
b

Combined MRI and flow-through cell dissolution testing (US Pharmacopoeia 4) is a very promising tool for
investigating controlled release (CR) oral dosage forms.1,2 Two studies were performed on the MR system equipped with
dedicated flow-through dissolution cell combined with MR probe with respect to a priori and a posteriori modeling.
In the first study, equetiapine fumarate, HPMC based, compressed tablets were used as a subject. The results were
compared with theoretical a priori model proposed by Ju et al.3 It concerns swelling of uncross-linked polymers (e.g.
HPMC) and is based on polymer disentanglement concentration and diffusion layer in dynamic medium conditions.
Model proposed by Ju et al. allowed proper identification of the regions of the swelling matrix in MR images. Qualitative
agreement between temporal changes of dry glassy polymer, swollen glassy polymer and gel regions (evolution profiles
of polymeric matrix) as obtained experimentally by MRI and theoretically calculated by Ju was confirmed.
In the second study, subjects were different L-dopa, non-compressed HPMC based formulations. They were prepared
to give identical results (dissolution profiles) as studied by means of dissolution test only2– test commonly used in
pharmaceutical industry. MRI in the flow-through cell allowed differentiating between formulations. Moreover, matrix
evolution profiles were applied to develop single (surrogate) a posteriori model for investigated formulations.
References:
1. Kulinowski P., Dorożyński P., Jachowicz R. and Węglarz W., J Pharm Biomed Anal., 48, 685 – 693 (2008)
2. Dorożyński P. P., Kulinowski P., Mendyk A., Młynarczyk A. and Jachowicz R., AAPS PharmSciTech, DOI 10.1208/s12249-010-9418-8 (2010)
3. Ju R. T. C., Nixon P. R., Patel M. V. and Tong D. M., J. Pharm. Sci., 84, 1464 – 77 (1995)
Acknowledgments: The work was supported by The Polish Ministry of Science and Higher Education grant N N518 407438.
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Iron(III) EHPG complexes as potential T1 contrast agents for MRI
Nikodem Kuźnik
Department of Chemistry, Silesian University of Technology, B. Krzywoustego 4, 44-100 Gliwice, Poland (Nikodem.Kuznik@polsl.pl)

Non-gadolinium contrast agents are under intensive research.1 Iron is very attractive due to its role in organism, but its
applications are still limited. So, a series of hexadentate aminoacidic ligands – N,N’-ethylenebis[2-(ohydroxyphenyl)glycine] EHPG2 derivatives have been synthesised. Most of the ligands carried polar groups, which were
regarded to enhance the interaction with water.
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The ligands were complexed with Fe(III) and the resulting complexes have been separated. Isomeric structures were
collected. T1 measurements have been recorded in aqueous media. T1 relaxivity at 300 MHz were in the range of 0.5-1.8
mM-1 s-1. The models are promising and are under further investigation.
References:
1. Viswanathan S., Kovacs Z., Green K. N., Ratnakar S. J. and Sherry A. D., Chem. Rev., 110, 2960 – 3018 (2010)
2. Wilson G. J., Aust. J. Chem., 40, 1695 – 1704 (1987)
Acknowledgments: Polish Ministry of Science and Higher Education is kindly acknowledged for a Research Grant No. N N204 030935 for years 20082011.
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Study of the effect of paramagnetic ions on the T2 distribution curves of oils
Lúcio L. Barbosaa, Giovanna F. Carneiroa, Renzo C. Silvaa, Eustáquio V. R. de Castroa, Valdemar
Lacerda Jr.a, Jair C. C. Freitasa,b and Sonia M. C. Menezesc
a
Research and Methodology Development Laboratory for Crude Oil Analysis – LabPetro, Department of Chemistry, Federal University of Espírito
Santo, 29075-910, Vitória, Brazil, (vljuniorqui@gmail.com)
b
Department of Physics, Federal University of Espírito Santo, 29075-910, Vitória, Brazil
c
Research Center Leopoldo Américo Miguez de Mello (CENPES), Rio de Janeiro, Brazil

The models frequently used to correlate the viscosity of oils to the 1H transverse relaxation times (T2) in low-field
NMR experiments do not take into account the possible effects associated with the presence of paramagnetic ions.1,2 The
aim of the present work was thus to analyze the influence of Fe3+ ions on the T2
oil
distributions recorded for Fe-doped oil samples. The low-field 1H NMR experiments
were conducted in a MARAN Ultra spectrometer, from Oxford Instruments, operating at
2.2 MHz for 1H. The T2 measurements were performed using the CPMG pulse sequence
and the T2 distributions were computed by the inverse Laplace transform method. The T2
distributions corresponding to the crude and the doped oil samples are shown in Figure
1. In the case of the crude oil, two peaks were observed, associated with the water and
T2 (μs
oil fractions. The presence of Fe3+ ions caused the lowering of the T2 values associated
with both phases – an effect especially strong for the water contribution –, leading to the Figure 1- T2 distribution curves.
overlapping of the two peaks. This result clearly illustrates the influences of paramagnetic ions on the T2 distribution
profiles for oil samples, which can lead to erroneous models for the correlation between T2 values and oil viscosity.
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Methods for groupwise analysis of functional MEMRI data
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This study addressed the functional mapping of deep brain regions activated by odours in rats. For this purpose,
manganese-enhanced MRI (MEMRI) was chosen. This method uses manganese (Mn) as an exogenous contrast agent.1
Manganese, a calcium analogue, is recruited by activated neurons and then slowly eliminated. This allows stimulations to
be performed on conscious animals and images to be acquired under anaesthesia. Image contrast depends on intraneuronal Mn concentration, and so reflects neuronal activity throughout the stimulation period. However, Mn remanence
prevents control and activation state images being obtained in a single-subject experiment. Images have to be acquired
through multi-subject studies and spatial variation of Mn concentration assessed by groupwise image comparison. Two
image processing steps are crucial for such an analysis: (i) brain segmentation and (ii) inter-subject normalization. We
have developed an original image processing sequence comprising (i) a semi-supervised brain segmentation method based
on fast adjustment of an average three-dimensional brain model obtained from 20 manual segmentations and (ii) an
iterative algorithm normalizing images in both spatial and intensity dimensions, independently of an a priori image target.
This latter algorithm integrates the AIR package intra-modal inter-subject registration method,2 which was optimized
by exhaustively searching for the best cost function/deformation model pair. Preliminary results indicate that our image
processing sequence, associated with a voxelwise statistical test for comparing means, highlights deep brain regions
involved in odour processing.
References:
1. Van der Linden A., Van Camp N., Ramos-Cabrer P. and Hoehn M., NMR in Biomedicine, 20, 522 – 545 (2007)
2. Woods R. P., Grafton S. T., Watson J. D. G., Sicotte N. L. and Mazziotta J. C., Journal of Computer Assisted Tomography, 22, 153 – 165 (1998)
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NMR im
maging was applied
a
to stuudy the transsport of the precursors of an active ccomponent (N
Ni(H2O)62+ annd
(2--x)Ni(edtaHx)
complexess, x = 0, 1, 2,, edta = ethyllenediaminetetraacetic acidd) into a γ-Al2O3 support pellet
p
during the
t
preparation of
o the supporteed Ni/γ-Al2O3 catalyst via a dry impregn
nation techniquue. The possibbility to study the transport of
these precurssors is based on their param
magnetic influuence on the relaxation
r
tim
mes of a solvennt (water) in the
t pores of the
t
support. Therrefore, the traansport of thesse complexes can
c be studied
d detecting thee T1- or T2-weeighted 1H NM
MR images. The
transport of Ni(H
N 2O)62+ intto a γ-Al2O3 pellet
p
during itts impregnatio
on with an aquueous Ni(NO3)2 solution waas characterized
not only quaalitatively butt also quantittatively. For these
t
purposees, a calibratioon curve showing the dep
pendence of the
t
intensity of the
t 1H NMR signal in the T2-weighted images of γ-A
Al2O3 pellets after their im
mpregnation with
w the aqueoous
solutions of different Ni2++ concentrationns on the conncentration of Ni2+ in the im
mpregnation solution was constructed.
c
The
bulky edta liigand shieldedd the paramagnetic effect of Ni2+ on th
he 1H NMR signal, and a T1-weighted image
i
detectioon
protocol wass required too follow the transport of Ni(edtaHx)(2-xx)-. The combbination of N
NMR imaging
g with UV-V
VIS
microspectrooscopy alloweed the visualizzation of both Ni(H2O)62+ and
a Ni(edtaHx)(2-x)- with thee complementtary informatioon
on the dynam
mics and adssorption/desorrption phenom
mena within γ-Al
γ 2O3 support bodies. Inn particular, the
t data on the
t
interaction of
o different Ni
N complexes with the γ-A
Al2O3 surface and with eacch other weree obtained. When
W
we usedd a
2
stoichiometriic ratio of Ni2+
: edta, in 2-3 h of impreggnation a unifform distributiion of Ni(edtaaHx)(2-x)- in th
he support pelllet
was observedd. When an exxcess of a Ni salt was usedd, an egg-shell Ni distributiion with a uniiform Ni(H2O)
O 62+ distributioon
was establishhed in 2 h.
Acknowledgmennts: A. A. L. andd I. V. K. thank thhe RAS (grant 5.1.1), the SB RA
AS (integration grrants 67 and 88), the RFBR (grantts 08-03-00661, 080
03-00539, 08-03-91102) and thee Federal Sciencce and Innovationns Agency (conttract # 02.740.111.0262) for finanncial support of this
t
work. A. A. L.
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acknowledges thhe SB RAS (Lavrrentiev grant for young

__________________________________________________________
___________________________________
______________

P304 (∗)

A Xenon
n-based Molecular
M
Sensor Assembled
d on an MS2 Viral C
Capsid Sccaffold
Tyler Melddrum, Kristeen L. Seim, Vikram S. Bajaj, Krisshnan K. Pallaniappan, W
Wesley Wu
u, Matthew
B. Francis,, David E. Wemmer
W
annd Alexandeer Pines
Department of Chemistry,
C
Univerrsity of California, Lawrence Berkkeley National La
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In MRI, anatomical sttructures are most often differentiated
d
by variationns in the bulk
b
magnetiic propertiess of water.
Alternativelyy, exogenous contrast ageents can be attached to
chemical mooieties that coonfer affinity to molecularr targets; the
distribution of
o such contrast agents cann be imaged by
b magnetic
resonance. Xenon-based molecular sensors aree molecular
imaging agents that reely on the reversible exchange of
hyperpolarized xenon beetween the bulk
b
and a specifically
targeted hostt-guest sensorr molecule. We
W have incorpporated ~125 such xenon sensor molecuules in the inteerior of an MS
S2
viral capsid, conferring muultivalency, im
mproved aqueeous solubility
y, probable biiocompatibilityy, and other properties
p
of the
t
viral capsid to the sensorr1. The resultting signal am
mplification, coupled with the Hyper-C
CEST detectio
on scheme2 annd
highly-efficieent, frequencyy-selective satturation pulsees, facilitates the
t detection of
o sensor at 00.7 pM, the low
west to date for
f
any moleculaar imaging agent used in magnetic
m
resonaance. This am
mplification prromises the deetection of cheemical targets at
much lower concentration
c
than would be
b possible witthout the capssid scaffold.
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C
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The hypeer-CEST methhod promises tremendous potential on molecule-specific MR usinng hyperpolarrized 129Xe annd
1
functionalizeed cryptophanne cages as a biosensor.
b
Thhe approach relies
r
on the steady
s
exchannge of Xenon atoms between
129
cage and bulk solution: uppon saturationn of caged Xe
X a continuall reduction of the bulk magnnetization occcurs, amplifyinng
the sensitivitty of biosensor detection in comparison to
t a direct meaasurement. Opptimal perform
mance of hypeer-CEST is thhus
key to biomeedical applicaations at minuscule molecullar concentrattions. Here thee enhancemennt of the saturration efficienncy
with decreassing bulk xeenon concentrration is reported. In thee figure the
experimentall results for biosensor cooncentrations of 5 μM (triiangles) and
0.5 μM (dotss), respectively, are presentted. The sensoor2 was dissolv
ved in 2 mL
PBS in a valvved NMR tubbe, allowing 1229Xe bulk conncentration to be
b varied by
setting its gas pressure in the
t range of 0.04 to 2 bar. Instead
I
of bein
ng destroyed
129
by cw-radiattion, the magnnetization of caged
c
Xe was
w inverted by
b a train of
1000 selectivve RF pulses separated byy a period off the order req
quired for a
complete turrnover of the cage
c
populatioon. Data are normalized
n
by
y bulk signal
amplitudes obtained
o
by appplying the innversion pulsees far off-reso
onance. The
lines are fitteed curves baseed on a model for the exchaange process.
The enhaanced sensitivvity of biosennsor detectionn at reduced
d bulk 129Xe
concentrationn may improvve hyper-CES
ST in various applications, particularly
in MRI, for contrast
c
enhanncement or shoortened measuurement timess.
References:
e al., Science, 3114, 446 – 449 (2006)
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Towardss Understaanding Trransversee Relaxatiion Mechaanisms off Tissue Water
W
in Humaan Brain
a
a
a
Fumiyuki Mitsumori
M
, Hidehiro Watanabe
W
, Nobuhiro Takaya
T
, Miichael Garw
woodb and Edward
E
J.
b
Auerbach
a
b

National Instituute for Environmeental Studies, Onogawa 16-2, Tsukuba, Ibaraki 305
5-8506,Japan, (m
mitumori@nies.goo.jp)
University of Minnesota
M

Transversse relaxation time T2 of thee water moleccule in human
n body is one of the sourcees of tissue co
ontrasts in MR
RI,
and utilized for disease diagnosis
d
as well
w as functiional mapping of the brainn. While the magnetic env
vironments annd
mobility of the
t water mollecule which are
a thought too regulate the T2 process are
a complicateed in vivo, wee recently founnd
that the appaarent transverrse relaxation rate R2† (= 1/T2†) of tissu
ue water in human
h
brain iis well descriibed as a lineear
combination of the regionnal non-heminn iron concenntration [Fe] and
a the macroomolecular m
mass fraction fM (= 1 – watter
fraction), R2† = α[Fe] + βfM + γ, whhere α, β, andd γ are coeffficients1.
Further, expeerimentally determined coeefficients of α,
α β, and γ att 1.9, 3,
4.7 and 7T depended onn the static field
f
B0 in unnique ways (figure).
(
Coefficient α showed a linear
l
dependdence on B0, which is exaactly the
same as obsserved in soluutions of the ferritin moleecule. β appeeared to
depend on B0 in a quadrattic manner, suuggesting mecchanisms of chemical
exchange annd/or diffusionn. γ was almoost independeent of B0, sug
ggesting
the classical dipole-dipole mechanism.
References:
1. Mitsumori F.,, Watanabe H. annd Takaya N., Maagn. Reson. Med.,, 62, 1326 – 1330
0 (2009)

Fig.. B0 dependence oof coefficients α and β.
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Quantitaative T2 MRI
M studyy of HPMC
C based drug
d
delivvery systeems
Anna Młynnarczyka, Krzysztof
K
Jassińskia, Piottr Kulinowsskia, Marco Gruwelb, Prrzemysław
c
a
Dorożyńskki , Bogusłaaw Tomanekka,b and Właadysław P. Węglarz
W
a

Department Deepartment of Maggnetic Resonance Imaging, Institutte of Nuclear Phyysics, Polish Acaddemy of Sciences,, Kraków, Poland
d
(Anna.Mlynarczzyk@ifj.edu.pl)
b
National Reseaarch Council of Canada,
C
Institute for
f Biodiagnosticcs, Winnipeg, Man
nitoba, Canada
c
Department of Pharmaceutical
P
T
Technology
and Biopharmaceutic
B
s, Jagiellonian University,
U
Kraków
w, Poland

The application of MR
R Microscopyy in the studyy of pharmaceeutical system
ms has steadilyy evolved.1,2 In
I the presentted
study, MRI time-resolved
t
approach to measure
m
spatial distribution
n of T2 and
Proton Densiity (PD) durinng hydration was
w used. Quaantitative data analysis in
terms of biexxponential T2 fitting was appplied in ordeer to distinguiish regions
with differennt hydration leevels and watter mobility. Pure
P
HPMC tablets
t
and
HPMC tableets with addittion of active substances, L-dopa and Ketoprofen
K
(freely vs. pooorly soluble)), were tested. In all cases, two compon
nents (short
and long) of T2 decayy were fittedd. Significannt differencess between
formulation with
w KT and LD were fouund. In the casse of LD, hyd
drated area
consists of seeveral separatted sub-areas (layers) with well-defined properties.
In the case of KT, conntinuous spatiial change of
o MR param
meters was
observed insstead. Applicaation of biexpponential appproach leads to much bettter understandding of the evolution
e
of the
t
swelling/hyddrating tablet structure
s
than previous monnoexponentiall data fit.3 Subbpixel level heeterogeneity is clearly visibble
allowing more accurate esstimation of thhe hydration process dynam
mics. In combbination with other pharmaaceutical testinng
methods, obttained results may provide useful
u
informaation in the prreparation of a dosage form
m with certain properties.
p
References:
1. Zeitler J. and Gladden L., Eur J Pharm Biopharm, 71, 2 – 22 (2008)
P Dorożyński P.,, Jachowicz R. annd Węglarz W., J Pharm Biomed Anal.,
A
48, 685 – 693
6 (2008)
2. Kulinowski P.,
3. Tajarobi F., Abrahmsén-Alam
A
mi S., Hansen M. and
a Larsson A., Pharmaceut
P
Res, 26, 1496 – 1503 (2009)
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Dendrim
mer-based SPIO naanoprobess for Magnetic Resonance Im
maging
Gilberto Mulas,
M
Soniaa Fresu and Roberto Annedda
Porto Conte Riccerche Srl, S.P. 555 Porto Conte/Caapo Caccia, 070441 Alghero (SS), Italy
I
(mulas@porrtocontericerche.it)

Dendrimeers are a classs of monodissperse hyperbbranched and ordered polyymers suitablee for several biomedical annd
pharmaceuticcals applicatioons. They havve been used as drug carriees, vaccine addjuvants,
gene deliveryy systems andd imaging ageents. Multipliccity of functio
onal groups (aamine or
carboxyl) onn their molecuular surface alllows to functiionalize dendrrimers efficienntly with
peptides, anttibodies or chhemical spacers. Great eff
fforts have beeen made in order to
develop new
w probes dessigned for Magnetic
M
Resonance Imag
ging and for cellular
magnetic labbeling. Dendrimers seem to be good canddidates for thiss latter purposse due to
their good biocompatibil
b
lity and low cytotoxicity. The aim of
o this study was to
synthesize and
a
characterrize Dendrim
mers – basedd Superparam
magnetic Ironn Oxide
nanoparticless (SPIO) proobes for MR
RI. Magnetite (Fe3O4) nan
noparticles coore were
prepared folllowing Massaart co-precipittation reactionn, and polyam
midoamine denndrimers
(PAMAM) were
w grown onn the core surface via diverrgent synthesis. Reaction cyycles were reppeated until geeneration fourrth
(G4) was reaached. Dendriimers - based SPIO nanopaarticles characcterization waas made by meeans of FTIR, potentiometrric
titration and MRI phantooms analysis. MRI data shhown a decrease in relaxivvity proportioonal to PAMA
AM generatioon,
suggesting thhat the formatiion and growtth of dendrimeers branches influence
i
SPIO
O relaxivity. F
Further studies are under way
to substantiatte preliminaryy data.
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Diffusion of Exchangeable Water in Novel Hardened Polymer/Cement
Dispersions
Alexandra M. Olaru, Bernhard Blümich and Alina Adams
Institute for Technical and Macromolecular Chemistry, RWTH Aachen University, Templergraben 55, D-52056, Aachen, Germany
(aolaru@mc.rwth-aachen.de)

Reactive cement-in-polymer dispersions (p/c) consist of a water or alkali soluble polymer and non-hydrated cement.
These newly developed materials are used as coatings for various systems of rovings, leading to the formation of highly
resistant composites designed for demanding applications in the building industry. The formation of the composite matrix
is triggered by hydrating the p/c dispersion; the contact with an aqueous environment leads to the solvation of the polymer
and, subsequently, to the exposure of the cement particles. No information is yet available on the properties of the
composite, such as porosity, transport times or the behavior of fluxes of matter, information known to be essential for
predicting the materials behavior and resistance.
In the present study, the diffusion of water in several poly(vinylacetate)/cement dispersions has been monitored in real
time using 1H NMR spectroscopy and single point imaging. The diffusion phenomenon has been observed indirectly, by
immersing the H2O saturated samples into D2O. The relaxation parameters of the water protons have allowed the
acquisition of SPI profiles of the water in the composites with sufficient temporal resolution to monitor the H2O/D2O
exchange process. The apparent diffusion coefficient has been determined for samples with different compositions at
several temperatures using a 1D theoretical diffusion model.1 The data were used to obtain information about the
microstructure and to estimate the activation energy for the diffusion process.
References:
1. Crank J., The Mathematics of Diffusion, Oxford University Press (1980)
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Ultrafast velocity mapping in planar micro-structures
Eva Paciok, Federico Casanova and Bernhard Blümich
ITMC, RWTH Aachen University, Worringer Weg 1, D-52056 Aachen, Germany (epaciok@mc.rwth-aachen.de)

NMR has proven to be a powerful tool for the characterization of flow in micro-fluidic setups like lab-on-a-chip
mixers or reactors.1-4 Such devices contain planar arrays of microscopic channels and chambers that need optimization to
maximize throughput. So far, the full potential of NMR to monitor the flow pattern
inside these structures has not been reached. Various obstacles, e.g. B0-inhomogeneities
generated by the micro-structures, B1-inhomogeneities imposed by the use of designated
surface rf coils and the high flow velocities in micro-devices, have prevented the
implementation of ultra-fast velocity mapping techniques based on multi-echo
generation.
In this work, we exploit the advantages of the FLIESSEN pulse sequence5 (FLow
Imaging Employing a Single Shot ENcoding). It is a combination of an ultrafast RAREbased acquisition with frequent updates of velocity-encoding and exhibits a high
resilience to the above-mentioned inhomogeneity and high-velocity effects, while Fig. 1. 2D velocity map of acetone
simultaneously allowing high spatial and temporal resolution. The performance of this
flow inside a spiral phantom.
technique is demonstrated on a phantom that bears all characteristics of a micro-device.
Using a planar surface rf coil in combination with the FLIESSEN pulse sequence, high-fidelity 2D velocity maps were
obtained within seconds (cf. Fig. 1).
References:
1. Ahola S., Casanova F., Perlo J., Münnemann K., Blümich B. and Stapf S., Lab Chip, 6, 90 – 95 (2006)
2. Akpa B. S., Matthews S. M., Sederman A. J., Yunus K., Fisher A. C., Johns M. L. and Gladden L. F., Annal Chem, 79, 6128 – 6134 (2007)
3. Harel E. and Pines A., J Magn Reson, 193, 199 – 206 (2008)
4. Ahola S., Perlo J., Casanova F., Stapf S. and Blümich B., J Magn Reson, 182, 143 – 151 (2006)
5. Amar A., Blümich B. and Casanova F., Chem Phys Chem, accepted (2010)
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Shear-thinning fluids in porous media with transverse permeability discontinuity
Galina E. Pavlovskaya
Sir Peter Mansfield MR Centre, School of Clinical Sciences, University of Nottingham, University Park NG7 2D, UK
(galina.pavlovskaya@nottingham.ac.uk)

Flow of shear–thinning fluids was studied in a model porous medium with transverse permeability discontinuity by
MRI velocimetry methods.1 Fluids under study (0.25% and 0.5% Xanthan gum aqueous solutions) were also characterized
rheologically. A model porous medium was reticulated
polyurethane foam with 5 pores per inch (PPI) structure. The
transverse permeability discontinuity was produced by cutting a
cylindrical channel (diameter of the channel was the length of the
average pore) in a bulk porous medium that is coaxial with the
main axis of the bulk sample. MRI velocimetry experiments were
performed at different bed thickness of the porous medium, with
different fluid composition and flow rate. We found out that the
obtained axial velocity profiles differ drastically from the profiles
expected for Newtonian fluids. The power law behaviour was apparent in the open channel while the porous medium was
characterized by the preferential flow through tortuous channels formed by the structure of the porous medium. A velocity
profile originated from an individual flow channel differed form the major channel flow. Interfacial velocities were
increased with the increase of the bulk flow rate for both fluids. Data were processed with Prospa 2.1 (Magritek, New
Zealand). Obtained velocity fields were of very satisfactory quality thus providing a good experimental avenue for
refining present theoretical models for power-law fluid flow behaviour in porous media where a discontinuity in
permeability is present.
References:
1. Callaghan P. T., Principles of Nuclear Magnetic Resonance Microscopy, Oxford Science (1995)
Acknowledgments: Alan Raudseep, VUW, NZ.
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Slow flow in natural porous media monitored by MRI
Andreas Pohlmeiera, Michel Bechtolda and Sabina Haber-Pohlmeierb
a
b

Department of chemistry and dynamic of the geosphere, Research Center Jülich, 52425, Jülich, Germany, (a.pohlmeier@fz-juelich.de)
Department of Technical and Macromolecular Chemistry (ITMC), RWTH Aachen University, 52074, Aachen, Germany

Besides the gas phase, water is the universal transport medium for nutrients and contaminants in soils. The
corresponding flow processes are characterised by slow flow velocities and sensitivity for external disturbances.
Therefore MRI in combination with tracer is very convenient for non-invasive monitoring. Necessary is a tracer which
behaves conservatively, e.g. it should not interact with the solid matrix and a good contrast should be achievable. For
these reasons we have chosen the chemically stable complex Gd-DTPA containing the strong paramagnetic Gd3+ ion. In a
preliminary study the relation between signal intensity, tracer concentration, repetition time tR und echo time tE was
investigated. For the following experiments we applied a spin echo multi slice sequence with strong T1-weighting (e.g.: tR
= 0.2s, tE = 4.8 ms, 1.3 × 1.3 × 2 mm3 voxels).
Measurements on the flow of Gd-DTPA in natural porous media were performed under two different boundary
conditions: Gravitationally and evaporation driven flow. In the first case a model column consisting of an inner highly
conducting core of medium sand surrounding by a less conductive out core of silt was irrigated from top under steady
state conditions. In doing so the tracer plume moved homogenously only through the inner core. This behaviour was
validated by soil physical simulations based on the basic parameters: structure, density, water characteristic, and hydraulic
conductivity. The second set-up for gravitational flow was a natural soil column of a sandy loam also irrigated under
steady state conditions. The short relaxation in this system required the further reduction of tR = 0.05 s and tE = 1.9 ms. In
contrast to the model column the flow behaviour is more complicated. First of all the plume moved along defined
pathways. Local flow velocities are higher than the average flow velocity which is characteristic for preferential flow
phenomena. The third set-up is a continuation of the first one, i. e. the infiltration of the tracer plume is stopped after a
certain distance and the following upward flow, which is now driven by evaporation from the surface, is monitored. The
previous assumptions about internal redistribution of tracer near the surface and deeper in the porous system, as
implemented in previous soil physical simulation, are validated by MRI, which allows a non-invasive look inside the
“black box”.
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In vivo and in vitro NMR-b
based mettabolomiccs for stud
dying clioquinol treeatment
effects on
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m
m in Alzheeimer’s disease
d
moouse modeels
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V
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Groupe de RMN
N Biomédicale, Laboratoire
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SPCM
MIB (UMR CNRSS 5068), Universiité de Toulouse, France
F
Centre de Rechherches sur la Coggnition Animale, UMR CNRS 51669, Université de Toulouse, Francee
c
INRA, UR 370, Plateforme RMN
N des systèmes bioologiques, Saint-Genès Champaneelle, France (jeann-pierre.Renou@
@clermont.inra.fr))
d
Institut de Mathhématiques, UMR
R 5219, Universitté de Toulouse, France
F
b

Alzheimeer's disease (A
AD) is one of the most impoortant causes of progressivee dementia inn the elderly, characterized
c
b
by
a slow and progressive im
mpairment of cognitive functtions. Nowadaays, there is neither
n
curativve medicine, nor
n effective annd
valid animall model for thhe evaluation of new meddicines againstt AD. It coulld thus be im
mportant to discover efficieent
diagnostic toools allowing revealing thee disease befoore the first siigns of cognitive decline. Metabolomic offers a globbal
approach forr describing metabolic
m
chaanges. Metabolomic analysis consists inn identificatioon and as mu
uch as possibble
quantitation of
o the largest set of metaboolites.
The goal of this study was to detectt global metabbolic perturbaations related to
t the developpment of AD with two NM
MR
approaches: (i) in vivo loccalized Magneetic Resonancce Imaging (M
MRI) and 1H Magnetic
M
Ressonance Specttroscopy (MR
RS)
and (ii) in vittro 1H Nucleaar Magnetic Resonance
R
(NM
MR). The mettabolomic proofiles of hippoocampus in 3 months-old AD
A
(AppSwe Tgg2576) and heealthy mice were
w
comparedd after two mo
onths of treatm
ment with a ssolution of cliioquinol or wiith
the vehicle alone.
a
The hipppocampus was
w first analyzed with MR
RS and then, after
a
mouse saacrifice, it waas extracted annd
analyzed by 1H NMR. Booth in vivo andd in vitro dataa were treated
d with univariiate and multiivariate statisttical approachhes
using surpervvised or unsuppervised methhods.
This studdy enabled thee comparison of cerebral metabolites
m
dettected by in viivo and in vitrro NMR for both
b
treated annd
untreated miice. The mettabolic changes observed were similar with both teechniques. M
Moreover, clio
oquinol induced
metabolic chhanges in transsgenic mice onnly whereas vehicle
v
alone had
h no effect.
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A Robust Protocool for Diffu
fusion-Weeighted Fu
unctional MRI on R
Rodents at
a 7 Teslaa
Olivier Reyynaud, Naddya Pyatigorrskaya, Alexxandra Petiet, Denis Lee Bihan andd Luisa Ciob
banu
CEA, DSV, I2BM
M, NeuroSpin, LR
RMN, Gif sur Yveette, France (oliviier.reynaud@cea
a.fr)

A small decrease
d
in thee water diffusioon coefficient during corticaal activation haas been previously reported in humans usinng
diffusion funcctional MRI (D
DfMRI)1. It has been suggestted that DfMR
RI is a direct marker of neuronal activation through changges
in tissue struucture (i.e. celll swelling). Hence,
H
this method
m
could improve
i
the teemporal and sspatial resoluttion of fMRI as
compared to the indirect conventional
c
b
blood
oxygen level-dependeent (BOLD) method.
m
Usingg DfMRI in small
s
animals is
t only small animal DfMR
RI studies publiished to date have
h
been donee on cats2. In thhis work, we establish
e
a robuust
challenging; the
protocol for observing thee DfMRI activvation in rats at 7T (Pharm
mascan, Brukeer). In this prootocol, we use medetomidiine
anesthesia thrrough intravennous injection.. Being an alppha-2-adrenoreeceptor agonistt with dose-deependant effect, medetomidiine
interacts less with neurotrannsmission and causes less heemodynamic in
nstability. We first inject a bbolus of 110 μg
g/kg, wait for 20
minutes, thenn proceed to administer
a
a continuous
c
inffusion of med
detomidine. Within
W
a 2-hour period, the injection rate is
gradually increased from 100 μg/kg/h to 300 μg/kg/h. We determineed that these values
v
ensure tthe optimal acctivation, both in
strength and duration. In our
o experimentt, we alternatee between a GE
G EPI sequennce for BOLD
D response and
d a DW-SE EPI
E
sequence for DfMRI response. The param
meters used arre [TE=10 mss, TR=1500 ms] for BOLD and [TE=24m
ms, TR=1500 ms,
m
∂=2.5ms, Δ=112.5 ms, b=20000 s/mm2] forr the DfMRI, respectively.
r
Forepaw
F
stimullation is perforrmed in a paraadigm consisting
of 5 blocks (330s rest, 30s acctivation), withh 10 minutes rest
r between seessions to prevvent habituatioon. Typical acttivation maps for
f
BOLD and DfMRI are shown
s
in Figgures a and b,
b respectively
y. The
correspondingg time courrses are dispplayed in Fiigure c. Following
stimulation, we
w observe a significant chhange in the DfMRI signaal (2%,
p=0.005), witth good spatiall localization of
o the activationn.
In conclusioon, we present a robust DfMR
RI protocol forr rodents at 7 T.
T
References:
A., 103, 8263 – 82268 (2006)
1. Le Bihan D., et al., Proc. Nat. Acad. Sci. U.S.A
2. Jin. T., et al., Magn. Reson Meed.., 56, 1283 – 1292 (2006)
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MRI Thermometry Based on Encapsulated Hyperpolarized Xenon
Franz Schillinga,b,c, Leif Schrödera,d, Krishnan K. Palaniappana, Sina Zapfb, David E. Wemmera and
Alexander Pinesa
a

Lawrence Berkeley National Laboratory, Materials Sciences Division and Depart. of Chemistry, University of California, Berkeley, CA 94720, USA
Department of Experimental Physics 5, Universität Würzburg, Am Hubland, 97074 Würzburg, Germany
c
Department of Chemistry and Zentralinstitut für Medizintechnik, Technische Universität München, 85748 Garching, Germany,(fschilling@tum.de)
d
Leibniz-Institut für Molekulare Pharmakologie, Campus Berlin-Buch, 13125 Berlin, Germany
b

Noninvasive, accurate and spatially resolved temperature measurement in the human body is a desirable technology
for many biomedical applications, including the monitoring of hyperthermic treatment of cancer and the detection of
vulnerable atherosclerotic plaques. We demonstrate a new approach to MRI thermometry
using encapsulated hyperpolarized xenon. The method is based on the temperature
dependent chemical shift of hyperpolarized xenon in a cryptophane-A cage. The shift is
linear with a slope of 0.29 ppm/˚C (see figure) which is perceptibly higher than the shift
of the proton resonance frequency of water (ca. 0.01 ppm/˚C) that is currently used for
MRI thermometry. Using spectroscopic imaging techniques, we collected temperature
maps of a phantom sample that could discriminate by direct NMR detection between
temperature differences of 0.1 ˚C at a sensor concentration of 150 μM. Alternatively, the
xenon-in-cage chemical shift was determined by indirect detection using saturation
techniques1 (Hyper-CEST) that allow detection of nanomolar agent concentrations.
References:
1. Schröder L., Lowery T., Hilty C., Wemmer D. and Pines A., Science, 314, 446 – 449 (2006)
Acknowledgments: This work was supported by the Director, Office of Science, Office of Basic Energy Sciences, Materials Sciences and Engineering
Division, of the U.S. Department of Energy under Contract No. DE-AC02-05CH11231. L.S.acknowledges support from the Deutsche Forschungsgemeinschaft through Emmy Noether Fellowships (SCHR 995/1-1 and SCHR 995/2-1).
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13-interval stimulated echo multi slice imaging for flow investigations on quartz
sand
Natascha Spindlera, Andreas Pohlmeiera and Petrik Galvosasb
a
b

ICG-4, Forschungszentrum Jülich,52425 Jülich,Germany (n.spindler@fz-juelich.de)
School of Chemical and Physical Sciences, Victoria University of Wellington, Wellington 6140, New Zealand

In the context of climate change and linked phenomena like stronger varying weather conditions (draught, strong rain)
the understanding of root water uptake in soils is very important for securing nutrition. One step to learn how root water
uptake occurs is to study the water flow in soil towards plant roots.
Magnetic Resonance Imaging (MRI) is potentially the most powerful analytical tool for non-invasive three
dimensional visualization of flow and transport in porous media.1 Local velocity in porous media has been measured so
far by combining phase encoding of the velocity with fast imaging methods,2-4 where flow velocities in the vascular
bundles of plant stems were investigated. Since their cells impose almost no limitation to flow, their MR signal is hardly
inferred by internal field gradients. The situation in the surrounding soil, a natural porous medium, is different, since there
internal magnetic field gradients are not negligible.
In this work we account for the existence of these gradients by employing bipolar pulsed field magnetic gradients5 for
velocity encoding. This method opens the possibility to study flow through sand (as a model system for soil) at flow rates
relevant for the water uptake of plant roots.
References:
1. Callaghan P. T., Oxford University Press (1994)
2. Rokitta M., Zimmermann U. and Haase A., J Magn Reson, 137, 29 – 32 (1999)
3. Mansfield P. and Morris P. G., Adv Magn Reson, 2, 1 – 343 (1982)
4. Homan N. M., Windt C. W., Vergeldt F. J., Gerkema E. and van As H., Applied Magn Reson, 32, 157 – 170 (2007)
5. Cotts R. M., Hoch M. J. R., Sun T. and Markert J. T., J Magn Reson, 83, 252 – 266 (1989)
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Determination of hydraulic properties of model soil column using combined
magnetic resonance imaging and multi-step-outflow experiments
Laura R. Stingaciua, Lutz Weihermüllera, Andreas Pohlmeiera, Siegfried Stapfb and Harry Vereeckena
a
b

Forschungszentrum Jülich GmbH, Agrosphere Institute, ICG-4, 52425 Jülich, Germany (l.stingaciu@fz-juelich.de)
Department of Technical Physics II University of Technology, 98684 Ilmenau, Germany

Knowledge of the hydraulic properties is essential for all simulation studies and the prediction of water and solute
flow in the vadose zone. In general, there is a wide range of measurement techniques available for the estimation of soil
hydraulic parameters. Unfortunately, all known setups do not count for the heterogeneity which might be included in the
observation sample. Soils contain large heterogeneities in terms of refilled earth worm borrows, root channels, and/or
inclusions of different material.
In this study, we aim to accurately and reliably determine soil hydraulic properties of a strongly heterogeneous soil
sample by combining a classical multi-step-outflow (MSO) experiment with magnetic resonance imaging (MRI). A
laboratory MSO experiments was performed on a model coaxial sample filled with sand and sand-clay mixture. MRI
images at 4.7T (200 MHz) were recorded during each pressure step, to provide information about the soil water
distribution at specific locations within the soil sample, using a pure phase-encoding MRI sequence which ensured the
desired linearity between signal amplitude and water content at different pressures, e.g. various water saturations. The
recorded cumulative outflow and water content data were used as input parameters in the inversion. For the inversion the
hydrological model HYDRUS-2D was coupled with a global-optimization algorithm, namely the shuffled complex
evolution (SCE-UA) algorithm.
The results show conclusively that the combination of the two MRI and MSO methods leads to a unique estimation of
the retention and hydraulic conductivity functions of two materials simultaneously. These results could have applications
in understanding the hydraulic behavior of heterogeneous agricultural soils, clay or lignite imbedded soils, and forestreclaimed mine soils.
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Progress in CW & Time Domain Functional EPR Imaging: Recent applications In
Tumor Oximetry and correlation with MRI
Sankaran Subramanian, Nallathamby Devasahayam, Shingo Matsumoto, Keita Saito and Murali C.
Krishna
Radiation Biology Branch, National Cancer Institute, NIH, Bethesda, MD 20892, USA (subu@helix.nih.gov)

We have been developing CW and pulsed EPR imaging methods at 300 MHz for application in small animal
functional imaging research.1 Our main thrust is the development of rapid FT and CW EPR imaging in mice models of
tumor to non-invasively and quantitatively evaluate the perfusion of spin probes and spatially resolved tissue oxygenation
based on the trityl radical analogs. In the time-domain we use the Single Point Imaging (SPI) strategy that involves global
phase encoding (in all dimensions) and Fourier reconstruction leading excellent resolution and efficient band-width
coverage compared to frequency encoding. Using interleaved multi-gradient SPI we are able to generate excellent spin
distribution images, and oxygen maps derived from spatially resolved oxygen-dependent relaxation with a resolution of ±
2 mm of Hg. Mice tumor images take about 5 minutes using the trityl, Oxo63. We have also devised means of coregistering functional MRI and EPR oximetry at 300 MHz without the need to move the subject from the resonator aiding
us to look at spin perfusion, oxygen distribution from EPRI and correlation of the same with respect to MRI T2weigheted, blood-volume, and diffusion images.2 We are also examining the effect of anti-angiogenic tumor drugs as well
as the effect of radiation via the tumor oximetry and MR profiles. For addressing in vivo redox-sensitive spin probes with
large line widths we have also developed fast CW imaging using Rapid Scan combined with rotating gradients for
spectroscopic imaging. Recent developments in combining the SPI and Spin Echo modalities promise excellent resolution
in spin and oximetric images.
References:
1. Subramanian S. and Krishna M. C., Magnetic Resonance Insights, 2, 43 – 74 (2008)
2. Matsumoto S., Hyodo F., Subramanian S. et al., J. Clin. Invest., 118, 1965 – 73 (2008)
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Cellular PTMs states of p53
François-Xavier Theillet, Stamiatos Liokatis, Sylvain Tourel and Phil Selenko
Department of Structural Biology, Leibniz Institute of Molecular Pharmacology (FMP-Berlin), Robert-Roessle-Str. 10, 13125 Berlin, Germany
(theillet@fmp-berlin.de)

Post-translational protein modifications (PTMs) strongly modulate the activity of the human oncoprotein p53 1. More
than 30 PTMs have been reported for p53, among which 10 Serine/Threonine phosphorylation sites have been identified
in the N-terminus, intrinsically disordered transactivation domain (TAD). In addition, multiple Lysine acetylation
reactions have been mapped to the C-terminal, disordered region of the protein. Here, we employ high-resolution NMR
spectroscopy to study those PTM events in vitro and in vivo.
Our results indicate that N-terminal protein phosphorylation occurs in a region of prominent Proline cis/trans
isomerization. Cellular PTM states of p53 were markedly different depending on whether isolated protein fragments, or
full-length (FL) p53 constructs were studied. Thus indicating that cross talk between the N- and C-termini may ‘steer’ the
establishment of these PTMs. The fact that different modification patterns in different cancer cell extracts were observed
could path the way for future in-cell NMR applications to identify cancer types, or to annotate stages of cancer
progression.
References:
1. Kruse J. P. and Gu W.. Cell, 137, 609 – 622 (2009)
2. Zmijewski-Nurray F., Slee E. A. and Lu X., Nat Rev Mol Cell Biol, 9, 702 – 712 (2008)
Acknowledgments: Franz Hagn provided p53FL. This work is supported by the french Research on Cancer Association (ARC).
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Nanostructured Nanoparticulate Inorganic Contrast Agents for Medical Imaging
Nicholas M. K. Tsea,b, Danielle F. Kennedyb, Rachel A. Carusoa,c and Calum J. Drummondb,c
a

PFPC, School of Chemistry, The University of Melbourne, Parkville VIC 3010, Australia (Nicholas.tse@csiro.au)
CSIRO Molecular and Health Technologies – Clayton Clayton VIC 3168, Australia
c
CSIRO Materials Science and Engineering – Clayton Clayton VIC 3168, Australia
b

Medical diagnostics, such as magnetic resonance imaging (MRI), are routinely
conducted with the administration of image enhancing contrast agents. The two
known types of contrast agents are, T1 and T2 contrast agents which are classified
based on their mechanism of providing improved relaxation to proton spin states.
T1 agents have traditionally consisted of a polydentate ligand, chelated to a
paramagnetic centre. In recent years the research focus has shifted towards the use
of nanoparticulate (NP) contrast agents. NP agents offer improvements such as
higher loading, improved water exchange, slower molecular rotation and surface
functionalisation.1, 2 All of which contribute to an improved proton relaxivity.
In this work, porous colloidal silica with varying amounts of gadolinium
Figure 1: Cyro-TEM image of
doping, pore size, shape and pore hierarchy were prepared via various acidporous silica particles
catalysed hydrolysis-condensation approaches, with the inclusion of templating
agents to generate the required porosity. In our findings, the porous gadolinium silicates produced have a high surface
area, of up to 900 m2g-1 and pores sizes between 2–5 nm in diameter (Figure 1). The gadolinium loading varied from
1 wt% to 10 wt% with respect to silica. Structural features of the samples are correlated to relaxivity measurements to
determine which physical properties of NPs are most influential on the relaxivity of inorganic contrast agents.
References:
1. Na H. B. and Hyeon T., J Materials Chem, 19, 6267 – 6273 (2009)
2. Lin Y. S., et al., J Phys Chem B, 40, 15608 – 15611 (2004)
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MRI of water transport in (woody) plants: the short and the long
Henk Van As, Natalia Homan, Edo Gerkema and Frank Vergeldt
Laboratory of Biophysics and Wageningen NMR Centre, Wageningen University, Dreijenlaan 3, 6703 HA, Wageningen, The Netherlands
(henk.vanas@wur.nl)

Hydraulic conductivity of axial and radial water transport on different length scales provide key information to
validate eco-biophysical plant models for evaporation. Such models are of importance from ecophysiological and
environmental point of view. Flow in (woody) plants can be described by Darcy’s law. However, there are many
violations to Darcy’s law when applied to living (woody) plants and key aspects of the relationships between pressure,
flow / flow conducting area and (exchange with) water storage pools are not well understood.
New intact plant MRI methods are now available to study water dynamics on different length and time scales,
covering sub-cellular, cell-to-cell and long distance transport.1-3 In this way flow characteristics like velocity, volume flow
and flow conducting area can be measured per pixel, even in pixels that contain flowing and non-flowing fluid. 2D
correlated propagator-T2 MRI4 results in information about the relation between flow and pore or vessel size. The flow
driving force, the plant water potential is obtained from quantitative water content images.2 Propagator measurements can
also be applied to quantify exchange between the stagnant (cell water) and flowing water pools, even in the presence of
susceptibility differences and differences in relaxation times between exchanging flowing and stagnant water pools.
Diffusion measurements on the long time limit gives access to cell-to-cell transport or tissue permeability.3
An overview will be presented of such methods as applied to study xylem and phloem hydraulics and dynamics,
xylem air embolisms as a function of water potential and the interplay with storage pools during e.g. drought stress.
References:
1. Van As H., J. Exp. Bot. 58, 743 – 756 (2007)
2. Van As H., Scheenen T. and Vergeldt F. J., Photosynthesis Research, 102, 213 – 222 (2009)
3. Sibgatullin T., Vergeldt F. J., Gerkema E. and Van As H., Eur. Biophys. J., 39, 699 – 710 (2010)
4 Windt C. W., Vergeldt F. J. and Van As H., J. Magn. Reson., 185, 230 – 239 (2007)
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Towards 1H and Hyperpolarized 13C Metabolic Imaging at 14T:
Building blocks of a capable High Field NMR spectrometer
Mark Van Criekinge, Kayvan Keshari, Subramanian Sukumar , Robert Bok, Daniel Vigneron and
John Kurhanewicz
Department of Radiology and Biomedical Imaging, University of California San Francisco, Mission Bay Campus San Francisco, 94158 CA, USA
(markvc@radiology.ucsf.edu)

Metabolic imaging of biomarkers in preclinical animal models and human tissues at high field has benefited greatly
from recent advancements in multiple components of the NMR spectrometer. Significant improvements and development
of state of the art hardware such as 1H /13C quadrature probes and detectors, vertical bore animal position systems, plus
the implementation of high performance gradients (fast switching, high strength) and strong homogeneity corrections (2nd
and 3rd order shimming) have allowed for dramatically increased spatial resolution (anatomic imaging), high-resolution
Dynamic Contrast Enhanced imaging (DCE) and multi-direction Diffusion Weighted Imaging (DWI), as well as kinetic
analysis using DNP sensitivity enhanced 13C metabolic imaging.1 Additionally, software developments in the areas of
ultra fast echo-planar sequences (3D EPI), including efficient large bandwidth pulses, selective data collection, and
reconstruction algorithms have further advanced these system hardware improvements.
Here we demonstrate a fusion of the necessary hardware and software to overcome the limitations of high-field
spectroscopic imaging and accomplish dynamic hyperpolarized metabolic imaging.
References:
1. Ardenkjaer-Larsen J. H., et al.,. Proc. Nat. Acad. Sci. U.S.A., 100, 10158 – 10163 (2003)
Acknowledgments: Grant funding: National Institutes of Health (R01 EB007588 and R21 EB005363).

299

7. Posters
_________________________________________________________________________________________________

P323 (∗)

Microfluidic Gas-Flow Profiling Using Combined Parahydrogen-Induced
Polarization and Remote Detection MRI Techniques
Vladimir V. Zhivonitkoa, Ville-Veikko Telkkib, Susanna Aholab, Kirill V. Kovtunova, Jukka
Jokisaarib and Igor V. Koptyuga
a
b

Magnetic Resonance Microimaging Group,International Tomography SB RAS, Institutskaya Str. 3A, 630090, Novosibirsk, Russia
Department of Physics,University of Oulu, P.O. Box 3000, 90014, Oulu, Finland (v_zhivonitko@tomo.nsc.ru)

NMR has several advantages as compared with conventionally employed optical methods in microfluidic flow
profiling. It does not require the use of markers and allows versatile experiments providing dynamic and spectroscopic
information. However, NMR measurements using a large coil around the microfluidic device are very challenging
because of low sensitivity resulting from the low filling factor of the coil and low sensitivity of large coils. The issue is
even worse when gases are investigated, and thermally polarized compound are used. Here we demonstrate that the
substantial sensitivity enhancement (104 – 105) provided by combining parahydrogen-induced polarization (PHIP) and
remote detection (RD) NMR technique enables gas-flow visualization in microfluidic devices. Hyperpolarized propane
obtained in heterogeneous hydrogenation reaction1 was utilized in the experiments. The PHIP RD MRI experiments
turned out to be one to two orders of magnitude more sensitive than the corresponding RD MRI experiments performed
using hyperpolarized xenon, leading to the dramatically shortened experimental times. In addition, the developed
technique allows one to perform scientifically and technologically more fascinating studies, because parahydrogen can
naturally take part in many important chemical reactions, including those performed with the use of microfluidic devices.
References:
1. Bouchard L.-S., Kovtunov K. V., Burt S. R., Anwar M. S., Koptyug I. V., Sagdeev R. Z. and Pines A., Angew. Chem. Int. Ed, 46, 4064 – 4068 (2007)
Acknowledgments: This work was supported by the grants from RAS (5.1.1), RFBR (08-03-00661, 08-03-00539), SB RAS (67, 88), the program of
support of leading scientific schools (NSh-7643.2010.3), Russian Ministry of Science and Education (state contract 02.740.11.0262), CRDF (RUC12915-NO07) and the Council on Grants of the President of the Russian Federation (МК-1284.2010.3).
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Chemicaal shift preediction:
Helping solid-statte NMR, from
f
prottein expreession to data
d
analyysis
Alaa Abdinne and Drorr E. Warschhawski
UMR 7099, CNR
RS and Universitté Paris Diderot, IBPC,
I
13 rue Pieerre et Marie Currie, F-75005 Pariis, France,(alaa.aabdine@ibpc.fr)

Among the
t major prooblems in dettermining thee 3D structurre of membraane proteins bby solid-statee NMR is theeir
overexpression and the annalysis of the carbon-carbonn correlationss from uniform
mly labelled samples. We have
h
shown thhat
selective labbelling of thhe membrane protein MscL, using ceell-free expreession,
represents a crucial help in improving data
d sets obtaained by NMR
R in the solid--state.1
Since the membrane prottein MscL is highly hydroophobic, many
y of its aminoo acid
chemical shiifts are overlaapped. We theerefore need a strategy to choose the sppecific
labelling pattterns that wiill produce beetter-resolved spectra.2 Bassed on the sppecific
algorithm SP
PARTA,3 we have
h
grouped the predictedd chemical shiifts according to the
nature of thhe amino aciid. We have combined thhis approach with compaarative
modelling,4-66 to evaluate the chemicall shift distribbution of amin
no acids alonng the
protein sequeence. We shoow that this strrategy helps us
u optimize th
he labelling sccheme
of our proteinn, but also thee identificationn and assignm
ment of amino acids.
References:
1 (2010)
1. Abdine A., ett al., J. Magn. Resson., 204, 155 – 159
2. Abdine A., Verhoeven
V
M. A. and
a Warschawskii D. E., N. Biotecchnol., submitted (2010)
3. Shen Y. and Bax
B A., J. Biomol. NMR, 38, 289 – 302 (2007)
4. Sali A. and Blundel T. L., J. Mol.
M Biol., 234, 7779 – 815 (1993)
L
S. C., Richhardson J. S. and Richardson D. C., J. Mol. Biol., 285, 1735 – 1747 (1999)
5. Word J. M., Lovell
6. Valadie H., Lacapere
L
J-J., Sannejouand Y. H. annd Etchebest C., J.
J Mol. Biol., 332, 657 – 674 (20033)
Acknowledgmennts: This work was
w supported by a fellowship from
m the Min. Ens. Sup.
S
et de la Reccherche (A.A.), by the CNRS (UM
MR 7099), the AN
NR
(ANR-06-JCJC00014) and the Unniversité Paris Didderot. We thank Claire
C
Colas, Carole Gardiennet annd Cathy Etchebeest for help with the
t simulations, and
a
Carine Van Heijjenoort and Eric Guittet
G
for the NM
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Characteerization of Celluloose-Silicaa Hybrid Materials
M
s by Advanced Soliid-State
NMR Techniques
a,b
Matthias Abele
A
and Klaus Mülllerb
a
b

Department of Physical
P
Chemistry, University off Stuttgart, Pfaffenwaldring 55, 70
0569 Stuttgart, Geermany, (m.abelee@ipc.uni-stuttga
art.de)
Department of Material
M
Engineeering and Industrrial Technology, University of Treento, via Mesiano 77, 38123,Trentoo, Italy

wn for their intteresting prop
perties, such as
a mechanical stability, optiical and therm
mal
Organic-iinorganic hybbrids are know
behaviour.1 It
I is possible to
t use natural cellulose as organic
o
component. For silicon-based innorganic comp
ponents, the soolgel process iss often chosenn as synthetic method,2 usinng different mixtures
m
of silaanes. A major
issue during the study of such hybrid systems
s
conceerns the underrstanding of thhe interaction
between celllulose and thee silica networrk. In the pressent work, cellulose-silica hybrids were
prepared usinng tetraethoxyysilane (EtO)4Si mixed up with differentt types of monosubstituted
13
triethoxysilannes. Apart from
f
C andd 29Si CP/M
MAS NMR ex
xperiments, heteronuclear
h
1
13
correlation studies,
s
e.g. H- C Lee-G
Goldberg hetteronuclear co
orrelation (LG
G-HETCOR)
experiments,, and 13C-29Si double resonaance NMR exxperiments on 13C labelled samples
s
were
performed. In
I combination with doublee quantum filltered back-to-back (BABA
A) correlation
spectra (figuure) and 17O double-quantu
d
um MAS specctra (MQMAS
S), the results provide new
insights into the molecularr composition and interactioon at the inorg
ganic-organic interface.
References:
K Mater. Sci. Enng, 6, 75 – 90 (19998)
1. Yano S., Iwatta K. and Kurita K.,
2. Sequeira S., Evtuguin
E
D., Porttugal I. and Escullcas A., Mater. Scci Eng. C, 27, 172
2 – 179 (2007)
ding the CENACO
OLI project.
Acknowledgmennts: Provincia Auutonoma di Trento is kindly acknoowledged for fund
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Pt Solid State NMR of Platinum(II) Dialkyldithiophosphates

Simon Orra, Alexander V. Ivanovb, Andrey V. Gerasimenkoc, Kevin J. Pikea, Mark E. Smitha, John
V. Hannaa and Oleg N. Antzutkina,d
a

Department of Physics, University of Warwick, CV4 7AL, Coventry, United Kingdom
Institute of Geology and Nature Management, Far East Division, Russian Academy of Sciences, Blagoveshchensk, 675000, Russia
c
Institute of Chemistry, Far East Division, Russian Academy of Sciences, Vladivostok, 690022, Russia
d
Department of Chemical Engineering and Geosciences, Luleå University of Technology, SE-97187, Luleå, Sweden
(O.N.Antzutkin@warwick.ac.uk or Oleg.Antzutkin@ltu.se)
b

In our previous studies on natural crystalline mineral cooperite (PtS) we employed 195Pt solid-state (both MAS and
static) NMR to characterize the structural state of platinum(II) in square-planar chromophores [PtS4].1 As attractive
models for this mineral and for a variety of structural states of Pt(II) observed in different
materials, such as Pt-Pd catalysts based on nanoparticles with surface defects, we further
studied the structures of selected platinum(II) O,O’-dialkyldithiophosphate complexes.2,3
In the presented work we summarize a large set of data (31P and 195Pt CSA, 2J(195Pt-31P))
obtained from a variety of ss-NMR experiments (31P MAS, high resolution 195Pt MAS
and static NMR), SIMPSON simulations and CASTEP calculations for Pt(II)-DTP
complexes with different alkyl groups: ethyl, iso-propyl, iso-butyl, sec-butyl and cyclohexyl.
References:
1. Ivanov A. V., et al., Proc. Russ. Acad. Sci., (Engl. Transl.) 410, 1141 – 1144 (2006)
2. Ivanov A. V., Lutsenko I. A., Ivanov M. A., Gerasimenko A. V. and Antzutkin O. N., Russ. J. Coord. Chemistry, (Engl. Transl.) 34, 584 – 593 (2007)
3. Ivanov A. V., Rodina T. A., Ivanov M. A., Gerasimenko A.V. and Antzutkin O. N., Doklady Physical Chemistry, 423, 311 – 316 (2008)
Acknowledgments: A Varian/Chemagnetics InfinityPlus CMX-360 spectrometer was purchased with a grant from the Swedish Council for Planning and
Coordination of Research (FRN) and further upgraded with two grants (JCK-2003 and JCK-2307) from the Foundation in memory of J. C. and Seth M.
Kempe. Thanks to Birmingham Science City: Advanced Materials Project 1, with support from Advantage West Midlands (AWM) and part funded by
the European Regional Development Fund (ERDF).
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Solid state NMR of Silks
Tetsuo Asakura, Shunsuke Kametani, Yu Suzuki and Yasumoto Nakazawa
Department of Biotechnology, Tokyo University of Agriculture and Technology Koganei, Tokyo 184-8588 JAPAN
(asakura@cc.tuat.ac.jp)

Common silk is obtained from the domestic silkworm Bombyx mori, but many other silkworms and spiders produce
silk protein fibers with wide varieties of primary structure and chemical/physical properties. The dragline silk from the
Japanese spider Nephila clavata has a tensile strength approximately 5 times greater than that from the wild silkworm
Samia cynthia ricini, although both silks are block copolymers of polyalanine and glycine-rich regions.1 Here we show,
using solid-state NMR and X-ray diffraction, that the two polyalanine regions have different packing arrangements,
arising from the different lengths of the polyalanine regions: Ala5-6 for N. clavata and Ala12-13 for S. c. ricini although both
polyalanine regions are anti-parallel β-sheet structure. This result opens the possibility for rationally designing silk
fibroins of different tensile strength.2,3
References:
1. Asakura T. and Nakazawa Y., Modern Magnetic Resonance, Ed. by G. A. Webb, 1, 97 – 102 (2006)
2. Yang M., Kawamura J., Zhu Z., Yamauchi K. and Asakura T., Polymer, 50, 117 – 124 (2009)
3. Tanaka C. and Asakura T., Biomacromolecules, 10, 923 – 928 (2009)
Acknowledgement:T. A. acknowledges support from Promotion of Basic Research Activities for Innovative Biosciences, Japan , The Grant-in-Aid for
Scientific Research from the Ministry of Education, Science, Culture and Sports of Japan (18105007) and the SENTAN, JST, Japan.
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“Solid State NMR/GIPAW/VASP” Method: The Study Case of Pure and
Carbonated Hydroxyapatite Structures
Fabien Aussenaca, Gerhard Althoffb, Cristel Gervaisc, Florence Babonneauc, Satoshi Hayakawad,
Akiyoshi Osakad and Christian Bonhommec
a

Bruker Biospin, Wissembourg, France, (fabien.aussenac@bruker.fr)
Bruker Biospin, Rheinstetten, Germany
c
Laboratoire de Chimie de la Matière Condensée UMR CNRS 7574, UPMC, Collège de France, Paris, France
d
Biomaterials Laboratory, Okayama University, Okayama, Japan
b

Apatitic structures based on the Ca10(PO4)6(OH)2 formula are of prime importance in biology, as apatite is the main
mineral phase of mammal bones and teeth. In general, the detailed structure of apatite is highly complex as apatitic
structures can adapt very easily a large variety of anionic (CO32-) and/or cationic substitutions (Na+, Sr2+…).
In this communication, we show that ultra fast MAS 1H experiments (up to 67 kHz) at high fields leads to ultimate
resolution in the apatitic structures, though the OH line can be considered as inhomogeneously broadened by the
homonuclear dipolar coupling (in the Maricq-Waugh sense).
VASP models of hexagonal HAp structures, including various geometries for the hydroxyl groups were used as
starting points for GIPAW ab initio calculations of CSA and quadrupolar parameters for 1H, 31P, 17O and 43Ca nuclei. We
show that the GIPAW calculated values are in excellent agreement with experimental and that the 1H calculated chemical
shifts are sensitive to local geometrical characteristics. These results are highly promising as powder XRD is usually
insensitive to protons location. H-relaxed XRD structures have been shown also to be suitable for GIPAW calculations,
whereas non-relaxed structures led to unrealistic 1H isotropic chemical shifts. We demonstrate also that in the case of
“isolated” OH groups (as in HAp), the established correlation between δiso.(1H) and hydrogen bonding should be closely
reinvestigated.
Moreover, the observed distributions have been clearly identified at high field (700 MHz) using 2D double and triple
resonance CP MAS experiments and fully enriched 13CO3 substituted apatites (1H-31P-13C and 1H-13C-31P).
We strongly believe that the “NMR/GIPAW/VASP” method can be easily extended to a large variety of anionic and
cationic substitutions in apatitic structures, leading to original insight into their intrinsic complexity.
__________________________________________________________________________________________________
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Investigations of the liposome/silica interface through advanced CP MAS
experiments combined to DFT modeling and first principles calculations
Thierry Azaïsa, Nicolas Follieta, Claire Roilanda, Christel Gervaisa, Anne Aubertb, Sylvie Bégub and
Florence Babonneaua
a
b

UPMC Univ Paris 06, CNRS, Collège de France, LCMCP, F-75005, Paris, France (thierry.azais@upmc.fr)
Institut Charles Gerhart, UMR 5253 CNRS/ENSCM/UM1, 34296 Montpellier cedex 5, France

In this contribution, we present the solid state NMR study of an original nanocomposite combining liposome and silica
where the lipid bilayer is covered by a silica shell that finds its application in the administration of highly hydrophobic
drug.1 The characterization of such hybrid materials is fundamental but also very challenging in reason of the complex
chemical nature of the sample. Solid state NMR spectroscopy appeared as a well suited technique as it can probe
independently the mineral and the organic part, as well as the interaction between these two. In particular, the
silica/liposome interface is studied by 1H-{X-1H} Double CP experiments (where X = 29Si or 31P) that consists in two
consecutive CP transfers, from 1H to X and then back to 1H. The second transfer, from X to 1H, allows the investigation of
X-1H proximities by varying the corresponding contact time tCP2 and allows saving considerable experimental time when
compared to conventional 2D HETCOR. The results show unambiguously a close proximity between the silica and the
phosphatidyl choline (PC) headgroup of the lipid and evidence the presence of silanols (Si-OH) and water that ensure the
stability of the material through hydrogen bonding network. Furthermore, DFT modeling allows us to describe the
adsorption of a PC headgroup on an amorphous silica surface confirming the presence of interfacial water. This result
combined to GIPAW NMR parameters calculations gives a precise assignment of the 1H experimental resonances and
allows us to understand the local dynamic of the adsorbed lipids through the confrontation of experimental and calculated
31
P CSA parameters. This multiple technique approach provides fundamental information on the interaction of the
liposome with the silica shell evidencing the crucial role of interfaced water through the H-bond network.
References:
1. Bégu S., Durand R., Lerner D. A., Charnay C., Tourné-Péteilh C. and Devoisselle J. M., Chem. Commun. 640 (2003)
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Structural quality of 3D protein structures determined by MAS solid-state NMR
spectroscopy
Benjamin Bardiaux and Hartmut Oschkinat
Leibniz-Institut für Molekulare Pharmakologie, Campus Berlin-Buch, Robert-Rössle-Str. 10, 13125, Berlin, Germany (bardiaux@fmp-berlin.de)

During the last decade, solid-state NMR (ssNMR) spectroscopy has grown into a prime instrument in structural
biology. Solid-state NMR can now rely on a complete toolbox that allows approaching not only high-resolution structural
information, but also internal dynamics of immobilized, insoluble proteins, such as fibrils and membrane proteins. Since
2002, when the first structure of a protein was determined by Magic-Angle Spinning (MAS) ssNMR1, more than twenty
other structures have been deposited in the Protein Data Bank (PDB). Still, interpretation of solid-state NMR data is often
complicated by a lower spectral resolution (compared to solution NMR) and by the difficulty to measure precise interatomic distances.
To investigate the bona fide aptitude of solid-state NMR for high-resolution structure determination, we performed a
survey of the actual quality of 3D protein structures solved by MAS ssNMR. Using well-established measures of
structural quality, various quality scores were evaluated and compared, not only to common standards (often related to Xray crystallography data), but also to the range of value observed in solution NMR structures. As judged by the constant
improvement in quality over the different generations of structures, our results clearly established that MAS solid-state
NMR now produces true high-quality structures and competes well with solution NMR in terms of overall structural
quality. Moreover, through two examples, we will show how a better application of structure calculation methods, initially
developed for solution NMR, could allow to drastically enhance the quality of protein structures determined from MAS
solid-state NMR restraints.
References:
1. Castellani F., van Rossum B., Diehl A., Schubert M., Rehbein K. and Oschkinat H., Nature, 420, 98 – 102 (2002)
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Experimental and Simulated 11B MAS Spin-Echo Dephasing for Lithium Diborate
Nathan S. Barrowa, Jonathan R. Yatesb, Steven A. Fellerc, Diane Hollanda, Sharon E. Ashbrookd, Paul
Hodgkinsone and Steven P. Browna
a

Department of Physics, University of Warwick, Coventry, CV4 7AL,UK (nathan.barrow@warwick.ac.uk)
Department of Materials, University of Oxford, Parks Road, Oxford, OX1 3PH, UK
c
Physics Department, Coe College, Cedar Rapids, IA 52402, USA
d
School of Chemistry, University of St Andrews and EaStCHEM, St Andrews, Fife, KY16 9ST, UK
e
Department of Chemistry, University of Durham, South Road, Durham, DH1 3LE, UK
b

The feasibility of J homonuclear correlation experiments for the specific case of the half-integer quadrupolar nucleus,
B (I = 3/2), in the model crystalline compound, lithium diborate, Li2O.2B2O3 is considered. At natural abundance, 80%
of boron nuclei are 11B, with the remainder (20%) being 10B. In this study, the effect of 11B-11B dipolar couplings on 11B
spin-echo dephasing was investigated using samples with three different degrees of 11B depletion/enrichment: 5%, 25%
and 100%. The effect of quadrupolar coupling strength was also investigated as lithium diborate contains one high-CQ site
(2.5 MHz) and one low-CQ site (0.5 MHz). Spin-echo dephasing curves were recorded using MAS rates between 5 kHz
and 20 kHz. The experimental results were complemented by density-matrix simulations and first-principles calculations
of the 2JBB couplings.
The 11B spin-echo dephasing was seen to be faster for the low-CQ site, a quadrupolar-based effect reproduced by
simulation. Increasing the spinning speed prolonged the dephasing time for the high-CQ site more than for the low-CQ site.
This effect was not reproduced in the two-spin simulations as multiple noncommuting homonuclear dipolar couplings
were not accurately represented. The removal of such couplings by isotopically depleting 11B caused much longer
dephasing times for both sites. Despite the longer dephasing duration, a J-coupling modulation of the spin-echo was not
detected, setting an upper bound for the 2JBB couplings in lithium diborate. This result is confirmed by first-principle
calculations using the CASTEP code.
11
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NMR of nanoclusters in relaxors
Robert Blinc and Boštjan Zalar
Department of Condensed Mater Physics, Jožef Stefan Institute, Jamova 39, 1000, Ljubljana, Slovenia, (robert.blinc@ijs.si)

Relaxors represent one of the great unsolved problems of solid state physics. They are characterised by the appearance
of polar nanoclusters embedded in a neutral matrix. The system is characterized by random
bonds and random fields and a broad frequency distribution. The nanoclusters are at high
temperatures randomly oriented. Their symmetry is lower than the macroscopic symmetry of the
crystal. Here we show that the nanoclusters are dynamic entities which gradually freeze-out as
the temperature decreases. The Pb207 NMR spectrum above 290 K is isotropic and of a Gaussian
lineshape.1 Two- dimensional (2D) separation of interactions experiments show that the spectra
are frequency distributions and are composed of a large number of individual Pb207 lines with
different chemical shifts. Below 209 K an anisotropic Pb207 line suddenly appears in addition to
the isotropic one in the field cooled (FC) as well as zero field cooled (ZFC) spectra. Its angular
dependence in the external magnetic field follows the (3 cos2 ϑ − 1) law. Here ϑ determines the
orientation of the eigenframe of the chemical shift tensor σ with respect to the crystal fixed
frame. The anisotropic line requires a shift of the Pb ions in a given preferred directions, i.e.,
[111]. The slow anisotropic component sees the instantaneous polar cluster distribution, whereas
the fast isotropic component sees the time averaged distribution and represents the neutral matrix.
The dynamic nature of both the isotropic and the anisotropic polar nanoclusters is also seen by
the spin-spin relaxation (T2) measurements.
References:
1. Blinc R., Laguta V. and Zalar B., Phys. Rev. Lett., 91, 247601-1 – 247601-4 (2003)
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Dynamics of gel and coagel phases of ascorbic acid derivatives by means of 2H
and 13C NMR
Silvia Borsacchia, Pierandrea Lo Nostrob, Moira Ambrosib and Marco Geppia
a
b

Dipartimento di Chimica e Chimica Industriale, Università di Pisa, via Risorgimento 35, 56126 Pisa, Italy (silvi@ns.dcci.unipi.it)
Dipartimento di Chimica e CSGI, Università di Firenze, Via della Lastruccia 13, 50019 Sesto Fiorentino (FI), Italy

Ascorbic acid amphiphilic alkanoates (ASCn) combine the extraordinary radical-scavenging properties of ascorbic
acid (Vitamin C) with the possibility of forming a rich variety of supramolecular assemblies in water, which can represent
an ideal environment for the solubilization of hydrophobic and sensitive drugs.1
Depending on alkanoate chain length (n), amount of water and temperature, ASCn can
form liquid micellar solutions, gel and coagel, whose properties have been investigated by
means of several techniques but are still not fully understood. Here we present an NMR
study of the gel and coagel phases of ASC12 in water, mainly aimed at investigating the
structural and dynamic properties of water and alkylic chains in the two phases, whose
understanding could also help in clarifying the mechanims of the phase transitions. The
NMR study was based on the analysis of 2H and 13C spectra, acquired in the gel and coagel phases of ASC12 in D2O. Two
different epimers, D-ASC12 and L-ASC12, were studied, in order to also clarify previously observed different behaviours
related to the different ascorbic acid headgroup chirality.2 2H-NMR spectra unambiguously showed the completely
different dynamic properties of water in the two phases, while from 13C spectra it was evident that the phase transition is
also associated with a strong modification of the dynamic properties of the alkylic chains of ASC12. Some differences
were observed between D- and L-ASC12, which were related to possible different conformational features and hydrogenbond interactions.
References:
1. Lo Nostro P., Capuzzi G., Mulinacci N. and Romani A., Langmuir, 16, 1744 – 1750 (2000)
2. Ambrosi M., Lo Nostro P., Fratini E., Giustini L., Ninham B. W. and Baglioni P., J. Phys. Chem. B, 113, 1404 – 1412 (2009)
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Prelimin
nary studiies of the dynamics
d
s of an ela
astin mim
metic peptiide, (VPG
GVG)3 byy
deuterium NMR spectrosco
s
opy
Xiang Ma and Gregorry Boutis
Department of Physics,
P
Brooklynn College of CUN
NY, 2900 Bedfordd Avenue, 11210, Brooklyn
B
NY, USSA
(gboutis@brookklyn.cuny.edu)

Deuteronn NMR spectrroscopy is a well
w known exxperimental method
m
for chaaracterizing ddynamics in a broad range of
solid and sem
mi-solid system
ms. The T1, T2 and T1Q relaaxation times yield
y
informattion about thee correlation tiimes and can be
used to identtify separate components
c
annd processes. The line shap
pes of one-dim
mensional quaadrupolar echo
o and alignmeent
echo together provide a seensitive probe for measuringg molecular motions
m
with correlation
c
tim
mes in range of 10-8s to 100s.1
The polypenntapeptide (VP
PGVG)n servees as a useful model for ch
haracterizing structure
s
and dynamics of elastin, a majjor
protein consttitute of connnective tissuess.2,3 In this pooster, we repo
ort on a prelim
minary experim
mental study of a deuteratted
(VPGVG)3 peptide
p
by deuuteron NMR spectroscopy. For hydrated
d and dry sam
mples, we havve successfullly measured the
t
correlation tiimes for the Hα on the Glyycines as a funnction of temp
perature. Usinng available ssimulation too
ols, we obtainned
the quadrupoolar coupling coefficient
c
δ ≈120kHz
≈
as well
w as other paarameters in thhe two-site rootational modeel4. Experimennts
of this and other
o
deuterateed peptides arre ongoing annd will be useed for providiing a direct m
measurement of
o the dynamiics
occurring in this system.
References:
mer Sci., 261, 1933 (1983)
1. Spiess H. W.,, Colloid & Polym
2. Li B., Alonsoo D. O. V. and Daaggett V., J. Mol. Biol., 305, 581 (2001)
3. Yao X. L. andd Hong M., J. Am
m. Chem. Soc., 1226, 4199 (2004)
4. Macho V., Brrombacher L. andd Spiess H. W., Apppl. Magn. Resonn., 20, 405 (2001)
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Recognittion of mu
ultiple CH
H···π interractions in
n high meelting maccromolecular
adducts by
b Solid State
S
NM
MR
Silvia Braccco, Angiolina Comotti, Patrizia Valsesia,
V
Gaaetano Disteefano, Marioo Beretta an
nd Piero
Sozzani
Department of Materials
M
Sciencee, University of Milano-Bicocca,
M
V R. Cozzi 53, 20125,
Via
2
Milan, Itally (silvia.bracco@
@mater.unimib.it)
t)

High melting macrom
molecular addducts self-asseembled by so
olvent-free meechanochemical or thermaal treatments of
a crystallinee host and few
w polymers are
a stabilized by cooperatiive CH···π innteractions, as demonstrated by 1H MA
AS
and 2D solidd state NMR. Quantitativee 1H MAS NM
MR spectra reecorded at 6000
MHz with 35 kHz spiinning speedd revealed important
i
feeatures of thhe
nanostructurred materials. For example, the remarkkable resolutiion allowed us
u
to achieve thhe simultaneoous identificaation of the aromatic host (TPP) and thhe
crystalline, intercrystallin
i
ne and amorpphous phases to which the polymer (1,44cis-PB) beloongs. The hyddrogen nuclei of the polymer chains confined
c
to thhe
resonate nootably upfieldd by 1.8 ppm
crystalline nanochannels
n
m compared to
t
the bulk pollymer hydroggens. This laarge shift derrives from th
he diamagnetiic
susceptibility generated by
b the aromaatic rings of the
t host facin
ng the polymeer
chains in thee nanostructuured crystallinne adduct. 2D
D PMLG HET
TCOR NMR experiments
e
ddesigned for high resolutioon
both in hydrrogen and heeteronuclear domains
d
(13C,
C 31P) were applied
a
succeessfully for thhe description
n of host-gueest
systems. Thhis multinucleear approach allows a dettailed descrip
ption of the role
r
of weak interactions cooperating to
fabricate pollymer nanostrrucured mateerials that exhhibit exception
nal thermal stability.
References:
C
DOI:
D
10.1039/C0002931A (2010)
1. Bracco S., Coomotti A., Valsesia P., Beretta M. and Sozzani P., CrystEngComm,
2. Uemura T., Horike
H
S., Kitagaw
wa K., Mizuno M.,
M Endo K., Braccco S., Comotti A., Sozzani P., Naggaoka M. and Kittagawa S., J. Am. Chem. Soc., 1300,
6781 – 6788 (2008)
w to thank Carriplo Foundation (project nr. 2008
8.2519) and FIRB
B project (2007-20010).
Acknowledgmennts: The authors wish

308

7.3 Solid State and Materials/Quadrupolar Nuclei
__________________________________________________________________________________________________

P336

Transport properties of New Membrane Materials for PEM Fuel Cells Investigated
by PFG and Electrophoretic NMR
Carla C. de Araujo, Klaus-Dieter Kreuer and Joachim Maier
Max-Planck-Institut für Festkörperforschung, Heisenbergstraβe 1, 70590 Stuttgart, Germany (c.araujo@fkf.mpg.de)

In polymer electrolyte fuel cells (PEM-FC), mainly perfluorosulfonic polymers such as Nafion are used as membrane
materials. Current attempts to increase the operation temperature of PEM fuel cells are also driving the development of
membranes with high proton conductivity and stability at high temperature and low humidification.1 Sulfonated
poly(phenylene) ionomers have been showing to be an important advance in this direction thanks to their high proton
conductivity and stability under low relative humidities and high temperature conditions.2, 3
The high degree of sulfonation of these polymers leads to the development of a microstructure characterized by very
narrow hydrated, hydrophilic domains which are well connected on longer scales resulting in low water transport
coefficients, water diffusion and also electroosmotic drag. Under PEM-FC conditions, the protonic current through the
membrane produces an electroosmotic water current in the same direction that leads to a depletion of water at the anode,
resulting in an increased membrane resistance and consequently reduced fuel cell performance.4,5 It is therefore important
to know the magnitude of the electroosmotic drag in order to optimize the water management in the membrane.
Electrophoretic-NMR has been applied to measure electroosmotic drag (Kdrag), in polymer electrolyte membranes. The
method and the measurements of Kdrag as a function of water content are going to be presented for Nafion 117 (state-ofthe-art polymer) and for the sulfonated poly-sulfones.
References:
1. Kreuer K.-D., Paddison S. J., Spohr E. and Schuster M., Chem. Rev., 104, 4637 – 4678 (2004)
2. Schuster M., de Araujo C. C., Atanasov V., Andersen H. T., Kreuer K.-D. and Maier J., Macromolecules, 42, 3129 – 3137 (2009)
3. de Araujo C. C., Kreuer K. D., Schuster M., Portale G., Mendil-Jakani H., Gebel G. and Maier J., Phys. Chem. Chem. Phys., 11, 305 – 3312 (2009)
4. Ise M., Kreuer K.-D. and Maier J., Solid State Ionics, 125, 213 – 223 (1999)
5. Kreuer K. D., J. Memb. Sci., 185, 29 – 39 (2001)
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Revealing and Quantifying Defects in the Cationic Ordering of Mg/Al
Layered Double Hydroxides
Sylvian Cadarsa, Géraldine Leyracb, Corine Gérardinb, Michaël Deschampsa, Jonathan R. Yatesc,
Dominique Massiota and Didier Tichitb
a

CEMHTI CNRS UPR3079, université d’Orléans, (sylvian.cadars@cnrs-orleans.fr)
Institut Charles Gerhardt Montpellier, UMR 5253 CNRS/ ENSCM / UM2 / UM1, Montpellier, France
c
Department of Materials, University of Oxford, Parks Road, Oxford, OX1 3PH, United Kingdom
b

Cationic ordering is believed to have crucial effects on many of the physico-chemical properties that make layered
double hydroxides (LDHs) materials of considerable interests as host structures for drug delivery systems, nanocomposite
materials, or for catalysis. Here we first unambiguously confirm that solid-state 1H NMR at ultra-fast (60-65 kHz) magicangle-spinning (MAS) frequencies can be used to distinguish and quantify ordered environments and Mg-clustering in the
layers, as very recently proposed.1 We demonstrate by combining series of
solid-state 1H and 27Al one- and two-dimensional NMR measurements with
DFT calculations that although globally ordered, the cationic distributions in
Mg/Al LDHs nevertheless contain small amounts of Al clustering. The
corresponding small amounts of Al atoms misplaced with respect to the perfect
ordered cationic distributions are quantified and showed to counterbalance well
the number of misplaced Mg atoms for Mg to Al ratios of 2, and to rapidly
disappear with decreasing Al contents. This establishes that, although not
favoured, Al-Al close contacts are not excluded in LDHs materials, a finding
that will strongly impact our vision of the local acidity of these materials and
their widely exploited anion exchange and reconstruction properties.
References:
1. Sideris P. J., Nielsen U. G., Gan Z. H. and Grey C. P., Science, 321, 113 – 117 (2008)
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Protection of cellulose-based material via the sol-gel route: Characterization by
solid-state NMR spectroscopy
Emanuela Callone, Elisa Cappelletto and Klaus Mueller
Department of Material Engineering and Industrial Technology, University of Trento, via Mesiano77, 38123,Trento, Italy (emanuela.callone@unitn.it)

Organic materials based on cellulose, such as paper and wood, undergo deterioration due to several factors.1 It is thus
important to develop coating materials that increase the durability of the substrate without affecting its physical features.
The deposition of alkoxysilane-derived sols, obtained through the sol-gel route seems
promising to fulfil all the requirements.2 We use a hydrophobic inorganic layer, both to
reduce the humidity that attracts fungi and to limit fire flame propagation, obtained via
dip-coating of the substrate in methyl-functionalized silane sols. A detailed study on the
molecular level of the produced material will be presented. The structure of the coating
material is examined by solid-state 29Si NMR experiments, comparing spectra from bulk
gels and the related thin film deposited on the cellulose sheets. Solid-state 13C NMR
spectroscopy is used to prove the non-destructivity of the process and to determine the
amount of deposited material. In combination with other available data - from FTIR,
contact angle and mechanical measurements - structure-property relationships are derived in order to find the optimum
coating material.
References:
1. Xu F., Ding H. and Tejirian A., Enzyme and Microbial Technol., 45, 203 – 209 (2009)
2. MacKenzie J. D. and Bescher E., J. Sol-Gel Sci. Technol., 27, 7 – 14 (2003)
Acknowledgments: Provincia Autonoma di Trento is kindly acknowledged for funding the CENACOLI project.
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Effects of magic angle spinning on dynamic nuclear polarization in solids
Marc A. Caporinia, Veronika Vitzthuma and Geoffrey Bodenhausena,b
a
Ecole Polytechnique Fédérale de Lausanne, Institut des Sciences et Ingéneries Chimiques, 1015 Lausanne, Switzerland
(marcanthony.caporini@epfl.ch)
b
Ecole Normale Supérieure, Département de Chimie, associé au CNRS, 24 rue Lhomond, 75231 Paris Cedex 05, France

Dynamic Nuclear Polarization (DNP) combined with solid-state magic angle spinning (MAS) NMR is becoming more
routine thanks to recent developments in the group of Griffin et al.,1,2 and the commercialization of a Solid-State DNPMAS NMR spectrometer by Bruker BioSpin.3 A current trend in solid-state MAS NMR is to spin at ever-higher MAS
frequencies (currently ~70 kHz) in order to improve resolution in solids. Since DNP in the solid state will almost certainly
follow this trend, it is important to examine the effects of increasing MAS frequencies on DNP efficiency. As recently
noted by Rosay et al.,3 the DNP enhancements increase from νrot = 0 to ~3 kHz and then decrease to about 50% of the
maximum value from νrot = 3 to 15 kHz. We investigated the effects of increasing spinning frequencies up to 16 kHz on
the DNP enhancements ε, proton T1’s, and the build-up time constant τDNP, for samples with various concentrations of
radicals and partly protonated/deuterated solvents. Greater understanding of these effects should lead to more effective
DNP enhancements at higher spinning frequencies.
References:
1. Barnes A. B., De Paepe G., van der Wel P. C. A., Hu K.-N., Joo C.-G., Bajaj V. S., Mak-Jurkauskas M. L., Sirigiri J. R., Herzfeld J., Griffin R. G.,
Appl Magn Reson, 34, 237 – 263 (2008)
2. Maly T., Debelouchina G. T., Bajaj V. S., Hu K.-N., Joo C.-G., Mak-Jurkauskas M. L., Sirigiri J. R., van der Wel P. C. A., Herzfeld J., Temkin R. J.
and Griffin R. G., J. Chem. Phys., 128, 052211 – 052229 (2008)
3. Rosay M., Tometich L., Pawsey S., Bader R., Schauwecker R., Blank M., Borchard P. M., Cauffman S. R., Felch K. L., Weber R. T., Temkin R. J.,
Griffin R. G. and Maas W. E., Phys. Chem. Chem. Phys., 12, 5850 – 5860 (2010)
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Multifrequency Ferromagnetic Resonance (FMR) of Co/Al2O3 Catalysts
Lucia Bonoldia, Maria Fittipaldib, César de Julian Fernandezb, Claudio Caratia and Roberta Sessolib
a

eni spa div. r&m, Centro Ricerche di San Donato Milanese, Via F. Maritano 26, 20097 San Donato Milanese (MI), Italy (claudio.carati@eni.com)
INSTM - La.M.M. (Laboratorio di Magnetismo Molecolare), Dipartimento di Chimica U. Schiff, Università di Firenze - Via della Lastruccia 3-13,
50019 Sesto Fiorentino (FI), Italy

b

Supported cobalt nanoparticles are employed as catalyst for the well-known Fischer-Tropsch Reaction (FT), in which
hydrogen and CO are converted to liquid hydrocarbons. It is of interest for the petroleum industry to understand the
influence of particle nanostructure and composition on the yield, the final products and the catalyst lifetime. Particle size,
composition of the supporting material and the presence of oxides are considered to play a major role in the performance
and deactivation of the catalyst. Magnetic techniques have been applied to either confirm results from XRD, electron
microscopy and chemical analysis, or investigate some peculiar aspects of the catalyst structure, such as the distribution of
cobalt particles, the role of the supporting material (alumina) and the deactivation mechanism. We present preliminary
results of a study of Co/Al2O3 nanocomposites used in FT catalysis, obtained by Ferromagnetic Resonance (FMR)
measurements performed at different resonant frequency (X, Q and W bands). Stabilized alumina carriers, metallic
(ferromagnetic) cobalt and its (antiferromagnetic) oxides were tested, together with some reduced catalyst samples.
Different temperatures (from lowest, 5K, to room conditions) were considered, and the FMR results compared to those
obtained by magnetometry techniques. The FMR spectral response of the catalysts is attributed to the metallic cobalt
nanoparticles (NPs). The results confirm the presence of strong magnetic anisotropies of the nanocomposites. At low field
(X-band), forward and backward FMR scans evidenced irreversibility effects, attributed to the magnetic anisotropy field
of the NPs which is large compared to the external magnetic field. At high field (W-band) the situation is reversed, the
lineshapes become clearly defined and the irreversibile effects are strongly reduced. The FMR lines broaden and shift to
lower field values upon decreasing the temperature. The high magnetic moment of the sample at resonance can heavily
perturb the working conditions of the spectrometer and cause lineshape distortion. Particular care should be used in
selecting the amount of sample and the microwave power employed.
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Structural characterization of acid and sodium Naproxen in the solid state by
means of 2D MAS NMR 1H-13C correlation experiments
Elisa Carignani, Silvia Borsacchi and Marco Geppi
Dipartimento di Chimica e Chimica Industriale, Università di Pisa, via Risorgimento 35, 56126, Pisa, Italy
(e.carignani@ns.dcci.unipi.it)

The sensitivity of nuclear properties to the local environment makes Solid State NMR a powerful technique for the
investigation of local structural features of single molecules, as well as of crystal packing,
for a wide variety of substances and materials. The elucidation of the structure in the solid
phase has a particular importance in the pharmaceutical field, since most drug formulations
are solid. The anhydrous crystalline forms of Naproxen [(S)-(+)-2-(6-Methoxy-2naphthyl)propionic acid] and its sodium salt, widely used non-steroidal anti-inflammatory
drugs, have been here investigated through 1H and 13C MAS 1D spectra and 2D 1H-13C
MAS-J-HMQC and 1H-13C FSLG-HETCOR experiments. 13C spectra could be assigned and
Crystallographic cell of Naproxen
interesting 1H-13C correlations through scalar and dipolar couplings were found. A strong
difference in the chemical shift of the aromatic protons between acid and salt was clearly observed, which could be
ascribed to different intermolecular effects of the aromatic ring currents, in turns ascribable to the different crystal packing
of the two forms.1 Dramatic intermolecular ring current effects on 1H chemical shifts are indeed expected in crystalline
polycyclic aromatic systems, but the experimental evidences reported so far in the literature are very few.2
References:
1. Ravikumar K., Rajan S. S. and Pattabhi V., Acta Cryst. C41, 280 – 282 (1985); Kim Y. B., Park I. J. and Lah W. R., Arch. Pharm. Res. 13, 166 – 173
(1990); Kim Y., VanDerveer D., Rousseau R. W. and Wilkinson A. P., Acta Cryst, E60, m410 – m420 (2004)
2. Ochsenfeld C., Brown S. P., Schnell I., Gauss J. and Spiess H. W., J. Am. Chem. Soc., 123, 2597 – 2606 (2001); Ma Z., Halling M. D., Solum M. S.,
Harper J. K., Orendt A. M., Facelli J. C., Pugmire R. J., Grant D. M., Amick A. W. and Scott L. T., J. Phys. Chem. A, 111, 2020 – 2027 (2007)
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Solid-State 1H and 13C MAS NMR Investigations of European Coals
Fu Chena, Eva Schiefersteinb and Jörg Matysika
a

Leiden Institute of Chemistry, Leiden University, Gorlaeus Laboratories, Einsteinweg 55, 2333 CC Leiden, The Netherlands
(chenf@chem.leidenuniv.nl)
Fraunhofer UMSICHT, D-46047 Oberhausen, Germany

b

In this study, the results of solid-state NMR (SSNMR) investigations of two sets of European coals (from Germany
and the Czech Republic) are summarized. We have performed solid-state 1H and 13C magic angle spinning (MAS) NMR
as well as 1H-13C heteronuclear correlation (HETCOR) experiments on these coal samples to determine their structures.
Rank of these coals was obtained by straightforward 13C one dimensional cross polarization (CP) with MAS NMR
experiments and compared with results from the petrographical analysis; the results from both experiments are in well
agreement. The carbon aromaticity (protonated, alkylated, phenolic or condensed) and the ratio between ternary and
quaternary aromatic carbons were classified, for example by 1H-13C HETCOR experiments. In addition, solid-state 1H
MAS NMR results obtained with very high spinning rates are presented. This leads to the conclusion that SSNMR is a
powerful method to determine structural features of coal.
Acknowledgments: We thank the Research Fund for Coal and Steel of the European Commissions and Leiden University for financial supporting this
project. We also thank our partners of this project, Petr Hemza (Green Gas DPB, a.s., Czech Republic), Nadja Golz, Ralph Schlüter (Deutsche Montan
Technologie GmbH, Germany), Karl Meller, Simone Krause (Fraunhofer UMSICHT, Germany), Stephan Schlüter, Reiner Staudt (Institut für
Nichtklassische Chemie e.V., Germany), and Maria Schmuck, Peter Laggner (Österreichische Akademie der Wissenschaften, Österreich), for providing
coal samples and petrographical analysis data.
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Identification of Spin-filtering Defects in Ga(In)NAs by Optically Detected
Magnetic Resonance
Xingjun J. Wang, Yuttapoom Puttisong, Irina A. Buyanova and Weimin M. Chen
Department of Physics, Chemistry and Biology, Linköping University, 58183 Linköping, Sweden (wmc@ifm.liu.se)

Generating electron spin polarization/coherence at room temperature is one of the most important as well as the most
challenging issues for future spintronics and spin-based quantum information technology. Spin filtering has been
demonstrated by employing ferromagnetic metals, diluted magnetic semiconductors, quantum point contacts, quantum
dots, carbon-nanotubes and multiferroics, etc., though so far unfortunately mostly with a limited efficiency and primarily
at a low temperature or under applied magnetic fields.
Here we demonstrate a new approach for an efficient spin filter by defect-engineering in a non-magnetic
semiconductor, which is capable of generating >40% electron spin polarization at room temperature without requiring
external magnetic fields. We provide experimental proof for the physical mechanism leading to the observed spin filtering
effect, i.e. an electron spin-polarized defect, such as a Ga self-interstitial in dilute nitride Ga(In)NAs, can effectively
deplete conduction electrons with an opposite spin orientation and can thus turn the non-magnetic semiconductor into an
efficient spin filter. The identification of the spin-filtering defects is unambiguously established from optically detected
magnetic resonance studies, by their unique spin-resonance signatures derived from the hyperfine interaction between the
localized unpaired electron spin and nuclear spins (I=3/2) of the Ga atom with two naturally abundant isotopes 69Ga and
71
Ga. We demonstrate how the spin-filtering effects can be engineered by varying the concentration of the responsible
defects, which can be achieved during the growth or by post-growth treatments. We show that the spin filtering effect
remains effective for quantum wells as narrow as 3 nm. The present work has thus demonstrated the potential of such a
defect-engineered, switchable spin filter as an attractive alternative to generate, amplify and detect electron spin
polarization at room temperature under the conditions desirable for practical device applications.1
References:
1. Wang X. J., Buyanova I. A., Zhao F., Lagarde D., Balocchi A., Marie X., Tu C. W., Harmand J. C. and Chen W. M., Nat. Mater., 8, 198 – 202 (2009)
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a
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b
b
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The phennomenon of melting
m
point alternation
a
in n-alkanes and
d in most end--substituted nn-alkanes has been
b
known for
f
decades.1 Phhysical propertties such as soolubility and sublimation
s
en
nthalpy that are
a related to tthe solid statee also exhibit an
alternating paattern, whereaas those relateed to the liquidd state show monotonic
m
behhaviours.
Here we present
p
that thhe melting poiint alternationn of α,ω-alkan
ne dicarboxyliic acids (HOO
OC-(CH2)n-2-C
COOH, n= 4-110)
is maintainedd in co-crystaals of the sam
me acids with 1,2-bis(4-pyrridyl)ethane (B
BPA), which contains an even
e
number of
dyl)propane ((BPP), which contains an oddd
carbon atomss in the chain,, while it is reeverted in co-ccrystals with 1,2-bis(4-pyri
1
number of caarbon atoms inn the aliphaticc chain.
1
H DQ MAS
M
Solid-statte NMR specttroscopy has been
b
able to detect
d
the simiilarity of all sttructures in terrms of the maain
packing featuure,2 while thhe co-crystal nature
n
of all the
t adducts has
h been ascerrtained by meeans of 13C an
nd 15N CPMA
AS
3
NMR spectraa. The hydroogen bond streength seems too be the param
meter influenccing the meltiing point alterrnation since, at
least from thhe 1H MAS NMR
N
data,4 thhe highest mellting points are associated to strong hyddrogen bond interactions
i
annd
vice versa.
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Bone is a lightweightt biomaterial composed prrimarily of a
protein (collagen) matrix bound with nanocrystals
n
o a calcium
of
phosphate phhase which iss commonly described
d
as a substituted
hydroxyapatiite. How the mineral crysstals are form
med and the
nature of thee subsequent binding
b
betweeen them and the collagen
matrix remaiin a matter of considerable debate.
d
This worrk describes thhe developmeent of synthetiic mimics of
bone and callcified vasculaar plaques (whhich are bonee-like in their
molecular strructure) and the
t detailed chharacterisationn of these by
various solidd-state NMR methods,
m
inclluding 1H-31P and 13C–31P
13
31
HETCOR annd C{ P} REDOR.
R
In particular, we examine the
ability of diffferent biomolecules to tem
mplate hydroxxyapatite and
the nature off the interactions which alllow this proceess to occur.
We also exaamine the binnding of mollecules to nannocrystalline
hydroxyapatiite to develop a description of surface reaactivity.

13

C{31P} REDOR
R
of alenddronate bound to bone
b
mineral
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Browning reaction of sugars revealed by solid-state NMR
Judith Herzfelda, Danielle Randa, Yoh Matsukia,b, Eugenio Davisoa,b, Melody Mak-Jurkauskasa,b and
Irena Mamajanova
a

Department of Chemistry, Brandeis University, Waltham, Massachusetts 02454-9110, United States of America
Francis Bitter Magnet Laboratory, Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, United States of America
(edaviso@mit.edu)
b

The browning reaction of sugars in the presence of amino acids, or amines with organic acids, has long been of
interest in food chemistry, biochemistry and agricultural chemistry. In addition, such reactions have been recognized as
potentially important in prebiotic chemistry. However, the structure of the “melanoidin” polymer formed in the browning
reaction is not completely understood. Recently, we have observed browning at mild temperatures (65°C) without amines.
This presents a new opportunity to characterize the polymer structure because the solid state NMR (ssNMR) spectrum is
simplified by the absence of pyrrole signals. Using melanoidins formed from selectively 13C-labeled sugars we find that
the furans produced by the browning reactions are embedded in complex hetero-polymers. Polymers for ssNMR analysis
were prepared under argon, using initially dry reactants to obtain high yields. Sugars included D-ribose, 2-deoxy-Dribose, D-fructose, D-glucose, D-galactose, and D-mannose. On their own, none of the sugars forms a dark product within
90 days. Pulverized with dry oxalic acid, pentoses generally form dark product faster than hexoses, and among the
hexoses, the ketose fructose forms dark product faster than the aldoses. Due to the slow reaction rates and the low yields
from the aldohexoses, we focus our spectroscopy on the polymers produced from D-ribose, 2-deoxy-D-ribose, and Dfructose. By comparing 1D 1H-13C cross polarization, 1H-13C dipolar dephasing, and double quantum filter experiments,
we conclude that the furan units act to crosslink sugar molecules rather than form homopolymers. The details of the
formation of furan units and the cross-linking of sugar molecules vary between ribose, deoxy-ribose and fructose, but the
results are similar.
Acknowledgments: We thank Barry Snider, Isaac Krauss and James Hendrickson for helpful discussions, and Marina Belenky for general assistance.
This work was supported by NASA grant NNX07AV52G and NIH grant EB002026.
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Intermolecular host-guest interactions in macromolecular systems determined by
two-dimensional solid state NMR spectroscopy
Attila Domjána, Krisztina Lászlób, Erik Geisslerc, Klára Pintye-Hódid and János Bajdikd
a
Institute of Structural Chemistry, Chemical Research Center, Hungarian Academy of Sciences, H-1025 Budapest, Pusztaszeri út 59-67, Hungary
(domjan@chemres.hu)
b
Department of Physical Chemistry and Materials Science, Budapest University of Technology and Economics Hungary, H-1521 Budapest, Hungary
c
Laboratoire de Spectrométrie Physique CNRS UMR5588, Université J. Fourier de Grenoble, B.P.87, 38402 St Martin d'Hères cedex, France
d
Department of Pharmaceutical Technology, University of Szeged, H-6720 Szeged, Eötvös u. 6, Hungary

Additives can modify the physical-chemical and/or mechanical properties of macromolecular systems without altering
their fundamental chemical character. To characterize the host-guest interactions in macromolecular systems different
solid-state NMR spectroscopy techniques are used depending on the properties of the investigated materials. Their
physical properties and the molecular motions can vary on an extremely wide range. This work reports results obtained by
two-dimensional solid-state NMR techniques on a soft hydrogel and on a rigid biopolymer system. Proximity was
determined in a thermoresponsive host–guest gel system and the polymer–phenol distance was calculated using solid-state
1
H–1H CRAMPS NMR spectroscopy and rate matrix analysis.1 Differences were found in the plasticizing effects of two
commonly used softening materials (glycerol and PEG 400) on amorphous chitosan films by two-dimensional 1H-13C
frequency-switched Lee-Goldburg (FSLG) HETCOR experiments and density functional theory calculations.2,3
References:
1. Domján A., Geissler E. and Laszló K., Soft Matter, 6, 247 – 249 (2010)
2. Bajdik J., Marciello M., Caramella C., Domján A., Süvegh K., Marek T. and Pintye-Hódi K., J. Pharm. Biomed. Anal., 49, 655 – 659 (2009)
3. Domján A., Bajdik J.and Pintye-Hódi K., Macromolecules, 42, 4667 – 4673 (2009)
Acknowledgments: Support from the Hungarian project GVOP-3.2.1.-2004-04-0210/3.0 and OTKA grant No. K75182 is acknowledged.

314

7.3 Solid State and Materials/Quadrupolar Nuclei
__________________________________________________________________________________________________

P348

Solid State NMR Methods for the Study of 7Li -1H and 7Li-13C Distances
Uzi Eliav, Gil Navon and Amir Goldbourt
School of Chemistry, Tel Aviv University, Ramat Aviv, Tel Aviv 69978, Israel (eliav@post.tau.ac.il)

In polymers, binding of lithium was shown to affect differently carbonyl and ether carbons.1. In the context of bound
lithium in solid state a special interest to us is the binding of lithium to proteins in human bipolar disease. Thus retrieving
structural information about the binding sites is a most desirable goal. For lithium complex in solution 7Li -1H distances
were estimated using triple quantum (TQ) filtered NMR.2 In solids bound 7Li has quadrupolar coupling that can be as
large as 100 kHz. Such values present a situation where the excitation is neither selective nor non-selective under
common conditions in solid state NMR. This leaves open the question of method of choice in structural studies of bound
lithium. For distance determination the internuclear dipolar interaction has to be measured. Thus, we examined
experimentally and theoretically several MAS NMR methods that are expected to be affected by the dipolar interaction:
(I) REDOR involving 13C and 7Li; (II) TQ dephasing of 7Li; (III) four quantum filtration (4QF) consisting of TQ for 7Li
and single quantum (SQ) for protons. As the structure of the complex of lithium with Kryptofix 211 is well known and the
static spectrum of 7Li in it could be measured (we obtained for the quadrupolar coupling 80kHz and for the anisotropy
factor 0.46) it was used for the above tests. The major conclusions are: (1) Simulations show that all the above methods
are capable of determining distances with accuracy of 0.2Ǻ (2) Experimentally all the methods were found to be sensitive
to the interaction of 7Li with either 13C (REDOR) or with 1H (TQ dephasing and 4QF) (3) Theoretically and
experimentally excitation of the 7Li TQ coherence is more effective using the following five pulses sequence: 90-τ−(SQ)90-delay(TQ)-90-τ(SQ)-90-delay(Mz)-90-acq(TQF-IP, for static case3) with τ=0.5/νr than the commonly used two
selective pulses (2SP). The TQF-IP sequence has shown an improvement of 100% over the 2SP scheme with efficiency of
27%.
References:
1. Wang H.-L., et al., Macromolecules, 34, 529 – 537 (2001)
2. Eliav U. and Navon G., J. Magn. Reson. A, 123, 32 – 48 (1996)
3. Eliav U. and Navon G., J. Am. Chem. Soc., 124, 3125 – 3132 (2002)
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C and 29Si-Solid State NMR Study of silicon Nano-Scale Ionic Materials
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A new class of nanomaterials termed Nano-Scale Ionic Materials (NIMs) is attracting widespread research interest, as
it displays interesting and unique properties include negligible vapour pressures, fluidity in the absence of solvent, tunable
physical states with changes in chemical composition and tunable electrical, thermal, rheological & optical properties.1-4
13
C Cross-polarization under magic angle spinning (CP MAS) and 29Si magic angle spinning (MAS) NMR spectroscopy
has been applied to the study the structure and stability of three Si Nano-Scale Ionic Materials. To investigate NIMs
stabilities, 29Si NMR spectra were recorded at 300, 343, 383 and 400 K. The results show that the studied NIMs materials
are stable over the temperature range of 300 to 400 K.
References:
1. Qi G; Lin K. A., Park Y., Giannelis E. P., Park A. h., AIChE Annual Meeting, November 8-13 (2009)
2. Bourlinos A. B., Raman K., Herrera R., Zhang Q., Archer L. A. and Giannelis E. P., J. Am. Chem. Soc., 126, 15358 (2004)
3. Rodriguez R., Herrera R., Archer L. A. and Giannelis E. P., Adv. Mater. 20, 4353 – 4358 (2008)
4. Bourlinos A. B., Stassinopoulos A., Anglos D., Herrera R., Anastasiadis S. H., Petridis D. and Giannelis E. P., Small, 2, 513 (2006)
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μg-Analysis of silicates using magic angle micro coil spinning technique
Birgit Fassbendera,b, Christian Bonhommea, Florence Babonneaua and Dimitris Sakellarioub
a
b

Collége de France, 11 Place Marcelin Berthelot, 75005 Paris, France (birgit.fassbender@upmc.fr)
CEA- Saclay 91191 Gif-sur-Yvette Cedex, France

In the past decades silicate sol-gel chemistry has grown into a major research area among other things due to the
importance of coatings. These substances are essential for a multitude of production areas, such as thermal barrier
coatings and in electrical devices as organic light emitting diode (OLED).1 It is a matter of common knowledge that solidstate NMR is a powerful tool to gain information about the chemical structure. Applying solid-state NMR for
characterization of small amounts materials often suffers from the small quantities. In the range of μg with simultaneous
consideration of relatively big rotors - even 1.3 mm - the bad filling factor leads to a poor signal to noise spectrum in
addition to a long measuring time. A recent approach to achieve qualitatively good NMR spectra from μg amounts in a
reasonable time scale is the method of “magic angle coil spinning” (MACS) introduced by Sakellariou et al.2
For structural clarification in the sol-gel chemistry, solid-state NMR has been used to obtain information on the
microscopic level.3 Thus, a work combining the new technique of MACS with the analysis of small amounts such as thin
films can help to reveal new information about the nature of oxygen bridges. It is obvious that the use of micro coils can
withdraw open questions about the sol-gel thin film formation. 17O labeled samples were characterized using 1H and 17O
solid-state NMR in 2.5 and 1.3 mm standard rotors as well as the MACS design for comparison.4
References:
1. Milton O., Materials Science of Thin Films: Deposition and Structure 2nd edition Elsevier (2002)
2. Sakellariou D., Le Goff G. and Jacquinot J. F., Nature, 447, 694 – 697 (2007)
3. Bonhomme C., Coelho C., Baccile N., Gervais C., Azais T. and Babonneau F., Acc. Chem. Res., 40, 738 – 746 (2007)
4. Sanchez C., Boissère C., Grosso D., Laberty C. and Nicole L., Chem. Mater., 20, 682 – 737 (2008)
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Spin dependent transport in thin film solar cells: an electrically detected ESEEM
study
Matthias Fehr, Jan Behrends, Alexander Schnegg, Bernd Rech and Klaus Lips
Helmholtz - Zentrum Berlin für Materialien und Energie, Silicon Photovoltaics, Kekuléstr.5, 12489 Berlin, Germany
(matthias.fehr@helmholtz-berlin.de)

Silicon-based thin-film solar cells offer the potential for a significant cost reduction in photovoltaic power generation
due to a low temperature deposition process, low material consumption and the use of low-cost substrates. Despite these
benefits, efficiencies of thin-film silicon devices are up to now significantly below those of their silicon wafer-based
analogues. Major limiting factors in thin film devices are defects which are acting as excess charge carrier traps or
recombination centers. Hence, the identification of their structure and influence on charge carrier transport is one of the
most pressing problems of solar energy research. Defect states in solids are often paramagnetic or can be made
paramagnetic which opens the possibility to investigate them by means of Electron Paramagnetic Resonance (EPR).
However, standard EPR methods fail to detect defect states in fully processed thin film solar cells, containing less than
106 paramagnetic sites. We recently managed to circumvent this limit by employing pulsed electrically detected magnetic
resonance (pEDMR) and thereby lifting the detection limit to ~ 104 spins. In order to further exploit the potential of
pEDMR, we implemented for the first time an electrically detected electron-spin echo envelope modulation (ED-ESEEM)
scheme. With this novel method at hand we succeeded to identify the dominant spin-dependent charge carrier transport
pathways and the participating paramagnetic defects in amorphous/microcrystalline silicon solar cells at cryogenic
temperatures and characterize them via their hyperfine interactions.
Acknowledgments: This work was supported by the German Federal Ministry of Education and Research (BMBF network project EPR-Solar
03SF0328).
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On the use of nuclear quadrupole resonance for quantum computing
Jair C. C. Freitasa, Denimar Possaa, Rodrigo Oliveira-Silvab, Diogo O. Soares-Pintob, Edson L. G.
Vidotob and Tito J. Bonagambab
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The NMR experiments usually performed for quantum computing and quantum information processing employ liquid
substances or oriented liquid crystals.1 A promising alternative to this is the use of nuclear quadrupole resonance (NQR)
at zero or small external magnetic fields, with the obvious benefit of lower cost in
comparison to high-field NMR. The different spin dynamics involved in NQR
experiments demands the development of specific experimental procedures for
implementing the basic tasks in quantum computing. Thus, this work aims at exploring
the possibilities of the use of NQR for such purpose. The spin dynamics was
numerically simulated for a spin 3/2 system, using the quadrupole coupling parameters
of 35Cl nuclei in a single crystal of KClO3. First, the NQR spectra corresponding to
Fig. 1: Energy levels for a
different external magnetic fields were simulated and compared to the experimental spin 3/2 quadrupole system at
spectra. Next, the selective excitations of the transitions between the energy levels of zero external magnetic field.
the spin 3/2 system (illustrated in Fig. 1) were considered. Although the levels are degenerate in the absence of an external
magnetic field, selective excitation is possible with a combination of circularly polarized single (PS+ and PS-) and double
(PD+ and PD-) quantum RF pulses. The effects of these pulses were numerically simulated by using average Hamiltonian
theory in the interaction frame, allowing the generation of pseudo-pure states as well as some simple quantum gates.
References:
1. Oliveira I. S., Bonagamba T. J., Sarthour R. S., Freitas J. C. C., de Azevedo E. R., NMR Quantum Information Processing. Elsevier, Amsterdam
(2007)
Acknowledgments: The support from CAPES, CNPq, FAPES and FAPESP is gratefully acknowledged.
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A complete investigation of dynamic properties of organic molecules in the solid
state from a global analysis of spectral features and relaxation times
Elisa Carignani, Silvia Borsacchi and Marco Geppi
Dipartimento di Chimica e Chimica Industriale, Università di Pisa, via Risorgimento 35, 56126, Pisa, Italy (mg@dcci.unipi.it)

The molecular dynamics of a solid drug strongly affects its pharmaceutical properties and other important
characteristics as solid state degradations/reactions or drug-excipient interactions.1 Solid State Nuclear Magnetic
Resonance (SSNMR) is an important technique for the physical characterization at molecular level of small organic
molecules such as many active pharmaceutical ingredients, which can be also directly investigated in their final
formulation, and in particular it offers several approaches to study molecular dynamics in a wide range of frequencies.2
An extensive characterization of molecular dynamic properties of two forms of Ibuprofen, acid (IBU-A) and sodium salt
(IBU-S),3 obtained through SSNMR techniques is here presented. A deep characterization of motions with characteristic
frequencies from Hz to MHz was achieved through 13C isotropic chemical shift and chemical shift anisotropy line shape
analysis, 13C and 1H longitudinal relaxation time in rotating frame (T1ρ) measurements, 13C and 1H longitudinal relaxation
time (T1) measurements. Combined analysis of all the data provided either qualitative or quantitative information about
the motions of the various molecular fragments (phenyl ring, methyl groups, aliphatic chains). Beside the detailed results
obtained for Ibuprofen, this study represents, to the best of our knowledge, the first case in which the molecular dynamics
of organic solids in the wide range of motional frequencies accessible by SSNMR has been fully characterized. The
flexibility and generality of the approach here proposed makes it a potential powerful tool for the characterization of the
internal motions occurring in organic molecules in the solid state.
References:
1. Byrn S. R., Xu W. and Newman A. W., Adv. Drug Deliver. Rev., 48, 115 – 136 (2001)
2. Geppi M., Mollica G., Borsacchi S. and Veracini C. A., Appl. Spectrosc. Rev., 43, 202 – 302 (2008)
3. Geppi M., Guccione S., Mollica G., Pignatello R. and Veracini C. A., Pharm. Res., 22, 1544 – 1555 (2005)
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Quantification of the metallic-to-semiconducting ratio in single-walled carbon
nanotube samples using cobalt porphyrine EPR spectroscopy
Sofie Cambré, Wim Wenseleers and Etienne Goovaerts
Experimental Condensed Matter Physics Laboratory, University of Antwerp, Belgium (Etienne.Goovaerts@ua.ac.be)

A simple and quantitative spectroscopic technique for the determination of the ratio of metallic to semiconducting
single-walled carbon nanotubes (SWCNTs) in a bulk sample is based on the measurement of the electron paramagnetic
resonance (EPR) spectrum of cobalt(II)octaethylporphyrin (CoOEP) probe molecules adsorbed on the SWNTs.1 Signals
from both CoOEP molecules on metallic and on semiconducting tubes are easily distinguished and accurately
characterized in this work. By applying this technique to a variety of SWCNT samples produced by different synthesis
methods, it is shown that these EPR signals are
independent of other factors such as tube length,
defect density and diameter, allowing the intensities
of both signals for arbitrary samples to be retrieved
by a straightforward least-squares regression. The
technique is self-calibrating in that the EPR intensity
can be directly related to the relative number of
spins, and as the two components were also found to
occur in a constant relative intensity, independent of
Figure: EPR spectrum of CoOEP
the procedure used in rinsing off the excess
functionalised CNTs with metallic and
(unbound) molecules (i.e. not preferential removal
semiconducting contributions.
from one or the other type of CNTs), the intensities
of both signals are proportional to the surface area, and hence the mass fraction of M and SC tubes respectively. Using
this method, for some samples metallic-to-semiconducting ratios differing strongly from the usual 1:2 ratio were found.
References:
1. Cambré S., Wensleers W., Čulin J., Van Doorslaer S., Fonseca A., Nagy B. J. and Goovaerts E., ChemPhysChem, 9, 1930 – 1941 (2008)
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Protein by Dipolar Codex Nmr
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Knowledge about protein dynamics is essential for the understanding of their biological function. Solid-state NMR
techniques, in comparison to liquid-state NMR, proved to be very powerful to investigate a wide range of correlation
times of protein dynamics1 due to the fact that fast motions are not overlapped by the isotropic Brownian tumbling.
Molecular motions cover a wide time scale. To study motions in the slow limit of ms to s the CODEX (Centerband-Only
Detection of Exchange) sequence2 is one of the most often applied pulse sequences in solid-state NMR.
Here we used the basic principles of CODEX but employed the heteronuclear coupling instead of the CSA as a probe
for molecular mobility. With the so called Dipolar CODEX3 experiment we investigated a microcrystalline protein,
namely, the SH3 domain of α-spectrin. The experiments presented here show side resolved information about the time
scale of motion as well as the geometry of motion. For quantitative information about the amplitude of motion, knowledge
about the residual dipolar coupling is necessary. To obtain side resolved information we applied a new REDOR based
HSQC sequence. Our results obtained by means of this experiment fit well to data published in literature.4
References:
1. Krushelnitzky A., et al., Prog. NMR Spectr., 47, 1 – 25 (2005)
2. deAzevedo E. R., et al., J. Am. Chem. Soc., 121, 8411 – 8412 (1999)
3. Krushelnitzky A., et al., J. Am. Chem. Soc., 131, 12097 – 12099 (2009)
4. Chevelkov V., et al., J. Am. Chem. Soc., 131, 14018 – 14022 (2009)
Acknowledgments: Deutsche Forschungsgemeinschaft DFG for financial support (RE 1025/16).
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The Impact of Side Chains on Charge-Carrier Mobilities in Perylene Derivatives
Studied by High-Resolution Solid-State NMR Methods and Models
Michael Ryan Hansen, Falk May, Valentina Marcon, George Floudas, Denis Andrienko, Klaus
Müllen and Hans W. Spiess
Max Planck Institute for Polymer Research, Ackermannweg 10, D-55128 Mainz, Germany, (mrh@mpip-mainz.mpg.de)

In the emerging area of nano-scale electronics, the application of stacks of molecules as molecular conducting wires
seems highly attractive. Such wires are typically based on polycyclic aromatic hydrocarbons1 and, as we have recently
shown, the conduction performance along these stacks critically depends on the size,
shape, and periphery of the individual molecules and pitch angles between successive
molecules.2 In this contribution we investigate the impact of attaching different side
chains (symmetrically or non-symmetrically) to a number of perylene derivatives by
combining the information available from solid-state NMR, WAXS, and MD
simulations. We show that the choice of side chains strongly influences the phase
behaviour of the resulting materials and that this choice on the molecular level can lead
to different pitch angles between successive molecules.3-5 This can be understood in
terms of the gyration tensor (see picture).6 With these new insights it should be possible
to rationally design perylene-based molecular stacks with optimized charge carrier
mobilities.
References:
1. Wu J. S., Pisula W. and Müllen K., Chem. Rev., 107, 718 – 747 (2007)
2 Feng X., Marcon V., Pisula W., Hansen M. R., Kirkpatrick J., Grozema F., Andrienko D., Kremer K. and Müllen K., Nature Materials, 8, 421 – 426
(2009)
3. Hansen M. R., Graf R., Sekharan S. and Sebastiani D., J. Am. Chem. Soc., 131, 5251 – 5256 (2009)
4. Hansen M. R., Schnitzler T., Pisula W., Graf R., Müllen K. and Spiess H. W., Angew. Chem. Int. Ed., 48, 4621 – 4624 (2009)
5. Tasios N., Grigoriadis C., Hansen M. R., Wonneberger H., Li C., Spiess H. W., Müllen K. and Floudas G., J. Am. Chem. Soc., 132, 7478 – 7487
(2010)
6. May F., Marcon V., Hansen M. R. and Andrienko D., submitted
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Multinuclear Solid State NMR Characterisation of Zinc and Bismuth
Incorporation in Borosilicate Glass Systems
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The structures of borosilicate glasses, used as components of automobile windscreens, are being studied using
multinuclear solid state NMR. Some of these materials are already commercially used, although their properties need to
be improved. The aim is to produce a new glass with much higher acid resistance which can pass a new industry test,
while keeping the firing temperature the same as that for conventional windscreen glasses.
Two series of model samples have been made in order to understand the roles of Bi and Zn in the glass networks of
systems close to the commercial compositions. The samples are sodium borosilicates; in the compositions Bi or Zn are
substituted for boron and NMR has been used to determine whether they also substitute the role boron in the glass
network, forming bonds, or whether they form less bonds and make the network less connected. Bloch decay 11B, 23Na
and 29Si experiments and two dimensional 11B MQMAS studies have been undertaken to understand the evolving
structural changes with increasing metal content. It has been found that as the metal content increases the glass networks
become less connected and so Bi and Zn are not taking the place of boron in the glass network.
Acknowledgments: JRH, MES and JVH acknowledge Johnson Matthey. The NMR spectrometers and probes used in this research were obtained
through Birmingham Science City: Innovative Uses for Advanced Materials in the Modern World (West Midlands Centre for Advanced Materials
Project 2), with support from Advantage West Midlands (AWM) and part funded by the European Regional Development Fund (ERDF).
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Solid-state NMR as a tool to aid and correct diffraction-based structure solution
Anne Soleilhavoupa, Sarah E. Listerb, John S. O. Evansb and Paul Hodgkinsonb
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Although historically crystallography and diffraction-based studies have been
virtually synonymous, the complementary role of solid-state NMR in characterising
crystalline solids is increasingly recognised. We present a 31P NMR and powder Xray diffraction study1 of (MoO2)2P2O7. Like many framework pyrophosphates, this
material exhibits subtle phase transformations, from the high-symmetry structure at
high temperature, to a complex superstructure at low temperatures. The structural
distortions are subtle and very challenging to determine from Bragg diffraction only.
The exquisite sensitivity of NMR parameters to local environment is an ideal
complement to Bragg diffraction. Even simple 1D 31P NMR spectra are informative,
revealing an incommensurate phase between high and low temperature structures.
2D NMR and measurements of 2JPP couplings via spin-echo experiments give
detailed insight into the structural distortions involved in the phase changes, and
allows potential structure solutions to be validated. First principles (Gaussian/CASTEP) calculations are used to connect
NMR observables with structural features. Finally we present a case where 1H and 13C solid-state NMR combined with
CASTEP calculations are used to evaluate XRD structure determinations of terbulatine sulfate, clearly demonstrating the
superiority of one solution protocol over the other.2
References:
1. Lister S. E., Soleilhavoup A., Withers R. L., Hodgkinson P. and Evans J. S. O., Inorg. Chem., 49, 2290 – 2301 (2010)
2. Harris R. K., Hodgkinson P., Zorin Z., Dumez J.-N., Elena B., Emsley L., Salager E. and Stein R., Magn. Reson. Chem. (in press)
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Proton-Detected Non-Uniformly-Sampled 4D DREAM for
Solid-State NMR Protein Structure Determination
Matthias Huber, Sebastian Hiller, Paul Schanda, René Verel and Beat H. Meier
Physical Chemistry, ETH Zurich, Wolfgang-Pauli-Strasse 10, 8093 Zürich, Switzerland, (mahu@phys.chem.ethz.ch)

Solid-State NMR has recently been established as a structure determination
method for non-soluble and non-crystalline proteins. In fully protonated samples,
the strong dipolar couplings lead to broad 1H lines, but with perdeuteration,
highly resolved 1H spectra of proteins can be obtained.1 Compared to widely used
13
C-detection, 1H-detection benefits from higher sensitivity due to the higher
gyromagnetic ratio.
Here, we demonstrate, using a crystalline sample of ubiquitin, that 1Hdetected 1H-1H DREAM2 spectra can successfully be used for structure
calculation. Unambiguous long-range restraints were obtained from a 4D nonuniformly sampled (NUS) 1H-1H DREAM spectrum of deuterated ubiquitin with
valine and leucine methyls labelled as 13CD2H.3 This spectrum was recorded in 3
days on 2 mg of protein.
Because of the unambiguity of assignments in four dimensions and the high
sensitivity due to direct proton detection, we expect this approach to be applicable
to proteins significantly larger than ubiquitin.
References:
1. Agarwal V., Diehl A., Skrynnikov N. and Reif B., J. Am. Chem. Soc., 128, 12620 (2006)
2. Verel R., Ernst M. and Meier B. H., J Magn. Reson., 150, 81 (2001)
3. Goto N. K., Gardner K., Mueller G., Willis R. and Kay L. E., J. Biomol. NMR, 13, 369 (1999)
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Figure 1 Plane from NUS 4D DREAM
spectrum of
[U-2H15N; VL-13CD2H]-Ubiquitin.
Negative peaks are shown in black, the
positive diagonal peak in grey.
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Multinuclear NMR Study of the SEI on the Li-FeSn2 Negative Electrodes for Liion batteries
Hua Huoa,c, Mohamad Chamasb,c, Mathieu Duttinea, Pierre-Emmanuel Lippensb,c and Michel
Ménétriera,c
a

CNRS, Université de Bordeaux, ICMCB, 87 avenue du Dr. A. Schweitzer, 33608 F-Pessac Cedex (France)
AIME/Institut Charles Gerhardt, Université Montpellier 2, 34095 Montpellier Cedex, France
c
Alistore European Research Institute, 33 Rue Saint Leu, 80039 Amiens Cedex, France (huahuo@icmcb-bordeaux.cnrs.fr)
b

The aim of this work is to investigate the composition, formation and evolution processes of the solid electrolyte
interphase (SEI) on the Li-FeSn2 negative electrodes for Li ion batteries. In this system, lithiation gives rise to a
conversion of the material to Li-Sn alloys and Fe nanoparticles. The presence of such super paramagnetic Fe nano
particles causes a great challenge in the NMR characterization. The visibility of the 7Li NMR signal associated with Li-Sn
alloy has been studied as a function of the magnetism by varying both the species of the transition metal (Fe, Co, Ni and
Mn) and the experimental temperatures. A series of samples at different stages of lithiation or aging have been
investigated. 7Li in combination with 1H, 19F and 31P MAS NMR provided important information about the composition
of the SEI layer and the intermediate species during lithiation process.
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C CPMAS NMR: CP kinetics of model compounds from Actea racemosa

Marta K. Jamróza, Katarzyna Paradowskaa, Jan A. Glińskib and Iwona Wawera
a

Department of Physical Chemistry, Faculty of Pharmacy, Medical University of Warsaw, Banacha 1, 02-097 Warsaw, Poland
(marta.jamroz@wum.edu.pl)
b
Planta Analytica, LCC, Danbury, CT, USA

Acteae racemosae extract is effective botanical preparation for relief of vasomotor symptoms of menopause, such as
hot flashes and night sweats. The main group of compounds are triterpene glycosides,1 which are thought to be
responsible for the pharmacological effect of this plant, although further studies are
27
O
25
needed. Since there are no data for the solid phase of triterpene glycosides, the aim of this
26
24
21
O
research was thus to register and interpret the 13C CPMAS spectra of four model triterpene
O 18 20 22 23 O
glycosides: deoxyactein (1) shown in the Figure, cimigenol xyloside (2), cimicifugoside
O
12
17
13
16
11
19
H-1 (3) and 24-acethylhydroshengmanol xyloside (4).
15
H 14
9
1
In addition we analyzed the cross-polarization kinetics profiles for four compounds,
10
2
8
28
5
3
7
which can be acknowledged as model substances, since they represent four types of
4
6
O
triterpene skeletons found in A. racemosa. This enabled the differentiation of the CH, Xyl 30 29H
CH2, CH3 and quaternary groups, as well as gaining interesting structural information.2
The unambiguous assignment of 13C CPMAS NMR signals of the studied compounds allows fast identification of
triterpene glycosides isolated from A. racemosa, without any preparation procedures. The samples removed from rotor
can be used for further studies of biological and pharmaceutical activity.
References:
1. Chen S.-N., Fabricant D. S., Lu Z.-Z., Fong H. H. S. and Farnsworth N. R., J. Nat. Prod., 65, 1391 – 1397 (2002)
2. Kołodziejski W. and Klinowski J., Solid State Nucl. Magn. Reson., 102, 613 – 628 (2002)
Acknowledgements: This work was supported by the European Social Fund and the State Budget under the Integrated Regional Operational Program,
Action 2.6 ‘Regional Innovation Strategies and Transfer of Knowledge’ Mazovia Provinces own project ‘Mazovia Scholarship for Ph.D. students’.
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Magnetic properties and spin dynamics of heterometallic entangled Cr7Ni
molecular nanomagnet
Sabareesh K. P.Velua,b, Manuel Mariania, Ferdinando Borsaa,c, Alessandro Lascialfaria,b,c, Grigore
Timcod and Richard P.Winpennyd
a

Dipartimento di Fisica "A.Volta", Università degli Studi di Pavia, Pavia, Italy (sabareesh.velu@unimi.it)
Dipartimento di Scienze Molecolari Applicate ai Biosistemi, Università degli Studi di Milano, Milano, Italy
c
Centro S3, CNR-Istituto di Nanoscienze, I-41125 Modena, Italy
d
School of Chemistry, University of Manchester, Oxford Road, Manchester, M13 9PL, UK
b

Molecular nanomagnets represent a class of magnetic systems that received a lot of attention from physicists and
chemists in the last 20 years, both for their fundamental properties and possible applications.1 Among them, the high-spin
clusters received most of the attention but recently another class of compounds, the high-symmetry molecular rings,
attracted theorists and experimentalists for its connection to the problem of quantum computation.2 Particularly,
antiferromagnetic Cr7Ni-based rings show good characteristics for quantum computing, i.e. long decoherence times, low
anisotropy and effective low spin at low temperature. The heterometallic Cr7Ni molecular spin cluster contains seven Cr3+
and one Ni2+ centres, arranged in an octagonal ring and held together by fluoride and carboxylate ligands,2 interacting via
a n.n. antiferromagnetic (AF) coupling (J~17K) to give an effective spin ground state S = ½ spin at sufficiently low
temperature. By synthesizing a system where a Cu2+ dimer links pairs of Cr7Ni clusters, one is in presence of
“entanglement” between pairs, thus giving a key requirement for implementing quantum information processing (QIP)
applications.2 We investigated the magnetic properties and spin dynamics of the entangled heterometallic Cr7Ni-Cu2Cr7Ni cluster by studying the magnetic susceptibility, and the 1H- nuclear magnetic resonance (NMR) spectra and
relaxation rates (spin-lattice, T1 and spin-spin, T2) in the temperature range 1.5 < T < 300 K at different applied magnetic
fields, and as a function of frequency at room temperature. The NMR results obtained in the entangled Cr7Ni cluster have
been compared with those of pure Cr7Ni molecular spin cluster.
References:
1. Gatteschi D., Sessoli R. and Villain J., “Molecular Nanomagnets”, Oxford University Press (2005)
2. Larsen F. K., et al., Angew. Chem. Int. Ed., 42, 101 (2003); Timco G. A.,.et al., Nature Nanotechnology, 4, 173 (2009)

__________________________________________________________________________________________________

P363

Applications of 1H and 31P Ultra Fast MAS NMR Spectroscopy in Structural
Study of Phosphoroorganic and Organometallic Compounds
Sławomir Kaźmierski and Marek J. Potrzebowski
Centre of Molecular and Macromolecular Studies Polish Academy of Sciences; NMR Laboratory. Sienkiewicza 112,90-363 Łódź, Poland
(kaslawek@cbmm.lodz.pl)

During last ten years a remarkable development in MAS (Magic Angle Spinning) probe-heads technology has been
achieved. In modern probe-heads, ‘‘ultra-fast” (UF) regime of more than 60 kHz sample spinning is reached using
commercially available 1.3 mm rotors. Under UF conditions, the MAS frequency exceeds the width of the 1H-1H dipolar
interaction narrowing the 1H linewidths. This feature, make possible to utilize 1H Solid State MAS technique in structure
elucidation of solids employing pulse sequences which found number of spectacular applications in the liquid phase.
In this communication we report application of 1H MAS NOESY and 1H RFDR NOESY for investigation of two
model samples, O-phospho-L-threonine and Grubbs-Hoveyda metathesis catalysts ortho-isopropoxybenzylidene[1,3bis(2,4,6-trimethylphenyl)-2- imidazolidinylidene]dichlororuthenium. Both spectra were recorded with spinning rate 60
kHz and RF power during the mixing time equal to 60 kHz and 120 kHz for the latter sequence. From comparative
analysis of both sequences the usefulness of 1H RFDR NOESY experiment in structural study of heterorganic samples is
apparent.
In the second part we discuss the problem of 1H→31P cross-polarisation under UF MAS employing hard and soft
pulses. From our study it is concluded that low power RF pulses allow very effective cross-polarization according to
double quantum (DQCP) and zero quantum (ZQCP) mechanism when the ω1H + ω1P= nωr and/or ω1H – ω1P= nωr
conditions are fulfilled. Study of standard decoupling sequences TPPM, SPINAL, XiX and CW confirmed the
applicability of low power decoupling (ca 25 kHz) for study of phosphoroorganic compounds. The influence of rotary
resonance effect on quality of decoupling is discussed. Finally, the 1H -31P SPECIFIC-CP band selective experiment
carried out for phosphoroorganic sample with distinct phosphorus sites (P=S and P=O) is discussed.
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A Study of the Lithium Environment in Optically novel LiTaO3: A Solid State 7Li
NMR Study
Dean S. Keeble, John V. Hanna and Pamela A. Thomas
Department of Physics, University of Warwick, Gibbet Hill Road,CV4 7AL, Coventry, UK (d.s.keeble@warwick.ac.uk)

Lithium niobate (LN) is one of the most important crystals, being the equivalent in
the field of optics, nonlinear optics and optoelectronics to silicon in electronics. Lithium
tantalate (LT) has almost the same crystal structure but different physical properties and
is sometimes used as a replacement for LN, particularly for shorter-wavelength
applications, although it is true to say that LN is by far the more widely used of the two
materials at present.
Both LN and LT can be synthesized with a large range of stoichiometry, ranging
from strongly lithium deficient to lithium abundant. The structural mechanisms behind
the influence of this stoichiometry on the observed optical properties are investigated
using 7Li solid state NMR, using conventional MAS, static (broadline) spin-echo and
saturation-recovery T1 relaxation measurements.
These static, relaxation, and MAS experiments show that there are stoichiometrically
driven structural and dynamic changes in LT, coinciding with the compositions that
exhibit novel optical properties.

Figure 1: The Ilmenite structure of
LiNbO3 and LiTaO3, forming with
NbO6 octahedra (highlighted) and
lithium in the interstices
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Electronic and magnetic properties of V2O5 and Li2V3O7 nanotubes
Hae Jin Kima,b, Jin Bae Leea and Byung Hoon Kima
a
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Korea Basic Science Institute,113 Gawhangno, Yusung-gu, 305-333, Daejeon, Korea (hansol@kbsi.re.kr)
Graduate School of Analytical Science and technology, Chungnam National University, 79 Daehangno, Yusung-gu, 305-764, Daejeon, Korea

We report the electronic and magnetic properties of V2O5 and Li2V3O7 nanotubes. 51V MAS NMR spectra have been
obtained by using a ultra fast MAS probe with a cylindrical 1.2 mm rotor at B0= 11. 7 T.
The spinning frequency was 40 kHz. The lithium vanadium oxides have so called a laddertype crystal structure. The vanadium ions, each roughly situated in the center of a pyramid
of 5 oxygens, form layers in which 1D vanadium chains are assembled in a network of twoleg ladders. From the 51V MAS NMR, we could determine two different sites of vanadium
in Li2V3O7 nanotube. It is in good agreement with the Li2V3O7 crystal structure. Vanadium
oxides are frequently of mixed valence. The electronic and magnetic structure of Li2V3O7
consists of a double-chain charge ordered configuration, magnetic V4+ chain and
nonmagnetic V5+ double chain. The magnetic property of V2O5 nanotube shows a
paramagnetic, whereas, Li2V3O7 nanotube clearly shows a ferromagnetism at room
temperature. This result implies that the ferromagnetic properties are due to the charge
compensation from Li which might be increased the electron doping at vanadium atoms in pyramidal sites. The lithium
atoms act as electron donors.
References:
1. Yan M., Velkova A., Tatarek-Nossol M., Andreetto E. and Kapurniotu A. Angew. Chem. Int. Ed., 46, 1246 – 1252 (2007)
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Structural analysis of Alumino-silicates inorganic polymer systems by solid state
NMR
Libor Kobera and Jiri Brus
Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovského nám. 2, 162 06 Praha 6, Czech Republic,
(kobera@imc.cas.cz)

The stability of amorphous aluminosilicate inorganic polymer (AIP) systems with regard to the structural role of water
molecules incorporated in inorganic matrix. It is shown that even small changes in the manufacture dramatically affect
mechanical properties and the overall structural stability of AIP systems. If the required quantity of water is admixed to
the reaction mixture during the initial period of AIPs synthesis the resulting amorphous aluminosilicate matrix undergoes
extensive crystallization (zeolitization) during the artificial aging. On the other hand, if the required amount of water was
added to the reaction mixture during the final periods of the system preparation the inorganic matrix was resistant to the
structural changes and remained amorphous even after a long-term hydrothermal treatment.
An understanding and disclosure of the fine relations between structure, processing and post-processing of various
types of geopolymer requires application many techniques of solid-state NMR spectroscopy. In our work we focussed our
attention to the precise localization of water molecules in inorganic framework. That is why we used not only simple onedimensional experiments on various nuclei like 1H, 23Na, 27Al, 29Si but we rather bet on two-dimensional multiplequantum experiments that were modified (REDOR) to indirectly detect water molecules that are closed in selected
structural units. By this way we were able to identify structurally important units that are responsible for their
stability/instability. We tested large scale of NMR techniques involving also 1H-1H correlation experiments, crosspolarization transfer as well as relaxation experiments to locate and describe properties of clusters of water molecules.
Acknowledgments: We thank to the Grant Agency of the Academy of Science of the Czech Republic for financial support. (Grant No. IAA400500602).
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Broadband NMR above 1 GHz at ultra high magnetic fields up to 34 Tesla
Steffen Krämera, Mladen Horvatića, Claude Berthiera, Francesco Aimoa, Martin Klanjšekb and PascalHenry Friesc
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b
Jožef Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia
c
CEA, INAC, SCIB, RICC, 38054 Grenoble Cedex, France

We present recent research projects of broadband NMR above 1 GHz and at high magnetic fields up to 34 T at the
Laboratoire Nationale des Champs Magnetiques Intenses in Grenoble. With the commissioning of NMR instrumentation
covering the frequency range up to 1.5 GHz and working at temperatures as low as 0.4 K, we are able to offer general
purpose NMR options up to 34 T, the highest currently available field at Grenoble.
We used our experimental setup first for condensed matter 1H NMR experiments on azurite (Cu3(CO3)2(OH)2) at low
temperatures (0.4 K).1 This compound has been recently recognized as a model system for the frustrated
antiferromagnetic Heisenberg spin-1/2 chain of “distorted diamond” geometry. Its most prominent feature is an extended
plateau in the magnetization curve at 1/3 of the saturation magnetization, which is a purely quantum state without
classical analogue. Our experiment revealed detailed microscopic information on the transition from the 1/3 plateau into
the fully polarized state at 34 T.
With the same experimental setup we have also studied for the first time the paramagnetic relaxation enhancement of
1
H in diamagnetic species interacting with paramagnetic metal complexes in solution above 1 GHz. This provides a
deeper insight into the intermolecular recognition movements, in particular those governing the efficiency of MRI contrast
agents.
References:
1. Aimo F., et al., Physical Review Letters, 102, 127205 (2009)
Acknowledgments: Part of this work has been supported by EuroMagNET under the EU contract n° 228043.
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Polarization transfer and relaxation in solid state systems-Imidazolium based
molecular crystals as an example
Danuta Kruka, Franz Fujarab, Alexei Privalovb and Wojciech Medyckic
a
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b

Performing proton field cycling experiments for solid state systems containing nuclei possessing quadrupolar
moments one can observe two essentially different phenomena: relaxation and polarization transfer.
When one experimentally observes polarization transfer effects (‘magnetization dips’), one can immediately conclude
that a part of the considered molecule is rigid (exhibits slow dynamics), or that there is a residual dipole-dipole coupling
between the participating spins. A detailed quantitative analysis of the polarization transfer pattern gives the quadrupolar
parameters and details of the molecular structure provided that an appropriate theoretical model is available.1-3 A complete
theory of field dependent relaxation processes in such systems has also recently been proposed.3,4
We shall outline the basic ideas of the mentioned theories of polarization transfer and relaxation. To demonstrate how
one can profit from polarization transfer and relaxation experiments, we shall apply the theoretical approaches to
imidazolium (Im) based molecular crystals: Im3Bi2Br9, Im3Sb2Br9 and Im5Bi2Cl3.
References:
1. Kruk D., Altmann J., Fujara F., et al., J. Phys. Condensed Matter, 17, 519 – 533 (2005)
2. Kruk D. and Lips O., Solid State Nucl. Magn. Reson., 28, 180 – 192 (2005)
3. Kruk D., ‘Theory of Evolution and Relaxation in Multi-spin Systems. Applications to Nuclear Magnetic Resonance (NMR) and Electron Spin
Resonance (ESR)’, Abramic Academic, Arima Publishing UK (2007)
4. Kruk D. and Lips O., J. Magn. Reson., 179, 250 – 262 (2006)
Acknowledgements: This work has been financed by Polish Ministry of Science and Education, N N202 172135.
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NMR quadrupolar splitting from stretched gels: quantum mechanics of
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Na+ z-spectra
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The nature and extent of interactions of cations with macromolecules in and around cells is poorly understood.
However, quadrupolar nuclei such as 23Na have important characteristics that manifest themselves as split peaks in NMR
spectra from anisotropic media such as various stretched gels; these are good models of ordered biological systems.1, 2 The
splitting is due to the electric quadrupole moment of the nucleus interacting with the average electric field gradient tensor
of the partially aligned macromolecules in the stretched gel. Radio-frequency (RF) radiation, applied at offsets across the
whole NMR spectrum generates a ‘z-spectrum’ or partial-saturation envelope. With a stretched gel, containing 2H2O, the
z-spectrum shows the most marked dip, not at the position of one or other of the two obvious peaks, but exactly in the
centre between them.3, 1 With 23Na+, the z-spectrum shows the most marked suppression of the 3:4:3 triplet when the
irradiation is applied on: (1) the satellite transitions (type S dip); (2) exactly in the middle between the central peak and
either of the two satellites (type D dip); and (3) on the central transition peak (combined type S and T dips). z-Spectra
fitted using an adaptation of the theory in refs. 1 and 4 enabled consideration of the combined effects of RF irradiation at
various offsets from the centre peak, and residual quadrupolar interactions.1,2 Thus we give a quantum mechanical
explanation for the form of 23Na+ NMR z-spectra and ascribe the type S, D, and T dips to single, double, and triple
quantum transitions, respectively. We discuss possible in vivo applications.
References:
1. Eliav U., Naumann C., Navon G. and Kuchel P. W., J. Magn. Reson., 198, 197 – 203 (2009)
2. Naumann C. and Kuchel P. W., Chemistry Eur. J., 15, 12189 – 12191 (2009)
3. Kuchel P. W. and Naumann C., J. Magn. Reson., 192, 48 – 59 (2008)
4. Jaccard G., Wimperis S. and Bodenhausen G., J. Chem. Phys., 85, 6282 – 6293 (1986)

325

7. Posters
__________________________________________________________________________________________________

P370

Solid state NMR studies of paramagnetic cyclam complexes
Shashi K. Kumara, Agnieszka Karczmarskaa, Abdelhadi Kassibaa, Malgorzata Makowska-Janusikb
and Jens Dittmera
a
Laboratoire de Physique de l'Etat Condensé (LPEC), Université du Maine, Avenue Olivier Messiaen, F-72085 Le Mans, France
(Shashi.Kumar.Etu@univ-lemans.fr)
b
Institute of Physics, Jan Dlugosz University, Al. Armii Krajowej 13/15, PL-42200 Częstochowa, Poland

Cyclam (1,4,8,11-Tetraazacyclotetradecane), a macrocyclic organic molecule, forms stable coordination complexes
with d-block transition metals like Cu2+ and Ni2+ in various structural conformations. We compare these paramagnetic
complexes by 1H and 13C NMR under MAS frequencies that
are high enough to decouple the proton network. Under these
conditions the hyperfine shifts overcompensate line
broadening by paramagnetic relaxation, so that the spectral
dispersion is sufficient to resolve most signals in 13C and even
1
H spectra. 1H-1H together with 1H-13C correlation
experiments allow signal assignment. The paramagnetic
relaxation rates of C- and H-nuclei depend on their distances
to the metal center and should therefore in principle contain
structural information. To assess their suitability as structural
constraints, they are compared with the corresponding
theoretical values. There are two parameters necessary for
their calculation, the correlation time of the electron-nuclear
dipolar interactions and the metal-nucleus distances. The Dipolar INEPT 1H-13C correlation spectrum of the Cu-cyclam
former were determined by means of EPR, the latter by ab- complex.
initio and DFT calculations and compared with
crystallographic data.
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Pulsed NMR Approach to Bulk Polymerizations of Methacrylic acid,
Methyl methacrylate and 2-hydroxyethyl methacrylate
Takuzo Kurotsu, Hiroki Kimoto, Athushi Asano and Chikako Tanaka
Department of Applied Chemistry, National Defense Academy,Hashirimizu1-10-20, 239-8686,Yokosuka, JAPAN (kurotu@nda.ac.jp)

Pulsed NMR is an efficient technique to follow transition of states, such as a bulk polymerization, a curing reaction of
epoxy resin continuously and non-destructively in terms of spin mobility. We carried out bulk polymerizations of
methacrylic acid (MA), methyl methacrylate (MMA) and 2-hydroxyethyl methacrylate (HEMA) to follow spin-lattice
relaxation time (T1) and spin-spin relaxation time (T2) at different temperatures(40-60°C). For those monomers, three
kinds of T2; T2S(short), T2L(long) and T2M(intermediate) were obtained and these relaxation times decreased as the
polymerization proceeded. T2S of which final value is ca. 20μs corresponds to the polymer produced. Fractions
corresponding to above three relaxation times, FS, FL and FM, respectively changed also. Fs gradually increased and then
showed a sigmoidal increase while FL decreased reciprocally to the time course of FS. In the early stage of reaction, the
concentration of entanglement of polymer chain (network) is not sufficiently high enough to decrease the mobility of
proton spin. The reaction proceeds further, the entanglement becomes rich enough to restrict the mobility of spin. The
polymer yields are found to be comparable to FS for MA, MMA, and HEMA throughout the reactions at different
temperatures. The time courses of FS for these three monomers are similar to each other. T1 is also a parameter sensitive to
this kind of transition caused by entanglement of polymer chain. T1 of MA, MMA and HEMA showed a linear decrease at
the beginning of the reaction and showed a constant value corresponding to the “gel effect” occurred in bulk
polymerization. The time course of T1, T2 in these polymerizations was well explained by BPP theory.1 The progress of
bulk polymerization, therefore, was found to be sharply reflected on the time course of T1, T2 and its fractions and can be
evaluated in terms of spin mobility. The effect of difference in side chain structure for three monomers on the formation
of network structure was also discussed in conjunction with the results of DD/MAS NMR.
References:
1. Bloembergen N., Purcell E. M. and Pound R. V., Phys Rev., 73, 679 − 713(1948)
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Mo solid state NMR study of molybdenum cluster compounds, a combined
experimental and computational approach
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Transition metal clusters are chemical units containing three or more metal atoms held together by metal-metal bonds
(Cotton, 1964). From structural and electronic structure point of view, these compounds stand on the threshold between
molecular and bulk chemistry. Some of these compounds exhibit interesting properties –
e.g. superconductivity, thermoelectricity, catalytic or intercalation properties.1 During the
last few years, new routes for the synthesis of nanostructured cluster compounds have
been developed. In order to get a better structural understanding of these materials, we
developed a characterisation approach based on a combination of experimental 95Mo
NMR experiments and DFT calculations of 95Mo NMR parameters2 (high field
experiments using sensitivity enhancement techniques 18.6T, HS-QCPMG, 95Mo CSA
and EFG calculated using the GIPAW method). As a first step, we validated this
approach on a series of well-crystallized cluster compounds of various nuclearities. We,
then, applied this method to get insights on the controversial structure of Mo6S8-xIx nanowires.3
References:
1. Clusters and Colloids, ed. G. Schmid, VCH Weiheim (1994)
2. Pickard C. J. and Mauri F., Phys Rev B., 63, 245101 (2001)
3. Mihailovic D., Prog. Mater. Sci., 54, 309 (2009)
Acknowledgments: Rennes Métropole, Région Bretagne and ANR JC09_455182 for funding.
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Solid-state NMR spectroscopy is well suited for investigating the nature of the molecular interactions in
heterogeneous systems, such as organic-inorganic nanocomposites. For example, a recent study by Agarwal et al.1 found
evidence for hydrogen bonding at the interface in nanocomposites manufactured by polymerizing 4-vinylpyridine in the
presence of an ultra-fine silica sol. In this presentation improvements in heteronuclear solid-state NMR correlation
experiments which allow the interrogation of next-generation nanocomposite particles are described. A combination of
state-of-the-art CRAMPS (in this case the windowless DUMBO-1 homonuclear decoupling sequence2) and a selective
cross polarization scheme (in this case Lee-Goldberg CP3) is used to obtain high resolution proton-carbon-13 and protonsilicon-29 correlation spectra. The former can be used to assign the proton resonances in the polymer phase, while the
latter allows the identification of the interactions responsible for adhesion to the silica surface. Colloidal “core-shell”
nanocomposite particles were synthesized by in situ aqueous (co-)polymerization of styrene and/or butyl acrylate in the
presence of a glycerol-functionalized silica sol. Polymer protons are found in close proximity (< 5 Å) to Q3 silanol sites at
the surface of the silica particles, indicating that either styrene or butyl side groups are entangled with the surfacefunctionalizing molecules. For the poly(styrene-co-n-butyl acrylate)/silica nanocomposite butyl acrylate co-monomers are
preferentially located at the surface of the silica particle to the exclusion of styrene, suggesting a specific interaction
between the butyl acrylate co-monomer and the functionalized silica surface. The most likely possibility is a hydrogen
bond between the ester carbonyl and the glycerol functionalizing groups, although this cannot be observed directly.
References:
1. Agarwal G. K., Titman J. J., Percy M. J. and Armes S. P., J. Phys. Chem. B, 107, 12497 (2003)
2. Sakellariou D., Lesage A., Hodgkinson P. and Emsley L., Chem. Phys. Lett., 319, 253 (2000)
3. van Rossum B. J., de Groot C. P.,. de Groot H. J. M, Ladizhansky V. and Vega S., J. Am. Chem. Soc., 122, 3465 (2000)
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Surface Enhanced NMR Spectroscopy by Dynamic Nuclear Polarisation
Anne Lesagea, Moreno Lellia, David Gajanb, Marc A. Caporinic, Veronika Vitzthumc, Pascal
Miévillec, Johan Alauzund, Arthur Rousseyb, Chloé Thieuleuxb, Ahmad Medhid, Geoffrey
Bodenhausenc, Christophe Copéretb and Lyndon Emsleya
a

Centre de RMN à Très Hauts Champs, Université de Lyon, 69100 Villeurbanne, France, (Anne.Lesage@ens-lyon.fr)
Institut de Chimie de Lyon, Université de Lyon, C2P2, ESCPE Lyon, 69100, Villeurbanne, France
c
Institut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne (EPFL),1015 Lausanne, Switzerland
d
Institut Charles Gerhardt, Université Montpellier 2, 34095 Montpellier, France
b

Solid-state NMR is a powerful technique for the structural characterization of inorganic and hybrid materials, offering
the possibility to directly investigate both the bulk, and the surface functionalities (adsorbates, grafted compounds or
incorporated organic fragments for example). However the concentration of the NMR active nuclei often remains
relatively low. This strongly limits the characterization power of solid-state NMR in surface chemistry. Here we show
how high-field Dynamic Nuclear Polarization (DNP)1 can be implemented to yield a significant increase (up to a factor
fifty) in the NMR sensitivity of molecular organic functionalities of hybrid nanoporous materials. For 13C CPMAS
spectra, DNP enhancements between 10 and 50 could be observed for the NMR signals of the organic fragments,
depending on the concentration and nature of the radical (TEMPO or TOTAPOL) dissolved in a 90:10 D2O/H2O solution.
Only minor line broadening was observed at the optimum carbon-13 enhancements. In order to extend the
applicability of the method to water sensitive materials, the use of an aprotic solvent was investigated. Enhancement up to
a factor 10 was observed using toluene. 2D 1H–13C correlation spectra acquired on surface organic fragments at natural
abundance will be presented. They provide essential information for the detailed characterization of these mesostructured
materials.
References:
1. Barnes, A. B., et al., Appl. Magn. Reson., 34, 237 – 263 (2008)
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Li MAS NMR spectroscopy and first-principles calculations as a combined tool
for the investigation of Li2MnSiO4 and Li2FeSiO4 polymorphs
Gregor Malia,b, Robert Dominkoa, Mojca Rangusa and Venčeslav Kaučiča
a
b

National Institute of Chemistry, Hajdrihova 19, SI-1001, Ljubljana, Slovenia
EN→FIST Centre of Excellence, Dunajska 156, SI-1000, Ljubljana, Slovenia (gregor.mali@ki.si)

In the past two decades many new materials for positive electrodes in lithium ion batteries have been thoroughly
investigated. In our laboratory two materials from a new family of transition metal silicates, Li2FeSiO4 and Li2MnSiO4,
have been successfully prepared and preliminary tested. Although the primary motivation for preparation of these
materials was their low price and safety, it was hoped that at least the Li2MnSiO4 analogue could open exciting new
prospects in the search for high-capacity cathode materials.
Because Li2MnSiO4 and Li2FeSiO4 are prepared as powders, their structural analysis is difficult. Moreover, the asprepared samples are most often mixtures of diffferent polymorphs, since the differences in formation energies of the
latter are very small. In both cases, in case of Li2MnSiO4 and in case of Li2FeSiO4, at least three different polymorphs
were isolated so far.
In this work we investigate polymorphism of Li2MnSiO4 and Li2FeSiO4 by solidstate NMR. We show that 6Li MAS NMR spectroscopy is perfectly suited to investigate
purity of Li2MnSiO4 and Li2FeSiO4 samples and to distinguish among different
polymorphs. With the aid of first-principles calculations we relate isotropic shifts and
spinning-sideband patterns observed by NMR spectroscopy to structural motifs in the
polymorphs. In this way we verify the proposed structural models and demonstrate that
first-principles calculations can reproduce NMR observables for periodic systems
containing abundant paramagnetic centers.
References:
1. Mali G., Meden A. and Dominko R., Chem. Commun., 46, 3306 – 3308 (2010)
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Validation of the Villain’s conjecture in Gd(hfac)3NITEt fully frustrated XY
helimagnet: a NMR study
Manuel Mariania, Alessandro Lascialfaria,b, Andrea Caneschic, Donella Rovaic and Dante Gatteschic
a

Department of Physics “A. Volta”, University of Pavia (PV), Via Bassi 6, 27100, Pavia, Italy (manuel.mariani@unipv.it)
DISMAB, Univ. of Milano, Via Trentacoste 2, 20134 Milano (MI) and S3-CNR-INFM, 41100 Modena (MO), Italy
Dept. of Chemistry and INSTM RU, Univ. of Firenze, Via della Lastruccia 3, 50019 Sesto Fiorentino (FI), Italy

b
c

In this work we studied the quasi-1D molecular XY helimagnetic chain Gd(hfac)3NITEt (in short Gd-Et) consisting of
a regular pattern of Gd(hfac)3 moieties (SGd=7/2) alternated to nitronyl-nitroxide organic radicals NITEt(srad=1/2)1,2 and
characterized by a strong magnetic frustration, because of the competition between n.n.
and n.n.n. exchange interactions.3 Gd-Et fulfils the Villain’s conjecture,4,5 as showed by
MUSR, magnetic susceptibility and Specific Heat investigation.6 To implement the study
of spin dynamics, we present here a low temperature NMR investigation of Gd-Et
performed through 1H nuclear spin-lattice relaxation rate (NSLR) 1/T1 and 1H absorption
spectra measurements at low applied magnetic field H=0.1Tesla. The data respectively
display a sharp peak and a sudden broadening of the linewidth at T∼1.9K confirming the
occurrence of the 3D helical spin phase transition at the expected temperature.
References:
1. Caneschi A., Gatteschi D., Rey P. and Sessoli R., Inorg Chem, 27, 1756 – 1761 (1988)
2. Benelli C., Caneschi A., Gatteschi D., Pardi L. and Rey P., Inorg Chem, 29, 4223 – 4228 (1990)
3. Affronte M., Caneschi A., Cucci C., Gatteschi D., Lasjaunias J. C., Paulsen C., Pini M. G. and Rettori A., Physical Review B, 59, 6282 – 6293 (1999)
4. Villain J., Journal de Physique, 38, 385 – 391 (1977)
5. Villain J., Annals of the Israel Physical Society, 2, 565 (1978)
6. Cinti F., Rettori A., Pini M. G., Mariani M., Micotti E., Lascialfari A., Papinutto N., Amato A., Caneschi A., Gatteschi D. and Affronte M., Physical
Review Letters, 100, 057203 (2008)
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Efficient MAS 23Na-29Si HMQC with dipolar recoupling scheme and 29Si-29Si 2Q1Q experiments for the spectral editing of multiphased systems
Laura Martel, Michael Deschamps, Franck Fayon, Emmanuel Véron and Dominique Massiot
CNRS-CEMHTI, 1D Avenue de la recherche Scientifique, 45071 Orléans Cedex 02, France (laura.martel@cnrs-orleans.fr )

Several polymorphs have been observed during preparation of sodium silicates crystals,1 thus the 23Na MAS NMR
spectra are very complicated due to the strong overlapping of the different signals. We propose a new technique to
separate their respective contributions using a HMQC with SR412 recoupling scheme.2,3
Therefore, three separate phases can easily be assigned1,4,5 to the two polymorphs α and δ
of sodium disilicate (Na2Si2O5) and to the sodium metasilicate (Na2SiO3).
We also performed experiments on a glass of composition 16Na2O-84SiO2 using
homonuclear 2Q-1Q correlation with J-coupling and the dipolar recoupling scheme
SR264.6 It has been shown that this kind of glass undergoes phase separation7 after heat
treatment. Thanks to these correlation experiments on a 29Si 100% enriched sample
(Cortec) we see that phase separation has already started.
References:
1. Mortuza M. G., Dupree R. and Holland D., J. Mater. Sci., 33, 3737 – 3740 (1998)
2. Brinkmann A. and Kentgens A. P. M., J. Am. Chem. Soc., 128, 14758 – 14759 (2006)
3. Hu B., Trébosc J. and Amoureux J. P., J. Magn. Reson., 192, 112 – 122 (2008)
4. Wena X., Aia X., Dongb J., Yanga J., Yea C. and Denga F., Solid State Nucl. Magn. Reson., 30, 89 – 97 (2006)
5. Dupree R., Holland D., McMillan P. W. and Pettifer R. F., J. Non-Cryst. Solids, 68, 399 – 410 (1984)
6. Kristiansen P. E. and Kentgens A. P. M., Chem. Phys. Lett., 390, 1 – 7 (2004)
7. Wheaton B. R. and Clare A. G., J. Non-Cryst. Solids, 353, 4767 – 4778(2007)
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H MAS NMR stu
udy of meetal-insulaator transsition in a conductiive organiic compleex
(EDO-TT
TF)2PF6

a
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In order to
t study the mechanism
m
off metal-insulattor transition in
i (EDO-TTF
F)2PF6 at
280 K, wheere EDO-TTF
F means ethhylenedioxytetrathiafulvalen
ne, 2H MAS
S NMR
measurementt were carrieed out in deuuterated (EDO
O-TTF-d2)2PF6 (Fig.1) for various
temperaturess from 250 K to
t 308 K. 2H peaks
p
correspponding to the conducting (-2 ppm)
and insulatinng (7 ppm) phases
p
were separately obbserved, and their area inttensities
varied with temperature,
t
a shown in Fiig.2. A modell based on the percolation thheory is
as
proposed to explain the macroscopic
m
coonductivity froom the tempeerature dependdence of
the domain fraction
fr
of the conducting phase.
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Fig..1. A (EDO-T
TTF-d2)2PF6 molecule.
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Fig.2. Tem
mperature
deppendence of 2H MAS NMR
R
of (EDO-TTF-d2)2PF6.
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Silicon pin
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a
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Electricallly detected magnetic
m
resonnance (EDMR
R) can be used
d to investigatte paramagnettic centres infl
fluencing charrge
transport in semiconducttors even at concentrationns well below
w the sensitivity thresholld of conven
ntional electroon
paramagneticc resonance (EPR).
(
This technique meeasures condu
uctivity changges in the saample that occcur when sppin
ne
transitions caause an enhanncement or a quenching
q
of currents. EDM
MR was e.g. successfully eemployed to microcrystalli
m
Si pin solar cells
c
in X-bandd (9.7 GHz) .1
We preseent the applicaation of EDM
MR to Si pin solar
s
cells at QQ
band frequenncy (34 GHz). We could deemonstrate a gain
g
of spectrral
resolution (see figure). With muulti-frequencyy EDMR we
w
distinguishedd between field-dependeent and fieeld-independeent
interactions. Further, we realized
r
EDM
MR in a non-reesonant setup at
94 GHz (W-bband) and willl show first reesults.
References:
e al., Journal of Non-Crystalline
N
S
Solids,
354, 24111 – 2415 (2008)
1. Behrends J., et
w supported by
b the German Federal
F
Ministry of
Acknowledgmennts: This work was
Education and Research
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(BMBF network project EPR-Solar 03SF00328C).
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Analysis of the7Li NMR signals in monoclinic Li3Fe2(PO4)3 and Li3V2(PO4)3
Aurore Castets, Dany Carlier, Khiem Trad, Claude Delmas and Michel Ménétrier
CNRS, Université de Bordeaux, ENSCBP, ICMCB, 87 avenue du Dr. A. Schweitzer, 33608 F-Pessac Cedex (France)
(menetrier@icmcb-bordeaux.cnrs.fr)

The monoclinic Li3Fe2(PO4)3 and Li3V2(PO4)3 phosphates are materials for positive electrodes in Li-ion batteries.
They also have interesting structures to test and improve the understanding of Li NMR signals in paramagnetic
compounds. The position of such signals is governed by the transfer of electron spin density from the transition ion to the
Li nucleus (Fermi contact shift). These mechanisms are based on delocalization and polarization effects which induce
positive and negative shifts respectively.
We have characterized Li3Fe2(PO4)3 by Li NMR. To understand the signals observed, we have analysed the electron
spin density transfer mechanisms: (i) by considering the geometry of the Fe 3d orbitals (distorted octahedral site and Li
ions in three different sites), (ii) by using DFT calculations. We compare our analysis to the one very recently reported by
Davis et al.1 These analyses have been extended to Li3V2(PO4)3 studied by NMR by Cahill et al.2,3
References:
1. Davis L. J. M., Heinmaa I. and Goward G. R., Chem. Mater., 22, 769 – 775 (2010)
2. Cahill L. S., Chapman R. P., Britten J. F. and Goward G. R., J. Phys. Chem. B, 110, 7171 – 7177 (2006)
3. Cahill L. S., Kirby C. W. and Goward G. R., J. Phys. Chem. C, 112, 2215 – 221 (2008)
Acknowledgments: This work benefits from a grant by Agence Nationale de la Recherche (France) (ANR-09-BLAN-0186-01). Florent Boucher and
Laurent Le Pollès are gratefully acknowledged for fruitful discussions, as well as Marie-Flora Coustou for technical assistance. Region Aquitaine is
acknowledged for financial help for NMR equipment and M3PEC for computing facilities.
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A Multifrequency (170, 222.4, 331.2 GHz) EPR study of Fe2+ and Mn2+ in a
ZnSiF6.6H2O single crystal at liquid-helium temperatures
Sushil K. Misraa, Stefan Diehla, Dmitry Tipikinb and Jack H. Freedb
a
Physics Department, Concordia University, 1455 de Maisonneuve Boulevard West, Montreal, Quebec, H3G 1M8, Canada,
(skmisra@alcor.concordia.ca)
b
Department of Chemistry and Chemical Biology, Cornell University, Ithaca, New York, 14853, USA

A liquid-helium temperature study of Fe2+ and Mn2+ ions has been carried out on a single crystal of Fe2+-doped
ZnSiF6.6H2O at 35, 20, 17, 10 and 5K at 170, 222.4 and 333.2 GHz. The spectra are found to be an overlap of two
magnetically inequivalent Fe2+ ions, as well as that of an Mn2+ ion. From the simulation of the EPR line positions for the
Fe2+ (d6, S=2) ion the spin-Hamiltonian parameters were estimated for the two inequivalent Fe2+ ions at various
temperatures. From the relative intensities of lines the absolute sign of the fine structure parameters has been estimated.
As well, the fine-structure and hyperfine-structure spin-Hamiltonian parameters for the Mn2+ ion, present as impurity at
interstitial sites, were estimated from its hyperfine allowed and forbidden line positions.
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X0 shim coil for presice adjustment of magic-angle
Takashi Mizunoa and Kiyonori Takegoshib
a
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JEOL ltd.,1-2 musashino3-Chome Akishima TOKYO, 196-8558 JAPAN (mizuno@kuchem.kyoto-u.ac.jp)
Department of Chemistry, Graduate School of Science, Kyoto University

For a precise and reproducible magic-angle adjustment system in solidstate NMR, we developed a shim coil which generates a homogeneous field
along the x-axis against the external field of z-axis (Figure 1).1 For better
homogenity, we adopt a saddle-shape Helmholtz coil and wound it around the
probe cap of a MAS probe. To chase the angle between the sample's spinning
axis and the magnetic field, we simply alter the current applied to that coil.
This realizes the angle adjustment without any backlash, which is associated
with the conventional adjustment system using mechanical gears. The angle
range confirmed by NMR observation of 13C chemical shift anisotropy was
within ±0.06 with applying ±7.2 A for our 7.05 Tesla magnet and the Figure1(a) Illustration of precise adjustment of magicprecision of the angle setting is ca. 0.00002. We call this coil as “X0 angle. B0: external field, Bx: field produced by X0 shim
shim coil” corresponding just as Z0 shim coil. It’d like to be useful for coil, Total field B0’ is adjusted with θ−θ1.(b) Sketches
of X0 shim coil prototype made by a rectangular wire.
any experiments which demand accurate magic-angle such as STMAS.2
13
We examined the angle adjustment by obtaining CSA pattern of C
NMR. Even if the magnitude of the magnetic field along z-axis produced by the X0 shim coil may be quite small rather
than the external field of 7.05 Tesla, it would deteriorate the spectral resolution even at the order of ppm. We will show
the calculational results of the dimensional parameters’ dependence of the magnetic field along z-axis.
References:
1. Takegoshi K. and Mizuno T., Japanese Appl. No. 2009-229190 (2009)
2. Gan Z., J. Am. Chem. Soc., 122, 3242 – 3243 (2000)
Acknowledgments: This work is financially supported by CREST in Japan Science and Technology Agency.
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Study of natural melanins by solid-state NMR
Giulia Mollicaa, Fabio Ziarellib, Pierre Thureaua, Patrick J. Farmerc, Rachel W. Martind, Stéphane
Viela and André Thévanda
a
Laboratoire Chimie Provence, Equipe SACS, Universités Aix-Marseille I, II et III – CNRS, UMR 6264, 13397 Marseille, France
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b
Fédération des Sciences Chimiques de Marseille, CNRS-FR1739, Spectropole, 13397 Marseille, France
c
Department of Chemistry and Biochemistry, Baylor University, 76706 Waco (TX), USA
d
Department of Chemistry, Natural Science 1, University of California Irvine, 92697 Irvine (CA), USA

Melanins are a class of pigments obiquitously found in the animal and plant kingdoms. They are associated with a
variety of biological functions, such as pigmentation of skin and hair, photosensitization, photoprotection, metal ion
chelation, camouflage, thermoregulation and free radical quenching. In addition, melanins have been observed to display
interesting non-biological functions as insulators, semiconductors, ion-exchange resins, redox polymers, etc.1 Despite
their importance, natural melanins resist structural analysis by conventional spectroscopic techniques because of their
substantial insolubility and opacity. Moreover, the extraction of melanins from the proteic matrix present in melanocytes
is a very difficult task, typically ending up with leaving variable amounts of proteic fragments still linked to the
melanoprotein, which indeed further limits its observability. Notwithstanding the almost unique possibility offered by
solid-state NMR of investigating materials lacking long-range order in a non-invasive way, its use in the study of melanin
structure is still quite sparse in the literature.2 Here, we present preliminary results of the characterization of samples of
natural melanins extracted from human hair by means of 1D and 2D solid-state NMR techniques. Insights into the
morphology of the proteic and melanin domains are obtained with the help of high-resolution 13C techniques, 1H spinlattice relaxation times measurements, 13C dipolar filter and 1H-13C 2D-WISE experiments.
References:
1. D’Ischia M., Napolitano A., Pezzella A., Meredith P. and Sarna T., Angew. Chem. Int. Ed., 48, 3914 – 3921 (2009)
2. Ghiani S., Baroni S., Burgio D, Digilio G., Fukuhara M., Martino P., Monda K., Nervi C., Kiyomine A. and Aime S., Magn. Reson. Chem., 46, 471 –
479 (2008)
Acknowledgments: G. M. gratefully thanks the European Commission for funding (Marie Curie IEF-FP7-PEOPLE-2008-237339).
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Structural and Orientational Determination of the Antimicrobial Peptide
Phenylseptin-1 in Membrane-Mimicking Environment, Using Conjoint Solution
and Solid-State NMR Techniques
Victor H. O. Munhoza,b, Mariana T. Q. de Magalhãesc, Rodrigo M. Verlya, Samuel F. C. de Paulaa,
Jarbas M. Resendea, Christopher Aisenberyb, Dorila Piló-Velosoa, Carlos Bloch Jr.c and Burkhard
Bechingerb
a

Departamento de Química, Instituto de Ciências Exatas, Universidade Federal de Minas Gerais, Av. Pres. Antônio Carlos, 6627, 31270090, Belo
Horizonte-MG, Brazil ( vmunhoz@ufmg.br)
Université de Strasbourg / CNRS UMR7177, Institut de Chimie, 4, rue Blaise Pascal, F-67070 Strasbourg, France
c
Embrapa Recursos Genéticos e Biotecnologia, PqEB- Final W5, Brasília - DF, Brazil
b

Phenylseptin-1 (Phes-1) is an antimicrobial peptide isolated from H. punctatus,
an anuran species found in South America. Phes-1 has activity against both Grampositive and negative bacteria,1 but its mechanism of action is not fully understood.
Hence the need to determine both its most probable structures and the way it
interacts with membranes, in order to understand some of its biological functions.
For this work, NMR experiments were performed in both solution and solid in
mechanically aligned POPC bilayers. The study of Phes-1 in solution was
Figure 1- orientation of Phes-1 on the
bilayer surface
performed in the presence of DPC and the structures, calculated with geometric
restraints derived from NOEs and chemical shifts. Through solid-state NMR, one
could get the 15N chemical shift and deuterium quadrupolar splitting to calculate the tilt and rotational pitch angle
constraints, which determine the overall backbone orientation.2 Fig. 1 shows the best fit for these calculated constraints.
References:
1. Magalhães Q., et al., in preparation
2. Aisenbery C. and Bechinger B., Biochemistry, 43, 10502 – 10512 (2004)
Acknowledgments: CNPq, FAPEMIG, CNRS, CNRMN.
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B NMR Studies on Phase-separated Sodium Borosilicate Glass
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To study micro-structure of phase-separated sodium borosilicate glass, which is a starting material for preparing
porous glass, 11B NMR under magic-angle spinning (MAS) is applied. So far, it has been postulated that a 11B MAS
spectrum of sodium borosilicate glass consists generally of four or five peaks; two peaks
with appreciable second-order quadrupolar broadening are attributed to trigonal boron
species and the other two or three without significant quadrupolar broadening are
ascribed to tetragonal borons.1 Further, one of the two trigonal boron sites has been
attributed to boron in boroxol rings and the other one to boron in nonring sites.1 In this
study, we applied one dimensional (1D) 11B MAS NMR experiments and twodimensional (2D) 11B-11B homonuclear correlation experiment under MAS at 21.8 T.
Fig.1 shows the observed 11B-11B 2D exchange spectrum of a phase-separated sodium
borosilicate glass sample. The spectrum exhibits strong cross peaks between a trigonal
boron at ca.14 ppm and a tetragonal boron at ca. 0 ppm , indicating that these borons are
in close proximity. We assign these borons to those of borate structures, and further
11
11
attribute these to the main components in the boron-rich phase, that is to be removed by Fig.1 B- B 2D exchange
spectrum of phase-separated
acid leaching used in preparing porous glass.2
sodium borosilicate glass.
References:
1. Parkinson B. G., et al., J. Non-Cryst. Solids, 353, 4076 – 4083(2007); Prasad S., et al., J. Non-Cryst. Solids, 352, 2834 – 2840(2006); Du L.-S. and
Stebbins J. F., Chem. Mater., 15, 3913 – 3921(2003)
2. Murakami M., Shimizu T., Tansho M., Akai T. and Yazawa T., Chem. Lett., 39, 32 – 33(2010)
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Planar Microresonators for Ferromagnetic Resonance Measurements of
Nanoobjects
Ryszard Narkowiczaa,c, Anja Banholzerb, Christoph Hasselb, Jürgen Lindnerb, Dieter Sutera, Ralf
Meckenstockb and Michael Farleb
a
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c
Semiconductor Physics Institute, A. Gostauto 11, LT-01108 Vilnius, Lithuania
b

Magnetic resonance experiments are based on the interaction between magnetic moments (spins) in the sample and
applied microwave magnetic fields. This interaction is relatively weak. Even if in the ferromagnetic samples almost all
spins are polarized, thus increasing the total magnetization of the sample, about 1012 spins are necessary for detection.
These detection limits are too high for measuring single nanostructures. We increase the sensitivity of the inductive
detection by using small resonators for excitation and detection, which concentrate the microwave field in the sample
region. They provide efficient conversion of microwave power into magnetic field and, conversely, an efficient
conversion of magnetic flux from the precessing magnetization into a traveling electromagnetic field to be detected by the
spectrometer.
The resonators with loop diameter of 20µm are produced by electron beam lithography, followed by the evaporation
of the metallization layer. The same procedure is used for placing the single 5x0.5x0.05µm3 permalloy (Fe0.2Ni0.8) stripe
into the resonator. The achieved limit of detection is about 3.107 spins, or, in terms of minimal detectable magnetic
moment, 2.10-16Am2. The measured spectra are in good agreement with theoretical simulations. The planar technology
used for the production of the microresonator and the sample placing, allows for further miniaturization of the resonators
loop. From our simulations, the detection limit should decrease linearly with the loop diameter. Reducing the loop size
down to 2µm and keeping the noise at the thermal noise level would allow to detect FMR signal of ~10 nanocubes with
~10nm edges.
Acknowledgments: Financial support by DFG (SU-192/18-2) is acknowledged.
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Magnetization Transfer among the Backbone 15N Spins in Macroscopically
Aligned Proteins for Spectroscopic Assignment and Distance Information
Robert W. Knox and Alexander A. Nevzorov
Department of Chemistry, North Carolina State University, 2620 Yarbrough Dr., 27695, Raleigh, NC, U. S. A. (alex_nevzorov@ncsu.edu)

Magnetization transfer among the dilute spins can be achieved using a
highly coupled proton network. This effect can be observed in both rotating1
and static2 samples. The recently developed methods for macroscopically
aligned systems based on mismatched Hartmann-Hahn (MMHH)
magnetization transfer2,3 have been applied to the uniformly 15N labelled Pf1
phage protein. Using the MMHH method, cross peaks have been built up for
nearly all adjacent 15N spins of the backbone. Notably, a 20% optimal
mismatch was found to induce the crosspeaks for the adjacent 15N spins;
whereas for the more distant 15N spins in a NAL crystal, (separated by as
much as 6.7 Å as opposed to about 2.8 Å for the 15N spins in a protein
backbone) a 10% optimal mismatch amplitude was found2,3. This may allow
one to deduce distance information from the magnitude of the optimal
mismatch. Detailed many-body simulations (involving as many as 12 spins)
have been performed using the coordinates of the previously published structure4 (pdb ID 1ZN5) for short- and long-range
transfers throughout the Pf1 backbone, which support the experimental observations. Moreover, the MMHH method can
serve as a purely spectroscopic means of assignment for solid-state NMR spectra of macroscopically aligned proteins.
References:
1. Lewandowski J. R., De Paepe G. and Griffin G. P., J. Am. Chem. Soc., 129, 728 – 729 (2007)
2. Nevzorov A. A., J. Am. Chem. Soc., 130, 11282 – 11283 (2008)
3. Nevzorov A. A., J. Magn. Reson., 201, 111 – 114 (2009)
4.Thiriot D. S., Nevzorov A. A. and Opella S. J., Protein Sci., 14, 1064 – 1070 (2005)
Acknowledgments: We wish to thank Prof. S. J. Opella for providing the Pf1 sample. Supported by grants from NC Biotechnology Center and NSF.
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Solid-State NMR investigations of Paramagnetic Jarosites (KB3 (SO4)2(OH)6), B =
V(III), Cr(III), Fe(III))
Elisabeth Grubea, Torsten Sendlera, Christoph Eichenseera, Clare Greyb, Ago Samosonc and Ulla Gro
Nielsena
a

Department of Physics and Chemistry, University of Southern Denmark, Campusvej55,5230, Odense M, Denmark (ugn@ifk.sdu.dk)
Department,of Chemistry, Stony Brook University, Stony Brook, NY 11794, USA,c TUT Tehnomeedikum Tallinn, Estonia

b

Solid-state NMR (SSNMR) studies of paramagnetic samples give detailed
insight into the local environment around the NMR nuclei investigated. This can
be used to probe how structural defects affect the magnetic properties and the
nature of binding between e.g., a molecule and a paramagnetic surface or a
biomolecule. However, interpretation of the paramagnetic shift is not
straightforward and the modelling of these open shell systems is a challenge.
The isostructural series of jarosites with V(III), Cr(III), and Fe(III), have a
very similar local environment around the B ion. Thus, they represent an excellent
model system for studies of how the electronic structure affects the SSNMR
spectrum. The main difference between the three jaorosites is their d-electron
configuration, which is 3d1, 3d2, and 3d5 for V(III), Cr(III), and Fe(III), respectively resulting in quite different magnetic
properties and 2H paramagnetic shift (see figure). This work focuses on interpretation of the 2H MAS NMR of these
jarosites and relating them to the electron configuration of the transition metal as well as local structural and magnetic
properties. Variable temperature 2H MAS NMR studies will be presented and linked with results from susceptibility
measurements.
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H-14N 2D solid-state NMR under very fast MAS: A few minutes observation for
a sample less than 1 mg

Yusuke Nishiyamaa, Yuki Endoa, Takahiro Nemotoa, Hiroaki Utsumia, Kazuo Yamauchib, Katsuya
Hiokaa and Tetsuo Asakurab
a
b

JEOL Ltd., Akishima, Tokyo 196-8558,Japan (yunishiy@jeol.co.jp)
Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo 185-8588,Japan

F1 (14N) / kHz

Sensitivity and resolution enhancement of 1H detected 14N HMQC NMR in solid state is presented. Several works
have been published on 1H-14N HMQC under moderate MAS.1 Recently we have developed very fast MAS modules up to
80 kHz.2 This very fast MAS has following advantages: 1) Elongated 1H T2 relaxation time, leading to sensitivity and
resolution enhancement in both direct (1H) and indirect (14N) dimensions. 2) Wide spectral width of the indirect
dimension collected rotor-synchronous manner. 3) High sensitivity per unit volume. 4)
30
Strong 14N rf field, leading to efficient excitation. 5) Efficient 1H-14N heteronuclear
15
decoupling which is not perferctly accomplished by a simple π pulse at the middle of
0
the indirect dimension.
1
H-14N HMQC spectrum of a small peptide, glycyl-L-alanine under 70 kHz MAS is
-15
shown. The sample volume is 0.8 μL. Sixteen rotor-synchronized t1 points of 2 scans
-30
each were collected. Heteronuclear dipolar recoupling of SR421 is applied3 to the
0
10
20
excitation/reconversion intervals. We will also present various applications of this new
F ( H) / ppm
technique including several silks.
1

2

References:
1. Cavadini S., Lupulescu A., Antonijevic S. and Bodenhausen G., J. Am. Chem. Soc., 128, 7706 – 7707(2006); Gan Z., J. Am. Chem. Soc., 128, 6040 –
6041 (2006); Cavadini S., Prog. Nucl. Magn. Reson. Spectr., 56 46 – 77 (2010)
2. Endo Y., Nishiyama Y., Yamauchi K., Hioka K. and Asakura T., 51 ENC meeting (2010)
3. Brinkmann A. and Kentgens A. P. M., J. Am. Chem. Soc., 128, 14758 – 14759 (2006)
Acknowledgments: This work has been supported by SENTAN JST.
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Xe NMR Study of the Framework Flexibility of the Porous Hybrid MIL-53(Al)

Marie-Anne Springuel-Hueta, Andrei Nossova, Flavien. Guenneaua, Christophe Volkringerb, Thierry
Loiseaub, Gérard Féreyb and Antoine Gédéona
a
b

Laboratoire de Chimie de la Matière Condensée, UMR CNRS 7574, UPMC univ. Paris 06, F 75252Paris Cedex 05, France, (andrei.nossov@upmc.fr)
Institut Lavoisier, UMR CNRS 8180, Université de Versailles Saint Quentin, 45, avenue des Etats-Unis, 78035 Versailles Cedex, France

Among metal-organic framework compounds the MIL-53 family (MIL standing for Materials of Institut Lavoisier)
have been reported as very promising candidates for CO2 capture and storage. Their porous structure, consisting of onedimensional channels, changes from an open form (large pores, lp, 8.6×8.6 Å2 cross section) to a closed form (narrow
pores, np, 2.6×13.6 Å2 cross section) and back upon adsorption of some gases (H2O, CO2, certain hydrocarbons), but not
others (H2, CH4). This phase transitions can be easily detected in the sorption isotherms by the presence of two steps with
hysteresis.
We have shown, that xenon is also able to induce a structural transformation of MIL-53 materials between a (lp) to a
(np) form. The Xe adsorption isotherms show two steps corresponding to lp/np and np/lp double structural transition
depending on temperature and pressure.
129
Xe NMR has been used to study this transition induced by the adsorption of xenon. Two lines corresponding to
xenon in lp and np pores are observed at xenon pressures above 400 Torr. Line np features the anisotropy of the chemical
shift due to single file diffusion regime of xenon atoms in the narrow pores. As xenon adsorption increases, the intensity
of line np increases at the expense of that of line lp but the latter does not disappear proving that the structural
transformation from lp to np form is not complete. Further increase in pressure leads to reemergence of the line a due to
np/lp transition.
Estimation of the extent of structural transformation as a function of pressure shows that at 298 K the lp-np
transformation rate reaches a limit value above ca. 600 Torr when about 30% of the channels remain open.
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Surfactant assembly characterization via 13C natural abundance solid-state NMR
Agnieszka Nowackaa, Rachel W. Martinb and Daniel Topgaarda
a
b

Physical Chemistry, P.O.B. 124, Lund University, SE-221 00 Lund, Sweden (agnieszka.nowacka@fkem1.lu.se)
Department of Chemistry, University of California, Irvine, CA 92697-2025, USA

Amphiphilic molecules and water form well-characterized, water-rich phases such as micellar solutions and liquid
crystals, but also water-poor solid phases like crystals, hydrates, and glasses. The latter are technically, pharmaceutically,
and biologically important, for example in washing powders, tablet formulations, and the lipids in the outer layer of the
human skin. In all of the mentioned cases, the water content is determined by equilibration with a more or less humid
atmosphere, which often leads to a coexistence of liquid and solid phases - a regime so far notoriously difficult to fully
characterize. Liquid-state NMR is a powerful tool for the investigation of the water-rich regime, because obtaining the
spectra with good resolution is relatively simple. However, the solid or anisotropic phases result in broadened signals and
only the advancement of the technical possibilities of fast MAS has made high resolution, solid-state NMR achievable.
Furthermore, the study of natural abundance 13C samples has been made easier with the invention and perfection of
polarization transfer techniques and heteronuclear decoupling schemes. Consequently, the study of low-water regime on
molecular level has become possible. In this work a combination of three NMR experiments has been designed and tested
as a potential phase identification tool.1 The Direct Polarization (DP) experiment provides the information about all the
13
C nuclei in the sample, while the CP and refocused INEPT provide selective information, on molecular level, about the
solid and fluid parts of the sample. Combining the spectra from the three experiments is enough to differentiate between
solid crystalline (with differences in the case of different hydrates), solid amorphous, anisotropic liquid crystalline and
isotropic phases. Phase coexistence and glass transition can also be identified in the samples. The method has been
thoroughly tested on a series of CTA complex salts and further applied to various systems. In all the systems phase
recognition was possible and in some phase coexistence was observed. Differences between different hydrates (in the
same system) were also clearly seen and so was the glass transition.
References:
1. Nowacka A., Martin R. W. and Topgaard D., manuscript in preparation
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Low temperature 1H NMR measurements of the molecular magnet F2PNNNO
Kuldeep S. Panesara, Maths Karlssonb and John R. Owers-Bradleya
a
b

School of Physics & Astronomy, University of Nottingham, Nottingham, NG7 2RD, UK, (kuldeep.panesar@nottingham.ac.uk)
European Spallation Source, Lund University, SE-22100, Lund, Sweden

Relaxation rate / s

-1

The spin-lattice relaxation rate of protons in the molecular magnet F2PNNO
0
10
has been measured at very low temperature. This work was motivated by the
-1
10
question of whether significant nuclear spin polarization could develop in samples
held at very low temperatures in a high magnetic field, in the timescale of a typical
-2
10
neutron scattering experiment (a few days).1 One feature of some molecular
-3
10
magnets is the appearance of level crossings at particular values of applied
2
magnetic field strength, where the various magnetic energy levels cross. At level
-4
10
crossings, spin lattice relaxation is enhanced which therefore leads to rapid spin
-5
10
polarization. We studied a single crystal of F2PNNNO in magnetic fields of 1.5 to
0
2
4
6
8
10
8.5 T, using a broad-band NMR spectrometer at temperatures between 1.8 K and
B/T
400 mK. Although we could achieve much higher B/T ratios, the relaxation rate
was practically too slow to be measured. As a function of field at fixed temperature (1550 mK), we observe a rapid
increase in relaxation rate by a factor of over 100 at around 2.9 T (see figure). We ascribe this feature to the S=0/S=1 level
crossing. However, even with this increase in relaxation rate, the time to polarize at 2.9 T and lower temperature becomes
very long, and further, the situation is exacerbated at higher field as the dependence is at least B2. We were able to
perform a rudimentary search for other level crossings up to 13 T by field cycling, but no evidence for others was found.
References:
1. Ressouche E., private communication
2. Julien M.-H., Jang Z. H., Lascialfari A., Borsa F., Horvatic M., Caneschi A. and Gatteschi D., Phys. Rev. Lett., 83, 227 – 230 (1999)
Acknowledgments: We would like to acknowledge A. Zheludev for providing the sample studied.
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Phase Solitons in the Spin Ground State of Overdoped Manganites. Direct NMR
Evidence
D. Koumoulisa, N. Panopoulosa, A. Reyesb, M. Fardisa, M. Pissasa, D. Argyriouc and G.
Papavassilioua
a

Institute of Materials Science, NCSR, Demokritos, 153 10 Aghia Paraskevi, Athens, Greece (gpapav@ims.demokritos.gr)
National High Magnetic Field Laboratory, Tallahassee, Florida 32310, USA
c
Institute Helmholtz-Zentrum Berlin fuer Materialien und Energie (HZB),Glienicker Strasse 100, D-14109, Berlin,Germany
b

The role of stripes in the electronic and magnetotransport properties of hole-doped transition metal oxide (TMO)
compounds, such as high Tc cuprates, nickelates and manganites1,2 is a central issue in the physics of strongly correlated
electron systems.
An important controversy in the physics of these systems is whether the charge ordered ground state in overdoped
manganites, an important sub-class of TMO materials, is a regular arrangement of charge stripes, or (according to latest
experiments) a uniform incommensurate charge and spin density wave. A clarification of this fundamental question and
the examination of its relevance with the stripe phase in high Tc cuprates and nickelates might have important
consequences on our basic understanding of the stripe phase in hole-doped TMO materials. At the same time, recent
theoretical works predicted that the ground state in overdoped manganites is modulated by an incommensurate (IC) orbital
and charge soliton lattice. However, no experimental evidence for this important prediction has been reported so far. In
this work, we present latest Nuclear Magnetic Resonance (NMR) results,3 which provide direct evidence that the spin
ground state in La based overdoped manganites is IC modulated with phase solitons. At higher temperatures the solitonic
superstructure is replaced by a uniform spin density wave, subjected to coherent slow fuctuations, which show a striking
similarity with slow fluctuations in the striped phase of high Tc cuprates and nickelates.
References:
1. Papavassiliou G., et al., Physical Review Letters, 91, 147205 1 – 4 (2003)
2. Papavassiliou G., et al., Physical Review Letters, 96, 097201 1 – 4 (2006)
3. Koumoulis D., et al., Physical Review Letters, 104, 077204 1 – 4 (2010)
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C and 15N CPMAS NMR Studies of Biologically Active Alkaloids from Uncaria
tomentosa
Katarzyna Paradowskaa, Michał Wolniaka, Jan Glińskib and Iwona Wawera
a
b

Faculty of Pharmacy, Medical University of Warsaw, 02-097 Warsaw, Banacha 1, Poland (kparad75@gmail.com)
Planta Analytica LLC, Danbury, CT, USA

Oxindole alkaloids, isolated from the bark of Uncaria tomentosa [Willd. ex Schult.] Rubiaceae, are considered to be
responsible for the biological activity of this herb. Five pentacyclic and two tetracyclic alkaloids were studied by solidstate NMR and theoretical GIAO DFT methods. The 13C and 15N CPMAS NMR spectra were recorded for mitraphylline,
isomitraphylline, pteropodine (uncarine C), isopteropodine (uncarine E), speciophylline (uncarine D), rhynchophylline
and isorhynchophylline. Theoretical GIAO DFT calculations of shielding constants provide arguments for identification
of asymmetric centers and proper assignment of NMR spectra. These alkaloids are 7R/7S and 20R/20S stereoisomeric
pairs. Based on the 13C CPMAS chemical shifts the 7S alkaloids (δ C3 70-71 ppm) can be easily and conveniently
distinguished from 7R (δC3 74.5-74.9 ppm), also 20R (δC20 41.3-41.7 ppm) from the 20S (δC20 36.3-38.3 ppm). The
epiallo-type isomer (3R, 20S) of speciophylline is characterized by a larger 15N MAS chemical shift of N4 (64.6 ppm)
than the allo-type (3S, 20S) of isopteropodine (δN4 53.3 ppm). 15N MAS chemical shifts of N1-H in pentacyclic alkaloids
are within 131.9-140.4 ppm.
7
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The calculations were performed in the Interdisciplinary Center for Mathematical and Computational Modeling (ICM)
at Warsaw University under the computational grant G14-6.

__________________________________________________________________________________________________

P395

Solid-state NMR Investigation of Solvent/Block Copolymer/Silica Surface
Interactions on the Formation of Mesoporous Silica
Geo Paula, Tania Giavania, Chiara Bisioa, Fabio Carniatoa, Leonardo Marchesea and Stefano
Caldarellia,b
a

Dipartimento di Scienze e Tecnologie Avanzate, Centro Interdisciplinare Nanosistemi, Università del Piemonte Orientale “Amedeo Avogadro”, Via T.
Michel 11 - 15121 Alessandria, Italy (geo.paul@mfn.unipmn.it)
b
Université Paul Cézanne (Aix-Marseille III), Institut des Sciences Moléculaires de Marseille ISM2 UMR CNRS 6263. Faculté des Sciences et
Techniques, 13397 Marseille Cedex 20 France

The structure and dynamics of block copolymer Pluronic F127 and solvent, water, in a mesoporous silica (SBA16) are
characterized by multinuclear multidimensional solid-state NMR spectroscopy. The combination of chain motion and fast
magic angle spinning averages the proton-proton dipolar interactions of the block copolymer chains in the as synthesised
SBA16. However, selective dehydration of the
CH2
material resulted in a confined segmental motion of the
CH2
1
CH3
copolymer chains within the mesoporous channels. H
CH
and 13C spectra of the dehydrated sample showed
CH3
considerable peak broadening, indicative of decreased -O-CHxmobility, while the 2D HETCOR NMR suggested nonH2O
covalent interactions between the copolymer and silica
1H
Si-OHH-bond
surface. Insights from the solid-state NMR
investigations on the formation, structure and
As synthesized
Dehydrated
dynamics of this complex system lead to the
engineering of mesoporous materials for wider
13C
applications.
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Dynamic correlations between susceptibility gradients and T2-relaxation as a
probe for wettability properties of liquid saturated rock cores
Tina Pavlina,b and John G. Selandc
a

Department of Biomedicine, University of Bergen, N-5009 Bergen, Norway (tina.pavlin@biomed.uib.no)
Centre for Integrated Petroleum Research, University of Bergen, N-5020 Bergen, Norway
Department of Chemistry, University of Bergen, N-5007 Bergen, Norway

b
c

The oil/water wettability is an important property of rock core samples from oil
reservoirs. The dynamic behaviour (relaxation and diffusion) of the NMR signals
from liquids confined in such rock core samples is sensitive to surface-interactions
and can potentially be used for characterization of wettability properties.1 We explore
the use of correlations between susceptibility gradients and T2-relaxation (G0-T2) as a
method for characterization of wettability.2 We compare the G0-T2 correlations to
regular T2 measurements, and to measurements of diffusion-T2 (D-T2) correlations.
The measurements were performed on a Maran DRX 12 MHz spectrometer. The
sample studied was a water-wet sandstone rock core. T2, G0-T2, and D-T2
measurements were compared in water-saturated and partly-oil-saturated states. Compared to the other measurements, G0T2 correlations are more sensitive to differences in surface interactions between oil and water (Figure: oil-saturated state).
The G0-T2 measurement is therefore very promising as a probe for wettability properties of liquid saturated rock cores.
References:
1. Dunn K.-J., Bergman D. J. and Latorraca G. A., Nuclear Magnetic Resonance. Petrophysical and Logging Applications, Pergamon, New York (2002)
2. Seland J. G., Washburn K. E., Anthonsen H. W. and Krane J., Phys. Rev. E, 70, 051305 (2004)
Acknowledgments: We are thankful to Dr. Ketil Djurhuus at CIPR, University of Bergen, for assistance in the preparation of the rock core.
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Dynamic Nuclear Polarization at 263 GHz: Experimental Methods and
Applications
Shane Pawseya, Melanie Rosaya, Ralph T. Webera, Richard J. Temkinb, Robert G. Griffinb and
Werner E. Maasa
a
b

Bruker BioSpin Corporation, 15 Fortune Drive, 01821, Billerica, MA, USA, (shane.pawsey@bruker-biospin.com)
Massachusetts Institute of Technology, 77 Massachusetts Avenue, 02139, Cambridge, MA, USA

Dynamic Nuclear Polarization (DNP) can be used to substantially increase the sensitivity of NMR experiments by
transferring the higher Boltzmann polarization of unpaired electron spins to nuclear spins. The polarization transfer is
accomplished by irradiation of unpaired electrons with microwave at or near the electron Larmor frequency. We have
developed a spectrometer for DNP experiments at 263 GHz microwave frequency,
DNP ε = 80
400 MHz 1H frequency, of solids and have measured signal enhancements up to a
factor of 80 at 100 K using the biradical TOTAPOL.1 Microwaves are generated with
B
μwaves
a high power gyrotron, transmitted to the NMR probe via corrugated waveguide, and
no μwaves
irradiated onto the sample in a 3.2 mm rotor for magic angle spinning DNP-NMR
263 GHz
μwaves
experiments. This contribution focuses on DNP transfer efficiency and applications to
C Chemical Shift
biological solids. DNP signal enhancements have been measured as a function of
sample temperature, microwave power, and sample preparation parameters. The
nuclear and electron relaxation times have also been investigated for insight into the dependence of DNP efficiency as a
function of temperature. Additionally, a range of samples have been successfully polarized including small peptides,
soluble proteins, membrane proteins, and large biological complexes.
0

13

References:
1. Song C., et al., J. Am. Chem. Soc., 128, 11385 – 11390 (2006)
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A solid-state NMR study of molecular properties of specific pharmaceutical
materials based on solid solutions and dispersions of active pharmaceutical
ingredients in polymer matrix
Olivia Policianova, Martina Urbanova and Jiri Brus
Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovského nám. 2, 162 06 Praha 6, Czech Republic,
(policianova@imc.cas.cz)

In this contribution a solid-state NMR study of structure and segmental dynamics of solid dispersions and solid
solutions of active pharmaceutical ingeredients (API) in polymer matrix is presented. In many clinical studies it has
already been demonstrated that higher efficiency of APIs significantly reduces menace of many diseases. Unfortunately a
lot of pharmaceutical substances exhibit low solubility in water. That is why current pharmaceutical research focuses on
increasing solubility and thus also bioavailability of these substances.
Among many procedures how to improve dissolution rates of poorly water-soluble drugs, the transformation from
their crystalline state to more soluble amorphous or nanocrystalline solid dispersion and/or solid solution represents one
of the most promising ways.
In our work we focussed our attention on the study of structural properties of APIs in the prepared solid polymer
dispersions exhibiting increased solubility. As typical models of APIs with relatively high solubility we used L-ascorbic
acid, while ±α tocopherol nicotinate and acetylsalicylic acid represented model compounds with low solubility. Several
procedures were used to combine these model compounds with polymeric nontoxic water soluble matrix (e.g. PEG, PVP
etc). In some cases the observed drug-polymer interaction significantly enhanced dissolution rates of the APIs. Structural
reasons of the increased solubility in amorphous solid dispersions were subsequently probed by wide range of 13C
CP/MAS NMR, 13C-1H HETCOR and relaxation experiments. The obtained results were correlated with morphology of
the systems monitored by Raman microscopy.
Acknowledgments: We appreciate the Grant Agency of the Academy of Science of the Czech Republic (Grant No. 2B08021) for financial support.
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New Experimental Facility for Broadband Solid State NMR
and NQR in Zagreb, Croatia
Miroslav Požek, Antonije Dulčić, Dalibor Paar, Mihael S. Grbić, Slaven Barišić, Denis Sunko,
Hrvoje Buljan and Ivan Kupčić
Department of Physics,Faculty of Science, University of Zagreb, P. O. Box 331, HR-10002 Zagreb, Croatia (mpozek@phy.hr)

Broadband NMR spectroscopy of correlated electronic systems is nowadays a key
experimental technique for determining fundamental properties of new materials applicable in
the growing variety of new technologies.
We present here a newly established laboratory for broadband NMR/NQR spectroscopy at
the University of Zagreb (http://nmr.phy.hr) (Zagreb, Croatia). The laboratory is established
and equipped within the European FP7 project SOLeNeMaR1 and with the support of Croatian
Ministry of Science, Education and Sport.2
At present, the laboratory is equipped with two Tecmag Apollo spectrometers and an
Oxford Instruments 12 tesla wide-bore sweepable magnet of medium homogeneity (10
ppm/cm3). The spectrometers cover frequency range 0.5 – 500 MHz and they are equipped
with pulsed 1 kW amplifiers covering the whole frequency range. Cryostats cover temperature
range 1.5 K – 400 K with sample space 6.25 cm in diameter, both for zero field measurements
(NQR) and for measurements in magnetic field (NMR).
The laboratory is open to proposals for scientific cooperation.
References:
1. FP7-Capacities; REGPOT-2008-1-1 #229390 SOLeNeMaR - Strengthening the SOLid-state research capacities in Zagreb by the introduction of the
Nuclear Magnetic Resonance method (March 2009 – February 2012)
2. http://www.mzos.hr
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Measurement of Heteronuclear Dipolar Couplings - A Study of Cross
Polarization Dynamics for Separated Local Field Experiments
Nitin P. Loboa and Krishna V. Ramanathanb
a
b

Department of Physics, Indian Institute of Science, Bangalore-560012, India
NMR Research Centre, Indian Institute of Science, Bangalore-560012, India (kvr@nrc.iisc.ernet.in)

Separated local field (SLF) NMR experiments are used extensively for the study of structure and dynamics of oriented
molecules. One of the popular SLF techniques is the use of spin evolution under dipolar coupling during cross
polarization transfer which gives rise to the dipolar cross peaks in a 2D experiment. This for a two spin system, can be
understood to arise from evolution under mutually commuting zero and double- quantum subspaces. Under the conditions
of exact Hartman-Hahn match, the evolution in the zero-quantum sub space contributes to the dipolar cross peak while the
evolution in the double-quantum sub-space contributes only to the axial-peak. Increasing the cross peak intensity
enhances the sensitivity of the experiment, while suppression of the axial-peak enables resolution of cross-peaks arising
from small dipolar couplings. This requires that the initial density matrix is essentially of zero-quantum in nature which
can, for example, be achieved by Polarization Inversion (PI). Subsequently, the dipolar oscillations are monitored with the
removal of the homonuclear dipolar couplings by a suitable decoupling scheme. In this presentation different schemes for
initial polarization are considered. The experiments have been carried out on simple oriented systems and the relative
cross-peak to axial-peak intensities in all the cases have been obtained. Along with the simple CP pulse sequence other
pulse sequences namely CP with polarization inversion (PI-CP), equilibrium X-nuclear- polarization enhanced crosspolarization (EXE-CP) and PISEMA have been considered. Experiments on oriented liquid crystalline samples have been
carried out and the performance of the different schemes has been compared. Other possible approaches such as the use of
adiabatic cross-polarization are also indicated. The information obtained from the present study is expected to be useful
for optimizing and improving methods used for the measurement of heteronuclear dipolar couplings in static oriented
samples.
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Structural Investigation of Metal-Organic Frameworks with Solid-State NMR
Spectroscopy
Mojca Rangus, Gregor Mali, Matjaž Mazaj, Tadeja Birsa Čelič, Nataša Zabukovec Logar and
Venčeslav Kaučič
Laboratory for Inorganic Chemistry and Technology, National Institute of Chemistry, Hajdrihova 19, SI-1000, Ljubljana, Slovenia,
(mojca.rangus@ki.si)

Metal-organic frameworks (MOFs) are a new class of porous solids1,2 that consist of metal ions linked together by
organic binding ligands. In the last decade they have been growing increasingly popular because of their vast potential in
a variety of applications3 such as heterogeneous catalysis, gas separations and storage, heat storage, drug delivery, etc.
We used 1H, 13C, 27Al and 25Mg solid-state NMR spectroscopy as a supplement to X-ray diffraction for determining
the structure of new type of MOF materials when the samples were poorly crystalline or totally amorphous. Moreover, 1H
NMR spectroscopy enabled us to specify the amount of water molecules adsorbed in pores of the material, since they are
invisible to XRD.
Further, we used NMR spectroscopy to observe the framework formation and crystal growth of some well known Al
and Mg MOF materials. We were able to observe the assembly of individual building blocks into coordination polymers
during the synthesis procedure. NMR investigation of MOF structures was also combined with other spectroscopic
techniques such as X-ray absorption spectroscopy to get a further insight in the immediate surroundings of different metal
ions.
References:
1. Devic T. and Serre C., in Ordered Porous Solids recent Advances and Prospects, Valtchev V., Mintova S. and Tsapatsis M. (Eds.), Elsevier, Oxford
(2009)
2. Kitagawa S., Kitaura R. and Shin-ichiro N., Angew Chem Int Ed, 48, 2334 – 2375 (2004)
3. Cheetham A. K., Rao C. N. R. and Feller R. K., Chem Commun, 4780 – 4795 (2006)
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Materialss displaying hiigh oxide-ion conductivity have attracted
d considerablee interest due to technologiical applicatioons
in solid oxidde fuel cells (SOFC), oxygen sensors annd separation membranes.1 17O solid
state NMR data
d have beenn recorded forr the apatite seeries La8+xM2--x(GeO4)6O2+x//2 (0 < x <
1.0). For x = 0 a single NM
MR resonancee is observed at
a a chemical shift of ~δ 175 ppm; as
the La:M raatio is raised the interstitiial oxygen coontent also in
ncreases and a second
chemical shift at ~δ 300 ppm
p
is observved. This has been
b
attributeed to the form
mation of a
GeO5 unit via the presencee of O interstittial species.
An increase in intensiity of the low
w field resonaance is observ
ved with incrreasing x,
which is thuss consistent with
w an increasse in oxide ionn content. Theese data have been
b
used R
Rare Earth Apatite Mineralss
to predict thee number of GeO
G 5 units andd Frenkel-type disorders.2 The
T increasedd intensity
in this low field
fi
peak is shown to correelate with enhhanced condu
uctivity. 17O laabelling show
ws bias toward
ds the GeO4 annd
interstitial oxxygen speciatiion, and not thhe two channeel oxygen’s th
hus suggestingg that the routee of conductiv
vity is due to the
t
mobility of the oxygen’s around the germanium centres.
c
Hencee, 17O solid state
s
NMR has given an insight
i
into the
t
conduction pathway
p
and environment of the varying oxide-ion con
nductors.
References:
1. Kendrick E., Saiful Islam M. and
a Slater P. R., J.
J Mat. Chem., 177, 3104 – 3111(20
007)
m. Soc.,Dalton Trrans., 5296 – 5301 (2008)
2. Orera A., Kenndrick E. and Slatter P. R., J. Chem
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Structurre analysiss of heteroogeneous catalystss by multiinuclear ssolid statee NMR
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a
tes and meso
oporous silicaas remain thhe most prom
mising area in
Synthesiss of crystalliine porous aluminosilicat
1
heterogeneouus catalysis related
r
researrch for the past several decades.
d
A number
n
of innnovative recip
pes with novvel
approaches have
h
been repported under the theme off hydrothermaal synthesis. In
I this work we will discu
uss the texturral
features of thhree differentt synthesized catalysts baseed on alumin
num-silicates (MCM-22)
(
annd mesoporou
us silicas (HM
MS
and SBA). The two siliccas were preepared with distinct
d
organ
nic precursorss (DDA and P-123). Thee samples weere
characterizedd concerning their textural and structuraal properties using
u
physisorrption measurrements and x-ray
x
diffractioon
besides the MAS
M
NMR. All
A solid state MAS NMR spectra
s
were recorded
r
on a Varian Infinitty-Plus 400 sp
pectrometer annd
the 13C, 27Al and 29Si MAS
S experimentss were carried out under app
propriated quaantitative condditions.2
29
The Si spectra showeed five characcteristic resonnance peaks att -92, -97, -1000, -110 and -120ppm, dessignated Q0, Q1,
2
Q , Q3 and Q4 according to the numbeer of OSi grouups bounded. It was shownn that Q3 speccies seems to play the majjor
contribution to the MCM--22 performannce. In the othher hand, Q0, Q1, Q2 are thee important defects for the SBA while Q0,
Q3 for the HMS
H
activitiess. The 27Al sppectra displayyed two tetrah
hedral sites att 56ppm for aall MCM-22 samples. It was
w
observed thaat organic tempplates remainiing after therm
mal treatment as detected byy 13C MAS sppectra. This faact has added an
important unnderstanding of
o the systems route synthessis and perform
mance.
References:
1. Lethbridge A. D. Z., Willians J., Cermak Waltoon R. I., Evans K. E. and Smith C.. W., Microporouus and Mesoporouus Materials, 79, 339 – 352 (20055)
M
113, 2522 – 260 (2008)
2. Bellussi G.,Carati A., DiPaolaa E. and Milin R., Microporous and Mesoporous Materials,
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Homonuclear decoupling for high-resolution proton solid-state NMR with very
fast MAS
Elodie Salagera, Jean-Nicolas Dumeza, Robin S. Steina,b, Stefan Steuernagelc, Anne Lesagea,
Bénédicte Elenaa and Lyndon Emsleya
a
Université de Lyon, Centre de RMN à très hauts champs, CNRS/ENS Lyon/UCBL,5 rue de la Doua, 69100 Villeurbanne, France
(elodie.salager@ens-lyon.fr)
b
Current address : Bruker BioSpin Ltd, Banner Lane, CV4 9GH Coventry, UK
c
Bruker BioSpin GmbH, Silberstreifen,76287 Rheinstetten, Germany

Protons are the nucleus of choice for Nuclear Magnetic Resonance studies due to their high natural abundance and
high magnetogyric ratio. Yet, the dense dipolar-coupled network of protons results in spectral line broadening in most
solids, obliterating the possibility of obtaining high-resolution chemical shift spectra. Radio-frequency field irradiation
sequences have been specifically designed to remove the proton homonuclear dipolar couplings. Combined with Magic
Angle Spinning (CRAMPS), these decoupling sequences are efficient for rigid crystalline samples.
However, there is still a need for better proton homonuclear dipolar decoupling
sequences to make use of the 1H NMR information for larger molecules. We show that the
high spinning rates available today (70 kHz) can be successfully combined with decoupling
sequences designed in a static framework (DUMBO) or at moderate MAS rates (eDUMBO122). We also present a new decoupling scheme, which was developed by experimental
screening of random starting points, followed by experimental optimization of the best
candidates, directly using windowed acquisition of 1H NMR spectra with a very fast MAS
rate of 65 kHz. Line widths of 150 Hz (0.3ppm at 500 MHz) can be obtained for ultra-fast
spinning probes on a range of fields (500, 800 and 1000 MHz). Experiment and calculations
support the hypothesis of a joint radio-frequency and MAS averaging regime, where the
large scaling factor contributes significantly to the overall performance of the decoupling.

__________________________________________________________________________________________________

P405

Distance estimations in switched-angle spinning solid-state NMR
Andrea C. Sauerwein, Maria Concistrè, Pierre Thureau and Malcolm H. Levitt
Department of Chemistry, University of Southampton, University Road, SO17 1BJ, Southampton, UK (a.sauerwein@soton.ac.uk)

We present a spin-echo based experiment which combines the selection of desired spherical tensors1 with frequencyselective pulses and switched-angle spinning to enable the robust estimation of internuclear distances.2,3 Experiments are
conducted using a DOTY switched-angle spinning probe which permits a precise mechanical switching of the rotation
angle up to 20° off the magic angle, along with independent measurement of the spinning angle via a Hall-effect device.4
Spherical tensor selection is introduced into the pulse sequence by rotations around an appropriate set of Euler angles.
This is accomplished by converting the Euler angles into a set of phases that can be applied to the pulse sequence. The
effect of the inserted rotation is a modulation of the general spherical signal component according to the corresponding
Wigner matrix element. The desired internuclear distance can then be chosen by carefully calibrating the frequencyselective pulses. Subsequently, the experiment is carried out at several spin-echo evolution times, which yields
characteristic build-up curves for each selected component of the NMR signal. This build-up is sensitive to the dipoledipole coupling strength; a phenomenon that we demonstrate may be exploited for reliable internuclear distance
estimation.
References:
1. van Beek J. D., Carravetta M., Antonioli G. C. and Levitt M. H., J Chem Phys, 122, 244510 (2005)
2. Pileio G., Guo Y., Pham T. N., Griffin J. M., Levitt M. H. and Brown S. P., J. Am. Chem. Soc., 129, 10972 – 10973 (2007)
3. Pileio G., Mamone S., Mollica G., Marín Montesinos I., Gansmüller A., Carravetta M., Brown S. P. and Levitt M. H., Chem. Phys. Lett., 456, 116 –
121 (2008)
4. Mamone S., Dorsch A., Johannessen O. G., Naik M. V., Madhu P. K. and Levitt M. H., J Magn Reson, 190, 135 – 141 (2008)
Acknowledgments: The authors would like to thank the EPSRC for funding and Ole G. Johannessen for valueble support with the equipment.
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Polymers under mechanical stress- an NMR investigation
Ute Böhmea, Bo Xub, Johannes Leisenb, Haskell W. Beckhamb and Ulrich Schelera
a
b

Leibniz Institut für Polymerforschung Dresden e.V. (scheler@ipfdd.de)
Georgia Institute of Technology

Local order and dynamics in polymers under mechanical stress is studied by low-field NMR. Permanent magnets in a
Halbach arrangement permit NMR investigation without the limits present in high-field NMR. In particular the confined
stray field permit the application of NMR in a stretching apparatus and a rheometer. The major drawback of low-field
NMR, the lack of chemical shift resolution, is not a problem, because in the study of known materials properties other
than their chemical composition are of interest.
The crystalline and amorphous fractions of semicrystalline polymers are distinguished by their transverse relaxation
times. Under mechanical load there is a significant shortening of the transverse relaxation time, which partially relaxes
with time, when the load is kept constant.
Mechanical load on elastomers results in partial chain ordering and consequently reduced chain mobility. The resulting
stronger residual dipolar couplings show up the stronger buildup of double quantum coherences and in a shortening of the
slower component of the transverse relaxation time.
The interaction with paramagnetic moieties in the fillers in polymer nanocomposites has a strong impact on the
longitudinal relaxation time. Delaminating filler particles under mechanical stress results in a shorter T1 of the protons in
the polymer, because the contact area between the filler and the polymer increases.
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Solvent-swelling in polymer dispersions – novel insights from spectrally resolved
studies
Nikolaus Nestlea, Karsten Seidela, Karl Häberlea, Wendel Wohllebena, Dirk Mertensb and Andreas
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BASF SE Ludwigshafen,Polymer Research, D-67056 Ludwigshafen, Germany, (nikolaus.nestle@basf.com)
Bruker Optik GmbH, minispec Division, Rheinstetten, Germany

In a recent publication,1 acetone-induced swelling of polyurethane (PU) dispersions was studied by means of lowfield TD-NMR. The information from the relaxation times measured in dispersions spiked with different quantities of
acetone suggested various stages of the swelling process which were attributed to complete incorporation of acetone into
the particles and to distribution of acetone between the particles and the continuous phase.
The same type of polymer dispersions was now studied by means of low-field medium resolution (MR)-NMR
spectroscopy and by high-field spectrally resolved pulsed field gradient (PFG) NMR diffusometry. In all cases, the
acetone added to the dispersions could be spectrally well resolved and the integration of the acetone line in the MR-NMR
spectra showed a good linear relationship between the peak area and the amount of added acetone. As different acetone
populations were expected on the basis of the relaxation time findings, this result was quite surprising. This lead to further
studies involving PFG NMR on both acetone-spiked dispersion samples and serum samples produced by centrifugation.
In these experiments, indications for a partial dissolution of the particles due to acetone addition were found. Furthermore,
surprisingly high acetone-diffusion coefficients were found even for those samples in which the relaxation results
suggested complete incorporation of acetone into the particles. Taking all the results together, a more detailed model of
the acetone-containing dispersions is suggested in which dissolution effects and the formation of transient co-continuous
networks of acetone-rich polymer particles are used to explain the findings.
References:
1. Nestle N. and Häberle K., Analytica Chimica Acta, 654, 35 – 39 (2009)
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Resolution improvement in protein MAS solid state NMR via rotor-synchronized
spin-echo pulse sequence
Veniamin Shevelkov and Bernd Reif
Leibniz-Institut für Molekulare Pharmakologie (FMP) Robert-Rössle Str. 10, D-13125 Berlin-Buch, Germany (chevelkov@fmp-berlin.de)

Application of the solid-state NMR spectroscopy to characterize structure and dynamics of immobilized biological
macromolecules becomes more attractive. Improving resolution is a necessity for a progress in the field. Recently we used
a strong level of deuteration of the alpha-SH3 domain to obtain high resolution proton detected spectra without high
power decoupling. This approach resulted in spectra possessing line widths of ca. 10 Hz and 20 Hz in the 15N and 1H
dimension, respectively. Analysis of the dynamics of this protein1 shows that local correlation times and motional
amplitudes are highly similar in both solid and solution states. One would expect that the line width in the solid state
should be smaller compared to the line width obtained in the liquid phase. However this expectation is in a strong
contradiction with experimental facts. Our aim is to identify the origin of this broadening and to find an experimental
approach to eliminate these factors and improve resolution. It has been shown before that application of a Carr-ParcellMeiboom-Gill (CPMG) pulse train during free induction decay in solids can efficiently refocus inhomogeneous
contributions and dramatically narrow the resonance line width.2 We followed this approach to remove possible residual
dipolar couplings, CSA and the anisotropy of the magnetic susceptibility. We applied a CPMG pulse train on the 15N
channel in 2D proton detected 15N,1H correlation experiments. The approach was applied to highly deuterated
microcrystalline sample of the alpha-SH3 domain on a spectrometer operating at 1H Larmor frequency of 400 MHz and a
MAS frequency of 20 kHz. On average, the 15N line width was decreased by a factor 1.5. Currently we continue to collect
experimental data to establish the efficiency of this approach at different experimental conditions.
References:
1. Chevelkov V., Fink U. and Reif B., J Biomol NMR, 45, 197 – 206 (2009)
2. Cowans B. A. and Grutzner J. B., J Magn Reson A, 105, 10 – 18 (1993)
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Solid state 77Se (I = 1/2) NMR spectroscopy was applied to verify chemical ordering evolution during physical ageing
in vitreous v-AsxSe100-x (x=10, 18, 23, 30, 40) prepared by conventional melt-quenching. All measurements were carried
out at room temperature on ASX 300 Bruker spectrometer operating at 57.3 MHz with a 2.5 mm Magic Angle Spinning
probe rotating at 22 kHz. Due to breadth in NMR lines, a Hahn spin echo sequence was applied to refocus whole
magnetization. The recycle time was 30 s in view of slow longitudinal relaxation. The obtained experimental spectra were
simulated using the Dm2000nt version of the Winfit software.
Only three NMR lines with character chemical shifts at about 860, 580 and 380 ppm were recorded in the studied
glasses, they being attributed to different Se sites (–Se–Se–Se–, –Se–Se–As= and –Se–As–Se–, respectively). The relative
intensities of these lines extracted from Gaussians fitting are in good accordance with XPS data, testifying in a favour of
“chain crossing” structural motives, which dominate in a whole range of Se-rich glass compositions from stoichiometric
As2Se3 to pure Se. No any evidences for double-bond anomalies such as optimally-constrained quasi-tetrahedral
Se(AsSe)3/2 structural units were found. This implies incorrect assignment of 29<x<37 compositional range showing
margin non-reversing heat flow in temperature-modulated DSC1 to possible reversibility window in this system, but is in
full agreement with our previous conclusion on optimally-constrained isostatically-rigid glassy network near x=40.2
References:
1. Georgiev D. G., Boolchand P. and Micoulaut M., Phys. Rev., B62, R9228 – R9231 (2000)
2. Golovchak R., Shpotyuk O. and Kozdras A., Phys. Lett., A370, 504 – 508 (2007)
Acknowledgments: Support from Science and Technology Center in Ukraine under regular projects 4277 and 3745 is kindly acknowledged.
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C CP MAS NMR characterization of thiophene-based copolymers

Silvia Spera, Liliana Gila, Luciano Santolini, Alessandra Cominetti, Andrea Pellegrino, Nicola Perin,
Mario Salvalaggio and Riccardo Pò
Ist. G. Donegani – Eni S.p.A, Via Fauser,4, Novara, Italy (silvia.spera@eni.it)

Two π-conjugated copolymers have been analyzed by means of solid state 13C CP MAS NMR :
a) Copolymer –(Tf-Cbz-Tf)nTf: Tiophene
CBz: Carbazole
b) Copolymer –(Tf-Flu-Tf)n
Tf: Tiophene
Flu: Fluorene
Both of them have been obtained with two different synthethic routes:
1) Pd-catalyzed Suzuki coupling reaction of the B(OH)2 and Br terminated monomers; this synthetic route
guarantees polymers in a neutral state.
2) The second route, reaction with FeCl3 in chloroform has, as result, polymers with a ferric level of the order of
percent; in this case the ferric residues, assuming to be Fe3+ ions, are probably coordinated to the polymer and the polymer
is in a sort of p-doped state.
The 13C CP-MAS spectra have been completely assigned on the basis of the assignments obtained on the
correspondent neutral polymers in solution. What is evident on the basis of the comparison between the spectra obtained
with the two synthetic routes is the missing of certain signals in the MAS spectra of the copolymers obtained through
FeCl3 synthetic route. These signals can be shifted away or extremely broadened for effect of the interaction with Fe3+
ions. In the two copolymers the coordination sites are different. In copolymer a) the coordination is preferentially on the
nitrogen of the carbazole moiety as the missing signal is the first –CH2- directly bonded to the nitrogen. In copolymer b)
the preferred coordination site is the position in the middle of the two thiophene rings probably stabilized by the two S
atoms. In this case the missing signals are the internal quaternary carbons of the thiophene moiety. The coordination is
strictly confined in the depicted positions as the other resonances of the spectra are not absolutely influenced by the Fe3+
coordination.
Further insight about the effect of iron interaction has been obtained through vibrational and electronic spectroscopy.
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Mg based metal hydrides for hydrogen storage. A NMR perspective
Subramanian Srinivasan, Pieter C. M. M. Magusin, Rutger A. van Santen and Peter H. L. Notten
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Metal hydrides are studied for their reversible hydrogen storage properties. MgH2 has a high storage capacity of 7.6
wt-% hydrogen but suffers from slow sorption kinetics. To overcome this barrier, Notten1,2 and his group showed that the
kinetics can be improved by alloying magnesium with a minimum of 20 at-% of a Transition Metal (TM) element. NMR
has the advantage over conventional diffraction based techniques that long-range ordering is not a constraint. Advanced
1
H and 2H–{45Sc} TRAPDOR NMR experiments3 on Mg0.65Sc0.35D2, reveal the existence of small Mg- and Sc-rich
clusters at the nanometer length scale within the overall coherent crystal structure. However, scandium is an expensive
element. A less costly alternative would be to use titanium. 2D Exchange Spectroscopy (Exsy)4 of ball-milled
Mg0.65Ti0.35D0.6 powders reveals the presence of small TiDx domains which are in close contact with MgD2, in addition to
macro-phase separated TiD2. The 2D Exsy of RF magnetron co-sputtered Mg0.65Ti0.35D1.2 films shows exchange of a
major fraction of deuterium atoms from Ti-rich sites to Mg-rich sites. In another approach to improve the sorption kinetics
of MgH2, nanometer sized MgH2 is encapsulated in a carbon matrix. Problems arising from susceptibility and skin depth
are reduced by working at a lower magnetic field. The hydrogen from nano- and bulk-MgH2 phases is distinguished by
their spin-lattice relaxation (T1). In combination with other techniques, NMR gives a complete picture of nano-structured
materials for hydrogen storage.
References:
1. Notten P. H. L., et.al., J. Power Sources., 129, 45 – 54 (2004)
2. Niessen R. A. H. and Notten. P. H. L., J. Alloys Compd., 457, 404 – 406 (2005)
3. Magusin P. C. M. M., et al., Chem.Phys.Lett.,456, 55 – 58 (2008)
4. Srinivasan. S., et. al., Phys. Rev. B, 81, 0541071 – 10 (2010)
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Sensitivity-enhanced high-resolution NMR of half-integer quadrupolar nuclei at
30 Tesla
Holger Storka, Steffen Krämera, Mladen Horvatića, Claude Berthiera, Olivier Pauvertb, Franck Fayonb,
Aidar Rakhmatullinb, Catherine Bessadab and Dominique Massiotb
a

Laboratoire National des Champs Magnétiques Intenses, UPR 3228, CNRS-UJF-UPS-INSA, BP. 166, 38042 Grenoble, France
(holger.stork@lncmi.cnrs.fr)
b
CEMHTI, UPR3079, CNRS, 1D av. de la Recherche Scientifique, 45071 Orléans Cedex 2, France

More than 75% of all NMR active nuclei exhibit a nuclear quadrupole moment (I > 1/2). For low-sensitivity, halfinteger quadrupolar nuclei in strong electric field gradients, high magnetic fields can overcome their two major problems,
their low sensitivity and the second order quadrupolar line broadening of their central transition in the NMR spectra.
In our contribution we present new options of sensitivity-enhanced solid state NMR of these nuclei at 30 T in resistive
magnets at the Laboratoire National des Champs Magnétiques Intenses in Grenoble. We summarize our efforts to adapt
our facility to the standards of high-resolution NMR, since resistive high field magnets provide lower spatial field
homogeneity and temporal field stability as compared to superconducting magnets. In addition, resistive magnets suffer
from high operating costs due to their electric power consumption of more than 20 MW. In view of these constraints, we
developed tailored and sensitivity-enhanced NMR probes providing strong excitation fields, implemented the CPMG
sequence, improved spatial field homogeneity by a passive ferroshim and eliminated the long term field drifts using an
NMR lock. At present we offer to external users NMR options up to 30 T covering all relevant quadrupolar nuclei with a
resolution of the order of 10 ppm for a standard 5 mm sample size. As a first benchmark experiment we present recent
91
Zr NMR studies on a series of inorganic Zr compounds at 30 T. The obtained results contribute to a systematic and
quantitative determination of the relation between structural parameters (bond lengths, bond angles, coordination
geometry) and NMR parameters (chemical shift and quadrupole tensors) of Zr compounds.1
References:
1. Pauvert O., et al., Inorg. Chem., 48, 8709 (2009) and unpublished
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The study of silica-reinforced rubbers is increasing attention due to the specific properties exhibited by these
composites, especially in the field of tyres. In this work, new composites obtained by in situ generating silica through solgel process in synthetic polyisoprene matrices were investigated by means of Solid State
c
NMR, in order to obtain a characterization of their structural and dynamic properties at a
“molecular” level, and compare them with their “macroscopic” features (morphologies,
mechanical properties, etc.).1 Low-resolution proton (1H) NMR has been used successfully
in the study of rubber–filler interactions.2 Here 1H T2 relaxation was investigated in low
b
resolution, in order to characterize the dynamic properties of the polymer and the effect of
the presence of sol-gel silica. The pure cis-1,4-polyisoprene rubber, composites containing
a
variable amount of silica and the composites obtained at different times of sol–gel
reactions were studied. Three regions with different chain mobility have been detected and
related with sample composition and silica-polymer interactions. Additional dynamic and
structural information were also obtained from 1H T1 low-resolution measurements and high-resolution 29Si and 13C
spectra.
References:
1. Geppi M., Borsacchi S., Mollica G. and Veracini C. A., Appl Spectrosc Rev, 44, 1 – 89 (2009)
2. Ten Brinke J. W., Litvinov V. M., Wijnhoven J. E. G. J. and Noordermeer J. W. M., Macromolecules, 35, 10026 – 10037 (2002)
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Homonuclear SQ – DQ correlations in solids. Applications to detection of 31P –31P
spatial relations in palladium-phosphane complexes
Gábor Szalontaia, Gábor Besenyeib and László Párkányib
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Recent advances in solid state NMR hardware and theory, in particular the development of effective homonuclear
decoupling schemes1 make possible the study of intramolecular and intermolecular 31P–31P spatial relations. We have
synthetized two-, three-, and four-spin systems, resolved the single crystal X-ray structures (if not known) to gain access
to the experimental P-P distances and tested the limits of BaBa based SQ-DQ sequencies1 in revealing internuclear
correlations. The 31P-31P dipolar coupling values varied between 200 and 800 Hz. Pairs with large isotropic chemical shift
differences (up to 100 ppm) and nuclei with significant chemical shift anisotropy values (up to 32 -34 kHz) were also
tested at 9.4 T and rotation frequencies up to 25 kHz.
We concluded that while the double-quantum excitation efficiency is sufficient for two-spin systems with internuclear
distances up to 4.8 angströms, for three-spin systems with larger distances this is not always the case, furthermore threespin relaxation effects can interfere. DQ excitation times larger then 500-600 μs did not bring any improvement.
The long T1 relaxation of the P atoms can (must) partially be overcome by cross-polarization. Even so, mostly due to
the long phase-cycling the time requirements are relatively high (at 9.4 T, 2.5 mm, ~ 6 -12 hours). The method is capable
to detect spatial correlations in three- and four–spin systems up to 4.7 angtröms. The achievable DQ excitation bandwidth limits the applications to systems with about 50 ppm isotropic chemical shift ranges.
References:
1. Feike M., Demko D. E., Graf R., Gottwald J., Hafner S. and Spiess H. W., J. Magn. Reson., A 122, 214 (1996)
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Efficient Decoupling and Recoupling in Solid State NMR at Very High Static
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We present new schemes for solid-state NMR with efficient heteronuclear decoupling and homonuclear recoupling at
magnetic fields up to 23.5 T (1000 MHz) and spinning frequencies up to 64 kHz.
A new heteronuclear decoupling method, dubbed PISSARRO (Phase Inverted Supercycled Sequence for Attenuation
of Rotary ResOnance),1 was designed to quench deleterious rotary resonance recoupling effects that occur at high
spinning frequencies. It proved to be more effective than XiX, TPPM, SPINAL-64 and CW decoupling methods in
quenching rotary resonance effects and offers improved decoupling efficiency over a wide range of rf amplitudes.
Moreover, we demonstrate its efficiency for low rf amplitudes regime at spinning speeds up to 64 KHz, which is
particularly useful for heat-sensitive samples.
We also show new applications of our recently developed phase-alternated recoupling irradiation scheme (PARIS).2
PARIS recoupling offers an attractive alternative to the popular DARR scheme because of its inherent immunity to the
inhomogeneity of the rf field, its ability to achieve recoupling with rf amplitudes well below the rotary resonance
condition, and its capacity to promote efficient magnetization transfer even when the spinning frequency νrot exceeds the
difference of isotropic chemical shifts between spectrally distant carbons, so that the rotational resonance condition cannot
be fulfilled. In particular, we show that an extension of the basic PARIS approach to a phase-shifted version dubbed
PARIS-xy allows efficient broadband magnetization transfer with moderate rf amplitudes even at spinning frequencies as
high as νrot = 60 kHz and magnetic fields up to 23.5 T (1 GHz for protons).
References:
1. Weingarth M., Tekely P. and Bodenhausen G., Chem. Phys. Lett., 466, 247 – 251 (2008)
2. Weingarth M., Demco E. D., Bodenhausen G. and Tekely P., Chem. Phys. Lett., 469, 342 – 348 (2009)
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Multifrequency EPR studies of dangling-bonds in hydrogenated amorphous
silicon
Christian Teutloffa, Matthias Fehrb, Alexander Schneggb, Klaus Lipsb, Oleksandr Astakhovc,
Friedhelm Fingerc and Robert Bittla
a

Fachbereich Physik, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany, (Christian.Teutloff@fu-berlin.de)
Helmholtz-Zentrum Berlin, Institut für Silizium-Photovoltaik , 12489 Berlin, Germany; cForschungszentrum Jülich, IEF-5 Photovoltaik, 52425 Jülich,
Germany

b

Hydrogenated amorphous silicon (a-Si:H) is utilized in thin film solar cells replacing the cost-intensive crystalline
silicon wafer technology. Light-induced degradation of a-Si:H (Staebler-Wronski effect - SWE), arising from an increase
of dangling bonds (db) reducing excess charge-carrier lifetime, presents a serious limitation for this promising material.
The most crucial step in further device optimization is the identification of the db generation mechanism. To address this
question, we applied high-resolution multifrequency EPR to identify the microscopic structure of dbs. The increased
Zeeman-resolution at higher frequencies allows by comparison with the low-frequency spectra to distinguish between
field-independent (resolved and unresolved hyperfine interactions) and field-dependent linewidth contributions (g-tensor
and g-strain). Simultaneous fit analysis of multifrequency spectra yields striking results, which indicate that the db gtensor possesses rhombic symmetry, a fact which contradicts earlier db models relying on axially symmetric sp-hybrid
orbitals.1
The translation of these spectroscopic data into a microscopic picture is not straightforward. DFT calculations are
performed to test several structural models, judging their significance by comparison of calculated magnetic parameters
with the experimental results gained in this study.
References:
1. Umeda T., Yamasaki S., Isoya J. and Tanaka K., Phys. Rev. B, 59 4849 – 4857 (1999)
Acknowledgments: This work was supported by the German Federal Ministry of Education and Research (BMBF network project EPR-Solar
03SF0328C).
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Characterization of hydrogel network of PEG-(meth)acrylate based functional
copolymers by 1H and 13C NMR relaxometry and spectroscopy
Lavinia Utiua, Wiktor Steinhauerb, Dan E. Demcob and Bernhard Blümicha
a

Institute of Technical and Macromolecular Chemistry, RWTH Aachen University, Worringerweg 1, D-52056, Aachen, Germany,
(lutiu@mc.rwth-aachen.de)
b
Institute of Technical and Macromolecular Chemistry, DWI an der RWTH Aachen e.V, Pauwelsstr. 1, D-52056, Aachen, Germany

Amphiphilic copolymers containing poly(ethylene glycol) (PEG) segments have attracted much attention due to their
unique hydrophilic properties, inhibition of unspecific cell adhesion, and their potential use as drug-delivery systems. The
stress-strain behavior of the segments in the hydrogel network was investigated by measurements of transverse 1H
relaxation. Various amphiphilic copolymers based on PEG and methoxy methacrylate, individually functionalized with
thiols were studied. The relaxation measurements provided residual dipolar couplings as a function of mechanical stress.
They are explained by the theory of network elasticity in the non-Gaussian approximation. For comparison, residual van
Vleck moments were measured from double-quantum (DQ) NMR. Each of these properties is correlated with the crosslink density of the hydrogel networks extracted from 13C direct polarization MAS spectra. The hydrogel network
properties are also discussed in terms of the nature of cross-linker.
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Micro-MAS NMR: Towards high-resolution NMR of nanoliter volume solid
samples
Suresh K. Vasaa, Andreas Brinkmannb, Hans Janssena, Ernst R. H. van Ecka and Arno P. M.
Kentgensa
a
b

Institute for Molecules and Materials, Radboud University Nijmegen, Nijmegen, Netherlands (s.vasa@nmr.ru.nl)
Steacie Institute for Molecular Sciences, National Research Council, Ottawa, Canada

Nuclear Magnetic Resonance (NMR) spectroscopy suffers from its intrinsically low sensitivity compared to other
techniques, which precludes study of mass-limited samples. Considering the potential of NMR in providing local
structural information and insight into molecular dynamics, many approaches have been used to enhance the sensitivity.
Here, we focus on miniaturized NMR detectors to enhance sensitivity and their application to achieve high-resolution
solid-state NMR of mass-limited samples.
Magic Angle Spinning (MAS) is widely used in combination with multi pulse decoupling sequences to average out
anisotropic interactions and obtain high spectral resolution. MicroMAS (µMAS) combines the versatility of MAS with the
superior sensitivity, provided by very small detection coils (solenoidal coils of diameter around 200 – 450 µm), for
samples with nanoliter volumes. Furthermore, the very strong radio frequency (rf) fields that can be generated by these
microcoils facilitate a much broader excitation bandwidth and decoupling efficiency.
The use of fused-silica capillaries as sample holders for µMAS, results in spectra without any 1H background signal. It
proved possible to obtain 1H spectra of 40 - 80 nL sample volumes in an only few scans. We obtained high-resolution 1H
spectra employing different homonuclear decoupling sequences on powdered samples (L-alanine & tripeptide AGG) as
well as single-crystal (L-tyrosine.HCl). Furthermore, we demonstrated the feasibility of indirectly detecting lowsensitivity X-nuclei such as 13C via protons with natural isotope distribution.
The key factor determining the resolution of solid-state NMR spectra of rare spins such as 13C in protonated materials
is usually the quality of proton spin decoupling. A significant averaging of these interactions can be achieved by
decoupling sequences such as CW, TPPM, SPINAL decoupling under MAS. Here we discuss the context of these
decoupling sequences at high rf field strengths using µMAS and finding the observable ultimate line width in solids.
__________________________________________________________________________________________________
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Structural changes in the antifilarial drug diethylcarbamazine citrate in solid
state studied by 13C-CPMAS NMR– preliminary results
Tiago Venâncioa, Lyege A. M. Magalhãesa, Antônio G. Ferreiraa and Javier Ellenab
a
Departamento de Química, Universidade Federal de São Carlos, Rod. Washington Luiz km 235, 13565-905, São Carlos, São Paulo, Brazil
(venancio@ufscar.br)
b
Instituto de Física de São Carlos, Universidade de São Paulo, Av. Trabalhador São-carlense, 400, 13566-590, São Carlos, São Paulo, Brazil

Filariasis is an endemic disease occurring in most of the tropical countries, including northern Brazil. It is mainly
caused by a parasitic filarial worm named Wuchereria bancrofti, which is transmitted by mosquitoes.1 The parasite lives
in the lymphatic system and it causes the inferior members lymphoedem, known as
elephantiasis. Diethylcarbamazine (DEC) citrate is widely used to treat this disease by
killing the adult worms. DEC exists as polymorphic forms, and this polymorphism may
affect the solubility as well as its bioavailability. Recently, it was described some phase
transitions in solid state,2 and the results can be related to these possible differences.
Preliminary results obtained for unformulated drug show a mixture of two different
Figure 1. DEC structure.
phases. According to the conformation of piperazinic and ethyl groups, in relation to the
carbonyl group, the conjugation between both nitrogen atoms and carbonyl group bonded to each other can be
unfavoured. In an unconjugated system the nitrogen nuclei remains more shielded and the NMR signal related to the other
carbon nuclei are shifted to lower δ(ppm). The presence of citrate should favour the conjugation. Hence, it is possible to
use 13C-CPMAS, in a fast way, to monitor phase transitions in this drug, according to temperature variation, and also
estimate possible changes in their properties, especially for formulated drugs.
References:
1. Bockarie M. J., Pedersen E. M., White G. B. and Michael E., Annual Review of Entomology, 54, 469 – 487 (2009)
2. Silva C. C. P., Martins F. T., Honorato S. B., Boechat N., Ayala A. P. and Ellena J., Crystal Growth & Design, in press - DOI: 10.1021/cg100212q.
(2010)
Acknowledgments: FAPESP (2009/13860-2), CNPQ (475903/2009-9), FIOCRUZ-Far Manguinhos.
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Solid-State Nitrogen-14 Nuclear Magnetic Resonance Enhanced by Dynamic
Nuclear Polarization using a Gyrotron
Veronika Vitzthuma, Marc A. Caporinia, Paul R. Vasosa, Fabien Aussenacb, Frank Engelkec, Melanie
Rosayd, Werner Maasd and Geoffrey Bodenhausena,e
a

Ecole Polytechnique Fédérale de Lausanne, Institut des Sciences et Ingéneries Chimiques, 1015 Lausanne, Switzerland (veronika.vitzthum@epfl.ch)
Bruker BioSpin SA, 34 rue de l’Industrie BP 10002, 67166 Wissembourg Cedex, France
c
Bruker Germany, Silberstreifen 76287 Rheinstetten
d
Bruker USA, 15 Fortune Drive, Billerica MA 01821
e
Ecole Normale Supérieure, Département de Chimie, associé au CNRS, 24 rue Lhomond, 75231 Paris Cedex 05, France
b

By combining indirect detection1 of 14N with dynamic nuclear polarization (DNP),2 the signal-to-noise ratio can be
dramatically improved and the recovery delay between subsequent experiments can be shortened. MAS spectra of glassy
samples of the amino acid proline doped with the stable bi-radical TOTAPOL3 at 100 K were obtained in a 400 MHz
solid-state NMR spectrometer equipped with a gyrotron for microwave irradiation at 263 GHz. DNP enhancement factors
on the order of e ~ 40 were achieved. The recovery delays can be reduced from 60 s without radicals at 300 K to 6 s with
radicals at 100 K. Thus, DNP allows one to reduce the acquisition times of 13C-detected 14N spectra from several days to a
few hours.
References:
1. Cavadini S., Abraham A. and Bodenhausen G., J. Magn. Reson., 190, 160 – 164 (2008)
2. Bajaj V., Hornstein M. K., Kreischer K. E., Sigiri J. R., Woskov P. P., Mak-Jurkauskas M. L., Herzfeld J., Temkin R. J. and Griffin R. G., J. Magn.
Reson., 189, 251 – 279 (2007)
3. Song C., Hu K.-N., Joo C.-G., Swager T. M. and Griffin R. G., J. Am. Chem. Soc., 128, 11385 – 11390 (2006)
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TM-Al-TM groups trapped in cages of decagonal approximants
Stanislav Vrtnik, Peter Jeglič, Matej Bobnar, Martin Klanjšek and Janez Dolinšek
Condensed Matter Physics, J. Stefan Institute, Jamova 39, SI-1000, Ljubljana, Slovenia (stane.vrtnik@ijs.si)

We present the 27Al NMR spectroscopic study of the Al13TM4 family of four-layer
decagonal approximants, including the orthorhombic o-Al13Co4, the monoclinic
Al13Fe4, its ternary derivate Al13(Fe,Ni)4 and the monoclinic Al13Ru4. Single crystals
were grown by Czochralski technique and from each, three bar-shaped specimens were
cut with there long edges along crystallographic direction. The so-prepared samples
enabled us to measure 27Al (spin I = 5/2) central-line (1/2 → −1/2) NMR rotation
patterns that exhibit peaks belonging to magnetically equivalent 27Al crystallographic
sites within the unit cell. Most lines in rotation patterns overlap; exception is one line
with a stronger shift. Since this line is well resolved from the rest 27Al intensity in the
NMR rotation patterns, we are able to determine its EFG- and magnetic shielding
tensors for all four samples. The asymmetry parameters of the tensors are small for all
compounds, amounting 0,01 − 0,11. This demonstrates that the tensors are almost
axially symmetric around particular crystallographic direction, which is compatible
with the structural detail of nearly linear TM-Al-TM atomic groups (with TM = Co, Fe,
Ni, Ru) in an approximately axially symmetric chemical environment. The asymmetry
parameters of EFG tensors were reproduced theoretically by a point-charge calculation
and confirm ionic bonding of the TM-Al-TM group to the cage atoms. The above
results show that the traditional description of the Al13TM4 decagonal approximant phases in terms of 2D atomic layers
stacked along the perpendicular crystallographic direction is a convenient geometrical approach to describe their complex
structure, but is not appropriate for description of their physical properties.
Acknowledgments: The authors would like to thank Prof. Dr. Peter Gille for the sample preparation.
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Understanding the crystal structure in layered aluminum hydroxides by highresolution solid-state NMR and first-principles calculations
Anastasia Vyalikh and Ulrich Scheler
Leibniz Institute of Polymer Research Dresden, Hohe Str. 6, D-01069 Dresden, Germany (vyalikh@ipfdd.de)

Layered double hydroxide (LDH) – a synthetic clay, which finds numerous applications, as for example, flameretardant filler in polymer nanocomposites. To quantitatively characterize the structural changes in the different stages of
LDH modification by a regeneration method a combination of the 27Al MAS and 3QMAS NMR has been applied. The
27
Al NMR signals are attributed to either 4-fold (tetrahedral) or 6-fold (octahedral) aluminum sites, where in the latter two
different environments are discriminated in both pristine and organically modified LDHs. Evidence for two distinct
octahedral sites is found in the central transition (MAS), in the satellite transition (MAS and two-dimensional one pulse
TOP) and in 3QMAS. To understand the structure a pure aluminium hydroxide – gibbsite − has been used as a model,
exhibiting the presence of two equally populated sites characterized by different quadrupolar coupling constants (4.2 MHz
and 2.4 MHz) and similar chemical shifts in both the 27Al MAS NMR spectrum and DFT calculation. This observation is
explained by the different hydrogen bonds, in which the hydroxyls forming the corresponding octahedron around each
aluminum site are involved. 1H CRAMPS allows distinguishing non-equivalent hydrogen sites reported in the gibbsite
crystal structure.
Insight into molecular mobility has been gained from 1H T1ρ experiments detected with chemical shift resolution.
Applying a numerical inversion of the Laplace transform allows discriminating two contributions in LDH, overlapped in
the 1H chemical shift dimension. Based on the data for gibbsite they are attributed to metal hydroxides and highly mobile
interlayer water. Variation in the local proton environment linked the presence of Mg or Al sites has been found to
influence the proton mobility, which increases upon incorporation of surfactants. To probe the spin diffusion between
protons, spin exchange experiments using radio-frequency driven recoupling (RFDR) have been applied.
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Hydrogen diffusion in Zr-based bulk metallic glasses
Magdalena Wenckaa, Marko Jagodičb, Anton Gradišeka, Paul J. McGuinessa, Tomaš Apiha, Stanislav
Vrtnika, Yoshihiko Yokoyamac and Janez Dolinšeka
a

J. Stefan Institute, University of Ljubljana Jamova 39,SI-1000, Ljubljana, Slovenia (magdalena.wencka@ijs.si)
Institute of Mathematics, Physics and Mechanics, University of Ljubljana, Jadranska 19, SI-1000,Ljubljana, Slovenia
c
Institute for Material Research, Tohoku University, Katahira 2-1-1, Aobaku, 980-8577, Sendai, Japan
b

At the time when sources of green energy are hardly expected, we have investigated the Zr50Cu40-xAl10Pdx (x = 0-7
at.%) bulk metallic glasses (BMGs) characterized by a high capacity of the hydrogen storage. Up to H/M ~1.6 (hydrogento-metal) ratio guarantees the utility of a BMG as a hydrogen storage medium, whereas the weak interaction of hydrogen
with the zirconium atoms as the majority chemical element in the investigated BMGs assures easy mobility of the
hydrogen. Due to unique mechanical properties (like combined hardness and elasticity) caused by the presence of the
palladium, the hydrogen storage in the Zr-Cu-Al-Pd BMGs provides safe way of hydrogen storage, in contrast to the
classical 700-bars tanks proposed as an alternative by the car industry. Our aim was to determine whether the hydrogen in
the amorphous structure is chemically bound to the metallic ions and hence statically distributed over the material or the
hydrogen atoms can move freely through the amorphous structure and their spatial distribution is dynamic. We have
performed measurements of the hydrogen self-diffusion constant D using 1H NMR spectroscopy. Within the temperature
interval 380-420 K, the D values are between 7*10-10 and 8*10-9 cm2/s and show a classical (Arrhenius) over-barrierhopping temperature dependence. The average hopping activation energy of all the samples amounts to Ea = 576 ± 15
meV. The hydrogen diffusion constant of the Zr50Cu40-xAl10Pdx BMGs is comparable in magnitude with other Zr-based
BMG. No correlation between the diffusion constant and the Pd content in the samples could be observed within the
experimental precision. We did not notice any variations in the magnetic and physical properties associated with the Pd
content as well. However the presence of the Pd in such compounds is the source of: 1) Pauli spin susceptibility of the
conduction electrons and 2) non free-electron-like electrical transport visible in the negative temperature coefficient
(NTC) of the electrical resistivity.
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Effects of
o Electriccal and Ioonic Cond
ductivity on
o MAS-N
NMR of Q
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prous Iodiide
James P. Yesinowski,
Y
Harold D. Ladouceur,, Andrew P.. Purdy and Joel B. Milller
Chemistry Divission, Naval Reseaarch Laboratory, Washington DC 20375-5342, USA
A (yesinowski@nnrl.navy.mil)

We havee used variaable-temperatuure MAS-NM
MR to invesstigate γ-CuII, a Cu+-ion
conductor att elevated tem
mperatures ass well as a wide
w
bandgap
p semiconductor. Puzzling
anomalies arre seen in the 63Cu, 65Cu and
a 127I MAS
S-NMR of γ-C
CuI, whose chhemical shifts
depend stronngly upon thee square of the
t spinning-sspeed as welll as the partiicular sample
studied.1,2 Byy using the 2007Pb resonance of lead nitraate mixed witth the γ-CuI as
a an internal
chemical shift thermometeer we show thhat frictional heating
h
effects of the rotor cannot alone
account for the observattions. Instead, we find that spinning the
t electricallly-conductive
(unintentionaally doped) p--type semiconnductor in a magnetic
m
field generates eleectric currents
over the entire rotor that can resistiveely heat the sample by oveer 200° C. These induced
currents and their associatted heating efffects are disrrupted in sam
mples containinng inert filler
mulation accounnting for thesee heating effects will be preesented.
material. A thheoretical anaalysis and simu
In additioon to the dram
matic consequeences of electrrical conductiivity in the sam
mple, ionic coonductivity also influences the
t
spectra. All three nuclei exhibit quadrrupolar satelliite transitionss extending ovver several hhundred kiloheertz that refleect
defects pertuurbing the cubbic symmetry of the zincbleende lattice. Broadening
B
off these satellitte transitions with increasinng
temperature arises from Cu
C + ion motionn modulating the electric fiield gradients and thus interfering with the
t formation of
rotational echhoes. This brooadening can be quantitativvely analyzed
d using a simpple model to yyield an activaation barrier for
f
the Cu+ ion dynamics.
d
References:
9 2818 – 2827 (1990)
(
1. Hayashi S. annd Hayamizu K., J. Chem. Phys., 92,
2. Jochum M., Werner-Zwanzige
W
er U. and Zwanziger J. W., J. Chem
m. Phys., 128, 05
52304-1 – 0523044-7 (2008)
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Ligand–Receptor Binding Affinities from Saturation Transfer Difference (STD)
NMR Spectroscopy: The Binding Isotherm of STD Initial Growth Rates
Jesús Anguloa, Pedro M. Enriquez-Navasb and Pedro M. Nietoa
a
b

Instituto de Investigaciones Químicas (IIQ-CSIC/US) C/Américo Vespucio 49, E-41092Sevilla, Spain (jesus@iiq.csic.es)
CIC-BiomaGUNE, CIBER-BBN Paseo Miramón 182, Parque Tecnológico, E-20009 San Sebastián, Spain

Among ligand-observed NMR methods for protein-ligand interactions, the saturation transfer difference (STD) NMR
experiment has demonstrated to provide high sensitivity and robustness.1 In this method, a selective radiofrequency
irradiation saturates only protein NMR signals, and the transfer of this saturation to any binder is revealed by difference
spectroscopy. STD NMR titration experiments might be employed to derive binding affinities. Interestingly, STD NMR is
well appropriated for weak kinetics exchange, where other physical techniques might meet their detection limits.
However, direct approaches have failed so far to get correct values of equilibrium dissociation constants (KD) from STD
NMR titrations, as the magnitudes of the determined constants have shown dependence on the particular STD signals
chosen to build the corresponding binding isotherms. Indirect determinations, by competitive titrations, deliver accurate
KD values, as long as a competitive ligand, with previously known affinity, is available for the protein under study.
We have carried out a detailed study of the factors responsible for biases in KD determinations by direct STD NMR
titration experiments and have identified ligand longitudinal relaxation
and fast rebinding processes as the main sources of artifacts in KD
measurements. As a result, we have developed a new protocol based on
the use of STD initial slopes to get the binding curves, and have
demonstrated its ability to cancel out all spurious factors, allowing to get
the thermodynamic dissociation constant, independently of the
experimental conditions or chosen ligand signal (see figure).2
References:
1. Mayer M and Meyer B., Angew. Chem. Int. Ed., 38, 1784 – 1788 (1999)
2. Angulo J., Enríquez-Navas P.-M. and Nieto P.-M., Chem. Eur. J., in press (2010)
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The Lyotropic Behavior of the Catanionic Sodium Taurodeoxycholate Mixed
Micelles Studied by Means of Multinuclear NMR and Rheology
Fioretta Asaroa, Luigi Coppolab, Luigi Gentileb and Nina Savkoa
a
b

Department of Chemical Sciences, University of Trieste, Via L. Giorgieri 1, 34127, Trieste, Italy (fasaro@units.it)
Department of Chemistry, University of Calabria, Via P. Bucci, 87036 Arcavacata di Rende, Cosenza, Italy

Sodium taurodeoxycholate (STDC) is an endogenous surfactants of the bile acids salts family. Their quite peculiar
structure is responsible for the generation of numerous intriguing supramolecular architectures. Here we added to STDC
micelles a double tail cationic surfactant, either DDAB or gemini 12-6-12, at a fixed 5:1
ratio of – to + charges, with the overall surfactant concentration in the range 1-30 wt% in
D2O. The effect of the two surfactants on the STDC micelles was explored by means of
the relaxation times of 23Na and 81Br of the counterions and by 1H and 13C. 14N of the
alkylammonium head-groups resulted a very sensitive probe, able to discriminate
between the two surfactants, in fact its line-width increases at concentrations higher than
15%, and much more strongly in the 12-6-12 containing systems. The effect is due to
slower tumbling of cylindrical micelles, hindered more efficaciously by the surrounding
aggregates in the case of the gemini, as enlightened by rheological measurements.
The 2H and 23Na spectra of the LC phase formed at T< 10 °C are reported and discussed in comparison with those of
the STDC-D2O binary system1. Striking is the macroscopic helical pattern observed inside the NMR tube, provided
alignment in the magnetic field has been carried out. The whitish (black in the figure, which corresponds to photo
negative) matter is birefringent when observed between crossed polarizers. It probably corresponds to a dispersion of LC
droplets in the isotropic micellar phase and possesses such visco-elastic properties to undergo a twisting undulation under
the effect of a flow induced by the temperature gradient.
References:
1. Youssry M., Coppola L., Furia E., Oliviero C. and Nicotera I., Phys. Chem. Chem. Phys., 10, 6880 – 6889 (2008)
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Novel strategies against Anthrax toxin entry and activity
Elisa Barile, Sherida Johnson, Pedro Aza-Blanc and Maurizio Pellecchia
Sanford-Burnham Medical Research Institute, 10901 North Torrey Pines Rd. La Jolla CA 92037, (ebarile@burnham.org)

B. anthracis is a rod shaped bacterium which infects humans through the respiratory system, skin, or digestive tract
and that can be highly lethal depending upon its entry route into the human body. The bacteria release a toxin that kills
host macrophages, consisting of three virulence factors: protective antigen (PA, 83 kDa), edema factor (EF, 89 kDa) and
lethal factor (LF, 90 kDa). Although antibiotics such as ciprofloxacin are effective against B. anthracis, high levels of the
secreted toxin may remain in circulation for several days which continues to damage the host even after the bacteria may
have been killed1,2. Hence, our goals are to develop and implement novel strategies to counteract the entry and the activity
of the Anthrax toxin. Using an siRNA screen of 7,000 human genes, we have identified a number of host genes that are
essential for the entry of the toxin. These include the proprotein convertase Furin, responsible of processing PA, and
Caspase-8, whose role in toxin entry is yet not fully understood. Based on these observations, we will report on our
preliminary studies aimed at the identification of novel and effective anti-toxin agents.
References:
1. Dixon T. C., Fadl A. A., Koehler T. M., Swanson J. A. and Hanna P. C, Cell Microbiol, 2, 453 – 463 (2000)
2. Bartlett J. G., Inglesby T. V. and Borio L., Clin. Infect. Dis, 35, 851 – 858 (2002)
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Spin probe dynamics in relation to free volume and relaxation dynamics
in small molecular H-bonded glass-former: G l y c e r o l
Josef Bartoša, Helena Švajdlenkováa, Peter Lunkenheimerb and Alois Loidlb
a

Department of Structure and Physical Properties, Polymer Institute of SAS, Dúbravská cesta SK - 842 36, Bratislava, Slovak Republic
(Jozef.Bartos@savba.sk)
b
Experimental Physics V, CECM, University of Augsburg, D - 86135Augsburg, Germany

A combined study of the free volume microstructure and local dynamics in prototypical H-bonded type glass-forming
system - glycerol (GL) - by means of the spin probe method is presented. The rotation dynamics of the smallest spin probe
of nitroxide type 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) was measured by using electron spin resonance (ESR)
and the spectral parameter of mobility, 2Azz (T), and the rotational correlation time, τc (T), were compared with the
annihilation behavior of the atomistic ortho-positronium (o-Ps) probe from positron annihilation lifetime spectroscopy
(PALS) and the related free volume as well as with the relaxation one from broadband dielectric spectroscopy (BDS).
Three regions of the distinct rotation dynamics of the spin probe TEMPO in GL were found. Two regions in low - T
region within the s l o w motional regime with an acceleration at the characteristic ESR temperature, TX1, being close to
the characteristic PALS temperature, Tb1, is related to the secondary β process above Tg. The subsequent s l o w to f a s t
regime transition at the characteristic temperature, Tc ≅ T50G, both being close to the characteristic PALS temperature, Tb2,
is connected with the primary α process in the glycerol. Further, the spectral temperature parameter of mobilitt, T50G, is
connected with the o-Ps lifetime, τ3(T50G) = 2.1 ns in good agreement with the empirical rule τ3(T50G) = 2.25 ± 0.15 ns
found for a series of several van der Waals-bonded type small molecular and polymer glass-formers. This suggests that
the slow to fast transition of the TEMPO is related to free volume fluctuation of about 110 A3. Finally, in high - T region
the fast motional regime of the spin probe TEMPO is fully coupled with the structural relaxation of the glycerol matrix.
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Structure, dynamics and bioavailability of N-methylated cyclopeptides
Johannes G. Beck, Lucas Doedens, Florian Opperer, Burkhardt Laufer and Horst Kessler
Institute for Advanced Study and Center for Integrated Protein Science at the Technische Universität München, Lichtenbergstraße 4, 85747 Garching,
Germany (johannes.beck@tum.de)

N-Methylation of peptide bonds is long known and has often been used to modify biological properties of bioactive
peptides. However, it has become evident only recently that multiple N-methylation is a novel technology to improve the
pharmacological properties of peptides and in extreme cases even achieve oral bioavailability such as found for
Cyclosporin.
Here we present recent structure investigations of a melanocortin receptor subtype 1 selective fourfold N-methylated
MT-II derivative,1 of a cyclic fourfold N-methylated somatostatin analog and of a number of N-methylated
cyclohexaalanine cyclo(-a-A-A-A-A-A-) peptides. N-methylation led to a decreased flexibility of some of the
cyclopeptides under investigation, which was recognized immediately by an increase in the dispersion of otherwise
similar chemical shifts (e. g. of α protons). When the solution conformation stabilized by N-methylation was similar to
the receptor bound state, high potency and receptor subtype selectivity were obtained. Interpretation of the
cyclohexaalanine peptides bioavailability as monitored by diffusion over Caco-2 monolayers in terms of a structural
model is less straight forward. Currently, a model is under development that correlates the bioavailability of the
cyclohexaalanine peptides with their structural and dynamical properties.
References:
1. Doedens L., Opperer F., Minying C., Beck J. G., Dedek M., Palmer E., Hruby V. J. and Kessler H., J Am Chem Soc, in press (2010)
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Practical Aspects of Timecourse DOSY
Adolfo Botanaa, Maryam Khajeha, Michael A. Bernsteinb, Mathias Nilssona and Gareth A. Morrisa
a
b

School of Chemistry, The University of Manchester, Oxford Road, Manchester, M13 9PL (adolfo.botanaalcalde@postgrad.manchester.ac.uk)
AstraZeneca, R&D Charnwood, Bakewell Road, Loughborough, LE11 5RH

Analysis of chemical reactions is a daunting task which has been tackled by a variety of methods with different
degrees of success and complexity. One of the latest methods is Timecourse DOSY,1,2 which aims to extract NMR
spectra, diffusivities and kinetic information through PARAFAC (Parallel Factor analysis).3 In order to perform this
multiway decomposition it is necessary to obtain high quality data. Critical requirements such as temperature stability and
sufficient signal-to-noise ratio are discussed, along with illustrative examples at the limits of successful decomposition. A
Matlab-based toolbox has been created to facilitate the task of pre-processing data to optimise data quality and to postprocess PARAFAC results, providing publication quality plots with minimal intervention.
References:
1. Khajeh M., Botana A., Bernstein M. A., Nilsson M. and Morris G. A., Anal. Chem., 82, 2102 – 2108 (2010)
2. Nilsson M., Khajeh M., Botana A., Bernstein M. A. and Morris G. A, Chem. Commun., 10, 1252 – 1254 (2009)
3. Bro R., Chemom. Intell. Lab. Syst., 38, 149 – 171 (1997)
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Determination of the Conformation of the Key-Intermediate of a Pd-catalyzed
allylic substitution from RDCs
Benjamin Böttchera, Volker Schmidtsa, Jevgenij A Raskatovb and Christina M. Thielea
a

Technische Universität Darmstadt, Clemens Schöpf Institut für Organische Chemie und Biochemie, Petersenstr. 22, 64287 Darmstadt, Germany
(bb@punk.oc.chemie.tu-darmstadt.de)
Organisch-Chemisches Institut, Universität Heidelberg, Im Neuenheimer Feld 270, 69120 Heidelberg, Germany

b

Residual Dipolar Couplings (RDCs) are becoming increasingly important in the determination of configuration and
conformation – including conformational flexibility1,2 – of small organic
compounds.3 Until recently, however, RDCs have not been applied to gain
insight into conformational analysis of reaction intermediates.4
Here we report on the determination of the conformation of the intermediate
1, which could not be determined based on conventional NMR restraints.
We therefore oriented the very sensitive intermediate 1 in high molecular
weight PBLG5 and fitted several 1DC-H to possible diastereomorphous
representations of conformers. This resulted in a much better fit for one
conformer than for the others. As a cross-validation, we examined each fragment of the complex individually and
determined their orientation with respect to each other using local orienting tensors.3,4 With the RDC data we also
obtained the populations of the diastereomorphous conformations of the flexible cyclohexenyl ring of 1.4
References:
1: Thiele C. M., Marx A., Berger R., Fischer J., Biel M. and Giannis A., Angew. Chem. Int. Ed., 45, 4455 – 4460 (2006); Schütz A., Junker J., Leonov
A., Lange O. F., Molinski T. F. and Griesinger C., J. Am. Chem. Soc., 129, 15114 – 15115 (2007); Thiele C. M., Schmidts V., Böttcher B., Louzao I.,
Berger R., Maliniak A. and Stevensson B., Angew. Chem. Int. Ed., 48, 6708 – 6712 (2009)
2: Thiele C. M., Maliniak A. and Stevensson B., J. Am. Chem. Soc., 131, 12878 – 12879 (2009)
3: Thiele C. M., Eur. J. Org. Chem., 5673 – 5685 (2008); Thiele C. M., Concepts Magn. Reson., 30A, 65 – 80 (2007)
4: Böttcher B., Schmidts V., Raskatov J. and Thiele C. M., Angew. Chem. Int. Ed., 49, 205 – 209 (2010)
5: Marx A. and Thiele C. M., Chem. Eur. J., 15, 254 – 260 (2009)
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In situ oxidation of sulfides to sulfoxides and sulfones. Determination
of sulfoxide configuration using NMR spectra and DFT calculations
Miloš Buděšínský, Martin Dračínský, Radek Pohl, Lenka Slavětínská and Soňa Kovačková
Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, Flemingovo 2, CZ-166 10 Prague 6, Czech Republic
(budesinsky@uochb.cas.cz)

The interest in determining the absolute configuration of chiral compounds stems from the fact that it often determines
important chemical and physical properties, biological activities and pharmaceutical use of these compounds.
Direct NMR methods for configuration determination (J-values, NOE) cannot
chemical shifts induced by oxidation
be used in the case of sulfoxides. Indirect methods based on the formation of
dynamic diastereomeric complex with some chiral reagents showed as not
reliable. Therefore we decided to develop a method combining experimental and
ab initio calculated chemical shifts for distinguishing of the S=O group
configuration.
Sulfoxides and sulfones can be efficiently prepared by in situ oxidation of
corresponding sulfides with meta-chloroperbenzoic acid (MCPBA) in NMR tube
without separation and isolation. Different methods of calculation were tested on
simple model compounds1. Here we present our results obtained with sulfoxides
of 1,6-anhydro-β-D-thiahexopyranoses, cyclodipeptides with thiapipecolic acid
containing a sulfur atom in various position of the ring, 4-tert-butyl-thiane and thiaadamantanes. It can be shown that 1H
and namely 13C chemical shift differences, induced by oxidation of sulfide to sulfoxide, are characteristic for given
configuration of S=O group. Our results show a very good agreement between experimental and DFT calculated chemical
shift differences even for computationally “cheap” methods.
References:
1. Dračínský M., Pohl R., Slavětínská L. and Buděšínský M., Magn.Reson.Chem., in press (2010)
Acknowledgments: Financial support from Czech Science Foundation (project 203/09/1919) is acknowledged.
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‘Solution State Crystallography’ Quantitative 3D Molecular Structure
Determination by NMR Spectroscopy
Craig P. Butts and Jeremy N. Harvey
School of Chemistry, University of Bristol, Cantocks Close, BS81TS,Bristol, United Kingdom (Craig.Butts@bris.ac.uk)

De novo 3D molecular structure elucidation in solution is demonstrated using data derived only from NMR
spectroscopy without the need to pre-determine the bonding skeleton.
A purely distance-geometry approach is used whereby internuclear
distances are employed to generate both connectivity and conformational
information simultaneously on the basis of NMR spectroscopic data. We
demonstrate that rigid interproton distances can be determined from NOE
data with accuracies of <0.1 Angstroms in most cases, allowing
discrimination between myriads of possible skeletal isomers without the
need to pre-determine the bonding skeleton. The methodology is equally
appropriate to flexible systems and over a range of molecular frameworks
– limitations and applications will be discussed.
Remarkably this technique works without relying on interpretation of
traditional solution-state semi-qualitative information such as chemical
shift or coupling constants, although these could aid connectivity
determination in more complex cases. This solution-state technique
complements the high precision and intermolecular information available
from solid-state crystallography, with structure elucidation in a more convenient state of matter.

__________________________________________________________________________________________________

P434

New findings in the understanding of Red wine astringency using NMR tools
Olivier Calaa, Noël Pinaudb, Eric Fouquetb, Michel Laguerrea, Erick J.Dufourca and Isabelle Pianeta,b
a
Chimie & Biologie des Membranes et des Nanoobjets, UMR 5248, CNRS, Université Bordeaux, ENITAB, 2 rue Robert Escarpit, 33607 Pessac France
(o.cala@iecb.u-bordeaux.fr)
b
ISM – CESAMO, UMR 5255, CNRS, Université Bordeaux1, 351 cours de la libération 33405 Talence cedex, France

Astringency characterized by a dry, rough or even pucker sensation, is considered as a proof of red wine quality.
During half a century, studies proposed that this sensation is the result of an interaction between tannins (mainly
procyanidins) and saliva proteins1 (mainly Proline-Rich Proteins (PRPs)). Procyanidins are polymers of flavan-3-ol that
are drastically polydisperse in size and chemical structure. The aim of the present work is to establish an affinity scale
between various chemically synthesized procyanidins2 (four different C4-C8 dimers, and a trimer) and a representative
Proline-Rich Protein model peptide3: IB714 which is a 14 residues fragment of the whole IB7 PRP containing three such
repetitive units. Different NMR approaches were used in a wine mimicking medium in order to characterize this
interaction: chemical shift variation and DOSY experiments were performed in parallel with all-atoms molecular dynamic
calculations. For the first time, we have been able to build an affinity scale.
Results show that the higher the polymerization degree, the more dynamic the
3D structure, the stronger the affinity. Secondly, we show that tannin-protein
complexes could be formed in two ways. Below their CMC, tannins bind
specifically to salivary proteins. Above the CMC, the specific interactions are
still present, but tannins can also form micelles and create hydrophobic
interactions. Finally, we evidenced a possible macromolecular networking,
leading to precipitation of the complexes in relation with the astringency scale.
C2 and B2 tannins precipitate IB714 whereas B3 does not.
References:
1. Bate-Smith E. C., Food, 23, 124 (1954)
2. Tarascou I., Barathieu K., André Y., Pianet I., Dufourc E. J. and Fouquet E., Eur. J. Org. Chem., 23, 5367 – 5377 (2006)
3. Simon C., Pianet I. and Dufourc E. J., J. Pept. Sci., 9, 125 – 131 (2003)
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Comparison of Chromatographic NMR and Liquid Chromatography
Caroline Carrara, Guilhem Pages, Corinne Delaurent, Stéphane Viel and Stefano Caldarelli
Université Paul Cézanne (Aix-Marseille III), Institut des Sciences Moléculaires de Marseille ISM2 UMR CNRS 6263. Faculté des Sciences et
Techniques, Service 512 13397 Marseille Cedex 20 France Current address: Division of Physical Chemistry, Department of Chemistry, Royal Institute
of Technology / KTH, Teknikringen 36, SE-10044 Stockholm Sweden (s.caldarelli@univ-cezanne.fr)

The association of the addition of a chromatographic-like solid phase support and of DOSY experiments can provide
enhanced discrimination in the analysis of mixtures by NMR.1 This Chromatographic NMR has been shown to be even
able to outperform LC in specific cases.2 The reason for such possible difference is unveiled in this presentation, being
linked to the phase ratio. In the course of this study, the interplay of vapor, liquid and adsorbed phases in determining the
mass transport in porous materials were highlighted.3
These theoretical findings allow a more accurate comparison between LC and Chromatographic NMR, which thus can
be also used as a prediction tool for column behavior and classification. Examples along these lines will be shown.
References:
1. Viel S., Ziarelli F. and Caldarelli S., Proc. Natl. Acad. Sci. U.S.A., 100, 9696 – 9698 (2003)
2. Pages G., Delaurent C. and Caldarelli S., Angew. Chem., 45, 5950 – 5953 (2006)
3. Carrara C., Pages G., Delaurent C., Viel S. and Caldarelli S., submitted
Acknowledgments: We are grateful for financial support to the Agence National de la Recherche (Grant ANR-08-BLAN-273-01) and to Region PACA
(APO-G 2009).

__________________________________________________________________________________________________

P436

Prediction of 13C and 15N chemical shifts by DFT-GIAO QM methods: Application
to Structure Elucidation of some Heterocyclic Compounds
Stefano Chimichia, Marco Boccalinia, Alessandra Matteuccia, Sergey V. Kharlamovb, Shamil K.
Latypovb and Oleg G. Sinyashinb
a

Department of Chemistry, University of Firenze, Via della Lastruccia 13,50019 Sesto F.no,Italy (stefano.chimichi@unifi.it)
A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Center, Russian Academy of Sciences, Arbuzov str. 8, Kazan, 420088,
Russian Federation
b

The GIAO (Gauge Including Atomic Orbitals) DFT (Density Functional Theory) method is applied at various levels
of theory for the calculation of 13C and 15N chemicals shifts for some heterocyclic systems. Prediction of chemical shifts
appears to be accurate and useful; the comparison between experimental and theoretical
data is performed using the linear regression method. Thus, we were able to confirm the
regiochemistry of the reaction products of some acylderivatives with 1,2bisnucleophiles1,2 whose structures have been determined also by 1D- and 2D NMR
experiments (HSQC, HMBC, H2BC, 1D-NOESY).3 For the “right” assignments almost
perfect correlations (0.999-1.000) between experimental and theoretical data are obtained
and the “correct” structure can be unambiguously chosen between the possible isomers
just by comparison of carbon CSs. Analysis of 15N CSs is also particularly useful and
there is no need of detailed assignment as for 13C. In this communication we will extend
the analysis to the reaction of the same substrates with 1,4-bisnucleophiles like ethane1,2-diamines and 2-aminoethanol for the obtainment of seven mebered fused
heterocyclic systems with potential biological activity.
References:
1. Latypov Sh., Balandina A., Boccalini M., Matteucci A., Usachev K. and Chimichi S., Eur. J. Org. Chem., 16, 4640 – 4646 (2008)
2. Chimichi S., Boccalini M., Matteucci A., Kharlamov S. V., Latypov Sh. K. and Sinyashin O. G., Magn. Reson. Chem., accepted (2010)
3. Chimichi S., Boccalini M. and Matteucci A., Tetrahedron, 64, 9275 – 9279 (2008)
Acknowledgments: Sh. L. acknowledges the Russian Foundation for Basic Research (Grants no. 09-03-00123-a).
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NMR Crystallography of Heteroorganic Host-Guest Complexes
Katarzyna Nowickaa, Włodzimierz Ciesielskia, Grzegorz Bujaczb, Anna Bujaczb, Adam Sobczukc,
Janusz Jurczakc and Marek J. Potrzebowskia
a

Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences,Sienkiewicza 112, 90-363 Lodz, Poland, (wlocie@cbmm.lodz.pl)
Technical University of Lodz, Institute of Technical Biochemistry, Stefanowskiego 4/10, 90-924 Lodz
c
Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 50, Warsaw, Poland

b

Host–guest chemistry describes supramolecular systems in which one chemical compound (the "host") forms a cavity
in which molecules of a second compound ("guest") are located. In such complexes, two or more molecules (or ions) are
held together in unique structural relationships by forces other than covalent bonds. They are often used as models for
understanding the three-dimensional structure of large molecules (such as proteins, nucleic acids) which in many
biological processes bind specifically but transiently to one another. In this communication we show that approach called
“NMR crystallography” is invaluable for analysis of host-guest systems. NMR crystallography incorporates the wide
variety of information available in solid-state NMR experiments into the process of crystal structure determination.
Employing two host systems; N-(4,19-dioxo-2,8,15,21-tetraoxa-5,18-diazatricyclohexacosa-1(25),9(14),10,12,22(26),23hexaen-26-yl)-benzamide and bis[6-O,6-O'-(1,2;3,4-diisopropylidene-α-D-galactopyranosyl) thiophosphoryl] dichalcogenides (with S-S, S-Se and Se-Se in dichalcogen bridge) we show that the number of 13C, 15N and 31P peaks and their
relative intensities reflect the number and occupancies of unique crystallographic sites in the structure and may be used to
identify possible space groups. 13C NMR provides information about quantity of organic guest molecules incorporated
into host lattice for multi-component systems. 31P-31P PDSD and POST-C7 2D correlations provide information about
connectivities and distances between atoms, in the form of dipolar couplings between nuclei. Analysis of 13C and 15N
principal elements of chemical shift tensors is used to analyze strength of nonbonding interactions (hydrogen bonding).
The example showing that vapors of guest molecules are able to change space group of solid host molecules is impressive.
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Interaction of Ln3+ – Based MRI Contrast Agents with HSA using Saturation
Transfer Difference NMR Techniques
David M. Diasa, João M. Teixeiraa,b and Carlos F. G. C. Geraldesa
a
b

Department of Life Sciences and Center of Neurosciences, University of Coimbra, P.O. Box 3046, 3001-401 Coimbra, Portugal
CERM, University of Florence, Via L. Sacconi, I-50019 Sesto Fiorentino, Italy (teixeira@cerm.unifi.it)

Saturation transfer difference (STD) NMR1 allows the direct study of the interaction between ligands and proteins.
This method was applied to interaction studies of potential angiographic MRI contrast agents with human serum albumin
(HSA), providing powerful data to study kinetics and binding sites of ligands to the protein, the validation of binding
epitopes, and estimation of affinity constants. The ligands studied in the present work were La(BOPTA), La(DTPAcholate) and La(NAPHTO-EGTA). Competitive assays with two known inhibitors (warfarin and ibuprofen) were
performed to identify the binding sites of the compounds. It was found that the binding of La(BOPTA) and La(DTPAcholate) occurs mainly through site I of HSA. However, La(NAPHTO-EGTA) was not displaced by either of the two
inhibitors, indicating that its binding occurs at a different HSA site, that is neither site I nor II. We also used STD-NMR to
show that one can distinguish between two enantiomers of the same lanthanide complex, SSS-(Δ)-[Y.L1]3+ and RRR-(Λ)[Y.L2]3+, in their binding to HSA.2 Knowing that recent crystallographic studies of HSA complexes have suggested that
“drug site II” is the most stereo-differentiating binding site, we used the inhibitor dansyl sarcosine to perform competitive
STD studies, which confirmed this as the binding site of both enantiomers.
References:
1. Mayer M. and Meyer B., Angew. Chem. Int. Ed, 38, 1784 – 1788 (1999)
2. Montgomery C. P., New E. J., Parker D. and Peacock R. D., Chem. Commun., 4261 – 4263 (2008)
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Due to thhe widespreadd diffusion of magnetic resoonance (MR) equipment, itt is sometimess difficult to keep
k
track of all
a
the magneticc resonance innstrumentation available inn a country. Paradoxically
P
, while a highh number of recent and leess
recent instruuments may be
b present in a country arrea, they are often unknow
wn to the
occasional user
u
(and soometimes eveen to some specialists), because off lack of
communicatiion within thee scientific com
mmunity. Thee problem may
y be exacerbatted by the
well knownn “bad practiics” of lettinng informatioon spread on
nly within groups
g
of
“homogeneoous” scientistss, so that – so to speak – chemists talk
t
only to chemists,
physicists to physicists andd so on.
As a step toward the soolution of thiss problem, the GIRM (the In
nterdivisional Group of
Magnetic Reesonance of thhe Italian Chem
mical Society)) has begun a project calledd MyMRs
(http://www.soc.chim.it/grruppi/girm/myymrs), based on
o the well kn
nown Google maps, by
which the MR
M instruments are graphicaally displayedd as placehold
ders with diffeerent colors (yyellow = NMR
R spectrometeer,
red = relaxom
meter, green = EPR spectroometer, blue = MRI equipm
ment). All releevant informattion is obtaineed from the MR
M
community through
t
a form
m connected to
t a spreadsheeet via the “G
Google docs” web
w site, convverted to KML
L format withh a
simple BASH
H script and eventually
e
shoown in a baloon when a plaaceholder is clicked.
c
The aauthors – who
o are member of
the GIRM booard – thank all
a Italian and foreign colleggues who will want to proviide data aboutt their MR equ
uipment.
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gvjdsilv@usp.br)
Departamento de Química, Univversidade Federaal de Mato Grossoo do Sul, CP 549
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Departamento de
d Física e Quím
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C
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Advancess on natural products chem
mistry requires that ever smaall amounts off compounds tto be considerred for structuure
elucidation. Considering
C
the central role that NMR plays
p
for struccture elucidatiion in organicc chemistry, ob
btaining specttra
with good siignal-to-noisee ratio is an essential
e
requuirement. The trivial solutioon is to increease the signaal-to-noise rattio
through signnal averaging. In this scenaario of alwayss shrinking av
vailable samples, however, the time req
quired for signnal
averaging to obtain a desiirable 13C NM
MR spectra caan eventually become too long
l
to be carrried out: sincce the S/N rattio
increases as √n, where n is the numbber of scans, an increase of
o S/N of onee order of maagnitude requ
uires a 100-foold
acquisition time!
t
The quuest for higheer sensitivity has always been an intrinsic part off the developm
ment of NM
MR,
concerning either
e
instrum
ments and proccessing techniiques. Improv
vements in insstrumentationn, especially in
n probe desiggn,
has providedd a steady incrrease in sensitiivity.
On the other
o
hand, thhe enhancemeent of spectraa through dataa processing, such as the use of windo
ow functions, is
routinely useed in 13C NM
MR. Indeed, thhe extraction of
o clean signaal from noise--contaminatedd data is of crucial interest to
many fields of science annd technologyy. A method developed
d
by Kunikeev annd Taylor callled harmonic inversion noiise
reduction usees a noise reduuction pre-proocessor to “cleean” data follo
owed by a harrmonic inversiion spectral esstimator.1
We have successfully applied
a
the idea of a noise reduction
r
pre--processor to the
t analysis oof natural prod
ducts. Data weere
b single valuue decompositiion (SVD) usiing Mathlab®
®. The filtered
d data were latter
subjected to a noise reducttion process by
s
as willl be shown.
Fourier transsformed to yieeld the enhancced (filtered) spectra,
References:
D and Taylor H. S., J. Phys. Chem
m. A, 108, 743 – 753
7 (2004)
1. Kunikeev S. D.
ES, FAPESP.
Acknowledgmennts: CNPq, CAPE
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Optimisation of Conditions for Accurate Diffusion NMR Measurements
Nichola L. Davies and Fiona Addison
Discovery Chemistry, Pfizer PGRD, Ramsgate Road, Sandwich, Kent, CT13 9NJ, UK (Nichola.L.Davies@pfizer.com)

Diffusion Ordered NMR spectroscopy (DOSY) is used to observe the self-diffusion of a molecule in solution,1 which
is related to a range of physical properties, including size, shape and aggregation. This technique is being applied to many
areas of chemistry including mixture analysis, reaction monitoring, molecular association, and MWt estimates,2 some of
which involve quantitative analysis of the measured diffusion coefficient. However, particularly in low viscosity solvents,
these measurements can be inaccurate due to the presence of convention.3 This poster describes a simple experimental
method to detect convection, and recommendations on sample preparation to minimise such effects. We also propose a
method to correct data that has over-estimated diffusion coefficients due to convention.
We demonstrate how the acquisition of DOSY measurements can be readily automated, increasing the throughput of
such analysis. We also highlight how the use of a Matrix-Assisted DOSY4 can be used to enhance resolution of species
with similar diffusion coefficients.
References:
1. Johnson Jr. C. S., Prog. Nucl. Magn. Reson. Spectrosc., 34, 203 – 256 (1999)
2. Cohen Y., Avram L. and Frish L., Angew. Chem. Int. Ed., 44, 520 – 554 (2005)
3. Goux W. J., Verkruyse L. A. and Salter S. J., J. Magn. Reson., 88, 609 – 614 (1990)
4. Evans R., Haiber S., Nilsson M. and Morris G. A., Anal. Chem., 81, 4548 – 4550 (2009)
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Study of a NOP Receptor Antagonist in Interaction with Cellular Membrane
Models
Anna Borionia, Maurizio Delfinib, Giuditta Bastanzioa, Fabio Sciubbab and Maria Rosaria Del
Giudicea
a
b

Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Roma, Italy
Department of Chemistry, Università La Sapienza, Piazzale Aldo Moro 5, 00185 Roma (Maurizio.delfini@uniroma1.it)

The NOP receptor belongs to the family of the G-coupled opioid receptors which have
been demonstrated to form omo end heterodimer on their activation. Bivalent ligands
potentially acting on dimer receptors are a unique possibility of eliciting different cellular
response in respect to the activation of the monomer.
The bivalent ligand selected for this study consists of a monomeric moiety
corresponding to the non competitive NOP antagonist JTC-801 [N-(4-amino-2methylquinolin-6-yl)-2-(4-ethylphenoxymethyl)benzamide] and a diaminopropane spacer Ligand conformation in the
(Figure 1). It maintains the monomer affinity in the nanomolar range (IC50 31 nM) and it presence of liposomes
is also active as a non competitive selective antagonist of the NOP receptor.
High resolution 1D and 2D tr-NOESY NMR experiments were performed to calculate the internuclear distances
within the ligand structure in the presence of DPC micelles and DMPC/cholesterol liposomes mimicking the cellular
membrane.
Distances from NMR data were used as conformational restraints for molecular modelling calculations and the
preferred conformations of the ligand in interaction with the membrane models were predicted.
References:
1. Lucio M., Lima J. L. F. C. and Reis S., Curr. Medicinal Chemistry, 17, 1795 – 1809 (2010)
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py
Pavletta Denkovaa,b, Denitsa
D
Mom
mekovac, Sttanislav Ran
ngelovd, Nikkolay Lambbovc and Ru
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b
Willem
a
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P
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B
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my of Sciences, Acad. G. Bonchev Str. Bl.9, 1113
Sofia, Bulgaria (psd@orgchm.baas.bg)
b
High Resolution NMR Centre (H
HNMR), Departm
ment of Materials and Chemistry (M
MACH), Vrije Unniversiteit Brussel, Pleinlaan 2, B--1050 Brussels,
Belgium
c
Department of Pharmaceutical
P
T
Technology
and Biopharmaceutic
B
s, Medical Univeersity-Sofia, 2 Dunav Str., 1000 Sof
ofia, Bulgaria
d
Institut of Polym
mers, Bulgarian Academy
A
of Sciennces,103-A acad. G.Bonchev Str., 1113 Sofia, Bulggaria

The preseent investigattion explores the scope andd applicability
y of DOSY foor the investiggation of steriically stabilized
liposomes coomposed of DPPC, cholesteerol and diblock PEG based
d copolymers with short lippid mimetic un
nits. DOSY was
w
applied for discriminationn between thhe liposomes and micelles formed in liposome
suspension and
of their sizee. The relativ
a for the determination
d
ve amount off polymer
incorporated in liposomess and in micellles, an imporrtant characterristic of thesee systems,
was also dettermined. Lidoocaine HCl enncapsulation and
a release were
w
monitored through
time dependeence of the difffusion profilees.
Mean hyddrodynamic diameters
d
of 120 nm and 388 nm were dettermined for liposomes
l
and micelles, respectively. The relative fractions of polymer
p
incorp
porated into liiposomes,
micelles andd other smallerr aggregates obey
o
the ratio 88:11:1. Witthin 24 hours,, about 10
% of the quaantity of lidocaaine encapsulaated in liposom
mes is released in the volum
me phase.
Thus, DO
OSY is suitaable for deterrmining liposome sizes an
nd discriminaating betweenn all structurees generated in
liposome susspensions. Thee main advanttage of DOSY
Y using a high
h-intensity graadient probe ((max. ca 1200
0G/cm) is thatt it
allows to dettermine precissely very low
w diffusion coeefficients and
d to investigatte the restricteed diffusion of
o internal watter
phase, not acccessible using standard meethods. In adddition DOSY turns out to be
b very convennient for traciing drug releaase
kinetics and could be partiicularly usefull for the invesstigation of dru
ug release witthout appropriiate chromoph
hore systems.
__________________________________________________________
___________________________________
______________

P444

Degradaation of Lu
uminol, Epr
E and Electronic
E
Structurre Calculaation in th
he
Characteerisation of Carboxxyphenyllporphyrins
Gilma Graanados-Oliverosa, Edgaar A. Páez-M
Mozoa, Fern
nando Martínnez-Ortegaa, Marilene T.
b
b
b
b
Piccinato , Fausto N. Silva , Carm
men L. B. Guedes
G
, Ed
duardo Di Mauro
M
, Marrcello F. da Costac and
André T. Ota
O c
CICAT, Escuelaa de Química, Unniversidad Industtrial de Santander, AP 678, Bucarramanga, Colombbia
LAFLURPE, Universidade
U
Estaadual de Londrinaa (UEL),C. P. 60001, 86051-990, Londrina,
L
PR, Braazil (dimauro@ueel.br)
c
LBMM, Laboraatório de Biofísicaa e Mecânica Moolecular,UEL, Londrina, PR, Brazzil
a
b

Metal carrboxyphenylporphyrins: TccPPM, M = H,, Fe, Co, Ni, Cu,
C and Zn, free and anchorred on TiO2 were
w synthesized
and characteerized by degrradation of luuminol, EPR spectroscopy and electronnic structure ccalculation. Th
he EPR specttra
were measurred in X- (9 GHz)
G
and Q-bands (34 GH
Hz) at room temperature
t
a at 77 K. The EPR speectra of TcPPH,
and
TcPPCo, TcP
PPNi and TcPPZn exhibitted only one line attributed
d to free radiicals, while inn TcPPM ancchored on TiO
O2
(TcPPM/TiO
O2) the signal showed loweer intensity thaan the free po
orphyrins (aboout of 300 tim
mes less inten
nse), which is in
agreement with
w the number esteem of molecules in the free and anchored porpphyrins. The EPR spectra of TcPPCu annd
TcPPFe exhiibited resolved lines of Cu and Fe speciies respectivelly. For TcPPC
Cu, the spin H
Hamiltonian parameters
p
weere
accurately deetermined: g⁄⁄=2.186;
=
g⊥=2.0055; A⁄⁄=183 Gauss;
G
A⊥=8 Gauss and A’’Cu-N~16 Gausss. EPR spectrra indicated thhat
the bond forrmed betweenn the carboxyll group of thee porphyrins and
a TiO2 did not influence the signals of
o the porphyrrin
ring. The callculated Hfcc’s showed ann excellent agrreement with experimentall results. The degradation of
o luminol wiith
visible light evidenced thhe formation of superoxidee anion radicaals (O2•-) witth M-tetra(4-ccarboxypheny
yl)porphyrins in
solution (TcP
PPM) and annchored on TiO2 (TcPPM//TiO2). Suppo
orted porphyriins showed hhigher photoactivity than the
t
porphyrins inn solution.
Acknowledgmennts: COLCIENC
CIAS and CAPES
S for the financiaal support of gran
nts; and the EPR
R Division of Bruuker-BioSpin Gm
mbH (Germany) for
recording the EP
PR spectra in Q-bband.
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Intermollecular hJ Scalar Couplings
C
Provide an Insigh
ht into thee Geometrric
Arrangement in the Hydroogen Bond
ding Netw
work of Acylguanid
A
dines
Diana Dretttwan, Guiddo Federwissch, Roland Kleinmaierr and Ruth M.
M Gschwinnd
Department of Organic
O
Chemistrry, University of Regensburg,
R
930440 Regensburg, Germany,
G
(Dianaa.Drettwan@chem
mie.uni-regensburrg.de )

Despitee the crucial role of H-boonding netwoorks in enzym
matic reactionns,
ligand recognition and
a organocatalysis, the ddetailed underrstanding of HH
bondingg in solution is
i rather limited. The effectt of acylation of guanidiniuum
moietiees on the bind
ding mode andd H-bond streengths has been investigateed,
becausee acylguanidiines provide significantly improved ph
harmacokineticcs,
activitiees and selectiv
vities in severral receptor fam
milies.1
Usinng an artificiaal arginine recceptor, initiallly developed by
b T. Schradeer,2
as a model
m
system,, we were abble to detect hydrogen bo
onds directly to
individdual guanidinee and acylguanndine protons with the help of 1D- and 2D
D1
H,31P-HMBC.3,4 Th
he quantificatiion of 1D, 2D
D and 3D corrrelations caused
by 2hJHP
e first time inn non-biomoleecules, 3hJNP-ccouplings, leaads
H and, for the
a
o the NH-OP H-bonds and indicates an eend-on bindin
of
ng mode.
ultimately to an insight intto the spatial arrangement
s
be inveestigated, thus a more deetailed undersstanding of the
t
The effect of carboxxylation of thhe tweezers shall
i
the bindinng motives of
o the guanidine
correspondinng binding mootives may bee reached, leaading to expliicit insights into
function in G-protein
G
couppled receptors.
References:
1. Michel M. C. (ed.), Handbookk of Exp. Pharmaccol., Vol. 162, Sppringer, Berlin, Heidelberg
H
(2004))
C
Eur. J., 3, 1537 – 1541 (1997)
2. Schrader T., Chem.
3. Gschwind R. M., Armbrüster M.
M and Zubrzyckki I. J., J. Am. Cheem. Soc., 126, 102
228 – 10229 (20004)
G Kleinmaier R.,, Drettwan D. andd Gschwind R. M.,
M J. Am. Chem. Soc., 130, 168466 – 16847 (2008)
4. Federwisch G.,
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Metaboliic signatu
ures of lun
ng cancerr in bioflu
uids: an NMR-meta
N
abonomiccs study
a
Cláudia Roochaa, Joanaa Carrolaa, António
A
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B
, An
na M. Gila, Brian
B
J. Gooodfellowa, Isabel
I
M.
b
c
c
b,c
b,c
a
Carreira , João
J
Bernarrdo , Ana Gomes
G
, Vitoor Sousa , Lina Carvaalho and Ioola F. Duartte
a

Department of Chemistry (CICE
ECO/QOPNA), University
U
of Aveirro, 3810-193 Aveeiro, Portugal (ioladuarte@ua.pt)
Faculty of Meddicine (IBM/IAP), University of Cooimbra, 3004-5044 Coimbra, Portu
ugal
c
University Hosppitals of Coimbraa (HUC) E.P.E., 3000
3
Coimbra, Portugal
P
b

Lung canncer is the leaading cause off cancer deathh, its poor pro
ognosis being related to asyymptomatic deevelopment annd
late detectionn. Hence, therre is great neeed for novel biomarkers
b
th
hat can aid in the early deteection of lung
g cancer. In thhis
study, NMR-metabonomiccs, which hass established value
v
in onco
ology researchh,1 is applied for investigating lung canccer
metabolic siggnatures in bloood plasma annd urine.
Biofluid samples from
m lung canceer patients (nn=70) and a control
c
healthhy group (n=
=61) were analysed by higgh
resolution 1H NMR (5000 MHz), andd their specttral profiles subjected
s
to multivariate statistics, naamely Princippal
Component Analysis
A
(PCA
A), Partial Leaast Squares Discriminant
D
Analysis
A
(PLS--DA) and Orthhogonal Projeections to Lateent
Structures (O
OPLS)-DA. Inn the case of blood plasma, OPLS-DA
O
ressulted in reasoonable discrim
mination betweeen patients annd
controls, maiinly due to increased levelss of lactate, gllycoprotein an
nd LDL+VLD
DL, and lowerr levels of HD
DL and histidine
in cancer com
mpared to healthy subjectss. Interestinglyy, very good discrimination between caancer and conttrol groups was
w
achieved by multivariate modeling off urinary proffiles. The mettabolites conttributing to cclass separatio
on were mainnly
creatinine, phenylacetylgl
p
lycine, citratee, dimethylam
mine (elevated
d in patients)), and hippurrate, N-methy
ylnicotinate annd
creatine (reduuced in patiennts relatively to
t controls). These
T
results show,
s
for the first time to oour knowledgee, the promisinng
potential of NMR-metaboonomics for finding
f
putativve biomarkerss of lung canncer in biofluiids, collected in a minimallly
invasive wayy, which mayy have imporrtant diagnosttic/prognostic impact. Corrrelations betw
ween the bioffluids metabollic
profiles and the
t tumours histological
h
typpe and stage are
a also explorred.
References:
1. Spratlin J. L.,, Serkova N. J. annd Eckhardt S. G.., Clin Cancer Rees, 15, 431 – 440 (2009)
CT/PTDC/QUI/668017/2006, SFR
RH/BD/63430/20009); INDASA forr collaboration in biofluid collectioon.
Acknowledgmennts: FCT-Portugaal, for funding (FC

3667

7. Posters
__________________________________________________________________________________________________

P447 (∗)

Heat-Bath Cooling of Spins in Amino Acids
Yuval Eliasa, Haggai Gilboaa, Tal Morb and Yossi Weinsteinc
a

Schulich Faculty of Chemistry, Technion, 32000, Haifa, Israel (ye1@technion.ac.il)
Department of Computer Science, Technion, 32000, Haifa, Israel
Department of Physics, Technion, 32000, Haifa, Israel

b
c

Algorithmic cooling of spins1 generates, without external cooling, spin ensembles that are highly polarized in
magnetic fields. We applied heat-bath cooling,2 a key building block of algorithmic cooling, to 1,2-13C2-amino acids
(glutamic acid and glycine), where the α protons relax much faster than C1. For each
amino acid, both 13C signals were enhanced simultaneously. In addition, the total entropy
of each spin-system (including all protons) was reduced following a significant delay
before measurement, thus bypassing Shannon’s entropy bound. The effect of adding
Magnevist®, a gadolinium-based contrast agent, was evaluated.
The pulse sequences used for heat-bath cooling of glycine and glutamic acid are
expected to be suitable for other amino acids. More extensive heat-bath cooling and
algorithmic cooling are potentially feasible in the presence of Magnevist or other
paramagnetic MRI contrast agents. Algorithmic cooling holds the potential to improve in
vivo 13C spectroscopy of slow metabolic processes not accessible by hyperpolarization.
References:
1. Boykin P. O., Mor T., Roychowdhury V., Vatan F. and Vrijen R., Proc. Natl. Acad. Sci. U.S.A., 99, 3388 – 3393 (2002)
2. Brassard G., Elias Y., Fernandez J. M., Gilboa H., Jones J. A., Mor T. and Xiao L., arXiv:quant-ph/0511156 (2005)
Acknowledgments: We thank Dr Dorith Goldsher for a sample of Magnevist. This research was supported by the Israeli Ministry of Defense, the
Promotion of Research at the Technion - Israel Institute of Technology, the Wolfson Foundation, and the Institute for Future Defense Research.
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In solution NMR studies reveal enhanced affinity of anti HIV-1 antibody 2G12 for
multivalent gold-glyconanoparticles compared to monovalent glycan ligands
Pedro M. Enriquez-Navasa, Marco Marradia, Olga Martínez-Avilaa, Jesús Angulob and Soledad
Penadésa
a
b

CIC-BiomaGUNE, CIBER-BBN Paseo Miramón 182, Parque Tecnológico, E-20009 San Sebastián, Spain (pmenriquez@cicbiomagune.es)
Instituto de Investigaciones Químicas (IIQ-CSIC) C/Américo Vespucio 49, E-41092 Sevilla, Spain

The human antibody 2G12 neutralizes a broad range of human immunodeficiency virus type 1 (HIV-1) isolates by
binding a dense cluster of carbohydrate moieties (high-mannose glycostructures) of the gp120 virus envelope
glycoprotein.1 Solid state studies revealed that 2G12 is highly specific for the terminal moieties of these high-mannose
(Manα1→2Man).1,2 Nevertheless, its carbohydrate specificity is less restrictive than originally believed,1 and binding to
different arms (D1 and D3) of branched oligomannosides has been described, which relaxes the constraint of an exact
match of the oligosaccharides with respect to the multivalent binding site of the antibody.2
Our research is supported by in-solution NMR ligand-based techniques (Saturation Transfer Difference and transferred
NOESY)3 and theoretical calculations. We have characterized the interactions between 2G12 and synthetic
oligomannosides, structural motifs of the natural high-mannose type glycans presented on the surface of gp120. Based on
these results, multivalent oligomannoside functionalized gold nanoclusters (manno-glyconanoparticles), prepared to
mimic the glycan clustering in the gp120,4 have been studied pursuing to improve the affinity of the monovalent ligands.
In the present work we study by competition STD NMR experiments in solution the affinities of these
glyconanoparticles towards 2G12 in the presence of monovalent ligands. Enhancement of affinity due to the so-called
cluster effect was observed for some glyconanoparticles, and the effect of ligand surface density at the glyconanoparticle
on affinity will be discussed.
References:
1. Calarese D. A., et al., Science, 300, 2065 − 2071 (2003)
2. Calarese D. A., et al., Proc. Natl. Acad. Sci. U.S.A., 102, 13372 − 13377 (2005)
3. Meyer B.and Peters, T., Angew. Chem. Int. Ed., 42, 864 − 890 (2003)
4. Martínez-Ávila O., et al., Chem. Eur. J., 15, 9874 − 9888 (2009)
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Analysis of Furosemide, Metronidaz
M
zole, and Chloram
mphenicol by Using
g NMR an
nd
UV/VIS Techniqu
ues
Abdelhamiid A. Esbataa, Mona M.. Abdulali and
a Hajir A.. Hadaga
Department of Pharmaceutical
P
C
Chemistry,
Facultty of Pharmacy, Misurata
M
Universsity, Misurata, Libbya (aesbata@yaahoo.com)

Nuclear Magnetic Resonance (NM
MR) spectrosccopy has become an impoortant tool inn analysis of pharmaceuticcal
products. Thhis includes drrug identity, structure
s
of raaw materials and finished pharmaceuticcal products, drug
d
discoverry1
etc. As drugg molecules abbsorb radiatioon either in thhe ultraviolet or in the visiible region, U
Ultraviolet/ Visible (UV/Viis)
spectroscopyy is used in deetermination of
o active ingreedients in drug
gs,2 reaction kinetics
k
of druug degradation
n etc. The majjor
goal of this work
w
was to use
u NMR andd UV/Vis techhniques in prim
mary checking of the qualiity of some off the commonnly
dispensed druugs (Furosem
mide "F", Metrronidazole "M
M", and Cloram
mphenicol "C"") which are uused by patien
nts.

Furossemide "F"

M
Metronidazo
ole "M"

Cloramp
phenicol "C
C"

Althoughh analysis of F,
F M, and C was
w performed without furrther purificatiion, 1H, 13C, aand DEPT-135 NMR specttra
shows the suuitability of NMR
N
techniquee for characteerizing such drugs.
d
The perrcent content oof the active ingredient
i
of M
and C fell within the limitted range of British
B
Pharmaacopoeia (B.P
P.) 2007, wherreas, the perceent content off F exceeded the
t
range of B.P. 2007.
References:
C and Giralt E., Nature
N
Rev. Drug
g Discov., 37, 7388 (2008)
1. Pellecchia M.., Bertini I., Cowbburn D., Dalvit C.
2. Bosch M. E., Sánchez A. J. R., Rojas F. S. and Ojeda C. B., J. Pharm.
P
Biomed. Anal.,
A
48, 519 (20008)
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Pure Shiift DOSY
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a
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A
, Steefan Haiberrb, Mathias Nilsson
N
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a
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School of Chem
mistry, Universityy of Manchester, Oxford
O
Road, Maanchester. M13 9P
PL, UK (robert.evvans@manchesteer.ac.uk)
Givaudan, Deppt. for Analytical Research,
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Huizerrstr. 28, NL – 14111, Naarden, Neth
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MR spectroscoopy (DOSY) allows the spectrum
s
of a mixture to be resolved into individuual
Diffusionn-ordered NM
spectra; peak
components on the basis of their diffusion coefficieents. Good ressults require well-resolved
w
k overlap in the
t
frequency dim
mension, almost unavoidabble in 1H NMR
R, leads to arttefacts such ass peaks appearring in comprromise positioons
in the diffusiion dimensionn. Signal overrlap and its attendant
a
prob
blems can be greatly
g
reduceed by simpliffying the protoon
spectrum to give
g a homodeecoupled or ‘ppure shift’ speectrum.
Pure shifft techniques based on hom
monuclear 2D
D J spectrosco
opy1 have beeen long availaable but are all
a more or leess
unsatisfactorry. The properrties of the phhase twist lineeshape that is inherent to thhe technique2 necessitate th
he use of seveere
weighting fuunctions and absolute
a
valuee display, so that 45° projection of absoolute value 2D
D J spectra yields
y
pure shhift
3
spectra with broad lines and
a distorted intensities. Thhe introduction
n of the Zangger-Sterk pulsse sequence element
e
has led
to significantt improvemennts. This combbination of seelective pulse and magneticc field gradient, simultaneo
ously slice- annd
shift-selectivve, allows a suubset of the sppins to be treaated as heteron
nuclei which can then be m
manipulated in
ndependently of
the rest of thhe sample. A number of puure shift experriments4, 5 hav
ve been develloped that shoow resolution of complicatted
multiplets annd pure absorpption mode puure shift spectrra. The extenssion of such seequences to prroduce 2D4 an
nd 3D pure shhift
DOSY experriments will be demonstrateed, alongside a number of illlustrative exaamples and applications.
References:
K
J.and Ernstt R. R., J. Chem. Phys., 64, 4226 – 4227 (1976)
1. Aue W. P., Karhan
2. Bodenhausenn G., Freeman R., Morris G. A. andd Turner D. L., J.. Magn. Reson., 31,
3 75 – 95 (1978)
3. Zangger K. annd Sterk H., J. Magn.
M
Reson., 124, 486 – 489 (19977)
4. Nilsson M. annd Morris G. A., Chem. Commun., 933 – 935 (20077)
5. Pell A. J. andd Keeler J., J. Maggn. Reson., 189, 293
2 – 299 (2007))
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Fe NMR study of polymer coated γ-Fe2O3 nanoparticles

Michael Fardisa, Danai Tsitroulia, Ioannis Rabiasa, Dimosthenis Stamopoulosa, Eleni Karakostaa,
George Diamantopoulosa, Alexios Douvalisb, Thomas Bakasb, Thomas Kehagiasc and Georgios
Papavassilioua
a

Institute of Materials Science, National Centre for Scientific Research ’Demokritos’, 153 10, Athens, Greece (mfardis@ims.demokritos.gr)
Department of Physics, University of Ioannina, 451 10, Ioannina, Greece
c
Department of Physics, Aristotle University of Thessaloniki, 541 24, Thessaloniki, Greece
b

The study of the magnetic properties of nano-sized materials has been an active field
10 nm
T = 0 .15 m s
of research for over fifty years. Recently, ferrofluids (colloidal dispersions of magnetic
nanoparticles) attracted strong interest due to their use in many technological and
biomedical applications. In this work, 57Fe nuclear magnetic resonance in single0 .0
0 .5
1 .0
domain, ferrimagnetic γ-Fe2O3 coated nanoparticles of 10 nm diameter is reported.
b u lk
T = 10 m s
Zero-field spectra and T2 spin-spin relaxation times have been measured as a function of
temperature in the liquid helium range. The spectra could be readily resolved into two
hyperfine field components corresponding to tetrahedral and octahedral sites. The
68 70 72 74 76 0 10 20 30 40 50 60
F requ en cy [M H z] sp in ech o tim e [m s]
similar observed hyperfine fields between the bulk and nanoparticles samples indicate
similar magnetic structure, whereas the effective T2 relaxation time of the nanoparticles
is found two orders of magnitude shorter than the bulk material. It is shown that the dramatic reduction of T2 when the
particle diameter decreases is due to slow thermal fluctuations in the longitudinal magnetization of the nanoparticles in the
low temperature limit.1
2

2

References:
1. Gossard A. C., Portis A. M., Rubinstein M. and Lindquist R. H., Phys. Rev., 138, A1415 – A1421 (1965)
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SERF-filtered experiments: new enantio-selective tools for deciphering complex
spectra of racemic mixtures dissolved in chiral oriented media
Jonathan Farjon and Denis Merlet
Laboratoire de RMN en milieu orienté, ICMMO, UMR 8182 CNRS, Université Paris Sud 11, bâtiment 410, 15 rue Georges Clémenceau, 91405 Orsay
Cedex, France (jonathan.farjon@u-psud.fr)

The increased development of enantio-selective synthesis has intensified the need for suitable methods for determining
enantiomeric excesses and elucidating the absolute configuration of chiral compounds. Our laboratory has developed
since more than fifteen years now,1 an original and powerful NMR methodology based
on chiral ordering solvents to differentiate and to quantify enantiomers, being much
more robust than traditional liquid state NMR techniques. However, analysis of 1D 1H
spectrum of enantiomers mixtures dissolved in chiral oriented media is usually hard to
decipher. Thus, we have implemented NMR experiments like selective echoes2 (SERF)
to simplify 1H spectrum in chiral oriented media. However, these experiments are not
convenient to assign dipolar couplings to each enantiomer in case of racemic mixtures,
since signals intensity (integral) remains identical. To overcome such limitations, we
have developed a new set of experiments baptised SERF-filtered techniques for
oversimplifying the spectra. Among them, we will demonstrate that 1H-SERF-filtered
SERF experiment allows to assign all 1H-1H dipolar couplings to each enantiomer by enhancing the spectral resolution,
especially in case of very close couplings that could not be separated with SERF experiments (see Figure). These new
enantio-selective tools permit for the first time to get a coherent ensemble of dipolar couplings for each enantiomer, being
necessary to access the molecular orientation.
References:
1. Meddour A., Canet I., Loewenstein A., Pechine J. M and Courtieu J., J. Am. Chem. Soc., 114, 9652 – 9656 (1994)
2. a) Farjon J., Merlet D., Lesot P. and Courtieu J., J. Magn. Reson., 158, 169 – 172 (2002); b) Beguin L., Giraud N., Ouvrard J. M., Courtieu J. and
Merlet D., J. Magn. Reson., 199, 41 – 47 (2009); c) Farjon J., Baltaze J. P., Lesot P., Merlet D. and Courtieu J., Magn. Reson. Chem., 42, 594 – 599
(2004)
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Conformational Studies on β-ACC containing Tripeptides in Solution by NMR
and MD
Matthias Fleischmanna, Markus Schmida, Valerio D’Eliaa, Oliver Reisera, Wolfram Gronwaldb and
Ruth M. Gschwinda
a

Institute of Organic Chemistry, University of Regensburg, Universitätsstraße 31, 93053Regensburg, Germany
(Matthias.Fleischmann@chemie.uni-regensburg.de)
b
Institute of Functional Genomics, University of Regensburg, Josef-Engert-Straße 9, 93053Regensburg, Germany

In biological systems and organocatalysis specific conformations of peptides often provide high activities and
selectivities. In this context, derivatives of the unnatural cis-β-aminocyclopropanecarboxylic acid (β-ACC) have been
shown to stabilize secondary structure elements even in short peptide
sequences.1 Therefore, foldamers containing β-ACCs are used in
medicinal chemistry as analogues for the neuropeptide Y with high
selectivity for the Y1 receptor.2 Additionally, tripeptides with β-ACC
and proline like residues showed organocatalytic activity in inter- and
intramolecular aldol reactions yielding high diastereo- and
enantioselectivities.3
Here, we present the structure investigations of Pro–Pro–(-)-β-ACC–OBn and Pro–(-)-β-ACC–Pro–OBn and
Hyp(OBn)–(+)-β-ACC–Pro–OBn.4 To stabilize intramolecular interactions in this ultrashort peptides, the NMR studies
were performed in CDCl3 at lower temperatures. The NOESY distance and RDC restraints were refined by a spindiffusion
relaxation matrix calculated with AUREMOL and molecular dynamics simulations were done with CNS.
References:
1 De Pol S., Zorn C., Klein C. D., Zerbe O. and Reiser O., Angew. Chem. Int. Ed., 43, 511 – 514 (2004)
2 Koglin N., Zorn C., Beumer R., Cabrele C., Bubert C., Sewald N., Reiser O. and Beck-Sickinger A., Angew. Chem. Int. Ed., 42, 202 – 205 (2003)
3 D´Elia V., Zwicknagl H. and Reiser O., J. Org. Chem., 73, 3262 – 3265 (2008)
4 Schmid M., Fleischmann M., D´Elia V., Reiser O., Gronwald W. and Gschwind R. M., ChemBioChem., 10, 440 – 444 (2009)
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DENA: a New Sequence Element for Unambiguous Chemical Shifts in Aliased
HQSC Spectra
Mohammadali Foroozandeh and Damien Jeannaerat
Department of Organic Chemistry, University of Geneva, 30, quai Ernest Ansermet, CH-1211, Geneva, Switzerland
(mohammadali.foroozandeh@unige.ch)

In normal 1H-13C 2D spectra, signals have low resolution in the carbon dimensions, which causes low precision
(XXX.X) carbon chemical shifts. In aliased 10 ppm spectra,1 chemical shifts are quite precise (??X.XXX) but ambiguous
because of the violation of the Nyquist theorem. Reducing the spectral window from 10 to 9.9 ppm results in a quantized
shifting the signals corresponding to the aliasing order. Overlapping 10 and 9.9 spectra provides easy access to the
unknown digits (??). To do this in a single experiment the new DENA (Differential Evolution for Non-ambiguous
Aliasing) sequence divides the magnetization of SE-HSQC experiment in two parts and let the carbon chemical shift of
one part to evolve slightly more. Combined with multiplicity edition, the DENA-HSQC experiment advantageously
replaces 1D DEPT-135 spectra.

References:
1. Vitorge B., Bieri S., Humam M., Christen P., Hostettmann K., Muñoz O., Loss S. and Jeannerat D., Chem. Commun., 950 – 952 (2009)
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Multinuclear Nanoliter NMR Spectroscopy in a Microfluidic Chip
Aldrik H. Velders, M. Victoria Gómez and Raluca M. Fratila
NMR & MS Department, Laboratory of SupraMolecular Chemistry and Technology, MESA, Institute for Nanotechnology, University of Twente, 7500
AE, Enschede, The Netherlands (r.m.fratila@tnw.utwente.nl)

The amplitude of the NMR signal is maximized when the filling factor is optimal; therefore, an intense effort has been
devoted over the past decade to the development of microcoil NMR probes for the analysis of mass-limited and volumelimited samples. We previously reported the study of supramolecular interactions using
1
H and 19F NMR spectroscopy in a microfluidic chip equipped with a planar transceiver
microcoil.1,2 The on-line monitoring of a microwave-assisted cycloaddition was also
described as a proof-of-concept for the hyphenation of small-volume NMR spectroscopy
to other techniques.3 Here we present the design of a second generation of microfluidic
chips for nanoliter NMR spectroscopy, as well as the corresponding chip holder. The
new setup allows a precise positioning of the microprobe inside the bore of the magnet,
and enables the use of plug-and-play electrical connections on one side, and microfluidic
connections on the other side. A sample cooling/heating channel was also included for
variable temperature experiments. The possibility of detecting different nuclei combined with the advantages of working
on-flow opens the path for many lab-on-a chip applications, including real time monitoring of chemical reactions using
sub-microliter volumes of reagents.
References:
1. Gomez M. V., Reinhoudt D. N. and Velders A. H., Proceedings of Micro Total Analysis Systems, Vol. 1 (Eds.: J.-L. Viovy, P. Tabeling, S. Descroix,
L. Malaquin), Paris, 506 – 508 (2007)
2. Gomez M. V., Reinhoudt D. N. and Velders A. H., Small, 4, 1293 – 1295 (2008)
3. Gomez M. V., Verputten H., Díaz-Ortíz A., Moreno A., de la Hoz A. and Velders A. H., Chem. Commun., 46 (2010)
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1

H Photo-CIDNP and DFT Study of Monoreduced Ru(II) Complexes

Luca Fusaroa, Epiphanie Mugeniwabagaraa, Emilie Cauëtb, Stuart Bogatkob, Andrée Kirsch - De
Mesmaekerc, Nathalie Vaeckb and Michel Luhmera
a
Laboratoire de Résonance Magnétique Nucléaire Haute Résolution, Université Libre de Bruxelles, 50 Av. F.D. Roosevelt, B-1050 Bruxelles, Belgium
(lucafusaro@gmail.com)
b
Service de Chimie Quantique et Photophysique, cService de Chimie Organique et Photochimie

Polyazaaromatic Ru(II) complexes comprising at least two TAP (1,4,5,8-tetraazaphenantrene) ligands are known to
photo-oxidise certain amino acids, such as tyrosine and tryptophane, and the guanine nucleobase.1 Recently, some of us
showed that these photo-reactions give rise to 1H CIDNP (Chemically Induced Dynamic
Nuclear Polarization) for H-2 and H-7 of the tap ligands.2
The photo-reactions of such complexes with hydroquinone have been studied by
steady-state 1H photo-CIDNP experiments. In agreement with the previous study, major
signal enhancements are observed for tap H-2,7 but some photo-CIDNP is also detected
for the tap H-3,6 and H-9,10. These experimental results are compared to the hyperfine
coupling constants determined for the corresponding monoreduced Ru(II) complexes by
DFT (Density Functional Theory) calculations that were carried out both in-vacuo and
using a continuum model for water solvation.3
References:
1. Elias B. and Kirsch-De Mesmaeker A., Coord. Chem. Rev., 250, 1627 – 1641 (2006)
2. Perrier S., Mugeniwabagara E., Kirsch - De Mesmaeker A., Hore P. J. and Luhmer M., J Am Chem Soc, 131,
12458 – 65 (2009)
3. Cauët E., Bogatko S., Mugeniwabagara E., Fusaro L., Kirsch - De Mesmaeker A., Luhmer M. and Vaeck N.,
Inorg. Chem., (to be published)
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Demixing of Severely Overlapped Spectra through Multiple Quantum NMR
Manjunatha Reddy G. N. and Stefano Caldarelli
Université Paul Cézanne (Aix-Marseille III), ISM2-UMR-CNRS-6263, Faculté des Sciences et Techniques, Service 512 13397 Campus at Saint Jerome,
Marseille Cedex 20 France (gnrmanju@etu.univ-cezanne.fr)

We present an NMR approach to help in the analysis of
complex mixtures by capitalizing on the simplified spectra
associated with high-quantum orders, up to the limiting case of
the maximum-quantum (MaxQ) observable coherence, which is
always a unique singlet constituting the identification of
molecular fragments. This approach performs best in the case of
signals concentrated in a very narrow frequency range, which is a
challenging situation commonly encountered in many relevant
analytical problems such as the characterization of extraction
fractions (oil, plants, tissues), biological fluids, or
environmentally relevant samples. As a demonstration, we apply
the MaxQ-NMR analysis to a test mix of 11 environmentally
relevant molecules and to a mix of phenolic compounds.
References:
1. Manjunatha Reddy G. N. and Caldarelli S., Anal Chem, 82, 3266 – 69 (2010)
2. Norwood, T. J., Prog. Nucl. Magn. Reson. Spectrosc., 24, 295 – 375 (1992)
3. Bodenhausen G., Prog. Nucl. Magn. Reson. Spectrosc., 14, 137 – 173 (1981)

Fig1: Spectral demix of 11 molecule test mixture. 1D spectrum
of the mix contains 80% of signals concentrating at 7.1-8.1
ppm (left). 5Q-1Q (top right), 4Q-1Q (bottom right) depict
spectroscopic isolation of molecular fragments.

Acknowledgments: We are grateful to the Agence National de la Recherche (ANR) for the financial support under grant ANR-08-BLAN-273-01 in the
region PACA, France and to Spectropole (Federation des Sciences Chimique FR 1739) for privileged spectrometer time. Dr. Corinne Delaurent, C&S,
ISM2, Marseille, France, is acknowledged for providing environmentally relevant molecules.
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In situ 1H MAS NMR study of the mechanism of H/D exchange reaction between
molecular hydrogen and Brønsted acid sites of Zn- and Ga-modified zeolite BEA
Anton A. Gabrienko, Sergei S. Arzumanov and Alexander G. Stepanov
Boreskov Institute of Catalysis, Siberian Branch of the Russian Academy of Sciences, Prospekt Akademika Lavrentieva 5, 630090, Novosibirsk, Russia
(gabrienko@catalysis.ru)
1

g µmol–1 min–1

Rate constant k×106 /

H MAS NMR has been used to study the mechanism of H/D exchange reaction between D2 and acid OH-groups of
zeolite BEA. The kinetic of the exchange reaction has been monitored in situ for both pure acid-form and Zn-, Gamodified zeolite samples. Remarkable increase of the rate of the H/D exchange has been found for Zn- and Ga-modified
zeolites as compared to that for pure acid-form
Ga/H-BEA
zeolite. The rate of exchange for Ga/H-BEA
H-BEA
Zn/H-BEA
Al
zeolite is one order of magnitude higher as
100
Si Al
Si Al
Si
O
O
O H
compared to that for H-BEA zeolite. The
- HD
+ D2
D
D
D
H
exchange reaction on Zn/H-BEA zeolite occurs
10
O M
O M
O M
3 orders of magnitude faster as compared to HM
O
M
O
M
O
BEA zeolite. Moreover, the temperature
M = Zn, Ga
threshold of the H/D exchange reaction on
1
1,8
2,0
2,2
2,4
2,6
metal-modified zeolite samples is decreased by
1000 T–1 / K–1
100 K. Promoting effect of metal on the rate of
H/D exchange was rationalized by preliminary dissociative adsorption of molecular hydrogen on metal oxide species or
metal cations. Dissociatively adsorbed hydrogen is further involved in the exchange with the acid OH-groups located in
vicinity of metal species.
Acknowledgments: This work was supported in part by Russian Foundation for Basic Research (grant no. 07-03-00136). AAG is grateful to Zamaraev
International Charitable Scientific Foundation for financial support.
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Monitoring alumina synthesis by operando relaxometry RMN
Vincent Gexa,c, Marc Fleuryb, Henry Van Dammec and Anne-Agathe Quoineauda
a

IFP, Rond-point de l'échangeur de Solaize, BP3, 69360 Solaize, France, (vincent.gex@ifp.fr)
IFP,1&4 avenue du Bois-Préau, 92852 Rueil-Malmaison Cedex – France
ESPCI, 10 rue Vauquelin, 75231 Paris Cedex 5, France

b
c

Alumina are widely used as support for catalyst in refining, petrochemicals and fine chemical process. The support
selection is made taking into account the constraints of the process, such as pressure drop, diffusional limitations and
surface properties.1
The aim to develop new refining processes and new catalysts able to transform heavy
products into light product which can be directly included into fuel product (gasoline,
kerosene and gas oil) is a challenge for IFP. The catalysts which are used are usually
bifunctional materials composed by an acid active phase (the support) and an
hydrogenating metallic phase. The improvement of existing catalyst and the development
of new materials imply to have powerful analytic tools following up their genesis.
In this study, relaxometry NMR technique has been used to follow up boehmite
particles synthesis by swing pH synthesis method.2 This technique appears as a powerful
tool to in situ follow up the surface particles amount, the binding layer thickness, the aggregation state and a second phase
formation. This technique is an interesting way to drive and chose optima synthesis conditions to obtain the better
compromise between the amount and the size of particles and the concentration of reactant. We are able to drive the
phenomena of nucleation, growth and sedimentation and at the same time to estimate in-situ a specific area, an S / V ratio3
or a mean aggregates radius.
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References:
1 Le Page J. F., Catalyse de contact, Technip (Ed), Paris (1978)
2 Ono T., Ohgushi Y. and Togari O., Studies in Surface Science and Catalysis, 16, 631 – 641 (1983)
3 Guichet X., Fleury M. and Kohler E., J Colloid Interf Sci, 327, 84 – 93 (2008)
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Ufo-qNMR: A fast and efficient approach for quantitative analysis by ultrafast 2D
NMR
Patrick Giraudeaua, Pauline Lemeuniera, Mathieu Coutanda, Jean-Marie Douxa, Stéphane Massoub,
Jean-Charles Portaisb and Serge Akokaa
a
b

CEISAM, Université de Nantes,BP 92208 2 rue de la Houssinière, 44322, Nantes Cedex 3, France (patrick.giraudeau@univ-nantes.fr)
Université Paul Sabatier, 118 route de Narbonne, 31062 Toulouse Cedex, France

2D NMR is a powerful tool for precise quantitative analysis of complex mixtures presenting large overlap on 1D
spectra. However, the long experiment durations characterizing conventional 2D NMR methods make them unsuitable for
precise quantitative analysis, as the precision of long experiments is highly affected by spectrometer instabilities.
Moreover, these durations are incompatible with quantitative studies of short timescale phenomena.
We have recently demonstrated the reliability of ultrafast 2D NMR1 as a quantitative tool for fast and precise
quantitative analysis of mixtures. Ultrafast Optimized
Quantitative NMR (ufo-qNMR)2 is characterized by an
excellent precision and linearity. We will illustrate the
principles and the quantitative potentialities of ufo-qNMR
for a variety of applications. We have recently developed an
ultrafast zTOCSY method with adiabatic spin lock to
Ultrafast z-TOCSY
Conventional z-TOCSY
measure specific 13C enrichments for 13C-labeled metabolites
0.15 s
2h 20
in a single scan. We will also show the application of ufoqNMR for following a fast chemical process: the
mutarotation of D-glucose in aqueous solution by ultrafast
HSQC.
References:
1. Frydman L., Lupulescu A. and Scherf T., Prod. Natl. Acad. Sci. U.S.A., 99, 15858 – 15862 (2002)
2. Giraudeau P., Remaud G. S. and Akoka S., Anal. Chem., 81, 479 – 484 (2009)
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Probing the Reacttivity of Benzaldox
B
xime Esters as Phootoinitiatoors by Ma
agnetic
Resonan
nce
Markus Grriessera, Arnnulf Rosspeeintnera, Claaudia Dworaakb, Robert Liskab and Georg Gesccheidta
a

Institute of Phyysical and Theoreetical Chemistry, Graz University of
o Technology, Technikerstraße
Te
4//I, A-8010 Graz, A
Austria,
(markus.griesseer@tugraz.at)
b
Institute of Appplied Synthetic Chhemistry, Vienna University of Tecchnology, Getreid
demarkt 9/163/M
MC, A-1060 Viennaa, Austria

Photoinittiators are keyy compounds in light curabble polymerizaation systems by
generating thhe reactive (rradical) species. A novel initiating
i
systtem, comprisiing
benzophenonne and a benzaaldoxime esterr displays an excellent
e
efficciency.
The mechhanism of thee photoinduceed reactivity of this initiatting system was
w
investigated using time resolved EP
PR (TR-EPR
R) and Chem
mically Inducced
Dynamic Nuuclear Polarizaation (photo-C
CIDNP) spectrroscopy.
Benzopheenone is actiing as tripleet sensitizer, greatly enhaancing the ligght
harvesting prrocess comparred to the puree benzaldoxim
me ester or oth
her sensitizerss.1,2
The combinaation of TR-EP
PR and CIDN
NP offers concclusive and co
onsistent insigghts
into the reaaction sequennce of the phhotoinitiating system and the subsequent
reactivity tow
wards acrylatte monomers. Thus inform
mation on th
he photophysiical
basis and thee chemical natture of the actiive species caan be elucidateed.
References:
Ch
Soc. Jap., 42,
4 2981 – 2983 (1969)
1. Okada T., Kaawanisi M. and Nozaki H., Bull. Chem.
2. McCarroll A. J. and Walton J. C., J. Chem. Socc., Perkin Trans. 2,
2 2399 – 2409 (2
2000)
Acknowledgmennts: Financial suppport by the Austtrian Science Funnd FWF (P19769)) is gratefully ackknowledged.

__________________________________________________________
___________________________________
______________

P462

2D NMR
R exchangge experim
ments of natural
n
po
orous med
dia with p
portable HalbachH
Magnetss
Agnes Habber, Sabina Haber-Pohllmeier, Fedeerico Casan
nova and Beernhard Blüm
mich
Institute of Techhnical and Macroomolecular Chemistry, RWTH Aacchen University, Worringer
W
Weg 1,, 52074 Aachen, Germany
(ahaber@mc.rw
wth-aachen.de)

Mobile NMR
N
has its origin
o
in welll-logging. By now there arre numerous applications oof mobile NM
MR in materiaals
analysis and chemical enggineering wherre, for examplle, unique info
ormation abouut the structurre, morphology and dynamiics
of polymers is obtained, and new oppportunities are provided fo
or geo-physiccal investigatiions.1 In partiicular, dynam
mic
information can
c be retrievved by two-dim
mensional Lapplace exchang
ge NMR, where the initial N
NMR relaxation environmeent
is correlated with the finall relaxation ennvironment off molecules migrating
m
from
m one environm
ment to the otther within a sos
called NMR mixing time tm.2
Relaxatioon-relaxation exchange
e
expperiments were performed with
w saturatedd and un-saturrated soil sam
mples at low annd
moderately inhomogeneoous magnetic field with a simple, porrtable Halbacch-Magnet. By executing such exchannge
experiments for several mixing
m
times and invertingg the results to
t 2D T2 distrributions (rem
miniscent of joint probabiliity
densities of transverse
t
relaxation timess T2) with the help of the in
nverse 2D Laaplace Transfoormation (ILT
T), we observed
characteristicc exchange prrocesses: Soills consisting mainly of sillt and clay coomponents shhow predomin
nantly exchannge
between the smaller poress at mixing tim
mes of some milliseconds.
m
There
T
exists also
a weaker exxchange with the larger porres
observable for
fo longer mixxing time. In contrast
c
to thaat fine sand exhibits 2D T2 distributionss with no exch
hange processses
which can bee interpreted thhat water mollecules move within
w
pores of
o the same size class. Thesse results from
m fully saturatted
samples are compared
c
to exchange
e
at paartial saturatioon.
References:
M
J., Haber A., Perlo J., Daniieli E. and Casanova F., Petroleum
m Science, 6, 1 – 7 (2009)
1. Blümich B., Mauler
2. Washburn K. E. and Callaghann P. T., Physical Review
R
Letters, 97,
9 175502 (2006
6)
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Residual Chemical Shift Anisotropy (RCSA): A Tool for the Analysis of
Configuration of Small Molecules
Fernando Hallwassa,b, Manuel Schmidta, Han Suna, Adam Mazura, Armando Navarro-Vázquezc,
Christian Griesingera and Uwe M. Reinscheida
a

Max-Planck-Institute for Biophysical Chemistry, NMR II, 37077 Göttingen, Germany (hallwass@ufpe.br)
Depart. de Química Fundamental, CCEN, Universidade Federal de Pernambuco, Av. Luiz Freire s/n, CEP 50.740-540, Recife – PE, Brazil
c
Depart. de Química Orgánica, Fac. de Ciencias, Universidade de Vigo, As Lagoas-Marcosende, 36315 Vigo, Spain
b

Nuclear Magnetic Resonance (NMR) has been enhanced in recent years by weakly orienting molecules in anisotropic
solution and thus recovering anisotropic NMR parameters such as residual dipolar couplings (RDCs) and residual
chemical shifts anisotropies (RCSAs). In this communication, we describe an approach to measure RCSAs reliably, using
the Kuchel scalable alignment device,1 and to interpret RCSAs structurally using CSA tensors calculated from Density
Functional Theory (DFT) combined with the Gauge Independent Atomic Orbital (GIAO) methodology.
We conclude that RCSAs deliver orientation information which can be used to determine conformation and
configuration of molecules. For estrone, we could show that RDCs and RCSAs together, but not individually, allowed a
clear differentiation of estrone from 13-epi-estrone. We have introduced a robust way to measure RCSAs based on
adjustment of two alignments in NMR tube, using the stretching apparatus, referencing to a carbon of the molecule, and
using differences of CSA tensors for the back calculation. Further ways of changing alignment in the same sample tube
will be beneficial for this approach. We expect that RCSAs will be measured and used in the future whenever RDCs are
measured to improve the determination of conformation and configuration of small molecules.
References:
1. Kuchel P. W., Champman B. E., Müller N., Bubb W. A., Philp D. J. and Torres A. M., J. Magn. Reson., 180, 256 – 265 (2006)
Acknowledgments: We thank Dr. B. Luy for helpful discussions and for providing the stretching apparatus, the DFG which supported the research under
the auspices of the Graduiertenkolleg GK 782 (to C.G.) and the Forschergruppe FOR 934 (to C.G.). F.H. thanks CNPq and Alexander von Humboldt
Foundation. A.N.V. thanks Xunta de Galicia for financial support and Ministerio de Ciencia e Innovación for a “Ramón y Cajal” contract.
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NMR Studies of the Dynamics of Porous Inorganic Capsules
Olga Petinaa, Erhard T. K. Haupta, Alice Mercab, Elsayed Drweeshb and Achim Müllerb
a
b

Department Chemistry, University Hamburg, Germany (erhard.haupt@uni-hamburg.de)
Fakultät für Chemie, Universität Bielefeld, Germany

Extended heteronuclear NMR studies have demonstrated that porous inorganic molecular capsules of the type
[[(MoVI)MoVI5O21(H2O)6]12[MoV2O4(SO4)]30]72behave like artificial cells concerning cation transport through molecular channels.1,2 The
extension of these studies focusses on other types of exchange reactions which are
monitored by various NMR experiments. 1H/31P-NMR titration spectra show, that
internal anionic spacers can be exchanged against other anions with higher affinities.
EXSY spectra demonstrate, that there remains an exchange equilibrium between the
“free” anions in the solvent and the internal spacer molecules, and that the characteristics
of this exchanges are influenced by the pH-value.
Additionally, previous studies of capsules with organic molecules3 as part of the
internal hollow space are extended to a compound with a longer alkyl chain. These
compounds can be studied nicely by various experiments with 1H and 13C-NMR spectroscopy. While the DOSY and
variable temperature spectra demonstrate the stability of the capsules in solution, an interesting behaviour of a compressed
alkyl chain in a restricted compartment can be nicely studied with NOESY/ROESY-spectra.
References:
1. Review: Rehder D., Haupt E. T. K. and Müller A., Magn. Reson. Chem., 46, S24 – S29 (2008)
2. Haupt E. T. K., Wontorra C., Rehder D., Merca A. and Müller A., Chem. Eur. J., 14, 8808 – 8811 (2008)
3. Schäffer Ch., Bögge H., Merca A., Weinstock I.A., Rehder D., Haupt E. T. K. and Müller A., Angew. Chem, 121, 8195 – 8200 (2009); Angew. Chem.
Int. Ed., 48, 8051 – 8056 (2009)
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P465

Modelingg of Peptiides and Small
S
Rin
ngs using Time-Aveeraged NM
MR Restrraints
Pieter M. S.
S Hendrickkxa, Franciscco Corzanab, Bart Van Dormaelc, Rien
R De Waachterc, Dirrk Tourwéc
a
and José C.
C Martins
a

Department of Organic Chemisttry, University off Ghent, Krijgslaaan 281S4, B-9000
0,Ghent, Belgium,, (Pieter.Hendricckx@UGent.be)
Department of Organic Chemisttry, University off La Rioja, Madree de Dios 51,E-26
6006,Logroño, Sppain
c
Department of Organic Chemisttry, University off Brussels (VUB), Pleinlaan 2,B-10
050,Brussels, Bellgium
b

Over the years, NMR has proven too be an excellent technique for the structture determinaation of many
y different typpes
of organic compounds.
c
F flexible molecules
For
m
how
wever, classiccal NMR-bassed modeling techniques fail
f to calculaate
accurate struuctures and new
w techniques,, e.g. time-aveeraged restrain
ned a molecular dynamics ssimulations (taar-MD), have to
be explored. In this studyy, we use this latter techniqque to investigate the confformation of a very potent opioid mimettic
(Ki=1nM) ussing NOE distance restrainnts. Results shhow a clear co
onformationall equilibrium between an open
o
and closed
form that is corroborated
c
u
using
independent NMR meeasurements.1
Furtherm
more, we pressent the first conformationnal study usin
ng tar-MD of five-membeered rings ussing 3JHH scallar
coupling datta. Because of
o the presennce of five-m
membered rin
ngs in many molecules off biological relevance,
r
theeir
conformationnal analysis iss of considerabble interest. Until
U
recently, a well-establiished mathem
matical procedu
ure that fits tw
wo
rigid conforrmations to the
t
available experimentaal data was generally folllowed for thhis purpose. This so-called
pseudorotatioon analysis approach
a
is not without problems ho
owever, as chemically
c
unnrealistic con
nformations are
a
sometimes generated
g
from
m the data. We present our achievementss on the use of
o tar-MD sim
mulations as a generic tool to
determine a realistic
r
distribbution of ringg conformationns that agree well
w with expeerimental 3JHHH scalar coupliing data.2
As tar-MD can now rooutinely be appplied using deesktop CPU power within an
a acceptable time, it should be considerred
a valid alternnative for NMR-based struccture determinnations for a brroad variety of
o flexible systtems.
References:
R Martins J. C., Hendrickx P. M. S,. Tourwé D. A,
A et al., ChemMedChem, in preparration
1. De Wachter R.,
2. Hendrickx P. M. S., Corzana F.,
F Depraetere S., Tourwé D. A., Augustyns
A
K. and
d Martins J. C., J. Comput. Chem., 31, 561 – 572 (2
2010)
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Unraveliing multi--step reacctions by real-time
r
DNP-NM
MR
Sean Boween, Haifengg Zeng, Youungbok Lee,, Hsueh-Yin
ng Chen andd Christian Hilty
Texas A&M Uniiversity, Departm
ment of Chemistryy, College Stationn TX 77843, USA (chilty@chem.tam
mu.edu)

NMR speectroscopy proovides an extrraordinary levvel of chemicaal informationn through obseervation of cheemical shift annd
correlations in
i high-resoluution spectra. However, NM
MR spectrosco
opy often requuires signal avveraging, and
d applications to
the study off rapid reactiions have beeen limited inn scope. Hypeerpolarizationn
techniques, foremost dynnamic nucleaar polarizationn (DNP) now
w enable thee
measurementt of NMR speectra of reactaant and produuct species in a single scan,,
in samples at
a typical conncentrations enncountered inn chemical orr biochemicall
reactions, annd of non-isotopically enricched compounnds. Moleculaar species cann
readily be diistinguished, enabling the investigation of multi-step
p reactions inn
real time. Chemical
C
polyymerization reeactions, whiich involve th
he sequentiall
addition of monomer
m
unitts, can be stuudied either ass a whole or step by step,,
without the need for speccific isotope labeling technniques (Figurre 1). Kineticc
parameters and
a mechanism
ms in enzymee catalyzed reeactions can be
b determinedd
by comparinng peak intennsities of suubstrate and product,
p
as evidenced
e
onn
examples off trypsin, ass well as urronate isomeerase catalyzeed reactions.
Figure 1: Real-time DNP-NMR
D
of
Structural and
a
mechannistic inform
mation is reeadily obtain
ned throughh
cyanoacrylate polym
merization
hyperpolarized NMR corrrelating chemiical shifts in the
t traditionall way throughh
space, or oveer time betweeen the reactaant and the prroduct speciess. Finally, thee
use of polarrized or non-ppolarized reporter moleculles included in the reactioon mixture, aas well as thee effect of sppin
relaxation caan provide dynnamic informaation on interm
mediate speciies, even if theese are not dirrectly observaable due to tim
me
scale or conccentration limiits.
References:
wen S. and Hilty C., Anal. Chem., 81, 4543 – 454
47 (2009); Zeng H.,
H
1. Bowen S. annd Hilty C., Angeew. Chem. Int. Edd., 47, 5235 – 52237 (2008); Bow
Bowen S. andd Hilty C., J. Maggn. Reson., 199, 159 – 165 (2009))

3777

7. Posters
__________________________________________________________________________________________________

P467
13

C NMR study on anion-cation interaction of paramagnetic ionic liquid 1-alkyl3-methylimidazoliun tetrachloroferrate
Mamoru Imanaria, Kozue Miyanoa, Hiroko Sekib and Keiko Nishikawaa
b

Graduate School of Advanced Integration Science, Chiba University, Chiba 263-8522 Japan (ezu11604@nifty.com)
Chemical Analysis Center, Chiba University, Chiba 263-8522, Japan

The 13C-NMR spectrum of paramagnetic ionic liquid of 1-alkyl-3methylimidazolium tetrachloroferrate [Cnmim]FeCl4, which is liquid state in
room temperature, is observed at about 500 ppm lower field than the spectra
of diamagnetic substances. The contact shift is inversely proportional to the
concentration of the paramagnetic sample in a solution. Assuming a pseudocontact shift for the shift, the distance between the anion and each carbon in
the [Cnmim]+ cation can be estimated.1 The distances between the anion and
all carbons in the cation decrease monotonously with increasing
concentration in the solution (Fig.). The relative distances between the anion
and carbons in the cation change dependent on the species of the solvent. As
a result, by using a paramagnetic anion as a probe, information of the anioncation interaction and structural information of the alkyl branch in solution
can be obtained from the contact shift of carbons in the[Cnmim]+ cation.
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Fig. Distances between Fe and carbons in the
[C4mim]+ cation depend on concentration in
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1. Bleaney B.,.J. Magn. Reson., 8, 91 – 100 (1972)
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Using 19F NMR for structure elucidation
Kirsten A. M. Ampta, Martin Jaegerb, Pepijn E. T. J. Geutjesb, Sybren S. Wijmengaa and Maarten
Honingb
a
b

Radboud University Nijmegen, Institute for Molecules and Materials, Nijmegen, NL
MSD Research Laboratories, Medicinal Chemistry, Oss, NL,(martin.jaeger@merck.com)

Fluorine containing compounds are becoming increasingly widespread in pharmaceutical and agricultural industry,
since a fluorine substituent exercises a favourable influence on the chemical and physical properties of the compound,
such as changing lipophilicity or altering the compounds metabolism.1,2 In the structure elucidation of these compounds,
NMR plays a pivotal role. Despite the favourable properties of the fluorine nuclei, such as sensitivity comparable to that
of protons, and 100% natural abundance, large spectral dispersion, 19F 2D NMR and certain 19F 1D experiments, have not
been exploited to their full potential. While the large spectral dispersion minimizes spectral overlap, fluorine NMR
requires additional hardware such as probeheads and amplifiers and typically requires a reconfiguration of the
spectrometer more commonly encountered with ‘exotic’ correlation spectroscopy.3 On a Bruker DRX 400 FT-NMR
equipped with a 5 mm QNP probehead, combined 1H/19F experiments were performed without changing the spectrometer
configuration; for 19F/13C experiments the proton coil was detuned to fluorine and the preamplifier was bypassed.
Several types of 19F NMR spectroscopy proved extremely useful in the structure elucidation of steroids especially
when correlated to 1H and 13C as will be demonstrated in this study. In the examples chosen, 19F correlation spectroscopy
was used to assign diastereotopic fluorine nuclei as well as to determine the stereochemistry of a cyclopropyl ring fused to
the A-ring of a steroid.
References:
1. Kirk K. L., J. Fluorine Chem., 127, 1013 (2006)
2. Morgenthaler M., et al., ChemMedChem., 2, 1100 (2007)
3. Battiste J. and Newmark R. A., Prog. Nucl. Magn. Reson. Spectrosc., 1 (2006)
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Interproton Distaances from
m Nuclearr Overhau
user Effecct (NOE) data: Rig
gid and
Flexible Systems
Craig P. Buutts and Cattharine R. Jones
J
Department of Chemistry,
C
Univerrsity of Bristol, Cantock’s
C
Close, BS8
B 1TS, Bristol, UK (chcrj@briss.ac.uk)

The deterrmination of accurate
a
interrproton distances in solutio
on using NOE
E data is an arrea of significcant interest annd
complexity – the large maajority of apprroaches rely on
o full relaxattion matrix annalysis of thesse data.1,2 We present a muuch
simpler methhod that can be used to derive
d
accuratee interproton distances froom within
rigid systemss using 1D or 2D NOESY data. Strychniine is used as a model systeem to test
the validity of
o this methood. A compariison between the 1D NOE
E-derived distaances and
the best solvvent-correctedd gas-phase sttructure of strrychnine3 prod
duces a meann absolute
error of only 2.97% (0.09Å
Å).
f
moleccules, where the
t possibilityy of more
This techhnique is thenn applied to flexible
than one connformation conntributing to the
t overall struucture exists. 4-propylanilinne is used
as a model system, and we
w introduce results that suggest
s
that NOE
N
data cann reliably
predict averaage distances that comparee very well with
w Boltzmann
n-averaged coomputational distances. So
ome ambiguitiies
exist in literaature over whether an r-6 orr r-3 relationshhip should be used to descriibe internal m
motions faster than the overaall
tumbling of the
t molecule, and we demoonstrate that thhe r-6 relationsship holds in flexible,
fl
small molecules.
References:
H Eaton H. L. and
a Lai X., Magn. Reson. Chem., 27,
2 515 – 528 (19
989)
1. Andersen N. H.,
2. Keller C. E. and
a Carper W. R., Magn. Reson. Chem.,
C
31, 566 – 572
5 (1993)
3. Bagno A., Raastrelli F. and Saieelli G., Chem. Euur. J., 12, 5514 – 5525 (2006)
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1D and 2D
2 NMR tools.
t
Quantitativee 13C and 31P NMR
R of Castillla-La Ma
ancha’s
Olive Oill
Alberto Juan Ruíz dell Vallea, Covvadonga Luucas-Torres Péreza, Rubbén Navas M
Morenoa, María
M
Victorria
b
a
Gómez Alm
magro and Andrés Mooreno Morenno
a

Department of Química Inórgannica, Orgánica y Bioquímica,
B
Áreaa de Química Org
gánica. University
ty of Castilla-La M
Mancha. Faculta
ad de Química,
Avenida Camiloo José Cela 10, 133071. Ciudad Reaal. Spain (Albertoo.Juan@uclm.es)
b
Instituto Regionnal de Investigación Científica Applicada. Universitty of Castilla La Mancha.
M
Avenidaa Camilo José Ceela, s/n. 13071. Ciiudad Real

Recently,, NMR spectrroscopy has beeen used to annalyze the com
mposition of foods. Due too its ability off simultaneoussly
detecting a large
l
number of organic coompounds andd to characterrize them, it allows
a
us to oobtain the stru
uctural analyssis
using a swift
ft and non invasive method. Different vaarieties of oilss in our regionn were analyzzed in order to
o distinguish its
inborn characcteristics by NMR
N
spectrosscopy.
1
H, 13C, and
a 2D-NMR
R spectra allow
ws us to distinnguish betweeen long-chainn fatty acids (ssaturated and unsaturated) as
free acid or as
a esterified with
w glycerol1 and their disttribution in th
he backbone of
o glycerin.2 M
Minor compou
unds were easiily
detected too.
In additioon, a methodoology to quanntify each of the
t componen
nts found in thhe different vvarieties of oliive oil has been
implementedd, using an innternal standard and/or a derivatiziting
d
agent. Thus, the proportioons of free faatty acids in the
t
triglyceride form
f
could bee obtained by 13C-NMR. Foor the quantiffication of thee minor components, using a methodologgy
by 31P-NMR
R well establishhed,3 adding a derivatizitingg agent, which
h contain 31P in its structuree, which reactts quantitativeely
with the free hydroxyl grooups of the glyycerine backboone.
References:
1. Vlahov G., Prrog. Nucl. Magn. Reson. Spectrosc., 35, 341 – 3577 (1999)
2. Simova S., Ivvanova G. and Spassov S. L., Chem
m Phys Lipids, 1226, 167 – 176 (20
003)
3. Dais P. and Spyros A., Magn Reson
R
Chem, 45, 367 – 377 (2007)
Acknowledgmennts: Financial Suupport from the Consejería de Cienncia y Tecnologíaa JCCM through project PBI08-02259-7224, and fro
om FEDER projeects
UNCM05-23-0339 and UNCM055-23-082 is grateffully acknowledgged. Covadonga Lucas-Torres
L
Pérrez also thanks thhe University of Castilla-La
C
Manccha
(Vicerrectorado de Investigaciónn) for her Initiatioon to Research Grrant.
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From 1D to 2D-NMR for metabolic profiling to large-scale annotations, and their
approaches toward biomass engineering
Jun Kikuchia,b,c,d, Eisuke Chikayamaa and Yasuyo Sekiyamaa
a

RIKEN Plant Science Center, JAPAN, bRIKEN Biomass Eng. Prog., JAPAN
Nagoya Univ., JAPAN
d
Yokohama City Univ., JAPAN (kikuchi@psc.riken.jp)
c

Since plants can fix carbon dioxide into useful biomass, studies of their metabolic systems may be an important field
in the era of bio-refinery as an alternative to oil-refinery. The NMR-based metabolomics approach has much potential for
not only basic science but also for applied science in plant systems. First, I will introduce techniques for the correlation of
1
H-NMR based metabolic profiling with genetic SNPs makers,1 as well as plant hormone responses2 in plant systems.
Furthermore, stable isotope labelling with 13C-carbon dioxide,3 13C-glucose4,5 or specific substrates6 allows for the
elucidation of metabolic pathways and movements by 1H-13C correlation NMR. In order to annotate a large number of
metabolites from metabolite mixtures by 2D-NMR spectra, we have established a standard metabolite signal database and
semi-automatic signal assignment software written in Java.7,8 In particular, we have recently developed new statistical
indices for large-scale annotations from a single 2D-NMR spectrum, enabling 211 plant metabolite annotations.9 In
addition to these metabolomics platform technologies, we have also introduced magic angle spinning (MAS) methods for
characterization of low-solubility metabolites using intact plant tissues.10 The potential for analyzing microbial metabolic
dynamics11 toward biomass engineering will be discussed in this presentation.
References:
1. Mochida K., Furuta T., Ebana K., Shinozaki K. and Kikuchi J., BMC Genomics, 10, e563 (2009)
2. Okamoto M., Tsuboi Y., Chikayama E., Kikuchi J. and Hirayama T., Plant Biotechnol., 26, 551 – 560 (2009)
3. Kikuchi J. and Hirayama T., Method Mol. Biol., 358, 273 – 286 (2007)
4. Tian C. J., Chikayama E., Tsuboi Y., Shinozaki K., Kikuchi J. and Hirayama T., J. Biol. Chem., 282, 18532 – 18541 (2007)
5. Sekiyama Y. and Kikuchi J., Phytochemistry, 68, 2320 – 2329 (2007)
6. Ohyama K., Suzuki M., Kikuchi J., Saito K.and Muranaka T., Proc. Natl. Acad. Sci. U.S.A., 106, 725 – 730 (2009)
7. Akiyama K., Chikayama E., Shinozaki K. Sakurai T., Kikuchi J. and Saito K., In Silico Biology, 8, e27 (2008)
8. Chikayama E., Suto M., Nishiraha T., Shinozaki K. and Kikuchi J., PLoS ONE, 3, e3805 (2008)
9. Chikayama E., Sekiyama Y., Okamoto M., Nakanishi Y., Tsuboi Y., Shinozaki K., Saito K. and Kikuchi J., Anal. Chem., 82, 1653 – 1658 (2010)
10. Sekiyama Y., Chikayama E. and Kikuchi J., Anal. Chem., 82, 1643 – 1652 (2010)
11. Fukuda S., Nakanishi Y., Chikayama E., Ohno H. and Kikuchi J., PLoS ONE, 4, e4893 (2009)
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CIDNP study of peptides with S-containing amino acids
Talea Köchlinga, Gerald Hörnera,b, Sergey E. Korchaka, Alexandra V. Yurkovskayac and Hans-Martin
Vietha
a

Institut für Experimentalphysik, Freie Universität Berlin, 14195 Berlin, Germany (talea.koechling@fu-berlin.de)
Chemical Physics Department, Faculty of Chemistry, Adam Mickiewicz University Poznan, Poland
c
International Tomography Center of SB RAS, 630090, Institutskaya 3a, Novosibirsk, Russia
b

Applying NMR spectroscopy to photoreactions often leads to line intensities different from thermal equilibrium, thus
opening new ways to acquire information about structure of radical intermediates and reaction pathways. This method is
known as chemically induced dynamic nuclear polarization (CIDNP). Typically the formation of a radical pair originating
from a photo-excited dye and a quencher molecule, e.g. an amino acid residue, gives rise to polarization of the NMR
spectrum. In a pulsed version time dependence measurements with microsecond resolution are possible allowing
differentiation between geminate and bulk processes, so that reaction pathways and rate constants can be extracted. On the
other hand field dependence of CIDNP allows determining magnetic resonance parameters (hyperfine coupling constants
and g-factor) of elusive radicals.
The amino acid methionine is such a quencher because it is readily oxidized via electron transfer from the sulfur atom.
Because such sulfur centered radical cations tend to stabilize themselves by forming a three electron bond between S and
neighboring atoms with lone electron pairs, the reaction pathways depend on their distance.
While this had already been established for the free amino acid we extended this investigation to peptides and other Scontaining biomolecules. We will present CIDNP results of a systematic study comparing peptides containing methionine
and various co-residues (methionine, methylcysteine and glycine) in aqueous solution at ambient conditions. For studying
the influence of geometric factors we performed measurements on linear and on cyclic structures in different enantiomeric
forms. By comparing these peptides that differ in their sulfur-backbone-distances and number of thioether units
differences in radical structure and reaction kinetics are shown and discussed. Here, primary and secondary reaction steps
are differentiated and rate constants are determined.
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Structure Elucidation of Palau’amine Congeners
Matthias Köcka, Gesine Schmidta, Ian B. Seipleb and Phil S. Baranb
a
b

Alfred-Wegener-Institute for Marine and Polar Research, Am Handelshafen 12, D-27570 Bremerhaven, Germany (mkoeck@awi.de)
Department of Chemistry, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037, USA

The determination of the relative and absolute configuration of natural products is essential to understand their
biological activity and to allow their procurement through total synthesis. When crystalline products cannot be obtained,
structural elucidations can be very difficult, especially when the targets do not lend them selves easily to standard 2D NMR techniques and may not easily be synthesized. The recent
total synthesis of (±)-palau’amine1 confirmed the structural revision of its relative
configuration and that of its congeners.2 The originally reported structure of palau’amine3
served as a synthetic target for several groups worldwide for well over a decade.4
This work shows how effective NOESY/ROESY data in combination with computational
methods can be used for the assignment of relative configurations. Since none of the
palau’amine congeners have been crystallized, there is a special demand on NMR spectroscopy for this structurally very complex class of natural products. The investigated molecules have eight contiguous
stereogenic centers, necessitating a method which allows a simultaneous determination of all unknown stereogenic
centers. The determination of the relative configuration using ROESY data of axinellamine A and 3,7-epi massadine as
well as macro-palau’amine (5 centers, a synthetic precursor of palau’amine) will be presented.
References:
1. Seiple I. B., Su S., Young I. S., Lewis C. A., Yamaguchi J. and Baran P. S., Angew. Chem. Int. Ed., 49, 1095 – 1098 (2010)
2. (a) Grube A. and Köck M., Angew. Chem. Int. Ed., 46, 2320 – 2324 (2007), (b) Buchanan M. S., Carroll A. R., Addepalli R., Avery V. M., Hooper J.
N. A. and Quinn R. J., J. Org. Chem., 72, 2309 – 2317 (2007), (c) Kobayashi H., Kitamura K., Nagai K., Nakao Y., Fusetani N., van Soest R. W. M.
and Matsunaga S., Tetrahedron Lett., 48, 2127 – 2129 (2007)
3. (a) Kinnel R. B., Gehrken H.-P. and Scheuer P. J., J. Am. Chem. Soc., 115, 3376 – 3377 (1993), (b) Kinnel R. B., Gehrken H.-P., Swali R.,
Skoropowski G. and Scheuer P. J., J. Org. Chem., 63, 3281 – 3286 (1998)
4. (a) Hoffmann H. and Lindel T., Synthesis, 1753 – 1783 (2003), (b) Jacquot D. E. N. and Lindel T., Curr. Org. Chem., 9, 1551 – 1565 (2005), (c) Köck
M., Grube A., Seiple I. B. and Baran P. S., Angew. Chem. Int. Ed., 46, 6586 – 6594 (2007)
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J(Se, H)-based conformational analysis of selenosugars: NMR and theoretical
study
Katalin E. Kövéra, Ambati A. Kumara, Yury Y. Rusakovb, Leonid B. Krivdinb, Tünde-Zita Illyésa and
László Szilágyia
a
b

Department of Chemistry, University of Debrecen, Egyetem tér 1, H-4032, Debrecen, Hungary (kover@tigris.unideb.hu)
A. E. Favorsky Irkutsk Institute of Chemistry, Russian Academy of Sciences, Favorsky 1, 664033 Irkutsk, Russia

Se-glycosides are important starting materials in synthetic carbohydrate chemistry playing a significant role in
biological interactions as well. Both aspects are dependent on the conformation around the glycosidic bond. Se-glycosides
were synthesized to study the conformational dependence, if any, of the J(77Se,1H) spin-spin couplings.
Experimental values of J(Se, H) were determined by 1D and/or 2D 77Se-1H CPMG-HSQMBC1 pulse schemes. The
CPMG cycle applied at reduced power level circumvents the undesired heating of the sample, allowing accurate
measurement of heteronuclear couplings for the temperature sensitive nuclei, such as Se. Theoretical calculations were
carried out at the Second-Order Polarization Propagator Approach (SOPPA) level2 taking into account all four nonrelativistic coupling contributions to the total coupling constant, as implemented in DALTON program code.3 All
calculations of spin-spin couplings were performed using equilibrium geometries of the true-minimum conformers
localized at the MP2/6-31G** level taking into account solvent effects within the IEF-PCM approach using GAMESS
code. It is very encouraging that the population-averaged calculated values of 2J(Se,H) and 3J(Se,H) couplings are in a
good agreement with experiment indicating an adequate theoretical level of the performed calculations. Indeed, this is one
of a very few examples when high-level non-empirical calculations of spin-spin coupling constants (especially those
involving selenium) are performed for molecules of that size.
References:
1. Kövér K. E., Batta Gy. and Fehér K., J. Magn. Reson., 181, 89 – 97 (2006)
2. (a) Nielsen E. S., Jørgensen P. and Oddershede J., J. Chem. Phys., 73, 6238-6246 (1980) (b) Enevoldsen T., Oddershede J. and Sauer S. P. A., Theor.
Chem. Acc., 100, 275 – 284 (1998) (c) Bak K. L., Koch H., Oddershede J., Christiansen O. and Sauer S. P. A., J. Chem. Phys., 112, 4173 – 4185
(2000)
3. Dalton A., Molecular Electronic Structure Program, Release 2.0 (2005), see http://www.kjemi.uio.no/software/dalton/dalton.html
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Optimization of INPHARMA by multiple ligands and molecular docking
Jens Kurza, Adam Mazura, Peter Moneckeb, Stefan Bartoschekb, Melanie Wegstrotha, Stefan Beckera,
Donghan Leea and Christian Griesingera
a
Max-Planck-Institute for biophysical Chemistry, NMR-based Structural Biology, Am Fassberg 11, 37077, Göttingen, Germany,
(jeku@nmr.mpibpc.mpg.de)
b
Sanofi-Aventis Deutschland GmbH, R&D CAS Drug Design FFM, Industriepark Hoechst, 65926, Frankfurt am Main, Germany

The INPHARMA method1 uses a protein-mediated interligand NOE transfer between the protons of two ligands,
which are competitively targeting a binding pocket. The method can be used in structure-based drug design to obtain the
relative and even the absolute binding mode of the ligands. The presented idea is to use
not only one combination, but three or more pairwise combinations of ligands to receive
Sample figure
more information. It can be shown that this will lead to better and more reliable results
(gray scaled with
than just one combination. Four indazole-based ligands, which bind weakly to PKA,
hite background)
were chosen and the NOESY spectra of the six possible double combinations recorded at
different mixing times. Interligand peaks mediated by the protein were clearly observed
and integrated. For every ligand 1000 molecular docking poses were created using
PLANTS2 and clustered by RMSD. For every clustered pose the theoretical interligand
NOEs were back-calculated using the full-relaxation matrix approach3 with our software
ALICE. Comparison of experimental and calculated values together with the additional information of multiple
combinations can rule out most wrong poses and lead towards correct binding modes known from crystal structure. The
method shows a promising way towards the selection of molecular docking results which helps to speed up the
development of new drugs.
References:
1. Sánchez-Pedregal V. M., Reese M., Meiler J., Blommers M. J. J., Griesinger C. and Carlomagno T., Angew. Chem. Int. Ed., 44, 4172 – 4175 (2005)
2. Korb O., Stützle T. and Exner T. E., LNCS, 4150, 247 – 258 (2006)
3. Orts J., Griesinger C. and Carlomagno T., J. Magn. Reson., 200, 64 – 72 (2009)
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Size of Molecular Clusters of Ethanol by Diffusion Measurements and
Hydrodynamic Calculations
Mária Šoltésová, Ladislav Benda, Jiří Czernek and Jan Lang
Department of Low Temperature Physics, Faculty of Mathematics and Physics, Charles University in Prague, V Holešovičkách 2, CZ-180 00 Prague 8,
Czech Republic and Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovský square 2, CZ-161 37 Prague 6,
Czech Republic (Jan.Lang@mff.cuni.cz)

Molecules of simple alcohols as well as water form hydrogen bonded clusters that are subject to fast reorganization in
liquid state. The properties such as the cluster size, structure, lifetime, the free energy of its formation are necessary for
explanation of often non-ideal macroscopical thermodynamical characteristics of the respective liquids.
We measured the temperature and concentration dependences of the translational diffusion coefficients of ethanol
dissolved in a non-polar solvent (hexane). The typical cluster geometries obtained by DFT quantum chemical calculations
were further used for theoretical prediction of the diffusion coefficients by means of hydrodynamic calculations
(HydroNMR).1 For the purpose of an application to small molecules, the typical settings of HydroNMR program were
recalibrated by means of a model system of tetramethylsilane solution in hexane.
We determined the mean size of ethanol hydrogen bonded clusters present under different conditions. The clusters
consisting of several units are present at decreased temperatures. The pure monomer was found at temperatures above 315
K in 0.16 mM ethanol solution. Its hydrodynamic radius was correctly predicted by the calculations.
References:
1. García de la Torre J., Huertas M. L. and Carrasco B., J. Magn. Reson., 147, 138 – 146 (2000)
Acknowledgments: This research was supported by the Czech Ministry of Education research plan MSM 0021620835 and Charles University grant
81410.
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Elucidation of Reaction Mechanism Providing Rapid Access to Spiro-indolin-3one
Tomas Lebl, Alan M. Jones, Magali M. Lorion, Stephen Patterson and Nicholas J. Westwood
School of Chemistry and Biomedical Science Research Complex, University of St Andrews, North Haugh, St Andrews, Fife KY16 9ST, Scotand, UK,
(tl12@st-and.ac.uk)

The heterocycle 1 subjected to an oxidative fragmentation reaction affords N-acyl cyclic urea 2.1,2 Whilst exploring
the chemical reactivity of 2 by using a range of nucleophiles that may induce rearrangement, it was found that treatment
of 2 with lithium hydroxide afforded the spiro-indolinone 7 after acidification. Following this reaction by 1H NMR
disclosed four intermediates (3, 4, 5 and 6). Structure elucidation of those intermediates was hampered by lack of
hydrogen atoms in the cores of molecules where the structures were altered. However, dramatic differences in chemical
shifts of aromatic protons were observed. These were caused by changes in both 2D and 3D structure of molecules and
allowed us to identify all intermediates using combined approach of NMR spectroscopy techniques and molecular
modelling at B3LYP/6-31G** level of theory.
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References:
1. Patterson S., Lorenz C., Slawin A. M. Z. and Westwood A. M. Z., QSAR Comb. Sci., 23, 883 – 890 (2004)
2. Jones A. M., Lebl T., Patterson S., Mourik T. V., Fruchtl H. A., Philp D., Slawin A. M. Z. and Westwood N. J., Tetrahedron, 65, 564 – 579 (2009)
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Binding studies using an integrated dissolution DNP NMR spectrometer
James Leggett, Rafal Panek, Anniek van der Drift, Josef Granwehr and Walter Köckenberger
Sir Peter Mansfield MR Centre, School of Physics & Astronomy, University of Nottingham, Nottingham, NG7 2RD, UK
(james.leggett@nottingham.ac.uk)

Recently it was demonstrated that large nuclear spin polarisation in liquid state samples can be generated by first
increasing the polarisation of the nuclear spin system in solid state using dynamic nuclear polarisation (DNP) at low
temperature followed by a fast dissolution step.1
A two-centre, integrated 3.4 T DNP polariser and 9.4 T liquid state NMR spectrometer has previously been presented.2
Due to the proximity of the two magnetic centres in such a system, the polarised sample can be rapidly transferred and,
furthermore, this can be done in the solid state followed by subsequent dissolution immediately above the NMR centre.
This significantly reduces T1 relaxation loss, as well as eliminating cross-relaxation that can arise when liquid-state
samples are shuttled through a varying magnetic field. Consequently it is possible to observe signals from very short T1
species in both natural abundance 13C spectroscopy and low concentration 1H spectroscopy.3
The DNP strategy is now being applied to study molecular binding. Specifically, of current interest is a system
comprising Ala-D-γ-Glu-Lys-D-Ala-D-Ala pentapeptide binding with vancomycin.
References:
1. Ardenkjaer-Larsen H. J., et al., Proc. Nat. Acad. Sci. U.S.A., 100, 10436 – 10439 (2003)
2. Leggett J., et al., EUROMAR 2008, Poster EMR-18 (2008)
3. Leggett J., et al., Phys. Chem. Chem. Phys., DOI: 10.1039/C002566F (2010)
Acknowledgements: We are very grateful for support from G Smith and R Hunter from the University of St Andrews, Scotland, UK and OIMBL for
support during the construction phase of the instrument.. The project was funded by an EPSRC instrument development grant and a technology
development grant from the BBSRC.
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Multinuclear Solution and Solid-state NMR Investigation of Heterocycles
Incorporating a B-N Bond
Orsolya Lejtoviczné Egyeda, Péter Királya, Daniella Takácsb, Petra Bombicza, Zsuzsanna Riedlb and
György Hajósb
a

Institute of Structural Chemisty, Chemical Research Center of the Hungarian Academy of Sciences, Pusztaszeri 59-67, H-1025, Budapest,Hungary
(leo@chemres.hu)
b
Institute of Biomolecular Chemisty, Chemical Research Center of the Hungarian Academy of Sciences

The incorporation of a BH2 moiety into tetrazole−containing heterocyclic systems was studied by multinuclear (1H,
C, 10B, 11B, 15N) solution and solid-state NMR spectroscopy. The appearance of two diastereotopic BH protons and the
J−coupling patterns of methylene protons in the 1H NMR spectra obtained in solution state suggested intramolecular ring
formation via the boron and one of the tetrazole nitrogen atoms, producing
azaborinine derivatives. To support the proposed B−N bond formation, 10B
spectra in chloroform were also recorded.
In addition, solid−state NMR spectroscopy was applied to provide a link
between the solution NMR data and the single crystal X−ray diffraction
structure. Significant magnetic field dependence of the solid−state 11B−MAS
NMR spectra was observed. The isotropic chemical shift (δiso ) obtained
from 11B−MAS was in good agreement with the 10B chemical shift measured
in chloroform.
We concluded that the comparison of solid−state and solution NMR
spectra of azaborinine derivatives provides a feasible strategy for
establishing the existance of the B−N bond.
13
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EPR Studies on Iron Nitrosyl Complexes
Lijuan Li, Rongming Wang and Peter Do
Department of Chemistry and Biochemistry, California State University, Long Beach, 1250 Bellflower Blvd., Long Beach, CA 90840, USA
(lli@csulb.edu)

The recent realization that nitric oxide is a biological messenger in many physiological processes has brought about a
renewed interest in its chemistry, particularly its iron complexes that are central to the role of nitric oxide in the body.
Spectroscopic evidence would appear to implicate species of “Fe(NO)2+” type in a variety of processes ranging from
polymerization, carcinogenesis, to nitric oxide stores. Our research aims at isolation and
structural studies of biomimic iron nitrosyl complexes that are either coordinated to
nitrogen or sulfur motif. We have shown that reactions between Fe(NO)2(CO)2 and a
series of imidazoles generated new non-heme iron nitrosyls of the form Fe(NO)2(L)2 or
[Fe(NO)2(Im-H)]4, which are closely related to the g = 2.03 species in biological systems.
In this work, we will describe the EPR studies on two types of iron nitrosyl complexes: the
dimeric Roussin’s red salt esters [Fe(µ-RS)(NO)2]2 (R = n-Pr, t-Bu, 6-methyl-2-pyridyl
and 4,6-dimethyl-2-pyrimidyl) and [Fe(NO)2(L)], (L = 2,2’-bipyridine, 2,2’,2”-terpyridine
and 1,10-phenathroline). The former showed an isotropic g value of close to 2.000, while
the latter exhibited a very complicated pattern in the 2.03 region as shown in the figure. The difference between the g
values is explained by of the difference in unpaired electron distributions between the two types of complexes based on
DFT calculations. This provides the theoretical bases for the use of g value as a spectroscopic tool to differentiate these
biologically active complexes. Other spectroscopic evidences will also be discussed.
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1. Wang R., et al., Inorg. Chem., 48, 9779 – 9785 (2009)
2. Wang R., Camacho-Fernandez M. A., Xu W., Zhang J. and Li L., Dalton Trans., 777 – 786 (2009)
3. Wang X., Sundberg E. B., Li L., Kantardjieff K., Herron S., Lim M. and Ford P.C., Chem. Commun., 477 – 479 (2005)
Acknowledgments: This work is sponsored by the National Institute of Health, USA.
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NMR Study of Some Organometallic Chalcogenides
Antonín Lyčkaa, Libor Dostálb, Roman Jamborb and Aleš Růžičkab
a
b

Research Institute for Organic Syntheses, Rybitvi 296, CZ-533 54 Pardubice, Czech Republic, (antonin.lycka@vuos.com)
Department of General and Inorganic Chemistry, University of Pardubice, Studentská 95, CZ-532 10 Pardubice, Czech Republic

Multinuclear NMR spectra of organometallic chalcogenides (sulfides, selenides and tellurides) and analogous
compounds of organotin, organoantimony and organobismuth will be presented. The common feature of these compounds
is the presence of the N,C,N chelating ligands (2,6 – (Me2NCH2)2C6H3 in the structure of
the compounds1 stabilising low valent metal centers (see Figure).
N
X-ray data proved the structures of compounds undoubtedly. Multinuclear NMR
spectra were used to study the constitutions of products in solutions.
The values of appropriate chemical shift ranges as well the absolute values of various
M X
coupling constants will be presented.

N
References:
1. Dostál L., Jambor R., Růžička A., Lyčka A., Brus J. and DeProft F., Organometallic, 27, 6059 – 6062 (2008)
Acknowledgments: The authors thank the Czech Science Foundation for financial support (grant No. 207/10/0130).
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An NMR study on conformational preferences of diindolyl(thio)urea anion
receptors
Damjan Makuc and Janez Plavec
Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia, (damjan.makuc@ki.si)

We have recently analyzed conformational preferences of several 2,7-disubstituted indoles with amide substituents at
C2 and urea substituents at C7, which showed presence of distinct conformers in the presence and in the absence of
anions.1,2 Stimulated by these results, the conformational preorganization of
diindolyl(thio)urea receptors 1-4 as well as their conformational changes upon binding of
chloride and several oxoanions were studied by the means of NMR spectroscopy and
augmented with energetic preferences established by ab initio calculations.
All receptors exhibit conformational preorganization in DMSO solutions, where anti
orientation across both C7-N7α bonds is highly predominant. Anion-receptor interactions
have been assessed through 1H and 15N chemical shift changes. NOE enhancements in
the presence of oxoanions revealed that anion-receptor complexes favor the syn
conformation along C7-N7α bonds.
References:
1. Makuc D., Lenarčič M., Bates G. W., Gale P. A. and Plavec J., Org. Biol. Chem., 7, 3505 – 3511 (2009)
2. Makuc D., Triyanti Albrecht M., Plavec J., Rissanen K., Valkonen A. and Schalley C. A., Eur. J. Org. Chem., 2009, 4854 – 4866 (2009)
Acknowledgments: We would like to thank Professor Philip A. Gale from School of Chemistry, University of Southampton for providing the anion
receptors.
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P483

2D TR-NOESY Experiments Interrogate and Rank Ligand–Receptor
Interactions in Living Human Cancer Cells
Silvia Maria, Chiara Invernizzib, Andrea Spitaleria, Luca Albericib, Michela Ghittia, Claudio
Bordignonb, Catia Traversarib, Gian-Paolo Rizzardib and Giovanna Muscoa
a
Dulbecco Telethon Institute, Biomolecular NMR lab, Center of Genomics, BioInformatics and BioStatistics, S. Raffaele Scientific Institute, via
Olgettina 58, 20132 Milano (Italy) (mari.silvia@hsr.it)
b
MolMed SpA, via Olgettina 58, 20132 Milano, Italy

Integrins, the major class of heterodimeric transmembrane glycoprotein receptors, and the membrane-spanning surface
protein aminopeptidase N (CD13) are two of the major membrane bound receptors highly expressed on the surface of
tumour cells during angiogenesis, gaining importance as drug targets in cancer therapy. Recently it has been shown that
deamidation of NGR sequence gives rise to isoDGR, a new αvβ3-binding motif.1 Here we show that it is possible to apply
2D-TR-NOE techniques directly on human cancer cells to prove selective binding receptors such as αvβ3 and CD13.2 We
investigated the binding of a small library of cyclopeptides onto two human cancer cell lines differently expressing αvβ3
and CD13. Receptors can be also silenced with siRNA techniques to prove recognition specificity, and competition
experiments can be applied to rank different ligands’ affinity in a physiological context. In transferred NOE experiments,
where the ligand molecule is in fast exchange between its free and receptor bound state, the averaged cross-relaxation rate
<σij> between two nuclei is described by <σij> = NFσF +NBσB whereby NF and NB are the free and bound populations
respectively and σF and σB are the cross-relaxation rates of free and bound ligand. Here we estimate a value for σF and σB
for the case of a ligand interacting with a receptor localized on the membrane surface of living cells. We observe that σB
can easily out-weigh the small value of σF. It is theretofore possible to detect binding by observing change in the sign of
the ligand NOE cross-peak, even if it is in large excess (104-105 molar ratio) with respect to the receptor.
References:
1. Curnis F. et. al., J. Biol. Chem., 281, 36466 – 36476 (2006); Spitaleri A., et. al., J. Biol. Chem., 238, 19757 – 19768 (2008)
2. Mari S. et. al., Angew. Chem., Int. Ed., 49, 1071 – 1074 (2010)
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Fast 2D 1H INADEQUATE NMR: a tool for precise quantitative analysis of
metabolic mixtures
Estelle Martineau, Patrick Giraudeau, Illa Tea and Serge Akoka
CEISAM, Université de Nantes,BP 92208 2 rue de la Houssinière, 44322, Nantes Cedex 3, France (estelle.martineau@univ-nantes.fr)

Quantitative analysis of metabolic mixtures by 1D 1H NMR is a limited tool for precise quantification of biomarkers
because of strong peak overlap. 2D NMR presents a high potential to unambiguously analyse metabolite contributions,
however it suffers from long experiment durations. This drawback can be really
prohibitive during establishment of calibration curves, a procedure which is
necessary to obtain accurate and precise quantitative measurements. Moreover,
long experiments are more sensitive to spectrometer temporal instabilities, leading
to a degradation of precision.1
We have recently optimized a 2D 1H INADEQUATE NMR method for a fast
determination of metabolite concentrations in complex mixtures.2 Acquisition and
processing parameters have been carefully optimized to obtain the best precision
in the shortest time possible. This protocol is evaluated in terms of precision and
linearity on metabolite mixtures with concentrations as small as 0.1 mM.
Quantitative 1H INADEQUATE 2D spectra are obtained in 7 minutes with a
repeatability better than 2 %. Moreover, the excellent linearity proves that our 2D
1
H INADEQUATE NMR protocol is a promising tool for metabonomic studies.
1
H INADEQUATE spectra of a
Its potentialities for studying complex metabolic samples have been evaluated on Optimized
model metabolic mixtures, obtained in 7
breast cancer cell extracts.
minutes.
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References:
1. Giraudeau P., Guignard N., Hillion E., Baguet E. and Akoka S., J. Pharm. Biomed. Anal., 43, 1243 – 1248 (2007)
2. Martineau E., Giraudeau P., Tea I.and Akoka S., submitted for publication (2010)

386

7.4 Small Molecules/Pharma & Metabolomics
__________________________________________________________________________________________________

P485

Following the production of biolubricants by NMR
Danielle O. Rosasa, Naira S. Ruizb, Thiago A. Damascenob, Luiz Silvino Chinelatto Jrc, Flavio C.
Albuquerquec, Marcele A. Lopesc and Sonia M. C. Menezesc
Research & Development Center(CENPES) - Hydrotreatment and Special Products Dept. – Petrobras S.A, 21941-915, Rio de Janeiro, RJ, Brazil
Department of Chemistry, Pontifícia Universidade Católica do Rio de Janeiro (PUC-RJ), 22451-900, Rio de Janeiro, RJ, Brazil
c
Research & Development Center (CENPES) - Chemistry Dept. - Petrobras S.A., 21941-915 Rio de Janeiro, Brazil, (soniac@petrobras.com.br)
a
b

With the aim to obtain more green products, the reaction of castor oil or castor oil biodiesel with fatty acids to produce
biodegradable lubricants was studied and followed by 1H and 13C high resolution NMR. The spectra were acquired in a
Varian MR-400 (9.4T) spectrometer, at ambient temperature. For the 13C spectra a 40%
solution of the sample in CDCl3, 90º pulses, pulse interval of 10s, 2048 scans and the
decoupler in the gated mode was used to assure quantitative conditions. The 1H spectra
Cm
were obtained using 5% solutions in CDCl3, 45° pulses, 1.0s of pulse delay, 2.0s of
acquisition time and 128 transients. The formation of estolides (oligomeric polyesters)
Hm
due to the reaction of the carboxyl function of the fatty acid with the hydroxyl group
present in the chain of castor oil or castor oil biodiesel was confirmed by HMQC. The
Figure 1. Structure of
reaction was followed mainly using the quintet at 4.87ppm of methinic hydrogen (Hm) at
ricinoleic acid dimer.
the 1H spectra and the peak at 73.5ppm (methinic carbon Cm) at the 13C spectra (Figure
1).1 It was also possible to calculate the estolide number (EN) which is directly related with the size or molecular weight
of the estolide obtained through the area ratio of appropriate peaks on both spectra.1,2 The EN obtained by both methods
are consistent and are also comparable with Size Exclusion Chromatography (SEC).
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References:
1. Isbell T. A. and Cermak S. C., J. Am. Oil Chem. Soc., 79, 1227 – 1233 (2002)
2. Isbell T. A. and Kleiman R., J. Am. Oil Chem. Soc., 71, 379 – -383 (1994)
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PGSE NMR Diffusion and Overhauser Studies on a Variety of Transition Metal,
Inorganic and Organic Salts: An Overview of Ion Pairing in Dichloromethane
Solution
Aitor Morenoa, Paul S. Pregosina, Luis F. Veirosb and Alberto Albinatic
a

Laboratorium für Anorganische Chemie, ETH Zürich, 8093, Zürich, Switzerland (moreno@inorg.chem.ethz.ch)
Centro de Quimica Estrutural, Instituto Superior Tecnico, 1049-001, Lisbon, Portugal
Departement of Struc. Chem. and School of Pharmacy, University of Milan, 20133, Milan, Italy
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PGSE diffusion and 1H, 19F Overhauser studies on a variety of Transition Metal, Inorganic and Organic Salts are
reported. These solution NMR results show that the charge distribution and the ability of the anion to approach the
positively charged positions (steric effects due to molecular shape) are the determining factors in deciding the degree of
Ion Pairing.1
References:
1. Moreno A., Pregosin P. S., Veiros L. F., Albinati A. and Rizzato S., Chem. Eur. J., 15, 6848 – 6862 (2009)
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Rapid Quantitative Determination by 13C-NMR of the Composition of
Acetylglicerol Mixtures as Byproduct in Biodiesel Synthesis
Andrés Moreno Morenoa, Adolfo Simón Carreteroa, Covadonga Lucas-Torres Péreza, Abraham Casas
García-Minguillánb and Angel Pérez Martínezb
a
Department of Química Inórganica, Orgánica y Bioquímica, Área de Química Orgánica. University of Castilla-La Mancha. Facultad de Química,
Avenida Camilo José Cela 10, 13071 Ciudad Real. Spain (Andres.Moreno@uclm.es)
b
Department of Ingeniería Química. Facultad de Química. University of Castilla La Mancha. Avenida Camilo José Cela, s/n. 13071 Ciudad Real

Commercially available partly acetylated glycerols (mono and diacetins) are a mixture of glycerol, 1- and 2acetylglycerol, 1,2- and 1,3-diacetylglycerol, and triacetin. These byproducts of the biodiesel production are considered
contaminants, and they alter the physical-chemical properties of the final product and can create engine problems such as
engine deposits, corrosion, and failure. Usually, primary analytical methods involve chromatography (HPLC, GC),
spectroscopy (MS, NIR), and wet chemical techniques (potentiometric, iodometric titration) which are often timeconsuming due to sample preparation, extended analysis time, and/or complicated data analysis.
In this work, a complete 13C chemical shift data for all five components allow for the identification of the components
in the mixture and thus the determination of the composition is developed. This experimental protocol allows for rapid
analysis of biodiesel mixtures of alcohols, glycerol, and mono-, di- and trisubstituted glycerides. Characteristic chemical
shift ranges were developed with model compounds and used to fully characterize the conversion of triglyceride samples
to biodiesel for two commercial production processes.
References:
1. Nebel B, Mittelbach M and Uray G., Anal. Chem., 80, 8712 – 8716 (2008)
2. Nagy M., Kerr B. J., Ziemer C. J. and Ragauskas A. J., Fuel, 88, 1793 – 1797 (2009)
3. Nagy M., Foston M. and Ragauskas A. J., J. Phys. Chem. A, 114, 3883 – 3887 (2010)
Acknowledgments: Financial Support from the Consejería de Educación y Ciencia JCCM through project PBI08-0259-7224, and from FEDER projects
UNCM05-23-039 and UNCM05-23-082 is gratefully acknowledged. CLTP also thanks the University of Castilla-La Mancha (Vicerrectorado de
Investigación) for her Initiation to Research Grant.
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Characterization of Manchego Cheese by Nuclear Magnetic Resonance
María Moreno Péreza, Beatriz Martín-Portuguésa, María Paz Moreno Fernándeza, Maria Victoria
Gómez Almagrob, Andrés Moreno Morenoa, Justa Maria Povéda Coladob and Lourdes Cabezas
Redondoc
a

Department of Química Inórganica, Orgánica y Bioquímica, Área de Química Orgánica. University of Castilla-La Mancha. Facultad de Químicas,
Avenida Camilo José Cela 10, 13071 Ciudad Real, Spain (Maria.Moreno@uclm.es)
b
Instituto Regional de Investigación Científica Aplicada. University of Castilla La Mancha. Avenida Camilo José Cela, s/n. 13071 Ciudad Real. Spain
c
Department of Bromatología y Tecnología de Alimentos, University of Córdoba. Campus Rabanales, 14014 Córdoba, Spain

NMR spectroscopy is emerging as an alternative analytical tool in a number of applied fields, including Food Science.
It is possible to identify many compounds in a complex mixture simultaneously and nondestructively.
“Manchego”, a popular Spanish cheese, is produced from pasteurized or raw dairy milk according to a regulation
approved by the European Union. The cheese has a protected denomination of origin (PDO) mark, which strictly defines
the geographical area of its production. Cheese is a complex matrix which can change very much depending upon its
origin, conditions of the manufacturing processing, microbial flora, enzyme activities, freshness, or ripening time.
A fast and reproducible extraction of the organic fraction1 of Manchego cheese has allowed us to study lipid content,
specially, conjugated linoleic acids which are really interesting for its antitumoral, immunomodulating and antidiabetic
activities. Focusing on the ripening time, samples have been analyzed by 1H, 13C and 31P-NMR upon derivatization of
hydroxyl and carboxyl groups with a phosphorous reagent. On the other hand, the water-soluble metabolites, specifically,
aminoacids content2 of Manchego cheese has been related to ripening by the use of 13C-NMR spectroscopy. The amino
acid profile confirms the significant variations, as expected in ripening, giving an index of the proteolytic process.
References:
1. Schievano E., Pasini G., Cozzi G. and Mammi S., J. Agric. Food Chem., 56, 7208 – 7214 (2008)
2. Consonni R. and Cagliani L. R., Talanta, 76, 200 – 205 (2008)
Acknowledgments: Financial Support from the Consejería de Educación y Ciencia JCCM through project PBI08-0259-7224, and from FEDER projects
UNCM05-23-039 and UNCM05-23-082. We also thank the Consejeria de Educación y Ciencia for a predoctoral grant for María Moreno Peréz.
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Conformational isomerisation of PtII-coordinated 1,3,5-triazine in solution and
solid state
Alexander G. Tskhovrebova, Stanislav I. Selivanova, Yulia E. Moskalenkob, Nadezhda A. Bokacha,b,
Alexander V. Gribanovb and Vadim Yu. Kukushkina,b
a

Department of Chemistry, St.Petersburg State University, Universitetskii pr., 26, Stary Petergoff, 198504 St.Petersburg, Russia
Institute of Macromolecular Compounds of the Russian Academy of Sciences, V.O. Bolshoi Pr. 31, 199004 St.Petersburg, Russia
(moskalenko.yulia@gmail.com)
b

Platinum complexes bearing N-heterocyclic ligands have very promising biological and physical properties. PtIIcoordinated 4-imino-6,6-dimethyl-1,4,5,6-tetrahydro-[1,3,5]triazine-2-ylamine was synthesized by amination of
corresponding cyanoguanidine ligands followed by their intramolecular cyclization.1 The structure of the complex
obtained was studied by 1H NMR spectroscopy in DMSO-d6 and acetone-d6, 13C and 15N NMR spectroscopies in solid
state, X-ray diffraction and DFT calculations. It was shown that both E,Z- and Z,Z-configurations of bis(4-imino-1,3,5triazine)PtII are present in solution. Furthermore, 1H NMR titration evidences for increase of E,Z-conformer content by
addition of solvent with low polarity. Investigation of complex precipitated from Et2O by solid state NMR spectroscopy is
in favor of two configurations of ligands. However, acetone-toluene (2:1) solution gave solid E,E-conformer as confirmed
by X-ray analysis. According to DFT calculations of (1,3,5-triazine)PtII-complex isomeric forms the energetic stability of
conformers decreases in a range: Z,Z – E,Z – E,E. Therefore, conformational isomerisation of a complex determined by
Solid State technique can be accounted for intermolecular interactions and solvent nature.
References:
1. Tskhovrebov A. G., Bokach N. A., Haukka M. and Kukushkin V. Yu., Inorg. Chem., 48, 8678 – 8688 (2009)
Acknowledgments: This work was supported by grants of the President RF (MK 634.2009.3) and RFBR (grant 09-03-00065-a).
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Ex-situ DNP and water soluble perchlorinated trityl radicals: A flourishing match
Veronica Mugnainia, Cristina Gabellierib, Juan C. Paniaguac, Jaume Vecianaa and Miquel Ponsb
a

Institute of Materials Science (ICMAB-CSIC) and (CIBER-BBN), Campus de la UAB, 08193, Bellaterra, Spain (vmugnaini@icmab.es)
Institute for Research in Biomedicine, Parc Científic de Barcelona, Baldiri Reixac, 10-12 08028-Barcelona, Spain
c
University of Barcelona, Martí i Franquès 1-11 08028 Barcelona, Spain
b

Dynamic Nuclear Polarization (DNP) -based on the transfer of non equilibrium nuclear polarization from electron spin
polarization by microwave irradiation- is a potent and promising method to enhance the sensitivity of NMR signals in
selected applications. Herein we report on the use of perchlorinated trityl radicals 1)
and 2), in Fig. 1, in ex-situ DNP experiments.1 These stable and persistent water
soluble radicals substantially differ from the commercially available and commonly
used polarizing agents for the presence of chlorine nuclei. These radicals showed
rather good efficiencies as polarizing agents of small molecules.2 Moreover the sign
Fig. 1
of the DNP enhancement of radical 2 is substrate dependent, evidencing the
fundamental role of intermolecular interactions.2 The novel structure of these radicals prompted us to address the role
played by chlorine nuclei on the DNP mechanism. DFT calculations suggest that in contrast to other trityl radicals, the
polarization mechanism differs from the classical solid effect and support the hypothesis that polarization is transferred
from the unpaired electron to chlorine nuclei and from these to carbon by spin diffusion.3
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References:
1. Ardenkjaer-Larsen J. H., Fridlund B., Gram A., Hansson G., Hansson L., Lerche M. H., Servin R., Thaning M. and Golman K., Proc. Natl. Acad. Sci.
U.S.A., 100, 10158 – 10163 (2003)
2. Gabellieri C., Mugnaini V., Paniagua J. C., Roques N., Oliveros M., Feliz M., Veciana J.and Pons M., Angew. Chem. Int. Ed., 49, 3360 – 3362 (2010)
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Metabolic Fingerprint of Latex by 1H-NMR: Distinction between High and Low
Production Clones
Eduardo S. P. Nascimentoa, Paulo de S. Gonçalvesb, Reginaldo B. da Costac, Rogério M. B. Morenod,
Luiz H. C. Mattosod and Antonio G. Ferreiraa
a

UFSCar (edusanches@gmail.com)
IAC
c
UFMT
d
Embrapa, Brazil
b

Latex, natural rubber, is composed for the most part by poly(cis-1,4-isoprene) polymer and minor compounds such as:
proteins, carbohydrates, lipids, and minerals. Poly(cis-1,4-isoprene) has peculiar physical-chemistry properties and very
often can not be replaced by synthetic rubber (poly(styrene-butadiene)).1 1H-NMR
spectroscopy is an important tool for organic compounds identification and has been
applied with successful in the identification of animals and plant metabolites. Since the
number of information provided by 1H-NMR spectrum is wide the use of statistical tools
is essential. Principal Component Analysis (PCA) has been shown positive results at the
interpretation of 1H-NMR data.2
The aim of this work was to evaluate the use of 1H-NMR to distinguish between latex
samples of Hevea brasilienses which shown high and low production of poly(cis-1,4isoprene) by using PCA analysis.
The figure shows the PCA score plot of the latex samples. According to this was possible to differentiate samples
between high and low production. The PCA loading plot (not shown) shows that the variables responsible for the
distinction between the clusters are the compounds: acetate, acetoacetate, succinate, citrate, aconitic acid, choline, betaine,
quebrachitol, ascorbate, and formate. The metabolite quebrachitol is a polyol present in high concentration in latex sample
from Hevea and is related to the biosynthesis of poly(cis-1,4-isoprene).3
References:
1. Rippel, M. M. and Bragança F. C., Quim. Nova, 32, 818 – 826 (2009)
2. Griffin, J. L., Curr. Opin. Chem. Biol., 7, 648 – 654 (2003)
3. Bealing F. J., J. Rubber Res. Inst. Malaya, 21, 445 – 455 (1969)
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NMR of Na+, glycine and HDO in isotropic and anisotropic carrageenan gels
Christoph Naumann and Philip W. Kuchel
School of Molecular Bioscience, University of Sydney, NSW, 2006, Australia (christoph.naumann@sydney.edu.au)

Chiral gels that become anisotropic when stretched or compressed differ from liquid crystals in that there is a
continuum of anisotropy that can be obtained: the transition from isotropic to slightly anisotropic to more anisotropic
states can be controlled and reversibly changed. In the last few years we introduced a simple device that achieves this by
using gelatine as the chiral alignment gel.1,2 Recently we described two new polysaccharide based gels that become
anisotropic by stretching and can be reversibly adjusted just like gelatin, but at much lower gel concentrations, and can be
used at 37 oC.3 Chemically alike, ι- and κ-carrageenane gels yield quite different alignment properties for small chiral and
prochiral solutes.3 This finding implies structural differences for ι- and κ-carrageenan gels, and raises the question of the
necessary structural elements for (carbohydrate) gels to become anisotropic when stretched. Here we discuss the isotropic
and anisotropic states of ι- and κ-carrageenan gels as detected by Na+ ions, glycine and monodeuterated water and
monitored by solution 1H, 2H, and 23Na NMR spectroscopy.4 Anisotropy was introduced by stretching the polysaccharide
gels, and the degree of structural alignment depended on the extent of stretching as well as gel and salt concentration, and
the nature of cation and anion. For 23Na+ (NaCl) a strong binding component of the anisotropy in ι- and less in κcarrageenan gels was found, in contrast to a partial binding of glycine, and a spatial and a gel-concentration-dependent
anisotropic effect for deuterated water (HDO). This finding is explained by the electrostatic interactions between Na+ and
ionic sulphate groups in the carrageenan polymer; HDO probably only interacts via hydrogen bonding; while glycine
presumably interacts by both means.4 The new methodology is ripe for spectral analysis of chiral mixtures.
References:
1. Kuchel P. W., Chapman B. E., Müller N., Bubb W. A., Philp D. J. and Torres A. M., J. Magn. Reson., 180, 256 – 265 (2006)
2. Naumann C. and Kuchel P. W., J. Phys. Chem. A, 112, 8659 – 8664 (2008)
3. Naumann C. and Kuchel P. W., Chem. Eur. J., 15, 12189 – 12191 (2009)
4. Naumann C. and Kuchel P. W., Polym. Chem., in press (2010), DOI: 10.1039/C0PY00038H
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Ligand Exchange Reactions in Cu(III) complexes: Mechanistic Insights by
Combined NMR and DFT Studies
Maria Neumeiera, Tobias Gärtnera, Naohiko Yoshikaib, Eiichi Nakamurac and Ruth M. Gschwinda
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Department of Organic Chemistry, University of Regensburg, 93040 Regensburg, Germany,(maria.neumeier@chemie.uni-regensburg.de)
Division of Chemistry and Biological Chemistry, Nynang Technological University, 637371 Singapore
Department of Chemistry, The University of Tokyo, Bunkyoku, 1113-0033 Tokyo, Japan

b
c

Regio- and diasteroselective C-C bond formation is one of the
most important tools in organic synthesis. Thus organocopper
reagents are frequently used in cross coupling reactions with
alkyl halides or addition reactions with Michael acceptors.
In the past few years, high-resolution NMR studies revealed the experimental evidence for Cu(III) intermediates
in conjugate addition reactions1 as well as SN2´ and SN2-type cross coupling reactions2-4 of organocuprates, which
had been proposed for years in theoretical studies.5 In these NMR investigations not only the mechanistically
expected Cu(III) intermediates but also tetraalkyl Cu(III)-species were detected.3,4,6 Besides, the formation of
several trialkyl Cu(III)-complexes with electron donating hetero-ligands was demonstrated.7 These additional
Cu(III) complexes hint at ligand exchange reactions in Cu(III) complexes.
Therefore, in this contribution possible intra- and intermolecular ligand exchange processes in Cu(III)
intermediates are investigated by NMR and DFT calculations.8
References:
1. Bertz S. H., Cope S., Murphy M., Ogle C. A. and. Taylor B. J., J. Am. Chem. Soc., 129, 7208 – 7209 (2007)
2. Bartholomew E. R,. Bertz S. H, Cope S., Murphy M. and. Ogle C. A, J. Am. Chem. Soc., 130, 11244 – 11245 (2008)
3. Bertz S. H., Cope S., Dorton D., Murphy M. and Ogle C. A., Angew. Chem. Int. Ed.., 46, 7082 – 7085 (2007)
4. Gaertner T., Henze W. and Gschwind R. M., J. Am. Chem. Soc., 129, 11362 – 11363 (2007)
5. Nakamura E. and Mori S., Angew. Chem. Int. Ed., 39, 3750 – 3771 (2000)
6. Bartholomew E. R., Bertz S. H., Cope S., Murphy M., Ogle C. A. and Thomas A. A., Chem. Commun., 46, 1253 – 1254 (2010)
7. Bartholomew E. R., Bertz S. H., Cope S., Dorton D. C., Murphy M. and Ogle C. A., Chem. Commun., 1176 – 1177 (2008)
8. Gaertner T., Yoshikai N., Neumeier M., Nakamura E. and Gschwind R. M., Chem. Commun., ASAP (2010)
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NMR Structural Studies of the transient interaction between DC-SIGN and
oligosaccharides and mimetics
Cinzia Guzzia, Jesus Anguloa, Juan J. Reinab, Michel Thepautc, Frank Fieschic, Anna Bernardib, Javier
Rojoa and Pedro M. Nietoa
a
Grupo de Carbohidratos, Instituto de Investigaciones Químicas, CSIC - Universidad de Sevilla Américo Vespucio 49, 41092 Seville, Spain,
(pedro.nieto@iiq.csic.es)
b
Dipartimento di Chimica Organica e Industriale Università di Milano, via Venezian 21, 20133 Milano, Italy
c
Laboratoire des Protéines Membranaires Université Joseph Fourier/CEA, DSV/CNRS, UMR 5075, Institut de Biologie Structurale Jean-Pierre Ebel,
41, rue Jules Horowitz, 38027 Grenoble Cedex 1 France

DC-SIGN (Dendritic Cell-Specific ICAM-3 Grabbing Non-integrin) is a C-type lectin presenting a Carbohydrate
Recognition Domain (CRD) at the C-terminus, that recognizes specifically high glycosylated structures present at the
surface of several pathogens such as viruses (HIV, SIV, Hepatitis C), bacteria, yeasts and parasites, and plays a key role in
the infection process by interactions between carbohydrates from pathogens glycoproteins (gp120, GP1, etc.). A structural
study of the transient interaction between DC-SIGN (ECD) and simple oligosaccharides or glycomimetics containing
mannose or fucose has been performed by NMR. The interaction with the lectin was analyzed mainly by STD-NMR
spectroscopy.1 Using full matrix relaxation calculations employing CORCEMA-ST,2 we investigate the effect that the
existence of multiple modes of ligand binding,3 and analyze the interaction of saccharides to DC-SIGN, comparing
mannose with fucose based models and mimetics as well as multivalent analogues.
References:
1. Meyer B. and Peters T., Angew. Chem. Int. Ed., 42, 864 – 890 (2003)
2. Jayalakshmi V. and Krishna N. R., J. Magn. Reson., 168, 36 – 45 (2004)
3. Feinberg H., Castelli R., Drickamer K., Seeberger P. H. and Weis W. I., J. Biol. Chem., 282, 4202 (2007)
Acknowledgments: We thanks the EU (PITN-GA-2008-213592, CARMUSYS) and MICINN (CTQ2009-07168). ) financial support. J.A. holds M.E.CRamón y Cajal felowship.
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Advantaages and Drawback
D
ks to use Gradient
G
Coherencce Selectioon in Seleective 1D
and 2D HOESY
H
E
Experimen
nts
Sergi Gil, Pau
P Nolis and
a Teodor Parella
P
Servei RMN, Unniversitat Autònom
ma de Barcelonaa, E-08193 Bellateerra, Barcelona, (pau.nolis@uab.cat)

The use of gradient coherence
c
sellection is disccussed in 1H--X
HOESY expperiments. The
T
use of a refocusingg gradient for
f
coherence selection afforrds ultra-cleaan HOESY spectra
s
witho
out
need of phhase cycle and free of artefacts froom which tin
ny
heteronucleaar NOEs can be
b clearly obseerved. In addiition to possib
ble
diffusion losses and an inherent sensitivity pennalty, undesirred
convection effects
e
can also be deleterrious when working
w
on no
onviscous solvvents. The usse of sample rotation to minimize su
uch
convection effects is exemplified
e
o 31P and 19F-containin
on
ng
compounds. The main advvantages of thhe 1D versionn over the mo
ost
ming 2D counterpart are alsoo presented annd discussed.
time-consum
References:
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Acknowledgmennts: Financial suppport for this reseearch provided byy MICINN (projeects CTQ2009-088328 and Consollider Ingenio-2010 CSD2007-000006)
and Universitat Autònoma de Baarcelona is gratefuully acknowledgeed.

__________________________________________________________
___________________________________
______________

P496

A new prromising class of paramagn
netic labels: clathroochelate complexess with an
encapsullated cobaalt(II) ion
n
Valentin Novikov,
N
Anndrey Lebeddev and Yann Voloshin
Nesmeyanov Insstitute of Organoeelement Compounnds, Russian Acaademy of Sciencess, Vavilova 28, Moscow,
M
Russia (nnovikov84@ineoss.ac.ru)

MR spectra of
o paramagnetic complexess provide a wealth
w
of infoormation abou
ut structure annd
Hyperfine shifts in NM
dynamics off investigated molecules.1 The
T paramagnnetic tags conttaining lanthannide or
d-group mettal ions are nowadays brroadly used for
f structural characterizattion of
various bioloogical systems. Cage compplexes with ann encapsulateed cobalt(II) ioon2 are
perspective paramagnetic
p
labels owing to the compllete isolation of the encapsulated
paramagneticc ion from thhe environment, the resultting stability of the compllex and
independence of its magneetic propertiess from the meddium. The 1H NMR spectraa of the
mple of signnificant
C16H33-substtituted cobaltt(II) clathrocchelate proviide an exam
pseudocontacct shifts leadding to a coomplete resollution of thee fifteen signnals of
methylene prrotons, otherw
wise heavily ovverlapped.
The posssible functionnalization by six ribbed annd two apicall substituents allows
fine-tuning thhe properties of a complex to achieve thhe desired mag
gnetic charactteristics
of an encappsulated ion. In this conttext, the spinn-transition behaviour,
b
whhich is
observed for some compleexes, is of a grreat interest.
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Amsterdam, (2001)
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wledge support of the RFBR (gran
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Acknowledgmennts: The authors gratefully acknow
Russian Federattion for young sciientists supportinng grants (MK-3161.2010.3).

392

7.4 Small Molecules/Pharma & Metabolomics
__________________________________________________________________________________________________

P497

Novel Simple Protocol for "in Tube" Derivatization and NMR Analysis of Chiral
Alcohols and Amines
Nikolay V. Orlov and Valentine P. Ananikov
NMR Department, Zelinsky Institute of Organic Chemistry RAS, Leninsky prosp. 47, 119991, Moscow, Russia (onv@ioc.ac.ru)

Determination of enantiomeric purity and absolute configuration of chiral molecules is an important task in modern
asymmetric synthesis and catalysis as well as in drug design and investigation of natural compounds.1 Nowadays NMR
spectroscopy has become a powerfool tool for analysis of chirality. Though enantiomers cannot be distinguished by NMR
spectroscopy itself, they can be converted into magnetically nonequivalent diastereomers by means of chiral derivatizing
agents (CDAs), followed by reliable spectral analysis.2
Recently we have developed a simple procedure of
derivatization of chiral alcohols and amines in NMR tube
suitable for direct NMR measurements without purification or
isolation steps. Novel Selenium-based CDA 3 allows to use
77
Se NMR spectroscopy which offers superior discrimination
of chiral compounds within the structure of the diastereomers
compared to 1Н и 13С NMR.3
Developed procedure of derivatization of chiral alcohols
and amines with CDAs 1-3 in the NMR tube and results of NMR measurements will be presented.
References:
1. Kumar A. P., Jin D. and Lee Y.-I., Appl. Spectroscopy Rev., 44, 267 – 316 (2009)
2. Seco J. M., Quinoa E. and Riguera R., Chem. Rev., 104, 17 – 117 (2004)
3. Orlov N. V. and Ananikov V. P., Chem. Commun., 46, 3212 – 3214 (2010)
Acknowledgments: The work was supported by the Research Grant MK-1434.2010.3.
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Selective 1D HCH vs Selective 1D TOCSY: Complementary Tools for fast
correlation of inter- and intra-residues 1H-1H connectivities
Sergi Gil and Teodor Parella
Servei RMN, Universitat Autònoma de Barcelona, E-08193 Bellaterra (Barcelona), (teodor.parella@uab.cat)

A selective 1D version of the HCH experiment (selHCH) is
proposed for the fast and efficient connectivity between protons
belonging to different proton spin systems. As any conventional
selective 1D proton experiment, the selHCH experiment is
simply based on the successful application of a frequencyselective 180º pulse on a well isolated proton. The clean final
1D proton spectrum probes to be an excellent complement to
the conventional selective 1D TOCSY experiment to trace out
inter-residue proton-proton connectivities through quaternary
carbons or heteroatom centers. The experiment is based on a
doubly-selective JCH + JCH coupling pathway and protons
connected up to six bonds away can be observed. Experimental
details and several examples will be discussed.1
References:
1. Parella T. and Espinosa J. F., Magn Reson Chem, 46, 464 – 470 (2008)
Acknowledgments: Financial support for this research provided by MICINN (projects CTQ2009-08328 and Consolider Ingenio-2010 CSD2007-00006)
and Universitat Autònoma de Barcelona is gratefully acknowledged.
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Application of NMR-spectroscopy for keto-enol tautomerism observation in
adamantane derivatives of 1,4-dihydroxynaphtholine
Ivan V. Petersona, William A. Sokolenkoa, Nadezda M. Svirskayaa and Anatoli I. Rubailob
a
Department of molecular spectroscopy and analysis, Institute of chemistry and chemical technology SB RAS,Karl Marx st.42,660049, Krasnoyarsk,
Russia, (defender200385@mail.ru)
b
Department of chemistry, Siberian Federal University, Svobodny st.79 , 660062, Krasnoyarsk, Russia

While investigating reactions of adamantilation various derivatives of dihydroxynaphthalene and determined structure
of synthesized compounds with using 1H and 13C NMR-spectroscopy, we have found out some features in a case of
adamantilation of 1,4-dihydroxynaphthalene (I). Interaction I with adamantanole-1 in trifluoroacetic acid has led to
formation 2-(1-adamantile)-2,3-dihydronaphthoquinone-1,4 (II), that is diketone form of 2-(1-adamantile)-1,4dihydroxynaphthalene. In similar conditions diketone forms formation was observed at the interaction of compound I with
tertiary butyl and amyl alcohols.
In presence of morpholine, compound II turns into phenolic form of 2-(1-adamantile)-1,4-dihydroxynaphthalene (III).
This isomerization reaction took place for three days in a sealed NMR tube, from which oxygen was preliminary
removed. During these days 1H and 13C NMR spectra were read every three hours; COSY and DEPT experiments were
made. Concentration of keton and enol forms were calculated using integrated intensity of corresponding signals of proton
spectra. After finishing the isomerization, NMR tube was depressurized and fast oxidation of compound III in 2-(1adamantile)-naphthoquinone-1,4 (IV) was observed.
Compounds II-IV are an attractive and promising starting material for organic synthesis and hypothetically can
possess useful biological activity.1,2
References:
1. Kundig E. P., Garcia A. E. and Lomberget T., Angew. Chem.Int. Ed., 45, 98 – 101 (2006)
2. Kayashima T. and Mori M., Cancer Letters, 278, 34 – 40 (2009)
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Colloidal behavior of wine tannins
Isabelle Pianeta,b, Olivier Calaa, Sandy Fabreb, Noël Pinaudb, Erick J. Dufourca, Eric Fouquetb and
Michel Laguerrea
a

Chimie & Biologie des Membranes et des Nanoobjets, UMR 5248, CNRS, Université Bordeaux, ENITAB, 2 rueRobert Escarpit, 33607 Pessac France
ISM – CESAMO, UMR 5255, CNRS, Université Bordeaux1, 351 cours de la libération 33405 Talence cedex, France
(i.pianet@ism.u-bordeaux1.fr o.cala@iecb.u-bordeaux.fr)

b

Tannins are one of the fourth keys components determining wine quality. They play an important gustative role since
they are responsible for wine astringency and/or bitterness. They also act as structuring components directly linked to red
wine turbidity and stability. If this later role is the direct consequence of their colloidal behavior, a recent study we
performed shows that the colloidal state in which tannins are, can also influence their way to interact with proteins and
thus their taste. So that, we were intested by studying the colloidal behavior of different synthesized procyanidins,
galloylated or not, in order to get an insight in their specific self-association process by taking into account their specific
3D Structure. For this purpose, the colloidal behavior of 11different procyanidins (4 monomers, 6 dimers and 1 trimer)
has been investigated using DOSY NMR Spectroscopy and Molecular
Dynamics simulations. The analysis of all the collected data permits (i) to
confirm that procyanidin tannins self-associate in a non specific way
making “micelles” of polydisperse size (ii) to evaluate the average
“micelles” size, close to 20Å, that corresponds to an aggregation of ten or
so tannins molecules (iii) to determine the concentration above which
tannins preferentially exist upon a micellar state (CMC) and (iv) to
underline differences in behavior related to their specific 3D Structure.
These differences, that greatly influence their way to interact with saliva
proteins, are probably not involved alone to contribute to wine turbidity
due to the nanometer size range of the formed “micelles”.
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Multinuclear NMR and X-ray Diffraction Analysis of Some Thiosemicarbazone
Derivatives
Katarina Pičuljana, Predrag Novaka, Dubravka Matković-Čalogovića, Antonija Petrinaa, Primož Šketb,
Vilko Smrečkic and Janez Plavecb
a

Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a, 10000 Zagreb,Croatia (kpiculjan@chem.pmf.hr)
Slovenian NMR Centre, National Institute of Chemistry, Hajdrihova 19, 1000 Ljubljana, Slovenia
c
Ruđer Bošković Institute, NMR Centre, Bijenička cesta 54, 10000 Zagreb, Croatia
b

Thiosemicarbazones and their corresponding metal complexes are widely known compounds possessing diverse
pharmacological activities, such as antitumor, antivirial, antibacterial, antifungal, antimalarial, etc. Bioactivity is closely
related to molecular conformation which can significantly be affected by the presence of intra- and inter-molecular
hydrogen bonds. Salicylaldehyde thiosemicarbazones can exist in several tautomeric forms with both intra- and intermolecular hydrogen bonds. An intra-molecular O―H···N H-bond between the hydroxyl group and the azomethine N atom
has been found in salicylaldehyde thiosemicarbazone family (resonance assisted H-bond).
1'
α
6
Additionally, an intramolecular N―H ···N H-bond between the thiourea NH group and the
NH
S
1
5
N
2'
azomethine N atom was found in few salicylaldehyde thiosemicarbazones.
7
HN
The aim of this research is to investigate the influence of substituents and solvents (different 4
2 OCH
3'
R
3
3
polarities, i. e. of different proton donor and acceptor abilities) on molecular conformation,
C6 H 5
R
=
1
tautomerism and structure of H-bonds in salicylaldehyde thiosemicarbazone derivatives. We
2 R = OCH3
present here a part of our study regarding the effect of substituting OH with OMe group in
salycilaldehyde residue (therefore, breaking the O―H···N H-bond) on the overall structure and
thione-thiol tautomerism. Solid state structures of two thiosemicarbazone derivatives 1 and 2 (two polymorphs) were
characterized by high resolution 15N and 13C solid-state NMR spectroscopy and X-ray diffraction. The results were
compared with those obtained for CDCl3 and DMSO solutions. Possible tautomeric equilibrium changes were probed by
multinuclear temperature dependent NMR experiments.
__________________________________________________________________________________________________
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The chemical shift prediction in tertiary amines and their N-oxides
Radek Pohl, Martin Dračínský, Lenka Slavětínská, Soňa Kovačková and Miloš Buděšínský
Institute of Organic Chemistry and Biochemistry,v.v.i.,Czech Academy of Sciences, Flemingovo n. 2, 166 10, Prague, Czech Republic
(pohl@uochb.cas.cz)

Amine N-oxides bearing different substituents on nitrogen atom are chiral compound with N-central chirality. We are
interested in determination of the configuration of such chiral nitrogen by comparison of experimental and calculated
NMR parameters, mainly isotropic chemical shifts.
Experimental NMR data of amines were obtained by measuring of 1H and 13C
NMR spectra in CDCl3. Subsequent in situ oxidation of starting amines by MCPBA
in NMR tube and recording of the NMR spectra provided data for oxidized
counterparts.
Theoretical calculations were performed using ab initio (HF, MP2) and DFT
methods on different levels of theory. In DFT, we have compared the influence of
density functional, solvation and basis set. The testing of the calculation method was
performed on set of achiral model compound including acyclic, cyclic and
heterocyclic tertiary amines. It was found that geometry optimization including
solvation (PCM) improved chemical shifts calculated afterwards. Also OPBE density
CH
CH
C-5
C-6a
H-6a
functional was advantageous over other DFT functionals in prediction of NMR
obs
4.13
3.45
63.8
71.4
57.5
calc
4.25
2.97
64.2
70.1
57.1
parameters.
Results of theoretical calculation screening were applied to chiral amine N-oxides, namely agroclavine-N-oxide1 and
bulbocapnine-β-N-oxide.2 It was found that the experiment/calculation comparison approach could be successfully used in
the prediction of chiral N-oxide configuration.
3

3

References:
1. Křen V., Němeček J. and Přikrylová V., Collect. Czech. Chem. Commun., 60, 2165 – 2169 (1995)
2. Shafiee A., Morteza-Semnani K. and Amini M., J. Nat. Prod., 61, 1564 – 1565 (1998)
Acknowledgments: The work is supported by the Czech Science Foundation (Grant No. 203/09/1919).
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Structure and Dynamics of N-terminal Sequences of Dermorphin Neuropeptide in
the Solid State - NMR Spectroscopy Versus X-ray Crystallography
Katarzyna Trzeciak-Karlikowskaa, Włodzimierz Ciesielskia, Grzegorz Bujaczb, Anna Bujaczb and
Marek J. Potrzebowskia
a
b

Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences,Sienkiewicza 112, 90-363 Lodz, Poland, (marekpot@cbmm.lodz.pl)
Technical University of Lodz, Institute of Technical Biochemistry, Stefanowskiego 4/10, 90-924 Lodz, Poland

In 70-ties of XX centaury the first reports showing that peptide have similar biological properties and functions as
opiates were reported. The enkephalins (Tyr-Gly-Gly-Phe-Leu (Lenk) and Tyr-Gly-Gly-Phe-Met (Menk)), the first
endogenous opioid peptides, were isolated and identified from pig brain in 1975. Other opioid peptides coming from
natural sources, e.g. deltorphin I (Tyr-D-Ala-Phe-Asp-Val-Val-Gly-NH2) and dermorphin (Tyr-D-Ala-Phe-Gly-Tyr-ProSer-NH2) were found in the skin of South American frogs. The presence of D amino acid is crucial for biological activity.
The synthetic analogs of given supra heptapeptides consisting of L-alanine are not biologically active.
Our interest is focused on influence of the alanine stereochemistry on crystal molecular packing and internal dynamics
in the solid state of amino acids in sequences Tyr-Ala-Phe and Tyr-Ala-Phe-Gly. In the first part of the talk the power of
NMR spectroscopy as tool for searching of different polymorphs of tri- and tetrapeptides containing L-alanine in sequence
will be shown. NMR results will be compared with X-ray data of single crystals. The influence of stereochemistry of
alanine on molecular packing in term of week C-H…π interactions will be presented. In the second part of the talk distinct
molecular dynamics of polymorphs of tripeptides and tetrapeptides containing L- and D-alanine will be discussed.
Applicability of 1H -13C PILGRIM, 1H-13C PISEMAMAS and 2H NMR static measurement for analysis of molecular
motion will be shown. Finally problem of bioactive conformation of native and fully 13C labeled tetrapeptide containing
D-Ala embedded to phospholipid DMPC/DMPG layers, usefulness of 1H RF Driven NOESY and variable temperature
13
C NMR measurements, relation of X-ray structure to structure found in physiological environment will be discussed.
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Relaxation dynamics of ionic liquids in the glassy state: a Pulsed EPR study
Boris Rakvina, Daniel Kattnigb, Marina Kvedera and Günter Gramppb
a
b

Ruđer Bošković Institute, Department of Physical Chemistry, Zagreb, Croatia,(rakvin@irb.hr)
Institute of Physical and Theoretical Chemistry, Graz University of Technology, Technikerstraße 4/I, A-8010 Graz, Austria

Low melting organic salts or ionic liquids (ILs) have been frequently studied in the past decade. These investigations
have focused on their ability to serve as solvents in green chemistry, batteries, their potential as phase-transfer catalysts,
etc. Moreover, ILs are interesting materials from a physical point of view as they allow us to modify the interactions
between the molecular ions as well the interaction with other materials by chemically modifying the individual ionic
molecules. Although crucial for understanding their properties in applications, very little is known about on their basic
physical properties, especially concerning their glassy, amorphous states1. As molecular liquids, ILs are good glassformers. Non-Debye and non-Arrhenius slow relaxation of the molecular ions is expected in the glassy amorphous states
and has, indeed, been verified by a quasi-elastic neutron scattering study2. In order to access the dynamic features of the
glassy amorphous states, EPR spin probes have been employed. The measured spin-lattice (T1) and phase memory (Tm)
relaxation times of spin probes (TEMPO, TEMPOL, ATEMPO) imbedded in three typical solid IL-matrices (bmimPF6,
bmimBF4, emimBF4) show complex temperature behavior in the monitored low temperature interval (6 K - 80 K). The
obtained data have been described in terms of relaxation processes in the molecular glass3: the direct relaxation process,
the local mode relaxation process and the Raman relaxation process. The local mode with activation energy 5 meV is
associated with anion dynamics. On the other hand, the effective Debye temperature is associated with dynamic modes of
the cations in the ILs matrices.
References:
1. Yamamuro O., Minamimoto Y., Inamura Y., Hayashi S. and Hamaguchi H., Chem. Phys. Lett., 423, 371 – 375 (2006)
2. Triolo A., Russina O., Arrighi V., Juranyi F., Janssen S. and Gordon C. M., J. Chem. Phys., 119, 8549 – 8558 (2003)
3. Kveder M., Merunka D., Jokić M., Makarević J. and Rakvin B., Phys. Rev. B, 80, 052201 – 052205 (2009)
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SAR by ILOEs-based design of compounds targeting pro- and anti-apoptotic
members of the Bcl-2 family of proteins
Michele F. Rega, Jason Cellitti and Maurizio Pellecchia
Sanford Burnham Medical Research Institute, 10901 North Torrey Pines Road, La Jolla, CA 92037 USA, Cancer Research Center
(mrega@burnham.org)

NMR spectroscopy is a valuable method to characterize protein-protein and protein-ligand interactions. Important
aspects of the use of NMR in drug discovery are its high sensitivity and its ability to identify fragments that bind in spatial
proximity on the surface of a given protein, therefore providing the opportunity of linking them covalently to afford
higher affinity bi-dentate compounds. We have recently reported on an NMR-based approach named SAR by ILOEs
(structure activity relationships by interligand nuclear Overhauser effect), that makes use of protein mediated ligandligand NOEs (ILOEs),1,2 molecular modeling, and synthetic chemistry to identify initial weak hits and convert them into
bi-dentate compounds with higher affinity. When this approach was used to screen for new inhibitors of Bid, a proapoptotic member of the Bcl-2 family, it allowed us to obtain two novel compounds, that bind to a deep hydrophobic
crevice on the surface of the protein.3 In vitro and cell-based assays proved that both bi-dentate derivatives are able to
prevent Bid-mediated Smac release from mitochondria isolated from HeLa cells and cell death. Encouraged from these
positive results, this time we have used the same approach to screen for new inhibitors of Bcl-xl, an anti-apoptotic
member of the Bcl-2 family of proteins.
References:
1. Becattini B., Sareth S., Zhai D., Crowell K. J., Leone M., Reed J. C. and Pellecchia M., Chem. Biol., 11, 1107 – 1117 (2004)
2. Becattini B. and Pellecchia M.. Chemistry- A European Journal, 12,2 658 – 2662 (2006)
3. Becattini B., Culmsee C., Leone M., Zhai D., Zhang X., Crowell K. J., Rega M. F., Landshamer S., Reed J. C., Plesnila N. and Pellecchia M., Proc
Natl Acad Sci U S A, 103, 12602 – 12606 (2006)
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Lectin-based Drug Design: Combined Strategy for Lead compound Optimization
João P. Ribeiroa, Sabine Andréb, Hans-Joachim Gabiusb, Anna P. Buterac, Ricardo J. Alvesc,
Francisco Javier Cañadaa and Jesús Jiménez-Barberoa
a

Centro de Investigaciones Biológicas – CSIC, Madrid, Spain, (jp_ribeiro@cib.csic.es)
Ludwig-Maximilians-Universität, Münich, Germany
c
Universidade Federal de Minas Gerais, Belo Horizonte, Brazil
b

The growing awareness of the sugar code—i.e. the biological functionality of glycans—is leading to increased interest
in lectins as drug targets. The aim of this study was to establish a strategic combination of screening procedures with
increased biorelevance. As a model, we used a potent plant toxin (viscumin) and
lactosides synthetically modified at the C6/C6’ positions and the reducing end aglycan.
Changes in the saturation transfer difference (STD) in NMR spectroscopy, applied in
inhibition assays, yielded evidence for ligand activity and affinity differences. Inhibitory
potency was confirmed by the blocking of lectin binding to a glycoprotein-bearing
matrix. In cell-based assays, iodo/azido-substituted lactose derivatives were
comparatively active. Interestingly, cell-type dependence was observed, indicating the
potential of synthetic carbohydrate derivative to interact with lectins in a cell-type
(glycan profile)-specific manner. These results are relevant to research into human
lectins, glycosciences, and beyond.
References:
1. Ribeiro J. P., André S., Cañada F. J., Gabius H.-J., Butera A. P., Alves R. J. and Jiménez-Barbero J., ChemMedChem, 5, 415 (2010)
Acknowledgments: Financial support by an EC Marie Curie Research Training network (MRTN-CT2005–019561), the Ministry of Science and
Innovation of Spain (CTQ2006–10874-C02–01), and the research initiative LMUexcellent are gratefully acknowledged.
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Study of Beer Aging through NMR-based Methods-an Interdisciplinary Approach
João E. Rodriguesa, António S. Barrosa, António C. Ferreirab, Beatriz Carvalhoc, Tiago Brandãoc and
Ana M. Gila
a

Department of Chemistry(CICECO and QOPNA),University of Aveiro, Campus de Santiago, 3810-193 Aveiro, Portugal (joao.rodrigues@ua.pt)
Escola Superior de Biotecnologia, Universidade Católica, Rua Dr. Ant. Bernardino de Almeida, 4200-072 Porto, Portugal
c
UNICER- Bebidas de Portugal, Leça do Balio, 4466-955 S. Mamede de Infesta, Portugal
b

The ability of maintaining beer chemical and organoleptic properties, while achieving better understanding of beer
chemistry, has been a major concern of the brewing industry.1 High resolution Nuclear Magnetic Resonance (NMR)
spectroscopy is a well recognized method for rapid compositional profiling of liquid foods, being increasingly used in
tandem with multivariate analysis to aid rapid handling of large sample numbers. Examples of this in food analysis are the
study of beers produced in different countries2 or the predictive study of aging effects in vinegars.3 In the present work,
the thermally-induced aging of lager beer has been investigated using a range of complementary analytical methods.
NMR/PCA (Principal Component Analysis) and NMR/PLS-DA (Partial Least Squares-Discriminant Analysis) regression
models were developed to better understand the changes occurring in beer during degradation. A clear trend was
observed, as a function of degradation extent, comprising variations in organic acids, dextrins and amino acids. 5hydroxymethylfurfural (5-HMF), a marker of thermal degradation, was also identified as increasing. Due to the inherent
low sensitivity of NMR, the same beer samples were also analysed by Gas Chromatography-Mass Spectrometry and by a
specialised sensorial panel. The information obtained by the different analytical approaches was then inter-correlated, in
order to probe new aging biomarkers and identify consistent relationships between the major compounds (viewed by
NMR) and the lower content compounds (by GC-MS), many of which known degradation markers, thus contributing for a
fuller chemical picture of beer aging. In addition, correlations were sought between sensorial properties and analytical
data. The development of potential new rapid methods for beer analysis is discussed.
References:
1. Vanderhaegen B., Neven H., Verachtert H. and Derdelinckx G., Food Chem., 95, 357 – 381 (2006)
2. Almeida C., Duarte I. F., Barros A., Rodrigues J., Spraul M. and Gil A. M., J. Agric. Food Chem., 54 , 700 – 706 (2006)
3. Consonni R., Cagliani L. R., Benevelli F., Spraul M., Humpfer E. and Stocchero M., Anal. Chim. Acta, 611, 31 – 40 (2008)
Acknowledgments: João E. Rodrigues acknowledges the Fundação para a Ciência e a Tecnologia (FCT) for funding through the grant FCT
SFRH/BD/31056/2006.
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Dual Mode X-band Electron Paramagnetic Resonance of 4f-3d Dimers
Yiannis Sanakisa, Anastasia N. Georgopouloua, Athanassios K. Boudalisa and Michael P. Hendrichb
a
b

Institute of Materials Science, NCSR Demokritos,15310 Ag. Paraskevi, Attiki, Greece (sanakis@ims.demokritos.gr)
Department of Chemistry, Carnegie Mellon University, 4400 Fifth Ave. Pittsbugh, PA. 15213 U.S.A.

During the last years, mixed metal complexes involving lanthanide (4f) and transition metal (3d) ions have attracted
the interest of researchers in the field of Molecular Magnetism in an effort to synthesize molecular materials with specific
magnetic properties. In this class of complexes belong the 4f-3d dimers [MIIGdIII{pyCO
(OEt)pyC(OH)(OEt)py}3](ClO4)2·EtOH [MII = CuII (1), MnII (2), NiII (3), pyCOpyCOpy:
di-2,6-(2-pyridylcarbonyl)pyridine].1
The magnetic properties of these clusters are described by the spin Hamiltonian
r ~r
r
r r
r
H ex = S M J S Gd + S M g~M B + S Gd g~Gd B + H ZFS , M + H ZFS ,Gd [1]
with SM = 1/2, 5/2, and 1 for (1), (2), and (3) respectively and SGd = 7/2. HZFS,M and
HZFS,Gd are the zero field splitting terms of the 3d and 4f ion respectively. Magnetic
susceptibility measurements indicate that the magnetic interactions are relatively weak;
ferromagnetic for (1) and antiferromagnetic for (2) and (3)1. In general, bulk magnetic
susceptibility measurements are not sensitive on possible anisotropy of the exchange coupling, the zero field splitting
terms and the anisotropies of the g - tensors. A useful approach is to compare the properties of these dimers with
isostructural ones where either paramagnetic 4f or 3d sites have been replaced by diamagnetic ions. For these reasons the
Zn-Gd (4) and Cu-La (5), Mn-La (6) complexes were prepared. In the present work we present dual mode X-band EPR
studies at liquid helium temperatures for complexes (1) - (6). A characteristic spectrum for (4), recorded in parallel mode
is shown in the figure. Analysis of these spectra allows for the evaluation of the contributions of each term in equation [1]
in the magnetic properties of the exchange coupled dimers.
References:
1. Georgopoulou A. N., Adam R., Raptopoulou C. P., Psycharis V., Ballesteros R., Abarca B. and Boudalis A. K., Dalton Trans., in press (2010)
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The Influence of Ethylene Oxide Number on the Distribution between Oil and
Water for the Igepal CA-520 Oligomers Revealed by PGSTE NMR
Fioretta Asaro and Nina Savko
Department of Chemical Sciences, University of Trieste, Via L. Giorgieri 1, 34127, Trieste, Italy (nsavko@units.it)

Igepal CA-520 (5 polyoxyethylene iso-octylphenyl ether) is a nonionic surfactant commercially available as a mixture
of oligomers, the ethylene oxide number (EON) of which varies in agreement with a Poisson distribution.1 It determines
the partitioning of the surfactants between oil and water in inverse microemulsion
systems, which behave as shift reagents. The signal separation, absent in pure organic
medium, is noted in the basic and neutral microemulsions and more enhanced in the
acidic one. Thus, by using the cyclohexane-igepal-HCl 0.1 M microemulsion we
identified the resonance of each oligomer present in the mixture and its preferential
localization. The study was conducted by means of 1H, 13C and pulsed field gradient
stimulated echo (PGSTE) NMR.
Noteworthy is the multiplicity, due to different EON, of the proton signal of the tertbutyl, located right at the opposite end of the molecule with respect to the hydrophilic
head (Figure). The selective partitioning was determined by diffusion coefficients. They increase for the oligomers with
lower EON for two reasons: the lower molecular weight and the preference for the organic phase, where their diffusion
takes place as monomeric species. The molar partition coefficient in the aqueous phase (p) for each oligomer and the
relevant equilibrium constant (Kc) were calculated from the diffusion coefficients.2 The results indicate that oligomers
with EON> 5 have preference for the aqueous while those with EON≤ 5 for the organic phase.
References:
1. Siegel M. M., Tsao R., Oppenheimer S. and Chang T. T., Anal. Chem., 62, 322 – 327 (1990)
2. Walderhaug H. and Johannessen E., J. Solution Chem., 35, 979 – 989 (2006)

__________________________________________________________________________________________________

P510

NMR Spectroscopic Investigations on Enamine Intermediates in Organocatalysis
Markus Schmid, Kirsten Zeitler and Ruth M. Gschwind
Department of Organic Chemistry, University of Regensburg, 93040 Regensburg, Germany (markus.schmid@chemie.uni-regensburg.de)

The detection and characterization of intermediates in organic reactions is crucial for the understanding of mechanisms
and the rational optimization of reaction conditions. However, especially in the rapidly expanding field of organocatalysis,
mechanistic studies are still scarce as compared to new synthetic
applications. E.g. for the proline-catalyzed aldol reaction, one of the
basic roots of the concept of enamine catalysis, the in situ
observation of the enamine key intermediates has been missing for
years.
Here we present our NMR investigations on the prolinecatalyzed self-aldolization of aldehydes.1 We succeeded in detecting
the crucial and for a long time elusive enamine intermediate and
could accomplish its structural characterization as an s-trans-Eenamine with the help of one- and two-dimensional NMR
spectroscopy. The position of its equilibrium with the previously
reported oxazolidinones was shown to be independent of the amount of catalyst and water in the sample. Moreover, our
EXSY analyses reveal the direct formation of the enamines from the oxazolidinones in polar aprotic solvents. In addition,
trends towards the stabilization of enamine intermediates will be presented. Alkyl substitution of the aldehyde in betaposition causes enamine stabilization whereas alpha-substitution decreases the detectable amount of enamine. Enamines
are furthermore stabilized by solvents with strong and exclusive hydrogen bond acceptor properties such as DMSO or
DMF.
References:
1. Schmid M. B., Zeitler K. and Gschwind R. M., Angew. Chem. Int. Ed., in press (2010)
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On the Way to the Absolute Configuration of Mefloquine Hydrochloride Using
NMR, DFT and Chiroptical Methods
Manuel Schmidt, Han Sun, Uwe Reinscheid and Christian Griesinger
Max Planck Institute for Biophysical Chemistry, NMR II, Am Fassberg 11, 37077 Göttingen, Germany (masc@nmr.mpibpc.mpg.de)

Mefloquine Hydrochloride (MQ·HCl) is the active ingredient of the major antimalarial drug known under the trade
name Lariam®. Although the drug contains the racemic mixture of the (R,S) and (S,R) enantiomer the accurate knowledge
of the absolute configuration of pharmaceutical compounds is important. The absolute configuration of (−)-MQ·HCl was
assigned by anomalous X-ray diffraction by Karle et al.1 to be 11R,12S. It was questioned in 2008 when Xie et al.2
published that (−)-MQ·HCl was 11S,12R based on stereocontrolled asymmetric synthesis. The question to be answered what is MQ·HCl’s correct absolute configuration? To resolve this stereochemical problem we use the power of nuclear
magnetic resonance (NMR) in combination with Density Functional Theory (DFT) calculations and chiroptical methods.
In addition to the conventional NMR parameter we also measured residual dipolar couplings (RDC’s) using achiral
and chiral alignment media developed in our laboratory. Using the NMR parameters, we created an ensemble of structures
of MQ·HCl which was DFT optimized. Based on that ensemble we calculated ORD values and CD spectra. Finally, the
comparison of these calculated ORD values and CD spectra with the experimental ones for both enantiomers of MQ·HCl
leads to a clear confirmation that Karle et al. were right with assigning (−)-MQ·HCl to be 11S,12R. Results on
enantiodiscrimination with chiral gels will also be presented.
References:
1. Karle J. M. and Karle I. L., Antimicrobial Agents and Chemotherapy, 46, 1529 – 1534 (2002)
2. Xie Z.-X., Zhang L.-Z., Ren X-J., Tang S.-Y. and Li Y., Chinese Journal of Chemistry, 26, 127 – 1276 (2008)
Acknowledgments: The authors thank the graduate school GRK 782, the Forschergruppe FOR 934 and the Max Planck Society for financial support.
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The RDC module of hotFCHT for the analysis of flexible small organic molecules
Volker Schmidts, Robert Berger and Christina M. Thiele
Clemens-Schöpf-Institut for Organic Chemistry and Biochemistry, Technische Universität Darmstadt, 64287 Darmstadt, Germany,
(vschmidts@thielelab.de)

The three dimensional structure of conformationally flexible small organic molecules can be difficult to determine by
NMR due to averaging of the usually observed 3J couplings, NOEs and projection angles from cross correlated relaxation
data. In contrast to these local parameters residual dipolar couplings (RDCs) are global parameters and provide
complementary angular and distance information.1,2
Two examples of the use of RDCs for structure determination of flexible small organic molecules are presented: an αmethylene-γ-butyrolactone with unknown relative configuration3 and a photoswitchable organocatalyst showing unsual
residual catalytic activity.4 The RDC module of hotFCHT5 allows for a comprehensive analysis of the conformational
flexibility in these systems. Using Eckart superposition5,6 of multiple structure proposals the RDC data can be used for the
calculation of the order tensor. Depending on the interconversion rates between the different conformations either the
approximation of a common order tensor or the more general multiple order tensor approach is applied.
References:
1. Reviews: Thiele C. M., Conc. Magn. Reson. A., 30A, 65 – 80 (2007); Thiele C. M., Eur. J. Org. Chem., 2008, 5673 – 5685 (2008)
2. NMR of Ordered Liquids, Eds: Burnell E., de Lange C., Kluwer Academic Publishers (2003)
3. Thiele C. M., Schmidts V., Böttcher B., Louzao I., Berger R., Maliniak A. and Stevensson B., Angew. Chem. Int. Ed., 48, 6708 – 6712 (2009)
4. Stoll R. S.; Peters M. V., Kuhn A., Heiles S., Goddard R., Bühl M., Thiele C. M. and Hecht S., J. Am. Chem. Soc., 131, 357 – 367 (2009)
5. Berger R., Fischer C. and Klessinger M., J. Chem. Phys. A, 102, 7151 – 7167 (1998); Eckart C., Phys. Rev., 47, 552 – 558 (1935)
6. Burnell E. and de Lange C., J. Magn. Reson., 39, 461 – 480 (1980)
Acknowledgments: We thank PD Dr. Stefan Immel for helpful discussions and the DFG (TH1115/3-1) and the Studienstiftung des Deutschen Volkes for
funding.
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Signs of Small 29Si-13C Coupling Constants from a New 1D Experiment
Vratislav Blechta and Jan Schraml
Institute of Chemical Process Fundamentals of the ASCR, v. v. i,Rozvojova 135, 165 02 Prague, Czech Republic (schraml@icpf.cas.cz)

The SQSQc 2D experiment,1 which uses 13C detection in DQ/ZQ experiment for determination of the signs of small
J( Si-13C) couplings, is decimated to a 1D experiment serving the same purpose. The reduced dimensionality leads to a
considerable saving in measuring time.
29

References:
1. Blechta V. and Schraml J., Magn. Reson. Chem, 47, 1019 – 1023 (2009)
Acknowledgments: the financial support provided by the Grant Agency of AS CR (grant no. IAA 400720706) is gratefully acknowledged.
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The Extraction Procedure in the Metabolomic Analysis of Coffee and Tea Samples
Jan Schripsema
Grupo Metabolômica, Laboratório de Ciências Quimicas, Universidade Estadual do Norte Fluminense, Av. Alberto Lamego, 2000, 28015-620 Campos
dos Goytacazes, RJ, Brazil (jan@uenf.br)

In metabolomics the aim is to detect and quantify all metabolites present in a certain organism, tissue or cell at a
specific moment. One of the major problems in the analysis is the incomplete extraction1. In NMR based metabolomics
generally aqueous solutions are used. In studies with humans or animals, where the samples are generally derived from
body fluids this seems logic, but in plants a much larger variety of metabolites is encountered and the metabolites are
obtained through the extraction of tissues. For the analysis of samples of tea and coffee the extraction procedure was
investigated. Direct extraction with commonly used NMR solvents, did show that no single solvent provided a complete
profile, but the best results were obtained with an extraction with a two-phase system consisting of water and chloroform.
Water was found to be essential to obtain a good extraction of the apolar constituents with chloroform. The direct use of
chloroform on dried plant material yielded incomplete extractions.
The application of the developed protocol on the coffee and tea samples permitted an accurate quantification of the
caffeine content and the detection of specific metabolites in different types of coffee and tea.
References:
1. Schripsema J., Phytochem. Anal., 21, 14 – 21 (2010)
Acknowledgments: CNPq, CAPES e FAPERJ.
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ERETIC: A NMR quantitative tool for the pharmaceutical industry
Jérôme Thiébaud and Patricia Sepulcri
Sanofi pasteur, Marcy L’Etoile, France (patricia.sepulcri@sanofipasteur.com)

NMR spectroscopy is a powerful tool for the quantification of molecules in solution, since the area under a given
resonance signal is proportional to the number of moles of nuclei responsible for that signal. On this principle, the use of a
known concentration of an internal reference allows the direct quantification of the molecule of interest by calculating
areas ratio of a specific resonance of the standard and of the molecule to quantify. This method is accurate and efficient
but has some drawbacks. For example, the internal standard must be chemically inert towards the sample, soluble in the
NMR solvent, compatible with the temperature, the pH and stable during the analysis. Moreover, it must not overlap
resonances of the sample and must have preferentially a small relaxation time. The ERETIC (Electronic Reference To
access In vivo Concentrations) method described by Akoka’s team in 1995 was a major technological solution as instead
of using an internal chemical reference, a radio frequency (RF) electronic reference is used for the quantification.
The ERETIC signal is an exponential decay generated on a free channel of the spectrometer and sent to the unused
coil of the probe or directly routed from the transmitter to the receiver. It is then combined with the free induction decay
(fid) and after Fourier transform, a spectrum of the sample with the additional ERETIC peak is obtained. The initial
calibration of the ERETIC signal against a standard of known concentration allows the use of this peak for molecule
quantification. Using this adjustable ERETIC signal, an internal chemical reference is not needed anymore which
eliminates the previously mentioned drawbacks.
We will demonstrate and illustrate here that this ERETIC quantitative tool has a wide range of pharmaceutical
applications, especially for vaccines characterization and control. It can be applied on the quantification of small
molecules used, for example, as raw material to the quantification of large biomolecules, such as the bacterial
polysaccharides used as active substances of some vaccines.
References
1. Akoka S., Barantin L. and Trierweiler M., Analytical Chemistry, 7, 2554 – 57 (1999)
2. Barantin L., Le Pape A. and Akoka S., Magn Reson Med, 38, 179 – 82 (1997)
3. Barantin L., Akoka S. and Le Pape A., French Patent CNRS no.95 07651, June 26, 1995
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HPLC (Ultra Performance Liquid Chromatography) - NMR (Nuclear Magnetic
Resonance spectroscopy) biased Hemodialysis analysis
Ago Samosona, Risto Tannerb and Min-Ji Shinc
a

Department of Physics, Tallinn University of Technology, Ehitajate tee 5, 12618 Tallinn, Estonia
Department of Chemical Physics, National Institute of Chemical Physics and Biophysics, Akadeemia tee 23, 12618 Tallinn, Estonia
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Department of physics, Tallinn university of Technology, Ehitajate tee 5, 12618 Tallinn, Estonia (mjxshin@gmail.com)
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Hemodialysis is one of the most common renal replacement therapy which is used to provide an artificial replacement
due to renal failure.
We have assessed the used dialysate samples, an obvious clinical utility for metabolites (the end products of cellular
regulatory processes1) that help to diagnose renal failure at an early stage and to monitor treatment response, were
collected from dialysis patients and measured by 800 MHz NMR spectroscopy and HPLC. NMR spectroscopy is very
powerful tool as the high information content of the resulting spectra, the relative stability of chemical shifts, the ease of
quantification and the lack of any need to pre-select the conditions employed for the analysis. Additionally HPLC has
made reduced spectral overlap and higher sensitivity.2 So we demonstrate the method on dialysis sample using HPLC
coupled to NMR for get the high quantitative results.
Our results confirm that HPLC-NMR-based metabolites such as hippuric acid, indoxyl sulphate and creatinine can
successfully be identified. We discuss also impact of advanced PCA tools in screening biomarkers in body fluids and
detecting relevant “macroscopic” symptoms.
References:
1. Fiehn O., Plant Molecular Biology, 48, 155 – 171 (2002)
2. Wilson I. D., et al., J. Chromatogr. B, 817, 67 – 76 (2005)
Acknowledgments: This research was supported by European Social Fund’s Doctoral Studies and Internationalization Programme DoRa.
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HRMAS NMR–based Metabolomics for the diagnosis of thyroid tumors
Laetitia Shintua, Liborio Torregrossab, Jima Nambiath Chandrana, Aura Tintaruc, Clara Ugolinib,
Fulvio Basolob, Paolo Miccolib and Stefano Caldarellia
a
Institut des sciences moléculaires de Marseille, UMR 6263, Equipe CES, Université Paul Cézanne, Campus de Saint Jérôme-case 512, 13397 Marseille
cedex 20, France (laetitia.shintu@univ-cezanne.fr)
b
Department of Surgery, Division of Pathology, University of Pisa, 56100 Pisa, Italy
c
Laboratoire Chimie Provence, UMR 6264, Equipe SACS, Université de Provence - CNRS, Campus scientifique de Saint Jérôme-case 511, 13397
Marseille Cedex 20, France

Although thyroid nodules are common, 10-15% are malignant and require surgical treatment. A systematic approach
to their evaluation is important to avoid unnecessary surgery. Fine-needle aspiration biopsy has resulted in substantial
improvements in diagnostic accuracy. However, despite FNA effectiveness, about 10% of all specimens are classified as
“indeterminate” (mainly follicular lesions). In those cases, clinicians usually recommend surgical excision for a definitive
diagnosis. Because only 15% to 20% of these lesions are malignant, up to 85% of the patients in this subgroup may
undergo unnecessary surgery. The approach we want to develop is based on the premise that metabolic variations/changes
will pre-empt the development of morphologic modifications associated with malignancy. Consequently, the development
of a HRMAS NMR-based technique that evaluates metabolic criteria represents a candidate approach for the diagnosis of
“indeterminate”. Here, we will show that this technique is suitable for highlight metabolic differences between benign and
malignant thyroid tissues.
References:
1. Sitter B., Bathen T. F., Tessem M-B. and Gribbestad I. S., Prog. Nucl. Magn. Reson. Spectrosc., 54, 239 – 254 (2009)
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NMR investigation of guest-host complex between chloroform and cryptophane c
Zoltán Takácsa, Mária Šoltésováa,b, Dmytro Kotsyubynskyya, Jozef Kowalewskia, Jan Langb, Thierry
Brotinc and Jean-Pierre Dutastac
a
Stockholm University, Department of Materials and Environmental chemistry, Arrhenius Laboratory Svante Arrhenius väg 16c S-106 91 Stockholm
Sweden (maria.soltesova@gmail.com)
b
Charles University in Prague, Faculty of Mathematics and Physics, Department of Low Temperature Physics V Holešovičkách 2 CZ-180 00 Prague 8
Czech Republic
c
Laboratiore de Chimie, (CNRS-UMR 5182) Ecole Normale Superieure de Lyon, 46 Allée d’Italie F-693 64 Lyon cedex 07 France

Cryptophanes are cage-like molecules with remarkable possibility of binding small organic molecules (e.g. chloroform
or dichloromethane) as a guest inside their cavity. In our work, cryptophane-C in complex with chloroform was
investigated. Cryptophane-C possesses two non-equivalent cups, one of them with missing methoxy groups.
The kinetics of the chloroform exchanging between the free and the bound state was investigated by 1H exchange
spectroscopy. Moreover, the preferential orientation of the bound chloroform molecule with respect to the cryptophane
molecule was investigated by means of NOESY and ROESY experiment. These experiments provide information about
the spatial relation between specific protons in the guest and in the host. The experimental results were compared with
quantum chemical calculations.
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Simulation of 129Xe NMR shift of Xe dissolved in benzene
Stanislav Standaraa,b, Petr Kulhánekb, Petr Bouřa and Michal Strakaa
a
b

Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, Flemingovo nám. 2, CZ-16610 Prague, Czech Republic
National Center for Biomolecular Research, Masaryk University, Kamenice 5/A4, CZ-62500 Brno, Czech Republic,(standa@chemi.muni.cz)

Inert Xe atom is an excellent NMR probe. The sensitivity of the 129Xe NMR chemical shift to the environment of the
Xe atom provides an excellent non-invasive tool for studying different materials, electronic and solvent effects,
microscopic biological processes, etc. Computational studies help to predict the 129Xe NMR parameters and are very
useful in interpretations of the experimental data.1
In this pilot study, our goal was to demonstrate how the dynamic effects arising from
intermolecular interactions of xenon atom with surrounding solvent (here benzene) influence the
129
Xe NMR chemical shift. We have performed 1000 ps run of NPT molecular dynamics (MD)
simulation of a Xe atom dissolved in a box of benzene molecules using the Amber software.
Subsequently, we used snapshots from the resulting trajectory for calculations of the 129Xe NMR
shift at the DFT nonrelativistic level of theory (BHandHLYP functional) keeping only the first
solvation shell. The calculated dynamically averaged value of nonrelativistic 129Xe chemical shift of
175±3 ppm is about 20 ppm below the experimental value of 195 ppm. This is partially attributed to
the missing relativistic effects1 in the shielding calculations. The calculations of relativistic corrections are currently in
progress. We find out that the 129Xe NMR shifts are strongly influenced by the benzene solvent molecules. MD simulation
in combination with the BHandHLYP calculations of the snapshots provides affordable results that can be used for
supporting the experiment or serve as a model in more complicated computational studies.
References:
1. Straka M., Lantto P.and Vaara J., J. Phys. Chem. A, 112, 2658 – 2668 (2008)
Acknowledgments: Academy of Sciences of the Czech Republic (Z04 055 905) and the Czech Science Foundation (grant no. 203/09/2037).
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The relationship between spin probe dynamics and free volume in a series of small
molecular and polymer glass-forming systems
Helena Švajdlenkováa, Viktor Majerníkb, Martina Iskrováb, Ondrej Šaušab, Jozef Krištiakb and Josef
Bartoša
a
b

Polymer Institute, Slovak Academy of Sciences, Dúbravská cesta 9, 842 36 Bratislava, Slovakia (Helena.Svajdlenkova@savba.sk)
Institute of Physics, Slovak Academy of Sciences, Dúbravská cesta 9, 842 28 Bratislava, Slovakia

We report the combined micro-structure and local-dynamics investigations in a series of small molecular van der
Waals (vdW) – or hydrogen (H) – bonded type as well as polymer glass-forming systems by using two different, i.e.,
atomistic and molecular probe methods. The small molecular systems included: dietyl phtalate (DEP), diglycidyl ether
bisphenol A (DGEBA), meta-tri-cresyl phosphate (m-TCP), propylene carbonate (Pc), m-toluidine (m-TOL) glycerol (GL)
and a series of propylene glycols from monomer propylene glycol (PG) up to poly (propylene glycol) (PPG). The
polymeric systems contained those of diene type: cis-trans-1,4-poly(butadiene) (c-t-1,4-PBD), of vinylidene type:
poly(isobutylene) (PIB) and finally, of vinyl type: poly (vinylmethyl ether) (PVME).
The primary information about the reorientation dynamics of molecular spin probe 2,2,6,6-tetramethyl-1piperidinyloxy (TEMPO) from electron spin resonance (ESR) is related to the annihilation behavior of the atomistic ortho-positronium (o-Ps) probe (Vw = 170 Å3) as measured by positron annihilation lifetime spectroscopy (PALS). It was
found that a transition of the spin probe mobility from slow regime to rapid one at the operationally defined spectral
temperature parameter, T50G, characterized by the o-Ps lifetime, τ3 (T50G) = 2.25 ± 0.15 ns. Then, within the free-volume
concept of o-Ps annihilation, the crossover of the spin probe TEMPO mobility between these motional regimes is
connected with the occurrence of the mean free volume hole, Vh = 122 ± 15 Å3 in the glass-formers almost independent of
the chemical and topological (small molecular or polymer) character of matrices as well as of the type and extent of
intermolecular (H- or vdW- bonding) interactions between their constituents.
Acknowledgments: VEGA grants: 2/0014/09 (J.B.) and 2/7121/27 (O.Š.).
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Beyond biomolecular applications of Saturation Transfer Difference NMR
Agnieszka Szczygiel and José C. Martins
University of Ghent, Krijgslaan 281 S4, B-9000 Ghent, Belgium, (aszczyg@hotmail.com)

We demonstrate the successful application of Saturation Transfer Difference NMR1 to study interactions between
organic pigment or latex particles and dispersant molecules, systems of interest for example in inkjet ink-formulations. In
these systems we selectively irradiate particles, which assume the role of the ‘protein’. These organic nanoparticles
provide a dense network of tightly coupled proton spins enabling efficient transfer of saturation via spin diffusion.
Subsequently, the saturation is transferred to any dispersant molecule that adsorbs onto the pigment or latex surface under
the fast exchange conditions, but not to other non-ligand molecules in the mixture. While the STD response for these
organic nanoparticle dispersions appears to behave quite similarly to the protein-ligand case, considerable differences are
evident. First, binding involves a surface rather than a well defined binding site. Second, ligand concentrations are similar
or even lower than the number of available interaction sites, i.e. we are not working under the conditions of large ligand
excess typically used for biological applications. Starting from low dispersant to particle ratios, we show that the
normalized STD intensity initially rises unexpectedly as dispersant is added, which is then followed by the more common
decay at higher dispersant concentration. By exploring ligand to protein ratios varying from 0.1 to 10 in the
phenylalanine-BSA system, we are able to reproduce this same trend, which indicates that it originates from the
experimental conditions rather than from the nature of the particles involved. Finally, we demonstrate that STD NMR is a
powerful tool to monitor molecular rearrangement at the pigment surface. In the case of a flat-on deposition, the STD
amplification factors are similar for each proton within a dispersant molecule. As molecules rearrange adopting more
vertical orientation, STD amplification factors differentiate and become the largest for protons directly attached to the
surface.2
References:
1. Mayer B.and Meyer M., Angew. Chem. Int. Ed., 38, 1784 – 1788 (1999); Mayer M. and Meyer B., J. Am. Chem. Soc., 123, 6108 – 6117 (2001);
Rademacher C., Rama Krishna N., Palcic M., Parra F.and Peters T., J. Am. Chem. Soc., 130, 3669 – 3675 (2008)
2. Szczygiel A., Timmermans L., Fritzinger B. and Martins J. C., J. Am. Chem. Soc., 131, 17756 – 17758 (2009)
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Multi-Dimensional NMR Study of Ethyl Substitution in Ethylcellulose
Chris J. Garveya, Donald S. Thomasb and James M. Hookb
a
b

ANSTO, Menai, NSW, 2234, Australia.
Nuclear Magnetic Resonance Facility, University of New South Wales, Sydney, NSW, 2052, Australia.ent, (donald.thomas@unsw.edu.au)

Ethylcellulose is a commercial thermoplastic synthesised by a reaction of wood pulp
to form the ethyl ether derivative of cellulose. The nature of commercially manufacture
ethyl cellulose is defined by the manufacturing process, rather than the sites of
substitution around the cellulose glucose rings. In the solid state directed substitution
has the possibility of disrupting intra-chain cellulose hydrogen bonding and therefore
modulating the flexibility of the cellulose backbone. Here we report results from multidimensional solution NMR experiments used to determine both the qualitative nature
and quantitative degree of ethylation for cellulose in solution. A combination of solvent
manipulation together with 2D-correlation spectra (COSY, HSQC, HMBC) allowed the
assignment of the 1H and 13C NMR spectra.

405

7. Posters
__________________________________________________________________________________________________

P523

NMR investigations of the interactions in dendrimer-copper salts systems
Aura Tintarua, Camille Bouillonb, Gilles Queleverb, Ling Pengb, Laurence Charlesa and Stéphane
Viela
a
Laboratoire Chimie Provence UMR 6264- Spectrométries Appliquées à la Chimie Structurale, University of Provence, Campus Saint-Jérôme, 13397,
Marseille, France (aura.tintaru@univ-provence.fr)
b
Centre Interdisciplinaire de Nanosciences de Marseille, Université de la Méditerranée, Faculté des Sciences de Luminy, UPR CNRS 3118, 13288
Marseille Cedex 9, France

Dendrimers are uniform, spherical polymers capable of accommodating guest molecules on their surface or within
large interior cavities. They have recently been shown to act as effective drug delivery vehicles for a range of organic
compounds. We are interested in the potential use of dendrimers as delivery vehicles for
transition metal-based drugs. There is also considerable advantage in having the ability to
transport charged but chemically inert drugs without the need to synthetically add extra
functional groups for conjugation to neutral dendrimers.
In such context, NMR measurements have been performed on newly synthesized
acid-terminated poly(amino)ester dendrimers, which have already been reported as good
siRNA transporters.1,2 We are reporting here preliminary NMR results as regards to the
complexation process between these dendrimers and cooper salts. Specifically, 1D and
2D NMR data are combined to evidence and characterize the strong interaction involved
in these systems.
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References:
1. Wu J. Y., Zhou J. H., Qu F. Q., Bao P. H., Zhang Y. and Peng L., Chem. Commun., 313 (2005)
2. Zhou J. H., Wu J. Y., Hafdi N., Behr J. P., Erbacher P. and Peng L., Chem. Commun., 2362 (2006)
Acknowledgments: Authors acknowledge support from Spectropole, the Analytical Facility of Aix-Marseille University, by allowing a special access to
the instruments purchased with European Funding (FEDER OBJ2142-3341).
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Solvation of Strong H-Bonds by Polar Aprotic Solvent. One-sample lowtemperature NMR/UV-Vis study
Peter Tolstoya,b, Benjamin Koeppea, Jing Guoa and Hans-Heinrich Limbacha
a
b

Institute of Chemistry, FU Berlin, Takustr. 3, 14195, Berlin, Germany, (tolstoy@chemie.fu-berlin.de)
Institute of Physics, St.Petersburg State University, Uljanovskaja 1, 198504, St.Petersburg, Russia

Geometries of H-bonds in solutions are often fluxional due to the high nuclear polarizability of the bridging proton. A
small change in the local electric fields can induce a large change in the H-bond geometry. Electric fields come mainly
from the solvation shell, which might include a counterion for a charged system. A set of possible configurations of the
solvation shell (“solvatomers”) creates an effective bridging particle distribution function. Lifetimes of individual
solvatomers are limited by the reorientation time of the solvent molecules (nano- to microseconds). Thus, the signals of
solvatomers are averaged in NMR spectra and some information about the proton distribution is lost. To overcome this
problem we propose to use combined NMR/UV-Vis method (UVNMR), in which NMR and UV-Vis spectra are
measured for the same sample within the magnet of the NMR spectrometer.1
We present a UVNMR study of intermolecular anionic complexes with strong OHO bonds between nitrophenols and
carboxylates. We discuss the spectral features which reflect the actual distribution of H-bond geometries and the
temperature effects on it. For example, in order to separate the effects of the solvent ordering from the effects of the
counterion we propose to fix the latter intramolecularly. As a suitable object we have studied complexes of betaines with
carboxylic acids dissolved in CDF3/CDF2Cl. As an outlook we present the modification of the detection probe which
would allow one to measure not only NMR and UV-Vis but also Raman spectra inside the NMR magnet. The latter could
provide further insight into the inhomogeneous proton distribution caused by the ensemble of solvatomers.
References:
1. Tolstoy P. M., Koeppe B., Denisov G. S. and Limbach H. H., Angew. Chem. Int. Ed., 48, 5745 – 5747 (2009)
Acknowledgments: This work has benefitted from financial support by the Russian Foundation of Basic Research and Deutsche
Forschungsgemeinschaft.
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Structurral basis foor methyllarginine recognitiion by thee Tudor faamily of proteins
p
Konstantinnos Tripsiannes, Tobias Madl
M and Michael
M
Satttler
Institute of Strucctural Biology, Helmholtz
H
Zentrum
m München, Ingolstädter Landstr. 1, 85764 Neuherrberg, Germany aand Munich Centter for Integrated
Protein Science at Department Chemie,
C
Technischhe Universität München,
M
Lichtenb
bergstr. 4, 85747 Garching (kostass.tripsianes@ch.ttum.de)

Arginine methylation has long beenn observed inn RNA bindin
ng proteins annd histones, bbut only recen
ntly it has been
implicated inn a variety off cellular processes, including pre-mRNA
A splicing, traanscriptional rregulation, traafficking, signnal
transduction,, and spermattogenesis. In contrast
c
to thee wealth of daata showing how
h
effector m
modules targeet histone lysine
methylation, knowledge on
o the recognittion of methyylarginine has arguably laggged behind,
as no structuures of a reaader bound too these methyylation markss is yet know
wn. Ample
evidence sugggests Tudor-m
mediated asseembly of piRN
NPs and hnRN
NPs in a methhylargininedependent manner.
m
Previoous studies in our lab have demonstrated
d that the Tuddor domain
of the SMN protein
p
speciffically recogniises methylargginine motifs.. However, onnly recently
we were ablle to overcom
me technical difficulties
d
annd obtain high
h quality NM
MR data on
these interacttions.
In this study
s
we preesent the firsst structures of Tudor do
omains compllexed with
symmetrical (sDMA) andd asymmetricaal (aDMA) dimethylated arrginines (Figuure). The struuctures reveal the fine details
effecting thee state-speciffic readout of
o the methylation marks,, supporting our obervatiions by isoth
hermal titratioon
calorimetry (ITC)
(
that sDM
MA is a betteer Tudor substtrate than aDM
MA. A series of binding sitte mutations substantiates our
o
structural finndings. Our data
d
offer the mechanistic framework
f
for the recruitm
ment of methyylated protein components to
cellular locaales, like Cajaal-bodies (bioogenesis of hnnRNPs) and nuage
n
granules (piRNA pathway), by Tudor proteinns.
Impaired asssembly of hnnRNP subunitts of the spliiceosome seem
m to generate the motor-nneuron pheno
otype of Spinnal
Muscular Atrrophy and piR
RNP compartm
mentalization is critical to germ
g
cell preseervation.
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Spatial Structure
S
and Back
kbone Dynamics off Asymmeetric Dim
mer of β-H
Hairpin
Antimicrrobial Pep
ptide Aren
nicin-2 in
n Membra
ane Mimicking Envvironmen
nt
Kirill I. Truunov, Zakhhar O. Shenkkarev, Alexander S. Paaramonov, Pavel
P
V. Bauurin, Sergey
y V.
Balandin, Tatiana
T
V. Ovchinniko
O
ova and Alexxander S. Arseniev
A
Shemyakin-Ovchhinnikov Institutee of Bioorganic Chemisty,
C
Russiann Academy of Scieences, 16/10 Mikllukho-Maklaya sttr., 117997, Mosccow, Russia
(kirill.trunov@ggmail.com)

Membranne-active catioonic antimicrrobial peptidee arenicin-2 (A
AR-2, 21 a. a.) was isolaated from marine polychaeeta
Arenicola marina. Previously it was shhown that in aqueous solu
ution the pepttide adopts siignificantly tw
wisted β-hairppin
conformationn. Spatial struucture and baackbone dynaamics of AR--2 was studieed by 1H, 13C, 15N NMR spectroscopy
in
s
membrane mimicking
m
envvironment of DPC
D
micelless. It was show
wn that the pepptide forms assymmetric dim
mers by paralllel
association between
b
N-teerminal β-straands of two β-hairpins (C
CN↑↑NC). Thhe dimer struucture is stab
bilized by eigght
intermonomeer hydrogen bonds,
b
and thee monomers are
a slightly sh
hifted from eaach other alonng direction off β-strands. The
right-handedd twist of β-haairpin significcantly decreasses upon interraction with DPC
D
micelle and dimerizaation. Backbone
dynamics off the peptide monomer
m
in aqueous
a
solution and the peeptide dimer in
i DPC micellle were charaacterized by 155N
relaxation daata. It was shown that inteeraction with DPC
D
micelle lead to stabillization of thee peptide’s baackbone. At the
t
same time μss-ms conform
mational fluctuuations of Glyy12 residue sittuated in the β-turn
β
region of the hairpin
n were observed
in both meddia. The effecttive τR (~ 12.5 ns at 47°C
C) of AR-2 in
n complex wiith DPC miceelle correspon
nds to sphericcal
particle with hydrodynamiic radius ~ 288 Å. The topollogy of AR-2//DPC compleex was determ
mined using waater-soluble annd
2
lipid-soluble paramagneticc probes (Mn2+
and 16-doxxylstearate). Results
R
indicatte that the AR
R-2 dimer has transmembraane
arrangement within the DPC micelle with
w N- and C--termini and β-turn
β
fragmeents of both peeptides are located above the
t
hydrophobic region of thhe micelle. These
T
findinggs support the model in which
w
antimiicrobial activiity of AR-2 is
conditioned by
b formation of
o toroidal pores assembledd from β-strucctural peptide oligomers andd lipid molecu
ules.
Acknowledgmennts: This work was
w supported by Russian
R
Foundatiion for Basic Ressearch, Grant from
m the President oof Russian Federaation and by Fedeeral
Target Program “Scientific and Science-Education
S
nal Personnel of Innovative Russiia”.

4007

7. Posters
__________________________________________________________________________________________________

P527

Synthesis and NMR Characterization of Triptycene Containing Polystyrene
Nursen Turdua, Sahin Atesa,b, Yasemin Yuksel Durmazb and Lokman Toruna
a
b

Chemistry Institute, TUBITAK Marmara Research Center, Gebze, Kocaeli, 41470, Turkey (nursen.turdu@mam.gov.tr)
Istanbul Technical University, Department of Chemistry, Maslak, Istanbul, 34469, Turkey

Polystyrenes with triptcyene units were synthesized by combination of Atom
Transfer Radical Polymerization (ATRP) and “Click” chemistry processes. The
click reaction between diazido compounds, namely diazido polystyrene,
diazidodecane and dialkyne compounds, dipropargyloxytriptycene and
dipropargyloxydecane resulted in the formation polystyrene with triptycene
units in the main chain. Characterization of the intermediates and the target
polystyrene was done by means of 1H-NMR FT-IR and spectral analysis, and
GPC, DSC and TGA studies. While alkyne protons of triptycene (a protons in
Figure 1a) and end group protons of azide terminated polystyrene (g protons in
Figure 1b) completely disappeared, the new signal corresponding to methylene
and methine protons (p,m,l,k protons in Figure 1c) linked to triazole rings were
observed at between 5.18 and 4.31 ppm. The characteristic bridgehead protons
of triptycene observed at 5.87 ppm (c protons in Figure 1a) were detectable in
the corresponding copolymer spectrum at 5.82 ppm (c protons in Figure 1c).
Although the sequences of the aliphatic and aromatic propargyl molecules are
irregular, these results indicate that composition of the resulting polymer is in
agreement with the feed ratio of the click components in coupling process.

1

H-NMR spectra of dipropargyloxy triptycene (DPT) (a),
azide terminated bifunctional polystyrene (N3-PS-N3) (b),
and triptycene containing copolymer (CP1) (c) in CDCl3.
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Classical and Alternative Approach for Configuration Assignment on the example
of model pyrrolidine
Pavleta Tzvetkovaa, Burkhard Luyb and Svetlana Simovaa
a
b

Institute of Organic Chemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev bl. 9, 1113 Sofia, Bulgaria (pyc@orgchm.bas.bg)
Institut für Organische Chemie, Karlsruher Institut für Technologie, Fritz-Haber-Weg 6, D-76131 Karlsruhe, Germany

Assignment of the relative configuration of the four chiral atoms in a model pyrrolidine derivative has been achieved
through the classical approach – J-based configuration analysis (proton, carbon, phosphorus), NOE measurements and
computational methods.1
The model molecule has been aligned in two anisotropic media - cross-linked
polydimethylsiloxane, PDMS2 and poly-γ-benzyl-L-glutamate, PBLG3 Configuration
assignment based on the alternative approach4 - RDC measurement in the alignment
media, followed by fitting of PM3 optimized geometries with the programs PALES5 and
Mspin6 has been probed.
Pro’s and contra’s of both methods for the case of a five-membered ring are
discussed.
References:
1. Bifulco G., Dambruoso P., Gomez-Paloma L. and Riccio R., Chem. Rev., 107, 3744 – 3779 (2007)
2. Freudenberger J. C., Spitteler P., Bauer R., Kessler H. and Luy B., J. Am. Chem. Soc., 126, 14690 – 14691 (2004)
3. Sarfati M., Lesot P., Merlet D. and Courtieu J., Chem. Commun., 2069 – 2081 (2000)
4. Thiele C., Concepts in Magn Reson Part A, 30A, 65 – 80 (2007)
5. Zweckstetter M., Nature Protocols, 3, 679 – 690 (2008)
6. MSpin, version 1.0.3-75, MestreLab Research S. L., www.mestrec.com
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Octasolketal-substituted phthalocyanines: synthesis and systematic study of metal
effect and substitution pattern on 13C NMR
Ilker Ün, Yunus Zorlu and Fabienne Dumoulin
Department of Chemistry, Gebze Institute of Technology, P.O. Box 141, Gebze, 41400 Kocaeli, Turkey (ilkerun@gyte.edu.tr)

A complete series of solketal octasubstituted phthalocyanines have been synthesized, with peripheral (β) or nonperipheral (α) substitution pattern.1,2 Their 13C NMR properties are compared relatively to this substitution pattern or the
nature of the central metal (Ni, Zn, Pt or H2).1,2 During the syntheses of the solketal-substituted Pcs, the value of an
extensive study of the metal and peripheral effect became apparent,
especially from the 13C NMR.
By synthesizing eight octasubstituted Pcs, we had the opportunity to
make such comparisons Pcs, divided into two groups according to their
substitution pattern: peripheral (βPcs) and non-peripheral (αPcs).
This is the first systematic study of the influence of the nature of the
metal and of the substitution pattern on 13C NMR of phthalocyanines.
DEPT (Distortionless Enhancement by Polarization Transfer), HSQC
(Hetero Single Quantum Correlation) and HMBC (Heteronuclear
Multiple Bond Correlation) have been used for a complete attribution
of all the carbons of the phthalocyanine macrocycle and the substituents, allowing subsequent analyses of the metal and
substitution pattern on 13C chemical shifts.
References:
1. Zorlu Y., Un I. and Dumoulin F., J. Porphyrins Phthalocyanines, 13, 760 – 768 (2009)
2. Zorlu Y., Dumoulin F., Durmuş M. and Ahsen V., Tetrahedron, 66, 3248 – 3258 (2010)
Acknowledgments: The financial support of the Turkish National Council of Research and Science TUBITAK (project 106T376) is gratefully
acknowledged.
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fac-{Ru(CO)3}2+ selectively targets the His pair of the β amyloid peptide. Can
ruthenium complexes be considered as possible candidates for Alzheimer Disease
treatments?
Daniela Valensina, Paolo Anzinia, Elena Gaggellia, Nicola Gaggellia, Gabriella Tamasia, Renzo Cinia,
Chiara Gabbianib, Elena Micheluccib, Luigi Messorib, Henryk Kozlowskic and Gianni Valensina
a

Department of Chemistry, University of Siena, Via A.Moro, 53100 Siena, Italy, (valensindan@unisi.it)
Department of Chemistry, University of Florence, Via della Lastruccia 3, I-50019 Sesto Fiorentino, Italy
c
Faculty of Chemistry, University of Wroclaw, F. Joliot-Curie 14, 50-383 Wrocław, Poland
b

The amyloid β-peptide (Aβ), in the form of amyloid fibrils, is the major component of the extracellular deposits of
Alzheimer’s disease (AD). No curative AD treatments have been developed so far. It was recently shown that targeting
His-13 and His-14 of β-amyloid peptides may result into a dramatic decrease of its cytotoxicity and a few platinum
compounds were successfully exploited in vitro for this purpose.1 In this work, the reaction taking place between the
novel ruthenium(II) complex fac-[Ru(CO)3Cl2(N1-thz)], recently synthesized and characterized by some of us,2 and the
Aβ28 peptide was investigated by a variety of biophysical methods.3 1H NMR titrations highlighted a selective interaction
of {Ru(CO)3}2+ with Aβ28 histidine residues; CD revealed the occurrence of a substantial conformational rearrangement
of Aβ28; ESI-MS suggested a prevalent 1:1 metal-peptide stoichiometry. For a better description of such interaction, other
ligands were used as well, such as Aβ28 protected at N-terminus (AcAβ28), the rat Aβ28 (rAβ28), L-His, GlyGlyHis (GGH)
and the reduced glutathione (GSH).
References:
1. Barnham K. J., et al., Proc. Natl. Acad. Sci. U S A., 105, 6813-6818 (2008)
2. Cini R., et al., Inorg. Chem., 46 79 – 82 (2007)
3. Valensin D., et al., Inorg Chem., May 11 (2010)
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ng dynam
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containin
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Bjorn Van Gassea, Viccky Gheeraardijna, Gillees Bruylantssb, Kristin Bartik
B
, Annnemieke Maaddera and
a
José C. Maartins
a
b

Department off Organic Chemisstry, University off Ghent, Krijgslaaan 281 S4, B-900
00, Ghent, Belgiuum (Bjorn.VanGaasse@UGent.be)
Department off Molecular and Biomolecular
B
Enggineering, Univerrsité Libre de Bru
uxelles, 50 Avenuee F.D. Roosevelt, 1050, Bruxelles,, Belgium

There is considerable
c
i
interest
in the development of artificial catalysts
c
that mimic
m
enzymaatic activity. One
O approach in
this challengging area of reesearch is the use
u of nucleicc acid building
g blocks, whoose base-pairs are equipped with functionnal
groups mimiicking peptidee chains.1 Ouur system of interest
i
consissts of a 14meer DNA dupleex in
which a cataalytic triad ressembling the active
a
site of α-chymotrypssin is introducced. The apprroach
requires the introduction of a T.T missmatch that can
c destabilizze the duplex and influencce its
otide bases onn these param
meters
dynamics. Inn addition, thee effects causeed by modifying the nucleo
have yet to be
b explored. Using
U
NMR spectroscopy,
s
we report on
n the stability and and basee-pair
opening dynnamics of the non-modifiedd mismatchedd duplex, show
wn below, annd compare itt to a
first generation of triad miimicking dupllexes. In addittion, the use of salt up to 1000 mM is show
wn to
have limited impact, at leaast in the systeems studied heere.
References:
1. Catry M. and Madder A., Moleecules, 12, 114 – 129 (2007)
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Dynamicc NMR an
nd DFT Studies
S
of Catalyticcally Releevant NHC
C Pd(II) Complexe
C
es
Nikolay Vassileva, Petar Petrovb and Malinkka Stoyanov
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a

Institute of Orgganic Chemistry with
w Centre of Phhytochemistry, Buulgarian Academyy of Sciences, Acaad. G. Bontchev sstr. Bl. 9, 1113, Sofia,
S
Bulgaria
(niki@orgchm.bbas.bg)
b
Department of Organic Chemisttry, Faculty of Chhemistry, Universsity of Sofia "St. Kliment
K
Ohridskyy", 1, James Bourrchier Blvd., 1164
4, Sofia, Bulgariaa

mplexes involving N-heteerocyclic carbbenes
Catalyticaally relevant1 Pd(II) com
(NHCs) and bidentate N- and P-donor ligands (show
wn on figure)) were syntheesised
and characterrised. Their flluxional behavviour was studdied by 1H, 13C and 31P NM
MR in
CDCl3 solutiion (from 213K
K to 323K) annd by DFT calculations at B3LYP/CEP-1
B
121G
level of theeory. The varriable-temperature 1H andd 13C NMR spectra of Pd(II)
P
complex invvolving bidenttate N-donor ligand show two almost equally popuulated
conformers. The rate consstants were caalculated from
m CLSA of 1H VT NMR sppectra
and 2D EXS
SY experimeents. The rotaational barrierr is ΔG≠ ~ 15
1 kcal/mol using
u
Eyring equattion. The DF
FT calculationns reveal the exchange pro
ocess as restrricted
rotation arouund C-N bondd with rotationnal barrier of ΔG≠ = 13.7 kcal/mol,
k
whille the
rotational barrrier around Pd-C
P
bond wass estimated too be ΔG≠ = 25..6 kcal/mol.
1
The 1H, 13
C and 31P VT
V NMR specctra of Pd(II) complex invo
olving bidentaate Pdonor ligandd show four noone equally poopulated confo
formers. The rate
r constants were
3
calculated froom CLSA of 31
P 1D NMR spectra and 31P 2D EXSY experiments.
e
References:
5
23 – 41(1999); b) Kantchev E
E. A. B., O'Brien C. J. and Organ M.
1. a) Herrmann W. A., Bohm V. P. W. and Reisinnger C.-P., J. Orgganomet. Chem., 576,
C
Int. Ed., 46, 2768 – 2813(20007)
G., Angew. Chem.
Acknowledgmennts: Financial suupport by the Nattional Research Fund
F
of Bulgariaa (UNA-17/2005 and ТК-Х-16066/06), the Sofia University
U
Researrch
Fund and COST
T action CM0802 ‘‘PhoSciNet” is gratefully acknow
wledged.
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Let’s DE
ENs
M. Victoria Gomeza, Javier
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a
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and Teechnology, MESA
A+ Institute for Nanotechnology
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University
of Twennte, PO Box 217, 7500AE,
Enschede, The Netherlands,
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(a.h.velders@utwentte.nl)
b
Department of Chemistry and Biochemistry,
B
Cennter for Nano andd Molecular Scien
nce and Technoloogy The University
ty of Texas at Ausstin, Austin, Texass

High-resoolution solutiion-state NMR
R spectroscoppy has been used to chaaracterize the structure of Pd dendrimeerencapsulatedd nanoparticles (DENs). Firrst,1 full analyysis was donee of the homoo- and heteronnuclear
1D and 2D NMR
N
data off the fourth-geeneration hydrroxyl-terminaated poly(amiddoamine), PA
AMAM,
dendrimer (G
G4-OH), whicch is a 15 kDa macromoleccule containin
ng over a 10000 protons thaat show
severely oveerlapping signnals due to thhe high (pseuudo-)symmetry
y. Comparison of the NM
MR data
without (G4--OH) and witth (G4-OH(Pdd55)) nanopartticles unambiiguously demonstrates thatt single
nanoparticless are encapsullated within inndividual dendrimers. DOS
SY experimennts prove the aabsence
of aggregate formation, ass well as furnnish the hydroodynamic radiius of the denndrimers. Illusstrative
and corroborrative experim
ments were also performed with
w the extraction of DEN
Ns using alkaneethiols.
Consecutivelly,2 simple 1D
D 1H-NMR daata of Pd nanooparticles enccapsulated witthin sixth-genneration
hydroxyl-term
minated PAM
MAM (a 60 kD
Da dendrimer)) allowed deteermination of the size of Pdd DENs
(G6-OH(Pdx))
) ranging froom 55, 147, 200
2 to 250 atoms. Therefo
ore, solution-state 1H NM
MR data
provide a straightforwardd tool to chharacterize naanometer-size nanoparticlees, where othherwise
advanced andd less accessibble techniquess, e.g. TEM, have
h
to be used
d, that moreovver only proviide sampled and
a ex-situ datta.
References:
m. Chem. Soc., 13
31, 341 – 350 (2009)
1. Gomez M. V.., Guerra J., Veldders A. H. and Croooks R. M., J. Am
2. Gomez M. V.., Guerra J., Myerrs V. S., Crooks R.
R M. and Velderrs A. H., J. Am. Chem.
C
Soc., 131, 14634
1
– 14635 (22009)
m of the Ministry of
o Economic Affaairs , is acknowleedged for financiaal support.
Acknowledgmennts: NanoNed, thhe Dutch nanotechhnology program
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Automatted identification of
o phenoliic compou
unds
a
Jacques Veervoorta, Soofia Mocoa, Frank van Zimmeren
Z
, Reino Laatikainenb, M
Matthias Nieemitzc,
c
Manfred Sprauld, Sam
muli-Petrus Korhonen
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a Velitch
and
hka V. Mihaalevaa
a

Laboratory of Biochemistry,
B
Waageningen Univerrsity, Wageningenn, the Netherland
ds, (Jacques.Vervooort@wur.nl)
Department of Chemistry, Kuoppio University, Kuuopio, Finland
c
PERCH Solutioons Ltd., Kuopio, Finland
d
Bruker BioSpinn GmbH, Rheinsteetten, Germany
b

Polyphennolic compounnds are abunddantly found in
i nature and are very diveerse in structuure due to a large
l
number of
possible subsstitution patteerns. Thereforee, the identification of thesse compoundss cannot be doone on the solle basis of maass
spectrometryy data. The identification process can bee accelerated when
w
MS (MS/MS) and hiigh quality 1H-NMR
H
data are
a
1
combined. Although
A
H-N
NMR spectra are
a relatively fast
f and easy to
t obtain (proovided there iss a good samp
ple), the existinng
databases coontain only a limited
l
number of polypheenolic compou
unds. Here, we
w present a ddatabase of ex
xperimental annd
predicted 1H-NMR
H
spectrra of phenolicc compoundss based on hiigh quality daata. The preddicted 1H-NMR spectra weere
generated froom 3D chemiical structuress using the PE
ERCH NMR Software traiined on a largge set of expeerimental NM
MR
spectra. By incorporatingg the stereochhemistry, intraa-molecular in
nteractions, and
a solvent effects into th
he mathematiccal
model, 1H chhemical shiftss and 1H-1H couplings
c
werre predicted with
w high acccuracy. The predictive mod
del was used to
extend the database
d
with NMR spectrra of about 3000 phenolic compounds available from
m public reso
ources. The 3D
3
structures weere generatedd using a set of
o fragments with the corrrect stereocheemistry, whichh is especially important for
f
compounds containing
c
suggar moieties. The
T 1H-NMR
R spectra weree automaticallyy annotated w
with the atom labels generallly
accepted in the
t literature. The spectrum
m querying waas done in combination wiith the mass uusing a list off chemical shiffts
with or withoout integral vaalues. The hit list was sorteed according to
o the match between the quuery and the database
d
spectrra.
When the coorrect compouund is presentt in the databaase it is very easily distingguished from ffalse positives. For examplle,
there are 15 compounds with
w chemical formula of C15H10O7. When
W
querying the list of expperimental ch
hemical shifts of
quercetin agaainst the databbase, only onee hit gave a goood match. Th
his possible quandidate
q
was confirmed by
b an automatted
iterative fit of
o the experim
mental and theooretical 1H-N
NMR data. Thee other 14 hitss failed in thiss automated fittting procedurre.
The 3D Mol files and the NMR
N
predictiions (in a binaary format) aree available forr download.
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Let’s be SMARD ☺!
Bruno Vitorgea, Geoffrey Bodenhausena,b and Philippe Pelupessya
a
b

Department de chemie,associé au CNRS,Ecole Normale Supérieure 24 rue Lhomond,75231 Paris Cedex 05, France (bruno.vitorge@ens.fr)
Institut de Sciences et Ingénierie Chimiques,Ecole Polytechnique Fédérale de Lausanne, Batochime,1015 Lausanne, Switzerland

A simple way to reduce the experimental time required for classical 2D experiments can be achieved by reducing the
recovery delay tRD between consecutive increments. The general rule-of-thumb consisting in waiting longer than the
longitudinal relaxation time T1 need not be respected. One can often afford the concomitant reduction of the signal-tonoise ratio, but the major drawback comes from an increase of artefacts in the spectra. These are due to interference of
transverse and longitudinal magnetisation components from one scan to the next. A suitable choice of nearly-orthogonal
pulsed field gradients (PFG’s) generated by triple gradients can suppress unwanted coherence transfer pathways. In order
to prevent accidental refocusing, the direction of the PFG’s must be changed from scan to scan. SMAll Recovery Delay
(SMARD) allows one to reduce the experimental time by as much as an order of magnitude.
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Anodic oxidation of selenadiazoloquinolones in alkaline media (EPR study)
Michal Zaliberaa, Andrej Staškoa, Zuzana Barbierikováa, Ján Rimarčíka, Vladimír Lukeša, Maroš
Bellab, Viktor Milatab, Georg Gescheidtc and Vlasta Brezováa
a

Institute of Physical Chemistry and Chemical Physics, (michal.zalibera@stuba.sk)
Institute of Organic Chemistry, Catalysis and Petrochemistry, FCHPT, Slovak University of Technology in Bratislava, Radlinského 9, SK-812 37
Bratislava, Slovakia
c
Institute of Physical and Theoretical Chemistry, Graz University of Technology, Technikerstraße 4/I, A-8010 Graz,Austria
b

Newly synthesized derivatives of 6-oxo-6,9-dihydro[1,2,5]selenadiazolo[3,4-h]quinoline variously substituted at
position 7 (R7 = H, COOH, COCH3, CN, COOC2H5 and COOCH3,) are established in strongly alkaline aqueous solutions
(0.1 M NaOH; pH ~ 13) in the N9-deprotonated and in less alkaline (0.001 M NaOH; pH
~ 11) in the protonated oxo tautomeric forms. Upon their anodic oxidation in alkaline
O
R
0.1 M
solutions the selenadiazolo ring is replaced by two oxide anions forming consecutively
NaOH
O
R
the paramagnetic species analogous to the ortho semiquinone radical anions, as
N
O •
–
-e
–
O
O
evidenced by EPR experiments in partially labelled H217O. Additionally, the identity of
N
N
R
Se N
0.001 M
the individual R7 substituents was found to be clearly reflected in the hyperfine coupling
H
NaOH
N
pattern of detected EPR spectra.
O •
–
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3a
9b
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Acknowledgments: This work was supported by grants: APVT-0055-07, VEGA/1/0018/09 and 1/0225/08, 2003SP200280203 and SK-AT-0016-08. MZ
acknowledges the support of the Jubilee Fellowship for Post-Doctoral Candidates (SK - AT, Action Austria-Slovakia).
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Structural dynamics at multiple time scales
Paolo Calligaria, Vania Calandrinib, Mirko Moric, Fatiha Katebd, Gerald Knellerb, Geoffrey
Bodenhausena,e, Mario Picciolic and Daniel Abergela
a

Département de Chimie, Ecole Normale Supérieure, 24 rue Lhomond, 75005 Paris, France, (daniel.abergel@ens.fr)
Centre de Biophysique Moléculaire, CNRS, Rue Charles Sadron, 45071 Orléans, France, cCERM and Department of Chemistry, University of
Florence, Via L. Sacconi 3, 50019 Sesto Fiorentino, Italy dLehrstuhl für Biomolekulare NMR-Spektroskopie, Departement Chemie, Lichtenbergstr. 4, D85747 Garching, Germany, eInstitut des Sciences et Ingénierie Chimiques, EPFL, 1015 Lausanne, Switzerland

b

Spin relaxation measurements in liquids provide most valuable information on internal dynamics of proteins, which is
a key factor of their functions. It is therefore important to provide physical models that can serve as a basis for the
interpretation of the protein motions. Assuming that these can be related to the structure of the molecule, we recently
introduced a model based on a Network of Coupled Rotators to describe internal dynamics of proteins from the knowledge
of their three-dimensional structures. 15N NMR relaxation rates can thus be predicted and conformational entropies of
bond vector calculated. This approach also illustrates the absence of one-to-one relationships between order parameters
and conformational entropies, and therefore explains the difficulty to relate both quantities from experimental data.1
Further theoretical developments in the study of protein dynamics demonstrated the presence of multi-scale fast internal
motions, and this complex behaviour was shown to be accounted for by a simple model based on fractional Brownian
dynamics.2 Structural dynamics also involves microsecond time scale dynamics, as shown by chemical shift modulation
measurements of backbone C’N coherences.3 These experiments suggest the unusual view of a protein where slow
motions are present across the entire backbone, and with characteristics that can be related to the secondary structure
elements. This is clearly in contrast with the conventional picture usually provided by 15N NMR relaxation.
References:
1. Dhulesia A., Bodenhausen G. and Abergel D., J. Chem. Phys., 129, 095107 (2008)
2. Calandrini V., Abergel D. and Kneller G., J. Chem. Phys., 128, 145102 (2008)
3. Mori M., Kateb F., Bodenhausen G., Piccioli M. and Abergel D., J. Am. Chem. Soc., 132, 3594 – 3600 (2010)
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Analysis of CPMG Sequences with Low Refocusing Flip Angles
Fabiana D. Andradea, Antonio M. Nettob and Luiz A. Colnagoc
a

Institute of Chemistry of São Carlos, University of São Paulo, 400 Trab.São-carlense St, 13560-970, São Carlos-SP, Brazil (fabianadiuk@iqsc.usp.br)
Institute of Physics of São Carlos, University of São Paulo, São Carlos-SP, Brazil
c
EMBRAPA Agricultural Instrumentation, 1452 XV de Novembro St, 13560-970, São Carlos-SP, Brazil
b

The Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence has been used in many applications. Recently, CPMG has
been used in on-line measurements1 where it was applied by long periods. In this case, 180° refocusing pulse can cause
undesirable sample heating and equipment overload, which can reduce their durability
and erroneous results. Thus, the purpose of this work is the experimental and theoretical
analysis of CPMG sequence with low refocusing pulse flip angles (LRFA) using Bloch
equation and the effect on the T2 value under the parameters as magnetic field
inhomogeneity, common problems occurred in low magnetic field, in order to use it in
NMR on-line measurements. This Figure shows the experimental CPMG signals of water
obtained on-resonance with refocusing flip angles of 180° (CPMG), 135° (CPMG135),
90° (CPMG90) and 45° (CPMG45) in a less homogeneous field (FWHM=100Hz).
However, CPMG signals with LRFA obtained in more homogeneous condition
(FWHM=15Hz) were similar for all flip angle studied for experimental and simulated results showing the robustness of
CPMG sequence. With this information it is possible to determine a limit to use different flip angles depending on
conditions of B0 inhomogeneous field used, which it can reduce power by more than 75% in on-line measurements.
References:
1. Prestes R. A.; Colnago L. A., Forato L. A., Vizzotto L., Novotny E. H. and Carrilho E., Anal Chim Acta, 596, 325 – 329 (2007)
Acknowledgments: FAPESP, EMBRAPA Agricultural Instrumentation.
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Towards the integration of radiofrequency coils within high-frequency, singlemode EPR resonators: First W-band ENDOR results
Giuseppe Anninoa, Hans Moonsb, Sabine Van Doorslaerb and Etienne Goovaertsb
a
b

Istituto per i Processi Chimico-Fisici, via G. Moruzzi 1, 56124, Pisa, Italy (geannino@ipcf.cnr.it)
Departement Natuurkunde, Universiteit Antwerpen, Universiteitsplein 1, B-2610 Antwerpen Belgium

In the framework of the development of innovative resonant structures for high-field applications, a single-mode
dielectric resonator with intra-cavity rf coil has been proposed for dynamic nuclear polarization studies at 3.4 T;1 it
demonstrated unexpectedly high NMR signal enhancements.2 The high conversion factor of this device for both its rf and
mw response is promising also for ENDOR applications. This contribution presents the first W-band ENDOR results of a
single-mode mw resonator with integrated rf coil, which represents a simplified variant of the structure proposed in1. The
employed mw resonator is a metallic non-radiative structure,3 loaded by a standard W-band sample holder on which a
coaxial hairpin coil has been attached. The room temperature pulsed Mims and Davies ENDOR signals of bisdiphenylene-phenyl-allyl radical dissolved in polystyrene, obtained with this structure, has been compared with the
analogous signals obtained using external Helmholtz-like coils. The intra-cavity coil leads to a signal gain of about 4.7
with respect to the external coils. The analysis of the spectra suggests that in the investigated structure the thermal effects
due to the high rf currents are negligible, while some mechanical effects cannot be excluded. The details of the
measurements will be illustrated, together with an improved design of the intra-cavity coil that should eliminate the
possible mechanical effects.
References:
1. Annino G., Villanueva-Garibay J. A., van Bentum P. J. M., Klaassen A. A. K. and Kentgens A. P. M., Appl. Magn. Reson., 37, 851 – 864 (2010)
2. Villanueva-Garibay J. A., Annino G., van Bentum P. J. M. and Kentgens A. P. M., Phys. Chem. Chem. Phys., 12, 5846 – 5849 (2010)
3. Annino G., Fittipaldi M., Martinelli M., Moons H., Van Doorslaer S. and Goovaerts E., J. Magn. Reson., 200, 29 – 37 (2009)
Acknowledgments: The authors acknowledge the COST action P15 “Advanced paramagnetic resonance methods in molecular biophysics” for financial
support, P. J. M. van Bentum for suggesting and providing the sample, and A. P. M. Kentgens for making available a rf amplifier.
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NVR-BIP: A tool for NMR Structure-Based Assignments
Mehmet Serkan Apaydina†, Bülent Çataya, Mehmet Çağrı Çalpura, Halit Erdoğana, Hakan Erdoğana,
Nick Patrickb and Bruce R. Donaldb,c
a

Faculty of Engineering and Natural Sciences, Sabanci University, Tuzla, Istanbul,34956 TURKEY (apaydin@sehir.edu.tr)
Present Address: İstanbul Sehir University, College of Engineering and Natural Sciences, Istanbul, TURKEY
b
Department of Computer Science, Duke University, Durham, NC 27708 USA
c
Duke University Medical Center, Department of Biochemistry, Duke University, Durham, NC 27708 USA
†

An important bottleneck in NMR protein structure determination is the assignment of NMR peaks to the
corresponding nuclei. Structure-based assignment (SBA) aims to solve this problem with the help of a template protein
which is homologous to the target and has applications in the study of structure-activity relationship, protein-protein and
protein-ligand interactions. We formulate SBA as a linear assignment problem with additional Nuclear Overhauser Effect
constraints, which we solve within Nuclear Vector Replacement’s (NVR)1 framework using binary integer programming
(BIP). We extend NVR to accept CH and NH RDCs, and test our technique on NVR’s data set, as well as four additional
proteins. Our results are comparable to NVR’s assignment accuracy on NVR’s test set, but higher on novel proteins.2 We
then test the effect of incorporating additional chemical shifts and using CRAACK3 for amino acid typing.4 Additionally,
we employ machine learning techniques to view the assignments as a classification problem5 and combine the terms in
NVR’s scoring function using support vector machines and boosting.
References:
1. Langmead C. J. and Donald B. R., J. Biomolecular NMR, 29, 111 – 138 (2004)
2. Apaydın M. S., Çatay B., Patrick N. and Donald B. R., The Computer Journal, Advance Access, doi:10.1093/comjnl/bxp120 (2010)
3. Benod C., Delsuc M. A. and Pons J. L., J. Chem. Inf. Model, 46, 1517 – 22 (2006)
4. Erdoğan H. and Apaydın M. S., International Conference on Health Informatics and Bioinformatics (HIBIT), (2010)
5. Çalpur M. Ç., Erdoğan H., Çatay B., Donald B. R. and Apaydın M. S. International Conference on Information and Computer Sciences, (2010)
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Electron Magnetic Resonance in Nanoparticles: Quantal Effects and Giant-Spin
Description
Natalia Noginovaa, Osei Amponsaha, Vadim A. Atsarkinb and Victor V. Demidovb
a
b

Center for Materials Research, Norfolk State University, 23504 Norfolk VA, USA
Kotel’nikov Institute of Radio Engineering and Electronics RAS, 11 Mokhovaya Str., 125009 Moscow, Russia (atsarkin@mail.cplire.ru)

In order to better understand the transition from quantum to classical behavior in spin systems, the electron magnetic
resonance (EMR) spectra of the γ-Fe2O3 and Fe3O4 nanoparticles embedded into non-magnetic matrices are studied.
Common peculiarity of the spectra is a narrow spectral component superimposed on the broad one; the intensity of the
narrow feature was found to decrease upon cooling by activation law. Besides, additional weak lines are discovered in low
magnetic fields corresponding to the multiple-quantum resonances with k=2, 3, and 4. The spectra are interpreted in terms
of a quantal model where a superparamagnetic particle is considered as a large exchange-coupled cluster with the giant
total spin S~103. In this approach, the EMR spectrum is described as the sum of quantum transitions between the magnetic
sublevels Em corresponding to the lowest spin multiplet of the cluster, with account made for magnetic anisotropy,
transition probabilities, and equilibrium populations. The narrow spectral feature is assigned to the allowed (Δm=±1)
transitions between the upper levels with low ⎪m⎪ values. The multiple-quantum resonances are related to “forbidden”
transitions (Δm=±k) which become partly allowed due to the state mixing caused by either the single-particle anisotropy
or inter-particle dipolar interactions. The role of the dipolar interactions has been studied on the Fe3O4 nanoparticles
arranged into linear chains inside the parallel nanoscaled channels penetrating the alumina membrane. The observed
anisotropy of the EMR spectum caused by the inter-particle dipolar interactions was used to determine the effective
dipolar field and then to calculate the probabilities of the multiple-quantum transitions with k=2. It is found that the
quantal description agree well with the experimental data both in functional form of the angular dependencies and the
absolute values of the double-quantum intensity. Thus, the EMR studies in superparamagnetic nanoparticles can provide
an effective bridge between relatively small spin clusters (including molecular magnets) described with quantal approach,
and bulk ferromagnets commonly considered from the classical point of view.
Acknowledgments: The authors acknowledge the financial support of the Human Frontier Science Program Organization (Grant RGP0047/2007-C) and
Russian Foundation for Basic Research (Grant 08-02-00040).
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Pharmacophore Mapping via Cross-Relaxation during Adiabatic Fast Passage
Renate Auer, Karin Kloiber, Andrea Vavrinska and Robert Konrat
Department of Structural and Computational Biology, University of Vienna, Campus Vienna Biocenter 5,1030, Vienna, Austria,
(renate.auer@univie.ac.at)

A novel NMR method is demonstrated for
the investigation of protein ligand interactions.
In this approach an adiabatic fast passage pulse,
i.e. a long, weak pulse with a linear frequency
sweep, is used to probe 1H-1H NOEs. During
the adiabatic fast passage the effective rotatingframe NOE is a weighted average of transverse
and longitudinal cross-relaxation contributions
that can be tuned by pulse power and frequency
sweep rate. It is demonstrated that the
occurrence of spin diffusion processes leads to
sizeable deviations from the theoretical relationship between effective relaxation rate and effective tilt angle in the spin
lock frame and can be used to probe protein-ligand binding. This methodology comprises high sensitivity and ease of
implementation. The feasibility of this technique is demonstrated with two protein complexes, vanillic acid bound to the
quail lipocalin Q83 and NAD+ and AMP binding to alcohol dehydrogenase (ADH).
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HIFI-NMR, a method for efficiently combining adaptive protein NMR data
collection, assignment and validation
Arash Bahramia, Marco Tonellia, Hamid R. Eghbalniab and John L. Markleya
a
NMRFAM (National Magnetic Resonance Facility at Madison), Biochemistry Department, University of Wisconsin-Madison, 433Babcock Dr,
Madison, WI 53706, USA,(abahrami@wisc.edu)
b
Department of Molecular and Cellular Physiology, University of Cincinnati, 231 Albert Sabin Way, Cincinnati, OH 45267

HIFI-PINE represents a novel, fully-automated method for optimal and adaptive data collection and analysis in protein
NMR spectroscopy. It represents another breakthrough step toward a new paradigm of NMR data collection and analysis
that relies on feedback across various modules in order to provide faster, more robust, and highly reliable results in NMR
structural biology. In a process that does not involve any manual intervention and normally takes less than a day, HIFIPINE identifies peaks from all necessary 3D NMR experiments and provides complete chemical shift assignments,
secondary structure determination, and assignment validation. The automated probabilistic data analysis, including
spectral processing, peak picking, and assignment, is executed “on the fly”, i.e. while spectra are being collected. The
feedback mechanism from the assignment module guides data collection and ensures that sufficient information about
peak lists and spin systems has been acquired to support robust resonance assignments and secondary structure
determination. HIFI-PINE has been tested on [13C, 15N]-labeled small and medium-sized proteins. In all cases, the
assignment quality was sufficient to support the final steps of structure determination.
References:
1. Bahrami A., Assadi A., Markley J. L. and Eghbalnia H. R., PLoS Comp Biol, 5, (2009)
2. Eghbalnia H. R., Bahrami A., Tonelli M., Hallenga K. and Markley J. L., J Am Chem Soc., 127, 12528 – 36 (2009)
Acknowledgments: Supported by NIH grants 1U54 GM074901 and P41 RR02301.
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Transverse Relaxation Rates in Homonuclear J-coupled Spin Systems
Bikash Baishyaa, Takuya Segawaa, Nicolas Aebya and Geoffrey Bodenhausena,b
a
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Ecole Polytechnique Fédérale de Lausanne, Institut des Sciences et Ingénierie Chimiques, 1015 Lausanne, Switzerland (bikash.baishya@epfl.ch)
Ecole Normale Supérieure, Département de C himie, associé au CNRS, 24 rue Lhomond, 75231 Paris Cedex 05, France

The modulation of spin echoes by homonuclear scalar couplings renders the determination of transverse relaxation
rates (R2) of individual spins difficult for molecules that are isotopically enriched in 13C or 15N, and of course for scalarcoupled 1H spins. To avoid modulations, most studies using refocusing pulses have so far been restricted to isolated or
selectively labeled 13C or 15N spins. Two established strategies to avoid modulations use either fast pulse repetition rates1,2
or selective refocusing pulses.3 It has been shown recently, using refocusing pulses of moderate strength with the radiofrequency (rf) carrier on-resonance for a spin I (ΩI = 0) under investigation,4 that cumulative effects of non-ideal pulses
with ‘tilted’ effective field can quench modulations in multiple-refocusing schemes π/2-[τ-π-τ-]2n provided νrep= 1/(2τ+τπ)
≠ ΩS/(2kπ), where k is an integer and ΩS is the offset of the main coupling partner S.5 Pulse repetition rates νrep < ΩS/(2π),
allow one to extract “apparent” rates R2. Earlier work on systems comprising only two 15N spins4 or two 13C spins5,6 has
now been generalized to 1H spins7 in polypeptides and proteins. Variation of the carrier frequency offers an additional
way to obtain modulation-free decays. A lack of resolution can be overcome by INEPT or heteronuclear correlations.
References:
1. Gutowsky H. S., Vold R. L. and Wells E. J., J. Chem. Phys., 43, 4107 – 4125 (1965)
2. Allerhand A., J. Chem. Phys., 44, 1 – 9 (1966)
3. Freeman R., Hill H. D. W., in Jackman L. M. and Cotton F. A. (Eds.), Dynamic NMR Spectroscopy, Academic Press, New York (1975)
4. Dittmer J. and Bodenhausen G., Chem. Phys. Chem., 7, 831 – 836 (2006)
5. Gopalakrishnan K., Aeby N. and Bodenhausen G., Chem. Phys.Chem., 8, 1791 – 1802 (2007)
6. Segawa T. F., Aeby N. and Bodenhausen G., Phys. Chem. Chem. Phys., DOI:10.1039/c004293e, (2010)
7. Baishya B., Segawa T. F. and Bodenhausen G., J. Am. Chem. Soc., 131, 17538 – 17539 (2009)
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NUS of SOFAST-based Multi-Dimensional Experiments
Donna M. Baldisseri
Bruker BioSpin Corp., 15 Fortune Dr., Billerica, MA 01821 USA (donna.baldisseri@bruker-biospin.com)

Non-uniform sampling (NUS) of multi-dimensional data reduces the overhead of increments acquired for indirect
dimensions resulting in greatly reduced measuring times relative to fully sampled data.1 Similarly, the measuring times of
multi-dimensional data can be minimized by the incorporation of the SOFAST-based acquisition scheme which allows for
rapid pulsing.2 Here we show that a combination of the two approaches in multi-dimensional experiments can further
reduce measuring times by a factor greater than 4 relative to the application of either NUS or SOFAST-based acquisition
individually. The ability of this combined approach to obtain high-resolution multi-dimensional data on the order of 1-3
minutes is illustrated for 13C/15N-ubiquitin using a QCI cryoprobe and its benefit to measuring fast processes for
biomolecules is discussed.
References:
1. Rovnyak D., et al., J. Biomol. NMR, 30, 1 – 10 (2004)
2. Schanda P., et al., J. Am. Chem. Soc., 128, 9042 – 9043 (2006)
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Quantitative Aspects of PGSE Experiments
Caroline Barrère, Pierre Thureau and Stéphane Viel
Universités Aix-Marseille I, II et III – CNRS, UMR 6264 : Laboratoire Chimie Provence, Spectrométries Appliquées à la Chimie Structurale, Campus de
Saint Jérôme case 511, 13397 Marseille Cedex 20, France (caroline.barrere@etu.univ-provence.fr)

Diffusion NMR experiments are a major tool for characterizing the structure and dynamics of complex mixtures.1,2
Combined with proper data processing schemes, these experiments allow, in favorable cases, the 1H spectra of the
components of a mixture to be extracted. However, because they intrinsically rely on spin or stimulated echoes, magnetic
relaxation phenomena lead to non-quantitative results. To circumvent this difficulty, one method called quantitative
DECRA (qDECRA) has recently been proposed by Antalek,3 which consists of recording several PGSE experiments to
normalize signal attenuation due to magnetic relaxation through a clever linear regression of the data.
In this context, we propose an alternative strategy that aims at renormalizing PGSE data simply by using the magnetic
relaxation time values of all the NMR signals. The problem then reduces to measuring T1 and/or T2 and, most importantly,
to estimating the precision required for providing proper data renormalization and hence precise quantification. By
analyzing simple model mixtures with one of the most frequently used pulse sequence, the so-called BPP-LED,4 for
which magnetic relaxation is primarily longitudinal, we show that the knowledge of both D and T1 is sufficient for
achieving accurate quantification for small- and medium-sized molecules. In the case of slowly tumbling molecules,
which typically have short T2 values, the above mentioned PGSE pulse sequence can be combined with a simple CPMG
pulse train,5 hereby allowing T2 to be roughly estimated. Interestingly, while the precision of the so-obtained T2 values
appears quite low, the relatively weak influence of T2 relaxation in data renormalization makes it sufficient for providing
accurate quantification. In this case, however, spectral overlap seriously complicates the analysis, especially for
homonuclear coupled spin systems due to strong J-modulation artifacts.
References:
1. Johnson Jr C. S., Prog. Nucl. Magn. Reson. Spectrosc., 34, 203 – 256 (1999)
2. Stilbs P., Prog. Nucl. Magn. Reson. Spectrosc, 19, 1 – 45 (1987)
3. Antalek B., Concepts Magn. Reson. Part A, 30, 219 – 235 (2007)
4. Wu D., Chen A. and Johnson, Jr C. S., J. Magn. Reson., Series A, 115, 260 – 264 (1995)
5. Becker A., Morris K. F. and Larive C. K., J. Magn. Reson., 181, 327 – 330 (2006)
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N- and 13C group
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Saturationn transfer diffference (STD) is a valuablee tool to study
y the binding of small mollecules to larg
ge biomoleculles
and to obtainn detailed infoormation on thhe binding eppitopes. We deemonstrate that the proposeed 15N/13C variants of grouupselective, ‘G
GS-STD’ expeeriments1 provvide a powerfful approach even in the presence
p
of innternal motion
ns of the targget
protein. The STD spectra obtained in four
f
different experimental setups (convventional 1H S
STD, 15N GS--STD, 13CAr annd
13
Caliphatic GS--STD) revealeed that the siggnal intensity pattern
p
of the difference speectra is affected by the typee and the spatiial
distribution of the exciteed ‘transmitter’ atoms andd by the efficciency of thee spin-diffusioon. The perfo
ormance of the
t
experiments is demonstratted on a system
m using a lecttin (galectin-1) and its carboohydrate ligannd (lactose).
References:
1. Kövér K. E., Groves P., Jimennez-Barbero J. andd Batta G. J. Am. Chem. Soc. 129,, 11579 – 11582 (2007)
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F
nám. 2, 16610 Praha 6, Czech Republiic
(ladislav.benda@
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b
Department of XXX,
X
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A CR, Vídeňská 1083,
1
14220 Prah
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The negaatively chargedd phosphate group
g
of nucleeic acid backbone representts one of the m
most importan
nt solvation sittes
in nucleic accids. An imprressive amounnt of work has been done on
o characterizzing the structture of the so
olvation shell of
canonical DN
NA as well as
a of RNA baackbone patteerns. The anallysis of X-rayy structural
data revealedd well localizeed water moleecules in the cllosest vicinity
y of the phosphhate group.
The presencee of physiologgical monovallent and divallent cations in
n the first solvvation shell
of the phosphhate was also confirmed.1
The X-raay identification of biologiically essentiaal Na+ and Mg
M 2+ metal ionns is not a
straightforwaard task since these ions annd the water molecule
m
posssess the same number of
electrons. In many cases, methods
m
of molecular
m
specttroscopy can be
b used for the metal ion
recognition.2 We investigaated the possiibility of charracterizing thee specific inteeractions of
metal cationss with the phoosphate groupp by NMR speectroscopy. On
O the basis off molecular
dynamics sim
mulations and ab-initio calcculations of chhemical shift tensors
t
and inddirect spinspin couplingg constants we
w propose sevveral options for monitorin
ng the metallaation of the
nucleic acid phosphate.
p
References:
1. Schneider B. and Kabeláč M., J. Am. Chem. Sooc., 120, 161 – 1665 (1998)
m. Commun., 20699 – 2079 (2005)
2. Tanaka Y. and Taira K., Chem
m the Grant Agenncy of the Czech Republic,
R
grant no. P205/10/0228,, is gratefully ackknowledged.
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Structural Assembly of Molecular Complexes Using Residual Dipolar Couplings
Konstantin Berlina,b, Dianne P. O’Learya and David Fushmanb
a
b

Department of Computer Science, University of Maryland, College Park, MD 20742, USA (kberlin@umd.edu)
Department of Chemistry and Biochemistry, University of Maryland, College Park, MD 20742, USA

We present and evaluate a rigid-body molecular docking method, called PATIDOCK,1 that relies solely on the threedimensional structure of the individual components and the experimentally derived residual dipolar couplings (RDC) for
the complex. We show that, given an accurate ab initio predictor of the alignment tensor from a protein structure, it is
possible to accurately assemble a protein-protein complex by utilizing the RDC’s sensitivity to molecular shape to guide
the docking. To achieve this, we developed a computationally efficient method, called PATI,2 for predicting the alignment
tensor of a protein directly from its three-dimensional structure, provided the alignment is caused by planar steric
obstacles (e.g., bicelles, PEG/hexanol). The proposed molecular docking method is computationally efficient and robust
against experimental errors in the RDCs or binding-induced structural rearrangements in the individual components. We
analyze the accuracy and efficiency of the RDC-guided docking method using experimental or synthetic RDC data for
several proteins, as well as synthetic data for a large variety of protein-protein complexes. We also test our method on two
protein systems for which the structure of the complex and steric-alignment data are available (Lys48- linked di-ubiquitin
and a complex of ubiquitin and a ubiquitin-associated domain) and analyze the effect of flexible unstructured tails on the
outcome of docking. The results demonstrate that it is fundamentally possible to assemble a protein-protein complex
based solely on experimental RDC data and the prediction of the alignment tensor from three-dimensional structures. The
ability to assemble a molecular complex using RDCs is remarkable, because it shows that despite the purely angular
nature of residual dipolar couplings, they can be translated into distance/translational constraints. This is due to RDC's
sensitivity to molecular shape and reflects the fact that it is the shape of the molecule that causes its steric alignment.
Additionally, we developed a method for combining RDCs with other experimental data, such as ambiguous constraints
from interface mapping, which further improves structure characterization of the protein complexes.
References:
1. Berlin K., O’Leary D. P. and Fushman D., J. Am. Chem. Soc., in press (2010)
2. Berlin K., O’Leary D. P. and Fushman D., J. Magn. Reson. 201, 25 – 33 (2009)
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Coupling in situ NMR and X-Rays Absorption at high temperature with
Molecular Dynamics to describe the speciation in molten zirconium fluorides
Catherine Bessadaa, Olivier Pauverta,b, Didier Zanghia, Mathieu Salannec, Christian Simonc, Aydar
Rakhmatullina, Anne-Laure Rolleta, c, Vincent Sarou-Kaniana, Mallory Gobeta, Georges Moussaeda
and Haruaki Matsuuraa,d
a

CEMHTI, CNRS-UPR 3079, 1D Avenue de la Recherche Scientifique, 45071 Orléans cedex 2, France (catherine.bessada@cnrs-orleans.fr)
ITU, Postfach 2340, 76125 Karlsruhe, Germany
c
PECSA, CNRS, UMR 7195, UPMC Université Paris 06, F-75005 Paris, France
d
RLNR, Tokyo Institute of Technology, 2-12-1-N1-10, Ookayama, Meguro-ku, Tokyo, 152-8550, Japan
b

We investigated the local structure around zirconium and fluorine atoms in molten mixtures of alkali fluorides and
zirconium tetrafluoride by the combination of high temperature NMR and EXAFS
(a)
experiments up to 1500K.1 The 91Zr HT NMR signal evolution can be interpreted with an
average coordination number evolving non-monotoneously between 6 and 7 for the zirconium
over all the domain of composition, as confirmed by EXAFS experiments at the Zr K-edge.
Molecular dynamics (MD) has shown the coexistence of 3 different complexes in the melt:
(b)
[ZrF6]2-, [ZrF7]3-and [ZrF8]4-, with proportions depending on the composition and on the nature
19
of the alkali. In agreement with F HT NMR data, MD calculations highlight that the number
of bridging fluorines between zirconium fluorides complexes increases with the ZrF4
contentration and inversely the number of free fluorines decreases. These structural
informations combined with dynamical approach given by diffusion coefficient measurements are crucial for the fluoroacidity determination, one of the hot topics for molten salts applications.
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References:
1. Pauvert O., Zanghi D., Salanne M., Simon C., Rakhmatullin A., Matsuura H., Okamoto Y., Vivet F. and Bessada C., J. Phys. Chem. B, 114, 6472 –
6479 (2010)
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Examples of Cultural Heritage Analyzed by Mobile NMR
Agnes Habera, Dirk Oligschlägera, Federico Casanovaa, Daria Suorovab, Eleonora Del Federicob,
Alessandra de Vitac, Iris Schaeferd and Bernhard Blümicha
a

ITMC, RWTH Aachen University, 52074 Aachen, Germany, (bluemich@mc.rwth-aachen.de)
Pratt Institute, Department of Mathematics and Science, Brooklyn 11205, New York, USA
c
British School of Rome, 00197 Rome, Italy, d Wallraf-Richartz-Museum & Fondation Corboud, Obenmarspforten, 50667 Cologne, Germany
b

A compact and mobile, single-sided 1H NMR sensor, the NMR-MOUSE®, has been employed to characterize noninvasively the layer structure of historic walls,1 bones, and paintings.2 Following laboratory tests on a mock-up hidden
painting, paint and mortar layers were studied at the Papyrus Villa and the House with the Black Room in Herculaneum.
The effects of different conservation procedures on the frescoes were studied in the black room, and two types of mortar
layer structures were identified in the papyrus villa from moisture profiles. Such profiles were also recorded through the
Mosaic of Neptune and Amphitrite in Herculaneum, revealing large differences in moisture content of the tesserae and the
same moisture content in the supporting mortar. Ancient bones were studied by NMR and micro CT to investigate NMR
as a tool to determine bone density. The oil-on-canvas self-portrait of Rembrandt from ca. 1668 has been analyzed in the
Wallraf-Richartz Museum in Cologne to characterize the different paint layers in view of a possible restoration. These
investigations demonstrate the use of the portable and single-sided NMR technology for non-invasive studies of objects of
cultural heritage.
References:
1. Blümich B., Haber A., Casanova F., Del Federico E., Boardman V., Wahl G., Stilliano A. and Isolani L., Analitical and Bioanalytical Chemisty, in
press
2. Blümich B., Casanova F., Perlo J., Presciutti F., Anselmi C. and Doherty B., Accounts of Chemical Research, Article ASAP, DOI: 10.1021/ar900277h
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Does radical pair recombination act as a quantum measurement?
Bela E. Bodea, Gunnar Jeschkeb and Jörg Matysika
a
b

Leiden Institute of Chemistry, University of Leiden, Einsteinweg 55, 2333 CC Leiden, The Netherlands (bodebe@chem.leidenuniv.nl)
Department Chemie, ETH Zürich, Wolfgang-Pauli-Strasse 10, 8093 Zürich, Switzerland

Spin-correlated radical pairs occur in various biological processes and are well studied.1 The theoretical treatment of
the evolution of their density operator has been established more than 30 years ago.2 Very recently, it has been proposed
that the fundamental treatment requires quantum measurement theory.3 Within short time two different equations of
motion for the propagation of the density operator under the reaction term have been published.3,4 The experimental
validation for both treatments, however, is lacking and it is still unclear which differences could be observed
experimentally.4
As an example for a radical pair recombination, we investigate here the spin-dynamics of the solid-state photo-CIDNP
effect.5 This effect occurs in photosynthetic reaction centers as a consequence of the spin dynamics in spin-correlated
radical pairs. The extension of the theoretical treatment to calculate the ground state nuclear polarization allows for a
simulation-based exploration of possible solid-state photo-CIDNP 13C MAS NMR experiments. First results indicating the
occurrence of a quantum Zeno effect will be presented.
References:
1. Steiner U. E. and Ulrich T., Chem. Rev., 1989, 51 – 147 (1989)
2. Haberkorn R., Mol Phys., 32, 1491 – 1493 (1976)
3. Kominis I. K., Phys. Rev. E, 80, 056115-1 – 056115-9 (2009)
4. Jones J. A. and Hore P. J., Chem. Phys. Lett., 488, 90 – 93 (2010)
5. Jeschke G. and Matysik J., Chem. Phys., 294, 239 – 255 (2003)
Acknowledgments: We are indebted to J. A. Jones and P. J. Hore for stimulating discussions. B.E.B. gratefully acknowledges the Alexander von
Humboldt-Foundation and the European Research Council for financial support.
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Towards Real-Time NMR Studies of Biological NanoMachines
Jerome Boisbouvier
Institut de Biologie Structurale – 41 rue Jules Horowitz – F-38027 Grenoble – France (jerome.boisbouvier@ibs.fr)

NMR spectroscopy offers a near unique ability to monitor structural and dynamic changes in real-time and at atomic
resolution. Historically, the application of fast real-time 2D NMR techniques has been limited to the study of small
proteins (<20 kDa) on the second to minute time-scale. We have recently established that, with a combination of
innovative isotope labelling schemes1-2 and optimized NMR spectroscopy,3 similar real-time NMR studies can also be
applied to much larger macromolecular assemblies. We have developed several new strategies for the production of
perdeuterated proteins with specific [1H,13C]-labelling of isoleucine γ2- or alanine β-methyl groups1, or stereo-specific
labelling of prochiral methyl groups.2 As these labelling approaches are entirely co-compatible, protein samples can be
prepared with multiple combinations of methyl labelling patterns. We have also exploited the residual level of protonation
in perdeuterated proteins – usually seen as an artefact of isotope labelling schemes – to speed-up the acquisition of NMR
data by an order of magnitude.3 This approach has enabled the acquisition of high quality 2D [1H,13C]-methyl spectra of
500 kD protein assemblies in less than one second.3 By combining these sensitivity-optimised labelling protocols, fast
NMR experiments and automated molecular approaches4 we have been able to develop a robust and systematic strategy
for the rapid and cost-effective resonance assignment of every labelled methyl group in such large protein assembly.
With these widely applicable tools it is now possible to observe and characterise the structural and dynamic events that
govern biomolecular function in large protein assemblies. The use of such techniques can allow simultaneous atomic- and
time-resolved investigations into the folding, self-assembly and structural rearrangement processes occurring in biological
nanoparticles. The utility of these new methods will be highlighted using TET2, an homododecameric nanomachine of
468 kDa involved in protein quality control.
References:
1. Ayala I., Sounier R., Usé N., Gans P. and Boisbouvier J., J. Biomol. NMR, 43, 111 – 119 (2009)
2. Gans P., et al., Angew. Chem. Int. Ed. 49, 1958 – 1962 (2010)
3. Amero C., Schanda P., Durá M. A., Ayala I., Marion D., Franzetti B., Brutscher B. and Boisbouvier J., J. Am Chem. Soc., 131, 3448 – 3449 (2009)
4. Amero C., et al., submitted
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Insensitive: a free application to visualize spin dynamics for education
Klaus Boldt
Department of Physical Chemistry, University of Hamburg, Grindelallee 117, 20146, Hamburg, Germany
(klaus.boldt@chemie.uni-hamburg.de)

The theory of NMR differs from that of other methods in spectroscopy in the way the manipulations of the system are
described by quantum mechanics. It is not uncommon that not all of the necessary quantum mechanics is included in the
chemistry curriculum. Learning and teaching NMR dynamics beyond simple spectrum analysis is therefore not an easy
venture.
There are three ways in which the mathematics is commonly formulated: The vector model, the density matrix
approach and the product operator formalism.1 Especially the transition from the geometrically intuitive but incomplete
vector model to the more consistent product operator formalism demands a high degree of abstraction. While the density
matrix approach is again less intuitive and becomes complicated very fast with an increasing number of different spins, a
basic understanding of it is necessary to ably work with product operators.
In this work in progress a new, free computer program is presented. It is intended to be used for education and selfeducation as a companion to established textbooks.2,3 Based on the density matrix approach, it displays all three
formulations of a spin system alongside each other. It easily visualizes possible manipulations such as arbitrary rf-pulses,
chemical shifts and scalar coupling on an ensemble of up to four different spins-1/2 and up to two spin types (I and S) in
solution. This makes the limitations of each of the models easily recognizable to students who are new to spin physics.
The application is written in C and Objective-C. The number of spins is easily extensible, sufficient computational
power provided.
References:
1. Sørensen O. W., Eich G. W., Levitt M. H., Bodenhausen G. and Ernst R. R., Prog. Nucl. Magn. Reson. Spec., 16, 163 – 192 (1983)
2. Levitt M. H., Spin Dynamics, Wiley, Chichester (2008)
3. Keeler J., Understanding NMR Spectroscopy, Wiley, Chichester (2005)
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Multispectral filters for quantitative MRI
Jean-Marie Bonny
UR370 QuaPA, INRA, F-63122 Saint-Genès-Champanelle, France (bonny@clermont.inra.fr)

Reconstructing a parametric map from MR images consists in estimating NMR parameters from a vector of noisy
observations. To separate the various parameters of interest, it is necessary to vary their respective influences in the acquisition
dataset. To this end, several images of the same object are acquired with different weightings (e.g. different characteristics of
diffusion-sensitized gradients for quantitative diffusion mapping). A multispectral image - a set of N frames - is then
systematically available, the useful signal in each voxel being a signature vector of size N. Filtering the multispectral dataset is a
generic preprocessing step that helps to reduce noise propagated in the quantitative maps. For this purpose, new multispectral
filters were introduced based on the nonlocal means algorithm (NLM, 1). An important concept in NLM is to consider that the
restored intensity obtained in a given voxel is a weighted average of all voxel intensities in the image. Calculations of both the
weight w(i,j), which quantifies the similarity between voxels i and j, and the restored intensities are revisited here to take into
account multispectral properties of data and a general statistical model for the MR signal (i.e. a noncentral chi-squared
distribution). The index of similarity has to be robust to prevent averaging over regions presenting edge or small structures.
Buades et al.1 advocate computing w(i,j) between two voxels by comparing the intensities of their neighborhoods, making use of
similar patches over the image. Because this redundancy is infrequent in MR images, we propose changing this subset-based
similarity by making use of the multispectral context. Thus vector-valued intensities between voxels i and j are compared by
computing Bayes probabilities of having the same true amplitude in each frame and then merging these probabilities in a scalar
weight w(i,j) using different operators.2 The final step of the filter is a weighted estimator that is unbiased for observations
following noncentral chi-squared distribution. The denoising performance obtained with these new variants of NLM is
illustrated on both numerical and real datasets. These filters are the first schemes based on the nonlocal principle dedicated to
multispectral MRI and can be applied to regularizing well-registered datasets before parametric reconstruction.
References:
1. Buades A., Coll B. and Morel J. M., SIAM Review, 52, 113 – 147 (2010)
2. Bloch I., IEEE Trans. SMC, 26, 52 – 67 (1996)
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Enantiodiscrimination in oriented solutions of PBLG: where does it come from?
Andrea Borgognoa, Christie Aroulandab, Philippe Lesotb and Alberta Ferrarinia
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Department of Chemical Sciences, University of Padova, via Marzolo 1, 35131 Padova, Italy, (andrea.borgogno@unipd.it)
RMN en Milieu Orienté, Université de Paris-Sud 11, ICMMO, UMR CNRS 8182,Bât. 410,F-91405 Orsay cedex, France

During the last decade, it was successfully demonstrated that enantiomeric pairs of low molar mass compounds yield
slightly different NMR spectra when dissolved in a liquid crystalline (LC) mixture containing poly-γ-benzyl-L-glutamate
(PBLG) and an organic co-solvent.1,2 This effect is due to different averaging of magnetic tensors for the enantiomers, in
this partially ordered chiral environment. Spectral enantiodiscriminations using deuterium or proton coupled carbon-13
NMR spectroscopy has been successfully observed for a wide range of organic molecules, but the underlying mechanism
remains obscure. To shed light on this issue we have undertaken Molecular Dynamics simulations for selected chiral and
prochiral solutes2,3 in the presence of an α-helical oligomer of PBLG. We have used the OPLS force-field,4 as
implemented in GROMACS.5 Orientational order parameters of solutes, which are proportional to NMR quadupolar and
dipolar splittings, have been calculated by averaging over trajectories. The order parameters in these systems are very
small, therefore long trajectories are needed for convergence; alternatively, ad-hoc strategies can be adopted for a more
efficient sampling. For polar solutes, we have found a clear indication that enantiodiscrimination originates from their
interactions with the ester groups of PBLG side chains. Interestingly, the effect persisted, although weaker and in different
form, after switching off the charges. Here the first results are discussed and compared with experimental data.
References :
1. Sarfati M., Courtieu J. and Lesot P., Chem. Commun., 1113 – 1114, (2000)
2. Lesot P., Sarfati M. and Courtieu J., Chem. Eur. J., 9, 1724 – 1744, (2003)
3. Lesot P., Lafon O., Aroulanda C. and Dong R. Y., Chem. Eur. J., 14, 4082 – 4092, (2008)
4. Kaminsky G. A., Friesner R. A., Tirado-Rives J. and Jorgensen W. L., J. Phys. Chem. B, 105, 6474 – 6487 (2001)
5. Van der Spoel D., et al., Gromacs User Manual version 4.0 (2005)
Acknowledgments: This study is supported by a PhD fellowship to AB from Fondazione CARIPARO.
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Zero-quantum suppressed homonuclear correlations
Sándor Boros
Sanofi-aventis/Chinoin Co., Analytical Sciences, Budapest (sandor.boros@sanofi-aventis.com)

The high resolution 2D TOCSY, NOESY and ROESY spectra often contain crosspeaks containing alternating phase
elements added to the theoretically pure-absorption-phase signals as if a phase-sensitive-COSY-like spectrum were
superponed to the expected spectrum. This effect is due to the zero-quantum coherences which give rise to anti-phase
dispersive elements in the spectra. There are several suggestions in the early literature (phase cycling, gradient pulses,
trim pulses and combinations of these) to suppress or filter these contributions but none of them have proved entirely
satisfactory. J. Keeler and M. J. Thrippleton suggested a method for suppressing zero-quantum coherences from COSY,
TOCSY and NOESY experiments.1 The method of their zero-quantum suppression involves applying simultaneously a
swept-frequency 180° adiabatic pulse and a mild gradient pulse. The method was applied with minor modifications (sinebell shape instead of rectangular gradients, ‘gp’ syntax instead of ‘gron-groff’ syntax), tested for COSY, TOCSY and
NOESY and has been found to be better than the TOCSY and NOESY pulse programs available in the Bruker pulse
program library. Their method can’t be expanded for ROESY because the magnetization is not in the z axis during the
mixing time of the ROESY. C. Thiele et al. suggested a new ROESY variant (Efficient Adiabatic Symmetrized ROESY;
EASY-ROESY) with off-resonance spinlock and adiabatic half-Gauss ramps before and after the spinlock.2
The gradient & adiabatic pulse pair has been built into the new ROESY version in order to improve the suppression of
the coupling-origin alternating-phase elements of the signals. The advantages - the better signal shapes - of the methods
are demonstrated on examples using srtychnine as model compound. The selective 1D versions are also available. The
zqs-TOCSY and -NOESY versions have been used as routine measurements in our laboratory since August 2007 as well
as the zqs-easy-ROESY since the autumn of 2009.
References:
1. Thrippleton M. J. and Keeler J., Angew. Chem. Int Ed., 42, 3938 – 3941 (2003), Supplementary: www-keeler.ch.cam.ac.uk
2. Thiele C. M., Petzold K. and Schleuchter J., Chem. Eur. J., 15, 585 – 588 (2009)
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Applicability of the Parahydrogen Induced Polarization Technique (PHIP) on
Acetylene Dicarboxylic Acid Dimethylester
Lisandro Buljubasich, Meike Roth, Hans W. Spiess and Kerstin Münnemann
Max Planck Institute for Polymer Research, Ackermannweg 10, D-55128, Mainz, Germany (buljubasich@mpip-mainz.mpg.de)

In this work, we present experiments demonstrating significant NMR signal enhancement during the
parahydrogenation of acetylene dicarboxylic acid dimethylester. One feature of the acetylene dicarboxylic acid, the
acetylene dicarboxylic acid dimethylester and their resulting products are their symmetric structures. Due to this
symmetry, the two inserted parahydrogen protons are magnetically equivalent in the molecule. Thus, they should not
result in any hyperpolarized signal because their emission and absorption part of the antiphase signals exhibit the same
chemical shift and therefore should cancel out. However, it was shown that this is not always the case and that
hyperpolarized signals from symmetric molecules can be observed.1 The results will be presented along with a series of
simulation attempting to provide a better understanding of the PHIP signal pattern of symmetric molecules, based on the
latest theoretical developments.2-4
References:
1. Haake M., Barkemeyer J. and Bargon J., J. Phys. Chem., 99, 17539 – 17543 (1995)
2. Aime S., Gobetto R., Reineri F. and Canet D., J. Magn. Reson., 178, 184 – 192 (2006)
3. Canet D., Bouguet-Bonnet S., Aroulanda C. and Reineri F., J. Am. Chem. Soc., 129, 1445 – 1449 (2007)
4. Bouguet-Bonnet S., Reineri F. and Canet D., J. Chem. Phys., 130, 1445 – 1449 (2007)
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High-resolution 1H NMR Spectra in Inhomogeneous Field via Dipolar
Interactions between Proton and Quadrupolar Spins
Shuhui Cai, Wen Zhang and Zhong Chen
Department of Physics, Xiamen University, Xiamen 361005, China (shcai@xmu.edu.cn)

Intermolecular multiple-quantum coherences (iMQCs), arising from intermolecular dipolar interactions, have been
widely used in high-resolution NMR spectroscopy in inhomogeneous fields.1 In this report, two new pulse sequences
based on intermolecular double- and single-quantum coherences (iDQCs and iSQCs) between proton and quadrupolar
nuclei were proposed for fast acquisition of high-resolution 1H NMR spectra in inhomogeneous fields. Taking the IS
(I=1/2, S=1) spin system as an example, the efficiency of the new pulse sequences was studied. For the two sequences, it
is the range of magnetic field inhomogeneity rather than chemical shift that is sampled in the indirect dimension, which
enables a great reduction in acquisition time and amount of data. The information of chemical shifts, relative peak areas
and multiplet patterns is retained in the 1D projection of resulting 2D spectra acquired in inhomogeneous fields. The
apparent J coupling constants are magnified. For the iSQC spectra, the magnification factor is 1.5. For the iDQC spectra,
the magnification factor depends on the gyromagnetic ratio of proton and quadrupolar spin. Analytical signal expressions
were derived based on product operator formalism. Experimental observations are in good agreement with theoretical
analysis. These pulse sequences are applicable to both isolated and J-coupled spin systems in liquid. Compared to the
sequences proposed previously,2 these two sequences are more suitable for moderate or relative large inhomogeneous
fields.
References:
1. Cai S. H., Zhang W. and Chen Z., Curr. Anal. Chem., 5, 70 – 83 (2009)
2. Chen S., Zhang W., Cai S. H., Cai C. B. and Chen Z., Chem. Phys. Lett., 471, 331 – 336 (2009)
Acknowledgments: This work was supported by the NNSF of China under Grant 10875101 and the Key Project of Chinese Ministry of Education under
Grant 109092.
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Multiple time scale analysis of fast internal dynamics in proteins from NMR
relaxation data
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Centre de Biophysique Moleculaire, CNRS, rue Charsles Sadron, 45071, Orleans, France

NMR relaxation experiments of 15N in isotopically labeled proteins represent the most widespread probes of internal
protein dynamics. Relaxation rates obtained from these experiments can be analyzed to derive amplitudes and time scales
of internal motions, as well as thermodynamic information about the populations of conformers. However, their analysis
in terms of dynamical parameters is not straightforward. We will present a novel analysis of NMR relaxation rates based
on a multiscale description given by the fractional Ornstein-Uhlenbeck (FOU) process, which, in a different context, has
been shown to adequately describe the internal dynamics of proteins over a broad range of time scales, ranging from
picoeconds to seconds.1,2 In order to investigate its relevance for the analysis of NMR relaxation data, our approach was
tested on synthetic relaxation rates obtained by molecular dynamics (MD) simulations. The analysis of R1, R2 and NOE
rates calculated from MD simulations of two proteins with significantly different overall tumbling times (ubiquitin with
76 residues and 6-phosphogluconolactonase with 266 residues) was undertaken in terms of Mittag-Leffler functions,
which are related to the fractional Ornstein-Uhlenbeck process that takes into account the presence of multiple scales in
internal dynamics. The results obtained for these proteins allowed us to discuss the advantages and limitations of this
approach.
References:
1. Calandrini V., Kneller G. and Abergel D., J. Chem. Phys., 128, 145102 (2008)
2. Calandrini V., Abergel D. and Kneller G., submitted
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Ultrafast Intermolecular Zero-Quantum Coherence NMR Spectroscopy Based on
Spatially Encoding Technique
Zhong Chen, Yulan Lin and Shuhui Cai
Department of Physics, Xiamen University, Xiamen 361005, China (chenz@xmu.edu.cn)

Spatial encoding ultrafast technique enables a 2D NMR spectrum to be obtained in a single scan.1,2 On the other hand,
intermolecular multiple-quantum coherences (iMQCs) can be used to obtain high-resolution NMR spectra in
inhomogeneous fields.3 In this report, we utilized spatial encoding technique to speed up the acquisition of 2D
intermolecular zero-quantum coherence (iZQC) spectra. Distant dipolar field (DDF) was generated by both the spatial
encoding gradients and coherence selection gradient. The gradient-driven decoding technique was adopted to acquire the
iZQC signals. Theoretical expressions for the signals from the proposed iZQC sequence were derived according to the
DDF treatment combined with product operator formalism. Experimental results verify our theoretical analysis and the
feasibility of the method. The signals disappear when the DDF is along the magic-angle direction, implying that the
signals are indeed from the iZQCs. One-dimensional high-resolution spectra can be extracted from the projection of 2D
decoupled iZQC spectra from the fields with inhomogeneity severe enough to completely erase all spectral features in
conventional spectra. Moreover, the proposed iZQC sequence can effectively suppress residual solvent signals. This study
opens a way to improve the acquisition efficiency of iMQC methods.
References:
1. Frydman L., Scherf T. and Lupulescu A., Proc. Natl. Acad. Sci. U. S. A., 99, 15858 – 15862 (2002)
2. Wu C., Zhao M. F., Cai S. H., Lin Y. L. and Chen Z., J. Magn. Reson., 204, 82 – 90 (2010)
3. Cai S. H., Zhang W. and Chen Z., Curr. Anal. Chem., 5,70 – 83 (2009)
Acknowledgments: This work was supported by the NNSF of China under Grants 10974164 and 10875101.
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Validation by QM method of the solution structure of MT-II triazolyl
cyclopeptides
Mario Scrimaa, Maria Giovanna Chinia, Sara Di Marinoa, Chiara Testab,c,d, Michael Choreve,f, Paolo
Roveroc,g, Anna Maria Papinib,c,d, Anna Maria D’Ursia and Giuseppe Bifulcoa
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c
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d
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e
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MT-II is a potent super-agonist of melanocortin receptors, characterized by lactam bridge in the bioactive sequence
(His6-D-Phe7-Arg8-Trp9).1 In our previous work we designed and studied a new intramolecular side chain-to-side chain
[1,2,3]triazolyl modification bioisosteric to the lactam.2 In current study we applied this strategy on MT-II sequence,
stabilizing the β-turn conformation which was proved essential conformational feature for the bioactivity.3 The fully
elucidated solution-structures of peptide have been obtained by 2D-NMR spectroscopy. The NMR spectra of the peptide
showed a double pattern of resonances due to conformational equilibrium. In order to validate the solution NMR structure
we performed a DFT conformational analysis regarding the two possible conformations simulating the presence of solvent
(IEF-PCM, DMSO),4 and we simulated the NMR spectra by means of QM calculations. Simulation of 2D NMR spectra
of molecules with increasing molecular weight is indeed here suggested as a tool in their structure elucidation.
References:
1. Ying J., Kövér K. E., Gu X., Han G., Trivedi D. B., Kavarana M. J. and Hruby V. J., Biopolymers, 71, 696 – 716 (2003)
2. Cantel S., Le Chavelier Isaad A., Scrima M., Levy J. J., DiMarchi R. D., Rovero P., Halperin J. A., D’Ursi A. M. ,Papini A. M. and Chorev M.,
J.Org.Chem, 73, 5663 – 5674 (2008)
3. Al-Obeidi F., de Lauro Castrucci A. M. and Hadley V. J., J. Med Chem., 32, 2555 – 2561 (1989)
4. Cancès M. T., Mennucci B. and Tomasi J., J. Chem. Phys., 107, 3032 – 3041 (1997)
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Microstructure of Simple Electrolyte Solutions as Studied by NMR-Relaxation
Method and Quantum-Chemical Calculations
Vladimir I. Chizhik, Maria S. Pavlova and Mikhail A. Vovk
Faculty of Physics, Saint-Petersburg State University, Ulianovskaya, 1, 198504,Saint Petersburg, Russia (chizhik@nmr.phys.spbu.ru)

Electrolyte solutions attract the attention of many scientists due to their important role in various physical, chemical,
biological, and technological processes. The investigation of ion salvation-shell regularity is very complicated because of
the lack of suitable research methods. Solving the problem becomes especially hard in the case of labile complexes
characterized by fast exchange of ligands. A NMR-relaxation method for the investigation of aqueous salt solutions was
earlier developed.1 Complementary investigations, using two independent methods, provide more extensive and reliable
information about the microstructure.
It has been shown that the nearest vicinity of many ions is constant over a wide temperature range but some ions (Li+,
–
Cl , Br–) change the microstructure of their hydration shells in the range of 30-40 oC. Probably the effect of the change of
the coordination number of the Cl– anion can be responsible for the thermoregulation of warm-blooded animals.
In order to conciliate the data obtained from proton and deuteron resonances the electric field gradients and the QCC
of deuterons from different molecular complexes were estimated from quantum-chemical calculations. All calculations
were carried out using GAMESS 2003, GAUSSIAN98, GAUSSIAN03 programmes. The DFT method with hybrid
functional B3LYP was chosen to take into consideration non-local electronic correlation. Flexible basis sets (6-31++G**,
6-311++G**, aug-cc-pVDZ, aug-cc-pVTZ and aug-cc-pVQZ) with diffuse functions were used, that is specially
important for molecular systems with hydrogen bonds.
References:
1. Chizhik V. I., Mol. Phys., 90, 653 – 659 (1997)
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Shuttling Device for Field Cycling Experiment on NMR Relaxation Study
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Dipolar-dipolar (DD) interaction and chemical shift anisotropy (CSA) effect are two major sources of nuclear
magnetic relaxation at high field. Conventionally molecular motions are extracted from analysis of longitudinal relaxation
rate (R1), transverse relaxation rate (R2) and Nuclear Overhauser effect (NOE) measured at a fixed field which cannot
distinguish the contribution from DD interaction and CSA effect. Since CSA contribution is magnetic field dependent
whilst the dipolar interaction is field-independent at the high field range one can separate these two contributions from
relaxation rates measured at multiple fields. We have built a field cycling apparatus based on a Bruker AVANCE600
NMR spectrometer. By shuttling samples vertically to the desired heights inside the magnet for relaxation and back to the
central position for detection, one can measure relaxation at lower fields with high resolution (from 0.04 Tesla to 14.1
Tesla). The round trip shuttling time from the central position to the top of magnet is about 0.16s, which is suitable for
measuring relaxation rate in the range up to 10s-1. In this poster we will present the details of field cycling apparatus
design and some preliminary results of the dynamics of single amino acids and a di-peptide based on field dependent 13C
T1 measured with the shuttling device.
Acknowledgments: Thank Prof. A. G. Redfield for kind advice and discussion, especially for providing his original design of the shuttling device. Thank
Mr. Fong-Ku Shi and Mr. Jimmy Wu (Rezwave Technology Inc.) for technical advice and assistant. This work is supported by the High-Field Nuclear
Magnetic Resonance Center (HFNMRC), National Research Program for Genomic Medicine, NSC, Taiwan.
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Design and Implementation of 2D DESIRE Experiments
Luisa Ciobanu, Nicolas Boulant and Denis Le Bihan
CEA, DSV, I2BM, NeuroSpin, LRMN, Gif sur Yvette, France (luisa.ciobanu@cea.fr)

An alternative to the conventional Fourier encoding techniques is the DESIRE (Diffusion Enhancement of SIgnal and
REsolution) method. This real-space method promises not only to increase the SNR but to also reveal new, diffusion-based,
contrast1,2 which will nevertheless further extend the applicability of MRM to the study of single biological cells. Images based
on the DESIRE effect in one dimension have previously been obtained.3 We present here the design and implementation of
DESIRE in two dimensions and report the first 2D DESIRE image.
Conceptually, a DESIRE experiment consists of three steps. The first step is to achieve saturation in a well defined location.
In order to do so we followed the "k-space" approach first proposed by Pauly.4 We used a single shot spiral out k-space
trajectory for excitation and computed RF pulses necessary to saturate the spins inside infinitely-long square prisms (100 μm
side). A saturation pulse and the necessary power to obtain a 90° flip angle were computed for every saturation location. In order
to correct for distortions due to off-resonance effects we incorporated a field map in the design of the RF pulses. Fig. A shows
the saturation profile, a 100 x 100 μm2 square cross-section prism, obtained inside a 1.8 mm radius cylinder filled with water. In
step two we successively saturated 36 different locations and acquired the NMR signal. In the final step we subtracted these
signals from the reference signal (same slice, no saturation) and assigned the result to the directly-saturated pixel. The 2D
DESIRE image thus obtained, a 600 x 600 μm2 square centered at the center of the sample, is
shown in Fig. B (100 x 100 μm2 in plane resolution, slice thickness 1mm). One possible cause
for the inhomogeneity observed in the image (9.6%) can be the inhomogeneity in the B1 profile
and should be eliminated by incorporating B1 field maps in the computation of the RF pulses.
References:
1. Pennington C., Concept. Magn. Reson., 19A (2), 71 – 79 (2003)
2. Weiger M., et al., J. Magn. Reson., 190, 95 – 104 (2008)
3. Ciobanu L., et al., J. Magn. Reson., 170, 252 – 256 (2004)
4. Pauly J., et al., J. Magn. Reson., 81, 43 (1989)
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Use of Filter Diagonalization Method (FDM) to process high resolution steady
state free precession (SSFP) signal with strong Fid-Echo overlap
Poliana M. dos Santosa,b, Luiz A. Colnagoa, Tiago B. Moraesc and Cláudio J. Magonc
a

Embrapa Agricultural Instrumentation, Rua XV de Novembro 1452, São Carlos, SP Brazil, 13560-970 (colnago@cnpdia.embrapa.br)
Chemistry Institute, University of São Paulo, São Carlos, SP,Brazil, 13560-970; c Physics Institute, University of São Paulo, São Carlos, SP,Brazil,
13566-590

b

The Steady-State Free Precession (SSFP) sequence is not routinely used to enhance signal to noise ratio in high
resolution NMR spectroscopy because it introduces severe spectral anomalies. These anomalies are due to the presence of
an echo in the SSFP time domain signal. The Fourier transformed
spectra of SSFP signals show phase distortions, truncation artifacts
and poor digital resolution. FDM can deal very efficiently with
truncated signals and has become a promising technique to
complement the already established Fourier Transform formalism.
No less important is the FDM ability of separate corrupting or
uninteresting signals from complex NMR spectra, without
disturbing overlapping or nearby signals. Therefore, by using the
FDM it is possible to separate the overlapped FID and echo signals.
In this paper we use FDM to processes 13C NMR spectrum acquired
with SSFP sequence with strong FID-echo overlap, with 30 ms pulse rate. Figure (A) shows the Fourier transformed
spectrum of 1-octanol, obtained with SSFP sequence with 30 ms pulse rate and Figure (B), the FDM spectrum of the same
NMR data. With this result we can conclude that FDM can be a powerful tool to process high resolution 13C signals
obtained by SSFP sequence, without phase distortions, poor digital resolution and truncation artifacts as observed in
figure 1A.
References:
1. Mandelshtam V. A., Prog. Nucl Magn Reson Spectrosc, 38, 159 – 196 (2001)
Acknowledgments: Brazilian agencies FAPESP , CNPq and FINEP.
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SEC-Low
w Field NMR:
N
Onlline Detecction of Mass-separ
M
rated Pollymers by
y NMRSpectroscopy
b
Markus Cuudaja,b, Giseela Guthauseenc, Thorsteen Hofea and Manfred Wilhelm
W
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PSS Polymer Standards
S
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D
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5 55120 Mainz, (markus.cudaj@k
(
kit.edu)
Institute for Chhemical Technologgy and Polymer Chemistry,
C
KIT, Engesserstraße
E
18, 76128 Karlsruuhe, Germany,
Institute of Mecchanical Process Engineering andd Mechanics, SRG
G10-2,KIT, Adena
auerring 20b, 761131 Karlsruhe, G
Germany

b
c

A protottype of a 200 MHz benchh-top medium
m resolution (MR) FT-NM
MR
(Fourier Trannsform-Nucleear Magnetic Resonance)
R
sppectrometer has
h been adappted
for online cooupling with Size
S Exclusionn Chromatogrraphy (SEC). An integral part
p
of the designn is the use of permanent magnets,
m
whichh, compared to
o high-resoluttion
NMR, keepss investment and running costs compaaratively low. Sensitivity and
a
selectivity are
a
sufficiennt for polym
mer characteerization. As polymers are
investigated in solution in the coupled experimeent, an essen
ntial problem
m is
suppression of the preddominant solvvent signal. Among other schemes, T1
relaxation differences
d
c
can
be expploited for our purposee. Additionally,
mathematicaal data treatm
ment allows a significant selective
s
enhaancement of the
polymer signnal. First onlinne spectra andd chromatogram
ms will be sho
own.
Acknowledgmennts: We would liike to thank the Bruker BioSpin GmbH for allocation of the low field prototype sspectrometer. The ‘Shared Researrch
Group 10-2’ received financial support by the ‘Concept for thee future’ of Karlssruhe Institute off Technology wiithin the framew
work of the Germ
man
vestitions- und Strukturbank
S
Rhiineland -Palatinaate (ISB) GmbH"" is
Excellence Initiiative, which is highly appreciatted. Financial suupport by the Inv
gratefully acknoowledged.

__________________________________________________________
___________________________________
______________

P568

Diagonall-Free 3D
D/4D HN,H
HN TROS
SY-NOES
SY-TROS
SY
Tammo Diiercksa, Vinncent Truffaaultb, Murrayy Colesb an
nd Oscar Miilleta
a
b

CiC bioGUNE, Parque Tecnologico de Bizkaia, Ed.
E 800, 48160 Derio,
D
Spain (TDiiercks@cicbiogunne.es)
Max-Planck-Institute for Develoopmental Biologyy, 72076 Tübingenn, Germany

Structure elucidation by
b NMR spectroscopy reliees mostly on measuring
m
intter-proton disttances via NO
OE cross signaals
in NOESY sppectra. In protteins, the subsset of HN-H'N NOE
N
contactss is most impoortant for derivving initial strructural modeels,
and for specttral assignmennt (verificationn) by 'nOe waalking'. Yet, un
nambiguous assignment
a
off HN-H'N NOE
E contacts esseen15
tially requirees editing via the
t associatedd N dimensioons that offer spectral dispeersion superioor to HN, particularly in largge,
helical or unnfolded proteinns. 15N dimennsions also shhow maximal TROSY effect1 for resoluttion and sensitivity enhancce1
ment, favourring the 3D(4D
D) (H)N,HN TROSY-NOE
T
ESY-TROSY implementatio
i
on2 with evoluution of both 15
N dimensionns.
3
The principlee underlying TROSY, i.e. strict separatiion of spin sttate selective (S ) magnetissation pathwaays, furthermoore
opens an eleggant way to suuppress the inntense, uninforrmative diagonal signals thaat are the major source of spectral
s
overlaap,
baseline distortion and divverse artifactss in NOESY spectra:
s
since spin states reepresent magnnetically distin
nct sub-popullations, filterinng for differennt spin states before
b
and afteer NOE mixin
ng suppresses the
t conservedd diagonal sign
nals, and seleccts
only the stocchastic cross relaxation paathway that leeads to NOE cross signalss.3 This suppression schem
me is, howeveer,
voided if botth S3 magnetissation pathwaays are mixed again after NOE evolution, as happens w
with conventio
onal subsequeent
3
H→N INEPT
T transfer. Ussing a modifiied ST2-PT module
m
instead
d, we show how
h
S pathwaays are rigoro
ously kept apaart
also in the (H
H)N,HN TRO
OSY-NOESY-TROSY sequuence.4 Thus, diagonal
d
supppression is achhieved with viirtually no addditional losses in NOE intennsity, as shownn for the 40 kD
Da Maltose Binding Proteinn.
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K and Zhu G., J. Biomol.
B
NMR, 188, 261 – 268 (20000)
3. Meissner A. and Sørensen O.., J. Magn. Resonn., 140, 499 – 5003 (1999); Pervu
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oc. Natl. Acad. Sci.
S
Y Sze K. H.and Yan
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mol. NMR, 14, 3777 – 381 (1999)
U.S.A., 96, 96607 – 9612 (19999); Zhu G., Xia Y.,
4. Diercks T., Trruffault V., Coless M. and Millet O.,
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Hyperpolarized and radical-free solutes via Dynamic Nuclear Polarization
utilizing thermoresponsive, spin-labeled Hydrogels
Björn C. Dollmann, Matthias J. N. Junk, Michelle Drechsler, Hans W. Spiess, Dariush Hinderberger
and Kerstin Münnemann
Max Planck Institute for Polymer Research, Ackermannweg 10,55128,Mainz, Germany (dollmann@mpip-mainz.mpg.de)

NMR and related techniques have become indispensable tools with innumerable applications in chemistry, physics,
biology and medicine. One of the main obstacles in NMR is its notorious lack of sensitivity. This obstacle could be
overcome by in vitro hyperpolarization of molecules via Dynamic Nuclear Polarization (DNP). Although various DNP
methods have found important applications in chemistry, biology and medicine, one severe problem remains: stable and
mostly toxic radicals have to be admixed to the target molecules. The admixed radicals cause NMR line broadening and
even more fundamentally they lead to fast T1 relaxation immediately after the polarization step is completed. This
severely limits the time frame during which the accomplished hyperpolarization can be used. Hence, fast and reliable
separation of radicals and polarized material remains an important issue for improving applicability of DNP. Here, we
introduce the use of thermoresponsive, spin-labeled hydrophilic polymer networks (SL-hydrogels)1 for DNP, and
demonstrate that they allow fast and simple radical - solute separation.2 Heating of the swollen hydrogel to the critical
temperature TC induces a reversible, fast (≤ 1s) and dramatic volume decrease (≥ 500 volume%) thereby expelling
hyperpolarized water and other target molecules from the radical-bearing polymer network. Two different spin-labeled
thermoresponsive hydrogels (TC = 63°C) were synthesized and investigated with regard to their applicability for
Overhauser DNP. The obvious benefits are the prolonged T1 after the collapse, the radical-free and non-toxic solute
containing the hyperpolarized biomolecules allowing for biomedical applications.
References:
1. Junk M. J. N., Jonas U. and Hinderberger D., Small, 4 (9), 1485 – 1493 (2008)
2. Dollmann B. C., Junk M. J. N., Drechsler M., Spiess H. W., Hinderberger D. and Münnemann K., Phys Chem. Chem. Phys., 12, 5879 – 5882 (2010)
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Analysis of the Inverse Halogen Dependence of Nuclear Magnetic Shield in
Trihalophosphanes
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Inverse halogen dependence (IHD) is an increase of the chemical shift on going from chlorine to iodine, which is often
observed for early transition metal in higher oxidation states and in 1000
the main group for p block compounds in the lower oxidation states.1 800
σ
Decomposition of 31P shielding tensor obtained from SO-ZORA
σ
600
σ
Hamiltonian at BP86/TZ2P level (Fig. 1) showed that the
σ
paramagnetic term (σPARA) is the dominant contribution to shielding 400
2
200
tensor behaviour and the spin-orbit term (σSO) is the secondary one.
0
The decrease of energy gap between 31P lone pairs and σ*P-X and s-σ
character of P-X bonds reinforce the discrete increase of SO/FC term -200
along the series.3,4
-400
SO-ZORA
DIA

PARA
SO

References:
1. Kidd, R. G., Ann. Rep. NMR Spectrosc., 10A, 2 (1980)
2. Nakatsuji,H., Hu Z. M. and Nakajima T., Chem. Phys. Lett, 275, 429 (1997)
3. Cunha Neto A., Ducati L. C., Rittner R., Tormena C. F., Contreras R. H. and
Frenking G., J. Chem Theory Comput., 5, 2222 (2009)
4. Kaupp M., Makina O. L., Malkin V. G. and Pyykkö P., Chem-Eur. J., 4, 118 (1998)
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Figure 1: Decomposition of 31P shielding tensor (ppm) of
trihalophosphanes PX3.
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Solvent models for calculations of NMR parameters
Martin Dračínský and Petr Bouř
Institute of Organic Chemistry and Biochemistry, Flemingovo nám. 2, 16610, Prague,Czech Republic (dracinsky@uochb.cas.cz)

A universal solvent approach is difficult for the nuclear magnetic resonance (NMR) shielding and spin-spin coupling
constants that in part result from collective delocalized properties of the solute and the environment. In this work bulk and
specific solvent effects are discussed on experimental and theoretical model systems comprising solvated alanine
zwitterion, cation and anion,1 and chloroform2 molecules. Density functional theory (DFT) computations performed on
larger clusters indicate that standard dielectric continuum solvent models may not be sufficiently accurate. In some cases,
more reasonable NMR parameters were even obtained by approximation of the solvent with partial atomic charges.
Combined cluster/continuum models yielded the most reasonable values of the spectroscopic parameters, provided that
they were dynamically averaged. The roles of solvent polarizability, solvent shell structure, and bulk permeability were
investigated. NMR shielding values caused by the macroscopic solvent magnetizability exhibited the slowest convergence
with respect to the cluster size. For practical computations, however, inclusion of the first solvation sphere provided
satisfactory corrections of the vacuum values. The simulations of alanine and chloroform chemical shifts and J-coupling
constants were found to be very sensitive to the molecular dynamics model used to generate the cluster geometries. The
results show that computationally efficient solvent modeling is possible and can reveal fine details of molecular structure,
solvation, and dynamics.
References:
1. Dračínský M., Kaminský J. and Bouř P., J. Phys. Chem. B, 113, 14698 – 14707 (2009)
2. Dračínský M. and Bouř P., J. Chem. Theory Comput, 6, 288 – 299 (2010)
Acknowledgments: Financial support from the Grant Agency of the Academy of Sciences of the Czech Republic through Project KJB400550903 is
acknowledged.
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Ab initio simulation of spin diffusion in spinning powders
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Université de Lyon (CNRS/ ENS Lyon/ UCB-Lyon 1) Centre de RMN à très hauts champs, 5 rue de la Doua, 69100 Villeurbanne, France
(jeannicolas.dumez@ens-lyon.fr),
a
Current address: California Institute for Quantitative Biosciences, University of California, Berkeley, CA 94720, USA

Experimentally, fully quantitative methods have been developed to detect spin diffusion, which is driven by dipolar
couplings between spins and thus depends directly on molecular geometry. However, because of the many-body nature of
the problem, modelling spin diffusion is anything but simple and is now one of the key barriers to accurate NMR-driven
structure determination of solid materials.
We first show that the coherent time-evolution of experimental observables for large spin systems can be simulated
accurately within reduced Liouville spaces in the experimentally relevant case of powdered systems under magic-angle
spinning.1 We are able to simulate polarisation transfer in systems of more than 100 protons; this constitutes an order-ofmagnitude increase in the number of spins for which such dynamics have been simulated.
We then show that ab initio simulation in reduced Liouville spaces can quantitatively reproduce experimental multispin polarisation transfer curves measured from spin diffusion experiments among protons (PSD) in powdered organic
solids under magic-angle spinning, using a network of dipolar couplings derived only from geometry, and with no
adjustable parameters.2 These simulations are shown to capture the full dynamics of spin diffusion observed
experimentally, at short, medium and long time scales, which no other model has been able to do previously.
Building on the ability to simulate the behaviour of a "bath" of strongly-coupled protons, we finally investigate the
possibility to improve the accuracy of semi-classical models for the simulation of spin diffusion among carbons under the
influence of protons, proton-driven spin diffusion (PDSD).
References:
1. Butler M. C., Dumez J.-N. and Emsley L., Chem. Phys. Lett., 477, 377 – 381 (2009)
2. Dumez J.-N., Butler M. C., Salager E., Elena B. and Emsley L., submitted
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Hyperpoolarized Xenon-129
X
9 as an NM
MR Probe in Chem
mical Reaactions
Mathis Duuewel, Nicollas Vogel, Clemens
C
Weeiss, Katharrina Landfester, Hans W
W. Spiess an
nd Kerstin
Muennemaann
Max Planck Insttitute for Polymerr Research, Ackermannweg 10, 555128 Mainz, Germ
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Xenon attoms have twoo useful propeerties for NM
MR spectroscop
py: They are very sensitivee to their enviironment due to
their highly polarizable ellectron cloud even withoutt the need of covalent bondds and they aare able to be hyperpolarized
(HP), overcooming the problem of thhe low SNR of thermally
y polarized Xenon.
X
It is therefore faavorable to use
u
hyperpolarized Xenon as an
a NMR probe in dynamic processes likee chemical reaactions.
The polarized gas cann be dissolvedd continuouslyy into a reacttion mixture by
b
the use of hydrophobic
h
hollow-fiber membranes, allowing for the molecular
dissolution of hyperpolaarized Xenonn and the continuous
c
replacement
r
o
of
depolarized gas.
g Repeatedd spectroscopiic Xe-129 NM
MR measurem
ments can shoow
e.g. a polymeerization process with goodd time-resolutiion.
Here, HP
P Xe-129 NM
MR is used foor the online monitoring
m
off miniemulsioon
polymerizations. It is knnown that thee chemical shhift of Xe-12
29 reflects thhe
composition of the reactioon mixture.1 The
T application of the descrribed techniquue
to miniemulssion polymeriization reactioons gives an easy
e
method for
f the analyssis
of these reacctions. Kinetic data for diffferent reactioon conditions (e.g., initiatoor,
reaction tem
mperatures) haas been deteermined from
m the chemicaal shift of thhe
dissolved Xeenon [Figure 1].
1 Comparablle kinetic dataa can be obtaiined by calorim
metry,2 allowing for the veerification of the
t
method.
The appliication of thee Xe-129 NMR
R method to thermoneutraal reactions (e.g., enzymaticc reactions) sh
hould allow for
f
the determinaation of kinetiic data for sysstems immeasuurable by calo
orimetry.
References:
ution”, Dissertatioon, Aachen, (20055)
1. Muennemannn K., “Xenon NM R with spectrosccopic, spatial, andd temporal resolu
2. Bechthold N. and Landfester K.,
K Macromolecuules, 33, 4682 (2000)
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Heterogeeneity of segmenta
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l dynamiccs of filled
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hn Echo
Measureements
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Second van
v Vleck mooment M2 andd correlation time
t
distributtions were dettermined at loow magnetic fields from the
t
Hahn echo measurements
m
for a series of
o unfilled andd filled EPDM
M samples as a function off filler type an
nd filler contennt.
The fillers are
a of carbon black, silane based and caalcium-carbon
nate type. A simple
s
filter w
was applied to
t eliminate the
t
contribution of bound rubbber. A theory for the depenndence of the Hahn
H
echo decay,1,2 valid fo
for the entire echo
e
time rangge,
was developed to describee the dynamiccs of mobile polymer
p
chain
n segments. Fiirst the experiimental data were
w
fitted wiith
the theoreticcal expressionn by consideriing the averaage values of the 1H residuual second vaan Vleck mom
ment <M2> annd
correlation tiime <τc>. Theen, using the average
a
valuee of <M2> the distribution of
o the correlattion times waas obtained. The
experimentall results confiirm the use off a log-Gauss function for the
t distributioon of τc. Finallly, using an average
a
value of
the correlatioon time, the diistributions off second van Vleck
V
moment f(M2) were determined
d
forr the entire seeries of samplees.
These distribbutions were obtained usinng a fast, Laplace-like inveersion proceduure.3 The unffilled EPDM sample
s
yieldss a
bimodal distrribution of seecond van Vleeck moments. The two mod
des are associiated with thee mobile and dangling chaiinend polymerr segments. By
B restrainingg the mobilityy of the bou
und rubber seegments, the fillers enhancce the dynam
mic
heterogeneityy of the mobille polymer seegments. This is observed from
fr
changes in the distribuutions of mobile and free-ennd
polymer segm
ments but also by the appaarition of a neew and distin
nct mobile peaak associated with bound-m
mobile interfaace
polymer segm
ments.
References:
G Macromolecuules, 26, 1152 – 1157 (1993)
1. Brereton M. G.,
2. Ball R. C., Caallaghan P. T. andd Samulski E. T.,, J. Chem. Phys., 106 (17), 7352 – 7361 (1997)
3. Venkataramannan L., Song Y. Q.
Q and Hürlimannn M. D., IEEE Trrans. Sig. Processs., 50, 1017 – 10226 (2002)
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Characterization of Picomole Amounts of Oligosaccharides from Glycoproteins
by 1H NMR Spectroscopy
Meike Fellenberga, Atilla Coksezena,b and Bernd Meyera
a
b

Department of Chemistry, University of Hamburg, Martin-Luther-King-Platz 6, 20146 Hamburg (meike.fellenberg@chemie.uni-hamburg.de)
present address: IP Bewertungs AG (IPB) Hamburg

The use of NMR is limited if only small quantities of the sample are
available. Detection limits are given in the range of nanomoles of sample for
commercially available probes.1 We demonstrate spectra of sucrose and a
complex N-type decasaccharide, measured in amounts of just a few picomoles
(down to 15 pmol). Special precautions for sample preparation and instrument
setup have to be used to record spectra at such low quantities. Water
suppression by a factor of 500000 has been essential to observe signals close
to the solvent.2 The figure on the right shows the comparison of two spectra of
an N-type decasaccharide measured in amounts of 80 nmol (top) or 25 pmol
(bottom), respectively. The signals of the structural reporter groups (e.g.
anomeric protons of N-acetylglucosamines, mannoses, fucose) are sufficient to
identify the glycan structure. Therefore, it is possible to obtain structural
information of compounds available in only minute quantities of a few
nanograms.
References:
1. Lacey M. E., Subramanian R., Olson D. L., Webb A. G. and Sweedler J. V., Chem. Rev., 99,
3133 – 3152 (1999)
2. Fellenberg M., Çoksezen A. and Meyer B., Angew. Chem. Int. Ed., 49, 2630 – 2633 (2010)
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Iron Oxide Magnetic Nanoparticles and Molecular Nanomagnets: a comparative
EMR study
Lisa Castellia, Maria Fittipaldia, Lorenzo Soracea, Claudia Innocentia, Claudio Sangregorioa, Dante
Gatteschia, Pierpaolo Cecib, Emilia Chianconeb and Annie K. Powellc
a
La.M.M:, Department of Chemistry and INSTM RU, Università di Firenze, Via della Lastruccia 3-13, 50019, Sesto Fiorentino (FI), Italy,
(maria.fittipaldi@unifi.it)
b
C.N.R. Institute of Molecular Biology and Pathology, University of Rome “Sapienza”, Italy
c
Institut für Anorganische Chemie der Universität Karlsruhe, Karlsruhe, Germany

Electron Magnetic Resonance (EMR) is a powerful tool to investigate the magnetic properties of molecular
nanomagnets (MNMs) and it provides useful information in the analysis of magnetic nanoparticles (MNPs). These two
systems have been usually treated using two different approaches: quantum mechanics for MNMs and classical mechanics
for MNPs. The developments in the synthetic techniques are now providing objects of the same size for the two classes of
systems, generating the need of a unified approach, to which EMR can offer a fundamental contribution.1
For this purpose we compare here the EMR results obtained on an iron(III) cluster made up of 19 metal ions, Fe19,2
and on magnetite/maghemite nanoparticles mineralized in the Dps protein from the bacterium Listeria innocua.3
Powder spectra analysis pointed out similarities between the two systems. In particular, forbidden transitions can be
observed in the spectra, indicating the presence of discrete levels also for MNPs. On the other side, Fe19 spectra show a
temperature dependence similar to that of MNPs. The single-crystal W-band study of Fe19 evidenced that, although the
fine structure is not well resolved in all the spectra, at particular temperatures and orientations, the presence of single
transitions within a high spin multiplet can be distinguished.
References:
1. Fittipaldi M., et al., Phys. Chem. Chem. Phys., 11, 6555 – 6568 (2009)
2. Goodwin, et al., J. Chem. Soc., Dalton Trans., 1835 – 1840 (2000)
3. Ceci P., et al., Chem. Eur. J., 16, 709 – 717 (2010)
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P577

Automatted Assign
nment usiing Multi-Way Deccompositiion
Jonas Freddriksson andd Martin Billleter
Biophysics Grouup, Department of Chemistry, Götteborg Universityy, Sweden (jonas.m
mb@gmail.com)

Multi-waay decomposition of proojections of high-dimensiional spectraa offers a vvariety of possibilities
p
f
for
comprehensiive characteriisations of prroteins: compplete resonancce assignmennt, 3D structuure and moree. All recordded
projections are
a two-dimennsional and have
h
the chem
mical shift off HN along thhe directly
detected dim
mension. The other
o
dimensiion corresponds to a linearr combination of several
chemical shifts. The joint multi-way decomposition of
o all spectra results
r
in desccriptions of
spin systemss, called compponents, whicch each consist of all nuclei in a CβHn–CαH–C’–
–
NH–CαH–CβHn fragmennt that stretchhes over twoo adjacent reesidues.1 A component
c
describes eacch nucleus of the fragment with
w one shappe (see right siide of figure).
With a coombination of multi-way decomposition
d
n and automatted assignmennt the time
for characterrization of a prrotein is greattly reduced wiith respect to traditional
t
appproaches.
Here we present the automated asssignment com
mbining projeection experim
ments with
multi-way deecomposition of three proteeins of varyinng size: ubiquiitin, azurin annd mmp20.
The algorithm
m for resonannce assignmennt (SHABBA)) combines co
orrelation amoong shapes,
peak pickingg, chemical shift
s
statistics and matchinng of shapes from adjacennt componentts. The figuree illustrates the
t
decompositioon of a fragm
ment centred on
o the HN off Glu 2. The input
i
projectioon (left) demoonstrates sign
nificant overlaap,
while the shaapes of the ressulting compoonent (right) alllow unambig
guous determinnation of chem
mical shifts with visible noiise
in only two shapes.
s
References:
K Fredriksson J., Bermel W. andd Billeter M., J. Biomol.
B
NMR, 42, 87 – 97 (2008)
1. Staykova D. K.;
E
CCP
PN; Bruker Biosppin.
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P578

Entangleement dyn
namics off spin systtems in pu
ure statess
Gregory Fuurman, Victtor Meeroviich and Vlaadimir Sokolovsky
Department of Physics,
P
Ben Gurion University, Beer
B
Sheva 84105,, Israel (gregoryff@bgu.ac.il)

In the preesent paper we
w consider ann application of the MQ NMR
N
techniquue for creationn of entanglem
ment in system
ms
initially preppared in the pure
p
state. Reesults of com
mputer simulattions of entannglement dynamics are preesented for reeal
structures whhich were useed in MQ NM
MR experimentts. In the statee populations of all the
quantum stattes except onee of them are the
t same but nonzero
n
which
h can be repreesented in
−
α
1
the followingg form ρ ps = N ⋅ 1̂ + α ⋅ ρ p , for ρ p a pure.
p
Here 1̂ is the identityy operator
2
and α is paraameter whichh depends on experimental conditions an
nd number off spins N.
The behavioor of a MQ coherence
c
in the pseudopuure state is ex
xactly the sam
me as the
behavior of the
t pure one because they differ only onn the scaled unit
u matrix which
w
does
not contributte to observabbles and it is not
n changed by
b unitary evo
olution transfoormations.
At the samee time, entangglement depeends on whethher the state of the spin system is
1,22
pure,α=1 in Eq. (1), or pseudopure.
p
The numeriical experimeents with cyclopentane
molecules reevealed the cloose connectioon between thee intensity off MQ coherencces of the
second orderr and concurrrence between the betweeen closest spin
ns (see Fig (a)).
(
As a
result, the 2Q
Q intensity cann be used as enntanglement witnesses
w
for such
s
systems.
References:
M Jozsa R., Lindden N., Popescu S. and Schack R.,
R Phys. Rev. Lettt., 83, 1054
1. Braunstein S. L., Caves C. M.,
(1999)
S
B. C. andd Knill E., Phys. Rev.
R A, 65, 032316 (2002)
2. Milburn G. J., Laflamme R., Sanders

D
Dynamics of the concurrences
c
Cmn
annd the intensities of the MQ
cooherences J2 vs. time
t
in the
cyyclopentane starrting with the puree
innitial state.
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Lanthanide chelates as relaxation switches for brute force polarisation
David G. Gadiana, Kuldeep S. Panesarb, Angel J. Perez Lindec, Waldemar Senczenkoc, Anthony J.
Horsewillb, Walter Köckenbergerc and John R. Owers-Bradleyb
a

Institute of Child Health, University College London, 30 Guilford Street, London WC1N 1EH, UK, (dgadian@ich.ucl.ac.uk)
School of Physics & Astronomy, University of Nottingham, Nottingham NG7 2RD, UK
c
Sir Peter Mansfield MR Centre, School of Physics & Astronomy, University of Nottingham, Nottingham NG7 2RD, UK
b

There is intensive interest in the development of NMR hyperpolarisation techniques, with many potential applications
in vivo and in vitro. One approach is to polarise nuclei by pre-exposure to high magnetic fields at ultra-low temperatures.
However, this ‘brute-force’ approach requires a relaxation switch, in order to speed up the rates of polarisation during the
cooling process without causing undue losses in polarisation during the subsequent warming and measurement periods.
We anticipated that a class of paramagnetics - namely those lanthanides which have very short electron spin relaxation
times at room temperature - might act as a relaxation switch. Such paramagnetics cause only small amounts of nuclear
relaxation at room temperature, but can be expected to enhance relaxation during the cooling process. Of particular
interest are lanthanide chelates such as dysprosium-DTPA, because they can be expected to have low toxicity.
In initial experiments on water/glycerol (1:1) solutions of 2 molar 1-13C sodium acetate at 1.6K and 3.35T, we
compared the relaxivity of six different lanthanide-DTPA chelates. Of the lanthanides tested, holmium proved to be the
strongest relaxation agent, followed by dysprosium. The 1H T1 values measured in the presence of the dysprosium and
holmium agents were approximately 30-fold to 60-fold shorter than the corresponding 13C relaxation times. In further
experiments, we have used another spectrometer that is coupled to a dilution refrigerator. As an indication of our results,
the 1H T1 for a water/glycerol (1:1) solution of 2 molar 1-13C sodium acetate, doped with 2mM holmium-DTPA, was
about 280 minutes at 620mK and 3.4T. We have also carried out successful low-field thermal mixing experiments by
ramping the field from 3.4T through zero to -3.4T, and in so doing achieved 13C polarisations that are approximately
1,000-fold greater than the equilibrium polarisation commonly obtained in clinical spectroscopy. Taken together with
additional room temperature studies that we have carried out following rapid dissolution, our results suggest that these
lanthanide chelates might act as effective relaxation switches for brute force polarisation.
__________________________________________________________________________________________________

P580

Effect of RF phase shift on the Third Spin Assisted Recoupling in Solid-state
NMR
Mathilde Giffarda, Sabine Hedigera, Józef R. Lewandowskib, Michel Bardeta, Jean-Pierre Simorrec,
Robert G. Griffind and Gaël De Paëpea
a

Laboratoire de Chimie Inorganique et Biologique, UMR-E3 (CEA/UJF), FRE3200 (CEA/CNRS), INAC, CEA, 38054, Grenoble, France,
(mathilde.giffard@cea.fr)
b
Université de Lyon, CNRS/ENS Lyon/UCB-Lyon 1, Centre de RMN à Très Hauts Champs, 5 rue de la Doua, 69100, Villeurbanne, France
c
Institut de Biologie structurale, UMR5075 (CEA/CNRS/UJF), 38027, Grenoble, France
d
Department of Chemistry and Francis Bitter Magnet Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA

We introduce the concept of phase shift in the context of the Third Spin Assisted Recoupling (TSAR) mechanism and
demonstrate its potential for detecting long-distance transfer in biomolecular systems. The modified pulse sequences of
PAR1 and PAIN-CP2 still rely on cross-terms between heteronuclear dipolar couplings involving assisting protons 1H in
order to mediate zero- and double-quantum recoupling (13C-13C, 15N-15N, 15N-13C polarization transfer).
Using average Hamiltonian theory we demonstrate that the phase shift compensates off-resonance contributions
yielding improved polarization transfer and substantial broadening of the matching conditions. We use numerical
simulations to explain the fine structure of the TSAR optimization maps. This constitutes a major improvement in the
context of the TSAR based methods since it alleviates the main drawback of the method: i.e. the sensitivity of the transfer
with respect to precise rf settings. The potential of this new concept for biomolecular NMR is illustrated with 2D
correlation experiments on a 19.6 kDa protein (U-[15N, 13C]-YajG) at high magnetic fields (up to 900 MHz 1H frequency)
and fast sample spinning (up to 65 kHz MAS frequency).
References:
1. De Paëpe G., Lewandowski J. R., Loquet A., Böckmann A. and Griffin R. G. J Chem Phys, 129, 245101 – 245122 (2008)
2. Lewandowski J. R., De Paëpe G. and Griffin R. G., J Am Chem Soc, 129, 728 – 729 (2007)
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IPAP-HSQMBC: Measurement of Long-Range Proton-Carbon Coupling
Constants from spin-state-selective Multiplets
Sergi Gil and Teodor Parella
Servei RMN, Universitat Autònoma de Barcelona, E-08193 Bellaterra, Barcelona, (sergio.gil@uab.cat )

A new method is proposed for the precise and direct measurement of long-range protoncarbon coupling constants (nJCH) in natural abundance molecules. Two complementary in-phase
(IP) and anti-phase (AP) data are separately recorded from a modified HSQMBC experiment.
Time-domain IP and AP data are finally added/subtracted to provide spin-state-selective
HSQMBC spectra. In contrast to the conventional HSQMBC experiment in which a fitting
processing is necessary to analyze the anti-phase coupling pattern, the value of nJCH can be
extracted by simple analysis of relative displacement of cross-peaks. The robustness of this
IPAP-HSQMBC experiment is evaluated experimentally and by simulation using a variety of
different samples and experimental NMR conditions.

References:
1. Kobzar K. and Luy B., J Magn Reson, 186, 131– 141 (2007)
2. Furrer J. and Thévenet D., Magn Reson Chem, 47, 239 – 248 (2009)
3. Márquez, B. L., Gerwick, W. H. and Williamson R. T., Magn Reson Chem, 39, 499 – 530 (2001)
4. Williamson R. T., Márquez B. L., Gerwick W. H. and Köver K. E., Magn Reson Chem, 38, 265 – 273 (2000)
Acknowledgments: Financial support for this research provided by MICINN (projects CTQ2009-08328 and Consolider Ingenio-2010 CSD2007-00006)
and Universitat Autònoma de Barcelona is gratefully acknowledged.
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J-edited Spectroscopy Along the NMR Sample: Combining Selective Refocusing
Experiment and Parallel Acquisition through Spatial Encoding
Nicolas Giraud, Laetitia Béguin, Jacques Courtieu and Denis Merlet
Laboratoire de RMN en milieu orienté, ICMMO, UMR 8182 CNRS Université Paris-Sud 11, bât 410, 91405 Orsay cedex, France
(nicolas.giraud@u-psud.fr)

Extraction of spin-spin NMR couplings can be a hard and time-consuming task for chemists, although it opens the
way to informations that are essential to the characterization of a solute, and notably to the determination of its
tridimensional geometry. Actually there is currently no general NMR
experiment that can give access, on a single spectrum, to a fully resolved –
and assignable- measurement of a whole coupling network.
We propose to develop NMR sequences based on a frequency sample
spatial encoding, that allow to run simultaneously different selective
experiments in different parts of the sample. We apply this approach to the
implementation of a Gradient-encoded SElective ReFocusing sequence (GSERF).1 The combination of homonuclear selective refocusing techniques
and pulsed field gradients leads to the edition, within one single spectrum, of every couplings which are experienced by a
given proton, leading to real phased J-resolved spectroscopy. The analytical potential of this technique will be
demonstrated for the analysis of solutes in isotropic media, as well as mixtures of enantiomers dissolved in chiral liquid
crystalline solvents: the characterization of each stereoisomer is then made possible, through a straightforward assignment
and measurement of each homonuclear coupling network, using this new pulse sequence.
References:
1. Giraud N., Beguin L., Courtieu J. and Merlet D., Angew. Chem., Int. Ed., in press (2010)
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High temperature PFG NMR for industrial concerns: understanding solvation
and transport properties in cryolitic melts
Mallory Gobeta, Vincent Sarou-Kaniana, Anne-Laure Rolleta,b and Catherine Bessadaa
a
b

CEMHTI, CNRS UPR3079, 1D Avenue de la Recherche Scientifique, 45071 Orléans, France, (mallory.gobet@cnrs-orleans.fr)
PECSA, CNRS-UPMC-ESPCI, 4 Place Jussieu, 75005 Paris, France

The energy requirements for the electrolytic production of aluminium are economical and environmental issues for the
industry. The composition of electrolytic baths (mainly containing cryolite Na3AlF6, alumina Al2O3 and fluorides
additives) is thus widely investigated in order to optimise working temperature,
dissolution of alumina and electrical conductivity. However, due to the high temperature
Na
F
(up to 1000°C) and the corrosiveness of the cryolite-based melts involved in this process,
Al
only few experimental techniques are suitable for the determination of the
physicochemical properties of such reactive media.
In this context, we have used high temperature NMR with boron nitride crucibles and
CO2 laser heating system to determine in molten NaF-AlF3 binary mixtures the anionic
fractions of the different fluorine-containing species: F-, AlF4-, AlF52- and AlF63-.1
Moreover, thanks to a newly developed Pulsed Field Gradient NMR device,2,3 we are
%AlF (mol)
now able to measure self-diffusion coefficients up to 1500K for numerous nuclei, like Self-diffusion coefficients as function of
27
Al, 23Na, 7Li and 19F in NaF-AlF3 and LiF-AlF3 cryolitic melts. The transport properties composition in NaF-AlF3 binary mixture
characterised in both systems depending on the temperature and the composition provide a more precise description of the
ionic species and clarify their respective roles in the electrical conductivity of the systems.
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Computer-aided mixture design for NMR-based fragment screening
Michael Goldflama, Xavier Arroyoa, Miguel Felizb, Ignasi Beldac and Ernest Giralta,d
a
Institute for Research in Biomedicine Barcelona, Parc Científic de Barcelona, Baldiri Reixac 10, E-08028 Barcelona, Spain
(Michael.Goldflam@irbbarcelona.org)
b
Servicios Cientifico Tecnicos, Universitat de Barcelona, Martì i Franqès 1, E-08028 Barcelona, Spain
c
Intelligent Pharma, Parc Científic de Barcelona, Baldiri Reixac 10, E-08028 Barcelona, Spain
d
Departament de Quımica Organica, Universitat de Barcelona, Martì i Franqès 1, E-08028 Barcelona, Spain

Fragment-based drug discovery is widely applied in industrial and academic screening programs.1 Several screening
techniques rely on NMR to detect fragment binding. NMR-based methods are among the most sensitive techniques2 and
have the further advantage of yielding a low rate of false positives and negatives. However, NMR is intrinsically slow
compared to other screening techniques which requires screening of fragment mixtures to increase throughput. Here we
present a fast and straightforward computer-aided method to design mixtures from a fragment library with minimized
signal overlap. This approach allows the direct identification of one or several active compounds without the need for
deconvolution. Our approach was accomplished by converting NMR spectra to “fingerprints”, a meaningful computerreadable format, and minimizing the global signal overlap with a Monte Carlo algorithm. The scoring function used
favors a homogenous distribution of the global signal overlap. The method does not require additional experimental work
since the only data required are NMR spectra, which are generally recorded for each single compound as quality control
before introduction into the library. For a library of 340 compound mixtures with a size of 5 were calculated. Our method
achieved an average global signal overlap of 2% compared to 44 % for randomly generated mixtures. We confirm that the
mixtures generated in silico coincide with in vitro mixtures and no significant signal shift occurs. Finally, we generated
virtual libraries and demonstrated that this method is applicable regardless of the mixture, library size or the
characteristics of the library.
References:
1. Hajduk P. J., and Greer J., Nat Rev Drug Discov, 6, 211 – 219 (2007)
2. Dalvit C., Drug Discov Today, 14, 1051 – 1057 (2009)
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Application of a DOQ-008-CGCRE INMETRO – Analytical Validation Methods
using quantitative 1H NMR spectroscopy
Rosana Garrido Gomesa, Ana Cristina Bernardo de Oliveirab and Maria Isabel Pais da Silvaa
a
Department of Chemistry, Catholic University of Rio de Janeiro, Marques de Sao Vicente 225, Gavea, CEP: 22453-900, Rio de Janeiro, Brasil
(rosanagg@puc-rio.br)
b
Department of Mathematic, Catholic University of Rio de Janeiro, Marques de Sao Vicente 225, Gavea, CEP: 22453-900, Rio de Janeiro, Brasil

The orientations from the DOQ-CGCRE-008 INMETRO were applied for determination biodiesel content (% v/v) in
commercials diesel by quantitative 1H NMR and the results compared with IR (NBR 15568/EN 14078) spectroscopy.
A calibration curve (2.0 to 6.5, % v/v) was prepared using known amounts of a biodiesel (B100) considered to present
nearly 100% of the fatty acid methyl esters (FAME). All the samples were solved in a commercial diesel from a Brazilian
refinery (D441). We analyzed a Diesel from an Interlaboratorial Program (IP) (PI19), containing biodiesel, to validate the
calibration curve and measure the recovery as well. All 1H NMR experiments were acquired on a VARIAN Mercury 200with a 5 mm probe. The spectra were obtained at 200.026 MHz for 1H, using 5% of sample v/v in CDCl3 as solvent, and
TMS as internal reference. The pulse used was the 45o. Thirty two pulses were employed to the acquisition spectra with
acquisition time of 1.992 and relaxation delay of 20 s. Spectra were processed with 12000 data points using an
exponential weighing factor corresponding to a line broadening of 0.5Hz. The Linearity was evaluated with a calibration
curve obtained plotting the integrated area in 3.65 ppm versus concentration and showed satisfactory characteristics: R2 =
0.9926, linear and angular coefficients statistically significant (p <0.003) and the prediction error for all points was below
4%. The Recovery (accuracy) was evaluated using tree points between 3.2 and 5.6 (% v/v) and showed results from 95
and 97% that is a good recovery for analytical method. The Intermediate Precision was evaluated with the diesel from the
IP whose result for the percentage of biodiesel by volume was 4.7 by IR spectroscopy with a standard deviation of 0.3.
The reported result by the laboratory with the same method was 4.7 (% v/v) and the 1H NMR result was 4.5 (% v/v), with
a deviation of 0.3 and confidence interval 4.2 to 4.7 (95%). The data presented here show that the NMR method was
comparable with the IR within the acceptable precision in determining the content of Biodiesel in commercial Diesel.
References:
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Distance measurements in peptides using Gd3+ spin labeling and DEER at Wband
Michal Gordon – Grossmana, Yechiel Shaib and Daniella Goldfarba
Departments of aChemical Physics and bBiological Chemistry, Weizmann Institute of Science, Rehovot, 76100, Israel
(michal.gordon-grossman@weizmann.ac.il)

Here we present Gd3+ (S=7/2) spin labeling as a new alternative to nitroxide spin labeling for investigations of
peptides conformation in solution. These are based on distance measurements using double electron-electron resonance
(DEER). In analogy to conventional site directed spin labeling using nitroxides, Gd3+ tags that are derivatives of
dipicolinic acid (4MMDPA)1 were covalently attached to two cysteine thiol groups introduced into the peptide amino acid
sequence at specific positions. The motivation for using this new class of spin labels for distance measurements is
sensitivity improvement offered by high fields, particularly W-band (95 GHz, ~3.5 T). The high field EPR spectrum of
Gd3+ is characterized by an intense central transitions due to the |-1/2>Æ|1/2> transition that is superimposed on a broad
background due to all other transitions. The line width of the central transition sub-spectrum is broad enough to afford
DEER measurements and has an isotropic character, namely independent on where in the spectrum the DEER pulses are
situated, all possible orientations of the inter-spin vector r contribute to the DEER effect and there is no orientation
selection. In contrast, at high field the g anisotropy of the standard nitroxide spin labels become well resolved and
consequently the DEER measurements may exhibit orientation selection which complicates data analysis significantly.
This work demonstrates the feasibility of such distance measurements on melittin, a common model for anti microbial
peptides. We have introduced cysteines in positions 15 and 27 and then prepared two types of peptides, one labeled with
two nitroxide spin labels the other with two 4MMDPA-Gd3+ labels, and carried out comparative W-band DEER
measurements. In the case of Gd3+ we explored the effect of the ratio of [Gd3+] and [4MMDPA] in the labeled peptide, the
measurement temperature that affects the relative intensity of the central transition, and the DEER acquisition time that is
affected by spectral diffusion. All these were found to have a significant effect on the DEER modulation depth and should
therefore be optimized.
References:
1. Su X. C., Man B., Beeren S., Liang H., Simonsen S., Schmitz C., Huber T., Messerle B. A. and Otting G., J Am Chem Soc, 130, 10486 (2008)
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Automated assignments of backbone and methyl resonances for proteins up to at
least 25 kDa: Application to structural characterization of protein-ligand
interactions
Alvar Gosserta, Sebastian Hillerb and César Fernándeza
a
b

Novartis Institutes for BioMedical Research, Novartis Pharma AG, CH-4002 Basel, Switzerland (alvar.gossert@novartis.com)
Laboratorium für Physikalische Chemie, ETH Zürich, Wolfgang-Pauli-Str. 10, CH-8093 Zürich, Switzerland

NMR is widely applied to characterize interactions of proteins with ligands. For structural characterization of such
interactions, resonance assignments are needed. In particular for industrial laboratories, standard methods for obtaining
them are too labor intensive, and automatic procedures only work in a robust manner for small proteins.
We have developed a procedure, with which we have doubled the size limit of automated projection spectroscopy
(APSY) based automated assignments to 25 kDa. We obtain assignments of the entire backbone (HN, N, C’, Cα, Cβ) and
of all side chain methyls, except for methionine εCH3. The procedure consists of three 4D and 5D APSY NMR
experiments (including the new 4D APSY HNCACB) that are recorded within 5 days - with a single protein sample with
random fractional deuteration. Random fractional deuteration was chosen because (1) it is inexpensive and simple to
implement, and because (2) all methyl groups remain largely protonated and can therefore be assigned. With this labeling
pattern, however, signals from methyl groups split into CHxDy isotopomer multiplets. This additional complication can be
elegantly overcome by an optimized projection reconstruction routine.
The assignments obtained in this way enable chemical shift mapping with amide and methyl moieties, and they are the
basis for detailed structural characterization of protein-ligand interactions by intermolecular NOEs. Several examples
from our work on interactions of proteins with drug candidates (i.e. organic compounds, peptides, antibodies, RNA) based
on automated assignments are shown.
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Xe Signal Amplification by Gas Extraction and Compression for Remote
Detection of a Xenon Biosensor

Dominic Graziania, Xin Zhoua,b, Jin Guoa, Tyler Meldruma and Alexander Pinesa
a
Department of Chemistry, University of California, Berkeley, and Materials Sciences Division, Lawrence Berkeley National Laboratory, 94720,
Berkeley, USA, (dgraziani@berkeley.edu)
b
State Key Laboratory of Atomic and Molecular Physics and Magnetic Resonance, Wuhan Institute of Physics and Mathematics, Chinese Academy of
Sciences, 430071, Wuhan, P.R. China
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Xe is an attractive nucleus for use as a molecular contrast agent due to its acute
chemical sensitivity, its large nuclear polarization attainable by spin-exchange optical
pumping, and the lack of natural background signal in the body. With chemical exchange
amplification provided by Hyper-CEST,1 cryptophane-based molecular sensors have been
detected with hyperpolarized xenon at sub-picomolar concentrations.2 Traditionally this is
done by monitoring the aqueous xenon peak while saturating at the xenon biosensor
resonance frequency. In certain situations, the concentration and/or polarization of the
aqueous xenon might be too low to be detected directly. In such cases, it is advantageous to
extract the dissolved xenon into the gas phase where the concentration can be greatly increased through compression or
liquefaction.3 The figure to the right shows a single-scan saturation transfer spectrum of xenon dissolved in polystyrene
beads, water, and a cryptophane biosensor. The spectrum was encoded with dissolved xenon, which was then extracted
and compressed for detection in the gas phase. The directly detected spectrum of the dissolved xenon, averaged 16 times,
is inset for comparison.
References
1. Schröder L., Lowery T., Hilty C., Wemmer D. and Pines A., Science, 314, 446 – 449 (2006)
2. Meldrum T., Seim K., Bajaj V., Palaniappan K., Wu W., Francis M., Wemmer D. and Pines A., J. Am. Chem. Soc., 132, 5936 – 5937 (2010)
3. Zhou X., Graziani D. and Pines A., Proc. Natl. Acad. Sci. U.S.A., 106, 16903 – 16906 (2009)
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Shuttle DNP Spectrometer with a Two-Center Magnet
Alexander Krahna, Philip Lottmannb, Thorsten Marquardsena, Andreas Taverniera, Maria-Teresa
Türkeb, Marcel Reeseb, Andrei Leonovb, Marina Bennatib, Peter Hoefera, Frank Engelkea and
Christian Griesingerb
a
b

Bruker BioSpin, Silberstreifen 4, D-76287 Rheinstetten, Germany
Max Planck Institute for Biophysical Chemistry, Am Fassberg 11, D-37077 Göttingen, Germany (cigr@nmr.mpibpc.mpg.de)

A DNP set-up is described where a liquid sample is hyperpolarized by the
electron-nucleus Overhauser effect in a field of 0.34 T and transferred to a
field of 14.09 T for NMR detection.1 In contrast to a previous set-up,2 using
two dedicated magnets for polarization and detection, a dedicated ferroshim
system was inserted into the bore of a 14.09 T shielded cryomagnet to provide
a homogeneous low-field region in the stray field above the magnetic center.
After polarization in the low-field the sample is transferred to the high-field
magnetic center within 40 ms by a pneumatic shuttle system. In our set-up a
standard high-resolution inverse 1H/13C selective probe was used for NMR detection and a homebuilt EPR cavity,
operating in the TM110 mode was used for polarization. First experimental data are presented. We observed a maximum
proton Overhauser enhancement of up to εHF = -3.7 in the high-field position for a 5 mM 4-oxo-TEMPO-D,15N
(TEMPONE)/H2O sample. While this reproduces the DNP enhancement observed also in the old set-up, with the new setup we observe enhancement on larger molecules that were impossible to enhance in the old set-up. Therefore, we can
demonstrate for the first time Overhauser enhanced high resolution proton spectra of glucose and 2,2-dimethyl-2silapentane-5-sulfonic acid sodium salt (DSS) in D2O, where the high resolution spectrum was aquired in the high-field
position after polarizing the sample in the low-field.
References:
1. Reese M., et al., Appl. Magn. Reson., 34, 301 – 311 (2008)
2. Krahn A., et al., Phys. Chem. Chem. Phys., 12, 5830 – 5840, DOI: 10.1039/c003381b (2010)
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Epr in the characterization of paramagnetic species in bio-oil by-products of
ligneous-cellulosic biomass
Carmen L. B. Guedesa, Eduardo Di Mauroa, José D. Rochab, Juan M. M. Pérezc, Fernando A. Meloa,
Talita P. Quessadaa, Bruna F. Gazzonia and Caren Mura Corteza
a

LAFLURPE, Universidade Estadual de Londrina (UEL),C. P. 6001, 86051-990, Londrina, PR, Brazil (carmen@uel.br)
Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA, Agroenergia), Parque Estação Biológica, 70770-901, Brasília, DF, Brazil
c
Bioware Tecnologia, Rua Alcides Rosini Duarte da Conceição, 76, 13083-970, Campinas, SP, Brazil
b

Paramagnetic species was characterized by Electron Paramagnetic Resonance (EPR) in bio-oil produced from the
pyirolysis of ligneous-cellulosic biomass; rice-peel, peach-stone and mixture of husk and bagasse of sugar-cane with
grass. The g-factor and the peak-to-peak linewidth (ΔHpp) were
g-factor
Bio-oil
ΔHpp
determined for the organic free radical signal detected in the bio-oils.
(±0.002)
(±0.1G)
The results relative to g-factor for EPR signal were 2.0022; 2.0031
Husk/bagasse of
and 2.0033, respectively for BPBG, BCA and BCP, which indicates
sugar-cane with
1.2
2.0022
more tenor of aromatic compounds in the bio-oil obtained from the
Grass (BPBG)
biomass mixture. The free radicals detected in the bio-oils are
Rice-peel
5.2
2.0031
delocalized in aromatic chemical structures contained besides carbon and
(BCA)
hydrogen, heteroatoms as nitrogen and oxygen. The g-factor will be
higher, how much higher the tenor of heteroatoms.
7.0
2.0033
Peach-stone
The linewidths (ΔHpp) relative to 5.2 and 7.0 characterize free
(BCP)
radicals in medium of high viscosity and with higher dipolar interaction
of the spins.
Bio-oils of ligneous-cellulosic compound have structures of asphaltenes and malthenes in their compounds, which
explains the similarity with the values of g and ΔHpp in petroleum.
Acknowledgments: CNPq for financial support through fellowship grants.
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Reaction
n Monitorring by Loow Field NMR
N
Speectroscopyy
Maria Varggas Hernanddeza, Markuus Cudajb,c, Kidist Haillua, Kerstin Sachsenheiimera, Agnees von
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R
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Service GmbH, In der Dalheimer
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5 55120 Mainz
c
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Online reaction
r
monnitoring has a large impact
i
on optimization
o
of
environmental and timee resources in process analytics. Lo
ow field NM
MR
spectroscopyy has been adaapted to the neeeds of onlinee monitoring of
o reactants. The
T
instrument was
w equipped with 12+1 shhims and lockk functionality
y. Two exampples
are presenteed: A heterogeneous caatalytic reactiion of tolueene to methhylcyclohexane was monitored by 20 MH
Hz spectroscoppy and compaared with offlline
gas chromattography.1 Classic data annalysis as weell as a PLS approach were
w
applied to thhe data. Seconnd, the emulsion polymerizzation of buty
yl-acrylate could
be followed by
b 1H-NMR,2 kinetic param
meters could be
b extracted from
f
the analyysis
of integral annd width (see figure).
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1. Guthausen G.., von Garnier A. and Reimert R., Appl. Spectr., 63, 1121 (2009)
2. Vargas M. A.., Cudaj M., Hailuu K., Sachsenheim
mer K. and Guthaausen G., Macrom
molecules, acceptted (2010)
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Robust new
n solverr for Stocchastic Lioouville eq
quation in
n Langeviin form: Scalability
S
y
and appllication too transitioon metal EPR
E
line shape
Pär Håkanssona, Thaoo N. Nguenb, Eugen Stuulzb, Malcollm H. Levitttb and Prasaanth B. Nairra
a
b

School of Enginneering Science, University of Souuthampton, SO177 1BJ, Southampto
on, (p.hakansson@
@soton.ac.uk)
School of Chem
mistry, Universityy of Southampton, SO17 1BJ, Southhampton

We preseent an efficiennt adaptive solvver (MONSTER) for directt numerical soolution of the Stochastic Lio
ouville equatioon
(SLE) in the time domain exemplified with
w EPR-linee shape calculaation. Recent work on the sslow motion problem
p
showed
that the SLE
E solved in the time domain with detailed
d
moleccular dynamiics1 is an
interesting complement too the commonnly used freqquency domain
n approach.2 Although
theory is reaadily availablee for arbitraryy problems, tiime domain simulations
s
haave so far
been restricteed mainly to smaller
s
basis sizes relevantt for an EPR nitroxide
n
spin label and
simplified byy using high field approximation. In thhis work we propose
p
novell variance
reduction meethods that adddresses the nuumerical challlenges associaated with the control
c
of
temporal disccretization and statistical saampling errors. The results presented in the figure
shows that we
w reproduce the
t frequency domain absorption line shape without employing
e
commonly used approoximations. Further wee consider the "inverssion" of
dynamic/maggnetic parameeters from Cuu(II)-porphyrinn EPR X-ban
nd spectra at room temperaature by solv
ving the 4199004
dimensional SLE using coonstrained Broownian Dynam
mics trajectoriies. More specifically we w
work with SLE
E to circumveent
the requirem
ment to use ann uncertainty model in forrm of A-straiin otherwise needed
n
to annalyse frozen spectra3 and in
addition we get
g biologicallly relevant dyynamical inforrmation at phy
ysiologically meaningful
m
tem
mperatures.
References:
P
3, 5311 – 5319 (2001)
1. Håkansson P.., Westlund P.-O., Lindahl E. and Edholm O., Physs. Chem. Chem. Phys.,
2. Freed J. H., Bruno
B
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C. F., Phys.
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Chem., 75, 3385 – 3399 (197
71)
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a Hyde J. S., J. Chem. Phys., 733, 3123 – 3131 (1980)
E
grant EP/F
F006802/1, EPSR
RC National EPR
R Service in Mancchester.
Acknowledgmennts: Funded by EPSRC

442

7.5 Theory & Methods
__________________________________________________________________________________________________

P593

Mobility of a lanthanide tag investigated - towards structure determination of
“invisible” protein conformations by paramagnetic NMR
Mathias A. S. Hass, Peter J. Keizers, Yoshitaka Hiruma, Anneloes Blok and Marcellus Ubbink
Leiden Institute of Chemistry, Leiden University, Einsteinweg 55, 2300 RA, Leiden, The Netherlands,
(hassmas@chem.leidenuniv.nl)

Lanthanide tags can introduce paramagnetic effects in proteins, among them pseudocontact shifts (PCS). The
introduction of large PCSs in a protein enables a novel way of studying protein dynamics on the μs-ms time-scale. In the
presence of PCSs, protein movements give rise to paramagnetically induced exchange
broadening. This paramagnetic exchange broadening can be measured and quantified
using relaxation dispersion techniques.1 The aim is to extract PCSs of “invisible” lowly
populated protein conformations, and from these PCSs determine their structure.
However, tag mobility may give rise to undesired relaxation dispersion effects. Therefore
the requirements on the rigidity of the tag are rigorous, more rigorous than for the purpose
of measuring directly PCSs of the ground state. The recently developed CLaNP-5 tag has
previously been shown to have a highly restricted mobility.2 With the aim of using this tag
to study protein dynamics via paramagnetic exchange broadening we have investigated
the mobility of the CLaNP-5 tag attached to different sites of a rigid protein. 1H CPMG
relaxation dispersion methods are used to test for tag movements. Fore some attachment
sites no significant relaxation dispersion is observed, suggesting the tag is rigid on the μs-ms time-scale. However, for
other sites large dispersions effects are observed, which show that the tag is mobile in certain cases. We conclude that the
CLaNP-5 mobility depends on the geometry and dynamics of the attachment site and origin of this dynamics is
investigated. The results may improve the design of lanthanide binding tags and lead to better criteria for choosing the
sites for tag attachment.
References:
1. Eichmuller C. and Skrynnikov N. R., J. Biomol. NMR, 37, 79 – 95 (2007)
2. Keizers P. H., Saragliadis A., Hiruma Y., Overhand M. and Ubbink M., J. Am. Chem. Soc., 130, 14802 – 15 (2008)
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DOTA-M8 - a highly rigid lanthanide chelating tag, inducing very large pseudocontact shifts in proteins
Kaspar Zimmermann, Heiko Gsellinger and Daniel Häussinger
Department of Chemistry, University of Basel, St. Johannsring 19, 4056, Basel, Switzerland (daniel.haeussinger@unibas.ch)

Lanthanide chelating tags (lct) that are site-specifically
attached to a protein induce pseudo-contact shifts (pcs) in the
nuclei of the protein. This very long-ranging effect (>50Å) can
be used as a powerful tool in structural biology.1 We have
recently developed2 an unusually rigid, high affinity chelating
tag based on an eight-fold methylated DOTA framework.3 With
suitable protein/lanthanide combinations we achieved pcs
exceeding 10 ppm in 1H and 15N chemical shifts for backbone
amide resonances. The effects are detectable beyond 50Å and
can be precisely described by determining the anisotropy
parameters of the magnetic susceptibility tensor, the position of
the metal and the orientation of the tag relative to the protein.
References:
1. G. Otting, J. Biomol. NMR, 42, 1 – 9 (2008)
2. D. Häussinger, J.-R. Huang and S. Grzesiek, J. Am. Chem. Soc., 131, 14761
– 14767 (2009)
3. Ranganathan R. S., Pillai R. K., Raju N., Fan H., Nguyen H., Tweedle M. F., Desreux J. F. and Jacques V., Inorg Chem, 41, 6846 – 6855 (2002)
Acknowledgments: We gratefully acknowledge the help of Elisa Nogheira and Marco Rogowski with the expression of 15N-labelled proteins. We are
indebted to R.A. Byrd for providing us with a sample of tetramethylcyclen.
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Rapid 3D MAS NMR at Critical Sensitivity
Yoh Matsukia,c, Matthew T. Eddyb,c, Robert G. Griffinb,c and Judith Herzfelda
a
b

Department of Chemistry, Brandeis University, Waltham, MA 02454, USA (herzfeld@brandeis.edu)
Department of Chemistry and cFrancis Bitter Magnet Laboratory, MIT, Cambridge, MA 02139, USA

The application of MAS NMR to large molecules is currently limited primarily by the signal-to-noise ratio (S/N) in
the multidimensional spectra required for adequate resolution. Thus, the most pressing need in MAS NMR is arguably for
more efficient data acquisition. In solution NMR, more efficient acquisition has relied on non-uniform sampling (NUS).
Although extending NUS to MAS NMR would be of enormous practical importance, the application of conventional NUS
methods to MAS NMR has been limited by the specific problem of accurately modeling weak signals in noisy spectra, in
addition to the general problems of quantitative spectral reconstruction and slow computation. The lower sensitivity in
MAS NMR experiments requires an unprecedented robustness of any NUS scheme in order to minimize artifacts.
Here, we address these challenges with SIFT (Spectroscopy by Integration of Frequency and Time domain
information), a rapid and model-free method for computing a NMR spectrum from a NUS time domain dataset.1 SIFT
works by replacing missing information in the time domain with a priori knowledge of “dark” regions in the frequency
domain, i.e. those regions known to contain no NMR signals. The frequency domain information, assimilated by a very
rapid computational process, obviates some time-domain sampling with no sacrifice in resolution and no modeling bias.
Dark regions in MAS NMR commonly result from bandwidths set by the need for rotor-synchronized sampling in the
indirect evolution dimensions. We demonstrate the use of this definitive frequency domain information, to expedite a 3D
MAS NMR experiment 3.4-fold without loss of sensitivity, resolution or spectral accuracy. Thus SIFT is a powerful tool
for quantitative structural and dynamical investigations of demanding solid-state samples.
References:
1. Matsuki Y., Eddy M. T. and Herzfeld J., J. Am. Chem. Soc., 131, 4648 – 4656 (2009)
Acknowledgments: This research was supported by NIH grants EB001035, EB001960 and EB002026. Y.M acknowledges partial financial support from
the Naito Foundation.
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Ensemble calculations of unstructured proteins constrained by RDC and PRE
data: a case study of urea-denatured ubiquitin
Jie-rong Huang and Stephan Grzesiek
Biozentrum, University of Basel, Klingelbergstrasse 50/70, CH-4056, Basel, Switzerland (jierongh@gmail.com)

The detailed, quantitative characterization of unfolded proteins is a largely unresolved task due to the enormous
experimental and theoretical difficulties in describing the highly dimensional space of their conformational ensembles.
Recently, residual dipolar coupling (RDC) and paramagnetic relaxation enhancement (PRE) data have provided large
numbers of experimental parameters on unfolded states. To obtain a minimal quantitative model of the unfolded state
according to such data we have developed new modules1 for the use of steric alignment RDCs and PREs as constraints in
ensemble structure calculations by the program XPLOR-NIH. As an example, ensemble calculations were carried out on
urea-denatured ubiquitin using a total of 419 previously obtained RDCs2 and 253 newly determined PREs from eight
cysteine mutants coupled to MTSL. The results show that only a small number of about eight conformers is necessary to
fully reproduce the experimental RDCs, PREs and average radius of gyration. Cα contacts determined on a large set (500)
of eight-conformer ensembles show significant (10-20 %) populations of conformations that are similar to ubiquitin’s Astate, i.e. corresponding to an intact native first β-hairpin and α-helix as well as non-native α-helical conformations in the
C-terminal half. Thus methanol/acid (A-state) and urea denaturation lead to similar low energy states of the protein
ensemble, presumably due to the weakening of the hydrophobic core. Similar contacts are obtained in calculations using
solely RDCs or PREs. The sampling statistics of the Cα contacts in the ensembles follow a simple binomial distribution. It
follows that the present RDC, PRE and computational methods allow the statistically significant detection of
subconformations in the unfolded ensemble at population levels of a few percent.
References:
1. Huang J. R. and Grzesiek S., J Am Chem Soc, 132, 694 – 705, (2010)
2. Meier S., Grzesiek S. and Blackledge M., J Am Chem Soc, 129, 9799 – 9807 (2007)
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A consistent and systematic approach to the design, fabrication and testing of
permanent magnets applied to single-sided NMR
Cédric Hugona, Guy Aubertb and Dimitris Sakellarioua
a
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DSM/IRAMIS/SIS2M/LSDRM, CEA, CEA Saclay, 91191Gif sur Yvette, France (cedric.hugon@cea.fr)
DSM/IRFU, CEA, CEA Saclay, 91191 Gif sur Yvette, France

Permanent magnet-based NMR has been a continuously developing field in the past 15 years due to its attractive
portability, lack of maintenance need and lower cost. One major challenge of such magnets is the achievement of high
field homogeneity. While several prototypes have recently been reported to achieve sub-ppm homogeneity, the volume of
interest has always remained small compared to the magnet size. In addition, few systematic approaches to the design of
such magnets have been proposed. We have introduced in the past an analytical method for the design, fabrication,
characterization and shimming of permanent magnets,1,2 based on the well-known technique of spherical harmonics
expansion of the magnetic potential and of the field components. This framework can be applied to in situ and ex situ
magnets to realize desired field profiles such as highly homogeneous fields, or strong constant gradient. We concentrate
here on the design and realization of single-sided magnets. We will give a theoretical analysis of the problems of the
remote homogeneous field and of the remote constant gradient, along with the issues of high precision field measurements
in strong gradients. A first prototype generating a gradient of 3.3 T m-1 with a field of 0.33 T (1H frequency of 14 MHz), 2
cm away from the surface of the magnet has been fabricated and tested. The diameter of the magnet is 20 cm with a height
of 12 cm, for a weight of about 40 kg. We experimentally achieved variations of less than 100 ppm in planes parallel to
the surface of the magnet in a region of 8 mm diameter and 6 mm height. This corresponds to a 1D resolution better than
10 µm in this entire volume. We will also propose a new RF surface coil design generating a field parallel to the coil
plane with optimal sensitivity at a given penetration depth. Using these coils and the magnet prototype, we were able to
record NMR spectra for the purpose of relaxation measurements and 1D tomography.
References:
1 Hugon C., D’Amico F., Aubert G. and Sakellariou D., J Magn Reson., in press (2010)
2 Hugon C., Aguiar P. M., Aubert G. and Sakellariou D., C. R. Chimie, 13, 388 – 393 (2010)
Acknowledgments: We acknowledge support from the following grant agreements: ERC-205119, IIF-237068 from EU and NMR2GO from ANR.
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Suppression of line broadening due to Bloch-Siegert shift in 19F solid-state NMR
under 1H decoupling
Munehiro Inukai, Kazuyuki Takeda and Kiyonori Takegoshi
Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan (inukai@kuchem.kyoto-u.ac.jp)

The Bloch-Siegert shift (BS shift) due to off-resonance RF irradiation causes broadening of the resonance line in the
presence of B1 inhomogeneity. In this work, the idea of BS shift compensation, originally demonstrated in homonuclear
decoupling in a liquid sample,1,2 is applied to suppress line broadening in 19F solid-state NMR under 1H decoupling.
In the pulse sequence shown in Fig.1, BS shift due to 1H decoupling is compensated by additional off-resonance
irradiation on the other side of the peak through the observing 19F channel during the evolution period. 19F spin evolution
free from the BS shift during the indirect dimension is demonstrated in a 2D spectrum in Fig. 2.
Fig 2. 2D spectrum of 1-fluoroadamantane.
The reference frequency is isotropic shift of 1fluoroadamantane without 1H decoupling.
Carrier frequencies are 299.5199 MHz for 1H and
281.7903 MHz for 19F. Proton decoupling strength
is 236 kHz. Strength and offset frequency of
compensation pulse are 23 kHz and -200 kHz.
Fig. 1. A scheme for suppression of line broadening
due to BS shift in 19F solid state NMR under 1H
decoupling.
References:
1. McCoy M. A. and Mueller L., J Magn Reson, 98, 674 – 679 (1992)
2. Zhang S. and Gorenstein D. G., J Magn Reson,132, 81 – 87 (1998)
Acknowledgments: This work has been financially supported by the CREST program of Japan Science and Technology Agency.
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C shielding scale for MAS NMR spectra

Włodzimierz Makulski and Karol Jackowski
Department of Chemistry, Warsaw University, Pasteura 1, 02-093 Warsaw, Poland (kjack@chem.uw.edu.pl)

Routine ab initio calculations available with commercial computational packages are frequently used as an
additional tool in the analysis of 13C NMR spectra. The calculations are usually performed for sample and reference
molecules at the same level of approximation and converted into NMR chemical shifts. Such theoretical shifts can
be useful for the trial assignment of spectral signals but this procedure is not always reliable if the appropriate
shielding constants remain unknown. However, if the absolute shielding of a given nucleus in one reference
molecule is established, the shielding scale is known and the experimental chemical shifts can easily be converted
into shielding constants.1 For 13C NMR spectra the carbon shielding in a CO molecule is known with accuracy ±0.9
ppm and can be transferred to liquid TMS.2 Recently we have presented a new general method of shielding
measurements available for isotropic species on a standard NMR spectrometer.3 In the present study we have
applied this method for the measurements of 13C shielding constants for three reference samples in spherical
ampoules: pure liquid TMS, 1% liquid solution of TMS in CDCl3 and solid fullerene (C60). Next the 13C MAS NMR
spectra were obtained for the solution of TMS in CDCl3, C60 and additionally for 2 powdered solids: glycine and
hexamethylbenzene. It enables us to set up the 13C shielding scale for carbon compounds obtained in the MAS NMR
experiments, i.e. free from bulk susceptibility effects. We found the following 13C magnetic shielding constants at
temperature 297 K: pure liquid TMS + 183.94 ppm, 1% liquid solution of TMS in CDCl3 +183.20 ppm, liquid
CDCl3 (with 1% TMS) + 106.19 ppm, solid C60 + 40.24 ppm, solid glycine + 140.24 and + 6.53 ppm for the –CH2–
and –COOH signals, solid hexamethylbenzene + 166.78 and + 51.90 ppm for the methyl and aromatic 13C signals,
respectively. The experiments with spherical ampoules were performed on a Varian INOVA-500 MHz spectrometer
and the MAS spectra were obtained at spinning speed of 5 kHz using a Bruker AVANCE II 500 MHz NMR
spectrometer.
References:
1. Harris R. K., Becker E. D., Cabral de Menezes S. M., Granger P., Hoffman R. E. and Zilm K. W., Pure Appl. Chem., 80, 59 – 84 (2008)
2. Jackowski K., Wilczek M., Pecul M. and Sadlej J., J. Phys. Chem. A, 104, 5955 – 5958 (2000). Erratum: J. Phys. Chem. A, 104, 9806 (2000)
3. Jackowski K., Jaszuński M. and Wilczek M., J. Phys. Chem. A, 114, 2471 – 2475 (2010)

__________________________________________________________________________________________________

P600

NMR structure of the protein NP_247299.1: Comparison with the crystal
structure
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Joint Center for Structural Genomics,
d
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The NMR structure of the protein NP_247299.1 in solution at 313 K has been determined and is compared with the Xray crystal structure that was also solved in the Joint Center for Structural Genomics (JCSG) at 100 K and at 1.7 Å
resolution.1 Both structures were obtained with the current, largely automated methods used by the JCSG. This work aims
for quantitative statements about the location of structure variations that may arise from either one of the methods used, or
from the different environments in solution and in the crystal. To evaluate possible impact of the different software used
for the crystallographic and the NMR structure determinations and analysis, respectively, we introduce the concept of
reference structures, which are computed using the NMR software with input of upper-limit distance constraints derived
from the molecular models representing the results of the two structure determinations. We use this new approach to
quantify global differences that arise from the different methods of structure determination and analysis versus those that
represent interesting local variations or dynamics. Near-identity of the protein core in the NMR and crystal structures thus
provided a basis for identification of complementary information from the two different methods. It was thus observed
that locally increased crystallographic B-values correlate with dynamic structural polymorphisms in solution.
References:
1. Jaudzems K., Geralt M., Serrano P., Mohanty B., Horst R., Pedrini B., Elsliger M.-A., Wilson I.A. and Wüthrich K., Acta Cryst., F66, in press (2010)
Acknowledgments: This work was enabled by a fellowship from the Latvian Institute of Organic Synthesis to K.J. Other sponsorships: Joint Center for
Structural Genomics through the NIGMS/PSI grant U54 GM074898 (P.I. I.A. Wilson), Spanish Ministry of Science and Education (Postdoctoral
fellowship to P.S.). We thank Dr. T. Herrmann for providing us with early versions of the program UNIO.
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Cutoff-free Traveling Wave NMR
Joel Tang and Alexej Jerschow
Chemistry Department, New York University, 100 Washington Square E, New York, NY 10012 (Alexej.jerschow@nyu.edu)

In recent articles Traveling-Wave MRI/NMR Brunner et al.1 fascinated the community with the demonstration of MRI
images acquired through travelling rf waves in the magnet bore of an MRI scanner. This approach has a significant
limitation in that each bore has a specific cutoff frequency, which is very high (in the
case of Brunner et al. the cutoff frequency was very close to the operating frequency with
a bore diameter of 58 cm). The smaller the bore, the higher the cutoff frequency. With a
51 mm (standard bore) magnet bore one would obtain 3.45 GHz, too large to be useful.
We overcome this limitation by turning the magnet bore into a transmission line (TL).
TLs allow the propagation of TEM modes without a cutoff frequency,2 and thus allow
broadband propagation of waves through the sample.
NMR spectra and images acquired with such an arrangement will be shown (example
in the Figure), and genuine travelling wave behavior will be demonstrated.
In addition to facilitating NMR spectroscopy and imaging in smaller bores, this
approach will also allow one to easily perform heteronuclear travelling wave
experiments, and the study of samples in unusual geometries (e.g. microfluidics) and
with relatively inaccessible samples. Furthermore, this arrangement allows testing
general traveling wave concepts.
References:
1. Brunner D. O., De Zanche N., Frohlich J., Paska J. and Pruessmann K. P., Nature, 457, 994 – 998 (2009)
2. Jackson J. D., Classical Electrodynamics New York, Academic Press, 1998

__________________________________________________________________________________________________

P602 (∗)

Simultaneous acquisition of pulse EPR orientation selective spectra
Ilia Kaminkera, Marc Florenta, Boris Epelb and Daniella Goldfarba
a
b

Department of Chemical Physics. Weizmann Institute of Science, Rehovot Israel, (ilia.kaminker@weizmann.ac.il)
Department of Radiation & Cellular Oncology, the University of Chicago Medical Center, Chicago, IL, USA

High resolution pulse EPR methods are usually applied to resolve weak magnetic electron-nuclear or electron-electron
interactions that are otherwise not resolved in the EPR spectrum. Full information regarding different magnetic
interactions, namely, the principal components and orientation of principal axis system with respect to the molecular
frame, can be derived from orientation selective pulsed EPR spectra that are acquired at different magnetic field positions
within the inhomogeneously broadened EPR spectrum. These experiments are usually carried out consecutively, namely a
particular field position is chosen, data is accumulated until the S/N is satisfactory, and then the next field position is
chosen.
Here we present a new approach for data acquisition of orientation selective pulse EPR experiments, referred to as
parallel acquisition, which can speed up such a set of experiments considerably. In this approach several orientation
selective pulse EPR measurements are performed in parallel during the waiting (repetition) time between consecutive
pulse sequences that is required due to the finite spin lattice relaxation time. This is achieved by rapidly changing the
main magnetic field B0 to different positions along the EPR spectrum, performing the same experiment on the otherwise
idle spins. This scheme represents an efficient utilization of the spectrometer time and will provide the same spectral
information in shorter time. This approach is demonstrated on orientation selective ENDOR (electron-nuclear double
resonance), ESEEM (electron spin echo envelope modulation), ELDOR (electron-electron double resonance) –detected
NMR and DEER (double electron-electron resonance), of nitroxides carried out on a W-band spectrometer. We show that
a factor of 3-6 reduction in total acquisition time can be obtained, depending on the experiment applied.
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Field-induced alignment of liquid crystal director
Anu M. Kantolaa, Geoffrey R. Luckhurstb, Akihiko Sugimurac, Tohru Tanakac and Bakir A. Timimib
a

Department of Physics, University of Oulu, P.O.Box 3000, 90014 University of Oulu, Finland, (anu.kantola@oulu.fi)
School of Chemistry, University of Southampton, Southampton, UK
Department of Information Systems Engineering, Osaka Sangyo University, Osaka, Japan

b
c

One of the key quantities controlling the response times for liquid crystal displays is the
rotational viscosity for the motion of the nematic director. There is, therefore, considerable
interest in measuring this quantity for nematic liquid crystals and a variety of techniques have
been developed to achieve this. Time-resolved deuterium NMR spectroscopy is a powerful
method to investigate field-induced rotation of the director in a nematic liquid crystal, but the
method requires that the director does not rotate significantly during the acquisition of the NMR
spectrum. We have extended the method to systems where this is not the case and the observed
NMR spectra are now found to contain novel oscillatory features. To understand these
oscillations we have developed a model combining both director and spin dynamics. In addition
to increasing the information content of the time-resolved NMR spectra it also proves possible to
determine the field-induced relaxation time from a single spectrum instead of series of spectra, as
has been the case with previous studies.
We report the results of experiments designed to demonstrate the oscillations in the deuterium
NMR spectra for 5CB-d2 and the striking form that they adopt. The validity of the theory is
confirmed by the good agreement found between the simulated and experimental deuterium NMR
spectra. This combination of experiments and simulations also allowed us to determine the
director relaxation time.
References:
1. Kantola A. M., Luckhurst G. R., Sugimura A., Tanaka T. and Timimi B. A., submitted
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Non-uniform frequency domain for optimal exploitation of non-uniform sampling
Krzysztof Kazimierczuka,b, Anna Zawadzka-Kazimierczuka and Wiktor Koźmińskia
a
b

Faculty of Chemistry, University of Warsaw, Pasteura 1, 02-093, Warsaw, Poland
Swedish NMR Centre, University of Gothenburg, Box 465, S-405 30 Gothenburg, Sweden (kkazi@chem.uw.edu.pl)

Random sampling of NMR signal, not limited by Nyquist Theorem, yields up to thousands-fold gain in the experiment
time required to obtain desired spectral resolution. Discrete Fourier Transform (DFT), that can be used for processing of
randomly sampled datasets, provides rarely exploited possibility to introduce irregular frequency domain. Here we
demonstrate how this feature opens an avenue to NMR techniques of ultra-high resolution and dimensionality. We present
application of high resolution four- and five-dimensional experiments dedicated for protein backbone assignment and
measurements of coupling constants using the high-dimensional E.COSY multiplets. Improved digital resolution together
with ultra-narrow linewidths allow to reach the precision of frequency determination that was impossible for highdimensional spectra before. Spectral data acquired with the use of proposed techniques allow easy assignment of protein
backbone resonances and precise determination of coupling constants.
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Generation of 1H and 13C hyperpolarized N-vinyl-2-pyrrolidone
Michael Kölzera, Meike Rotha, Joachim Bargonb, Hans W. Spiessa and Kerstin Münnemanna
a
b

Max Planck Institute for Polymer Research, Ackermannweg 10, D-55128, Mainz, Germany, (koelzer@mpip-mainz.mpg.de)
Institute of Physical and Theoretical Chemistry, University of Bonn, Wegelerstrasse 12, D-53115 Bonn, Germany

Nuclear Magnetic Resonance is a rather insensitive technique caused by the low gyromagnetic ratio of the nuclear
spins. Therefore, the lack of sensitivity of NMR renders hyperpolarization methods like Dynamic Nuclear Polarization
(DNP)1 or Parahydrogen Induced Polarization (PHIP) very important.2,3 PHIP is based on a homogeneously catalyzed
hydrogenation of an unsaturated precursor with parahydrogen. The inserted protons populate only specific Zeeman energy
levels due to their antisymmetric spins and exhibit a polarization far above the Boltzmann polarization. Polymerizable
monomers like N-vinyl-2-pyrrolidone (NVP) are interesting substrates for PHIP experiments.
In order to obtain the possibility to investigate a polymerization in real time, it is necessary to start the
parahydrogenation with a precursor molecule containing a triple bond to afford hyperpolarized NVP. The preparation of
the model compound N-ethinyl-2-pyrrolidone was achieved by a copper(II)-catalyzed coupling reaction of 1-brom-2(triisopropylsilyl)acetylene and 2-pyrrolidinone with following removal of the TIPS-protecting group.4 After reduction of
the triple bond using parahydrogen, the resulting double bond of NVP exhibits significant signal enhancements for
protons as well as for carbon-atoms enabling the online monitoring of the subsequent polymerization reaction.
References:
1. Ardenkjaer-Larsen J. H., Fridlund B., Gram A., Hansson G., Hansson L., Lerche M. H., Servin R., Thanking M. and Goldman K., Proc. Natl. Acad.
Sci. USA, 100, 10158 – 10163 (2003)
2. Bowers C. R. and Weitekamp D. P., J. Am. Chem. Soc., 109, 5541 – 5541 (1987)
3. Eisenschmid T. C., Kirss R. U., Deutsch P. P., Hommeltoft S. I., Eisenberg R., Bargon J., Lawler R. G. and Balch A. L., J. Am. Chem. Soc., 109, 8089
– 8091 (1987)
4. Dooleweerdt K., Ruhland T. and Skrydstrup T., Org. Lett., 11, 221 – 224 (2009)
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Using multi-frequency NMR relaxation for probing wettability in multimodal
porous rocks
Jean-Pierre Korba, Benjamin Nicotb and Patrice Ligneulb
a
b

Physique de la Matière Condensée, Ecole Polytechnique, CNRS, 91128 Palaiseau, France, (jean-pierre.korb@polytechnique.fr)
Schlumberger Dhahran Carbonate Research Center, P.O. Box 2836, Al-Khobar 31952, Saudi Arabia

We present a new and non invasive method for probing wettability of rock/oil/brine systems using nuclear magnetic
relaxation dispersion (NMRD).1 This technique measures the variation of proton spin-lattice relaxation rates 1/T1 as a
(a)
function of magnetic field strength or nuclear Larmor frequency. Unlike conventional
S (m /g)
Diphasic
transverse relaxation studies, this approach gives a direct probe of the dynamical surface
Monophasic
100
4.4
affinity of fluids, thus allowing the separation of wetting from non-wetting fluids through
R
their typical NMRD features (Fig.1). To quantify these features we introduce a microscopic
Brine
dynamical surface affinity index which measures the dynamical correlation (i.e.
10
microscopic wettability) between a diffusive fluid and fixed Mn2+ paramagnetic relaxation
Dodecane
R
sources at the pore surfaces.
0.45
For the first time, we apply this technique to carbonate reservoir rocks of bimodal porosity
saturated with a mixture of dodecane and 50 kppm NaCl (Fig. 1). The experimental NMRD 1
results obtained on carbonate core plugs of bimodal porosity saturated with this oil/brine
10
10
10
10
Frequency (MHz)
mixture (Sw,irr, Fig. 1) clearly discriminate the wetting behavior of the fluids in the pore system.
The data have been processed using a proposed model (continuous lines in Fig.1) that clearly reveals the pore size
dependence of wettability. Here the typical shapes of the two separated NMRD profiles allows us to conclude that water
stays in the small pores while oil is on the large ones. This proves the existence of a flow path between the large pores that
does not involve the small ones.
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References:
1. Korb J.-P., Freiman G., Nicot B. and Ligneul P., Phys. Rev, E80, 061601 (2009)
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Parahydrogen-Induced Polarization in Heterogeneous Hydrogenation: an
Aqueous Phase, MOF and SILP catalysts
Kirill V. Kovtunov, Vladimir V. Zhivonitko and Igor V. Koptyug
International Tomography Center SB RAS, 3 A Institutskaya St., Novosibirsk 630090, Russia (kovtunov@tomo.nsc.ru)

Parahydrogen-induced polarization (PHIP) is a powerful tool for studying homogeneous catalytic hydrogenation
reactions because it gives a dramatic NMR signal enhancement and thus can provide information about reaction products
and intermediates even if they are present at low concentrations. Obviously, heterogeneous catalysts are much easier to
separate from a reaction mixture than the homogeneous ones. Therefore, the use of heterogeneous catalysts in
hydrogenation reactions could be an alternative route to produce catalyst-free hyperpolarized fluids.1 PHIP has been
observed, for the first time, in the heterogeneous hydrogenation of the double bonds of unsaturated amides and ethers in
aqueous solution using supported metal catalysts. Until now, PHIP in heterogeneous hydrogenation reactions was
reported only for gas phase or organic-liquid phase processes, limiting a wider practical utilization of the polarization
effect. Therefore, the first observation of PHIP produced with supported metal catalysts in an aqueous phase
heterogeneous hydrogenation is very important for future MRI applications and for the verification of reaction
mechanisms of aqueous phase heterogeneous catalytic reactions.
PHIP was also observed in the gas phase heterogeneous hydrogenation of propyne catalyzed by Pd nanoparticles
embedded in an ionic liquid phase supported on activated carbon fibers (Pd/SILP/ACF) and the Au(III) Schiff base
complex attached to the metal-organic framework (MOF) material.
References:
1. Kovtunov K. V. and Koptyug I. V., In Magnetic Resonance Microscopy. Spatially Resolved NMR Techniques and Applications, (Eds: S. Codd, J. D.
Seymour), WILEY-VCH, Weinheim,; pp. 101 – 115 (2008)
Acknowledgments: This work was supported by the grants from RAS (5.1.1), RFBR (08-03-00661, 08-03-00539), SB RAS (67, 88), the program of
support of leading scientific schools (NSh-7643.2010.3), Russian Ministry of Science and Education (state contract 02.740.11.0262), CRDF (RUC12915-NO07) and the Council on Grants of the President of the Russian Federation (МК-1284.2010.3).
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Development of NMR Methods and New Protocols for Rapid Backbone
Assignment: Implication to Structural and Functional Proteomics
Dinesh Kumar and Ramakrishana V Hosur
Department of Chemical Sciences, Tata Institute of Fundamental Research, 1-Homi Bhabha Road, Colaba, Mumbai-400005, India
(avaydinesh@gmail.com)

New NMR methods and protocols have been designed for rapid assignment of backbone resonances (1HN, 15N, 13Cα,
and 13C’), secondary structure identification, and in favorable cases the tertiary structural fold determination of proteins.
The assignment protocols described here are based on a few check points (glycines, alanines, and serines/threonines) in
the HSQC spectrum derived from specific experimental techniques and the sequential amide 1HN and 15N connectivities in
a set of spectra. These protocols are most helpful to re-establish sequential assignments of target proteins perturbed by
binding of ligands/drugs and thus have the implication to protein-protein interaction studies and structure-based drug
design programs. Alternatively, the signals of peptide ligands can also be traced in studies of structure-function
relationships by NMR. Moreover, the approach described here has also great prospects for (a) NMR structural
investigations of unstable proteins and the proteins which tend to precipitate in solution in a matter of days, (b) in in-cell
NMR studies, and (c) NMR based protein-folding studies where structural and dynamics features of each equilibrium
transition state created by various means (either by temperature, pressure, or chemical denaturants) are required to be
characterized. The whole assignment procedure has also been automated and the algorithm has been named as AUTOBA.
We have also designed a web-based server for the same (http://www.tifr.res.in/~hosur/autoba). We believe that the
approach would be of immense value for routine use in protein NMR.
Acknowledgments: We thank the Government of India for providing financial support to the National Facility for High Field NMR at Tata Institute of
Fundamental Research, India.
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Use of nearest neighbour Heisenberg XY interaction in NMR Quantum
Information Processing: Creation of Bell States on end Qubits and a W State in a
linear chain of 3-qubits
K. Rama Koteswara Rao and Anil Kumar
Department of Physics and NMR Research Centre, Indian Institute of Science, Bangalore (anilnmr@physics.iisc.ernet.in)

NMR quantum computations so far has been mainly carried out using qubits, all of which are coupled to each other
with unequal couplings so that all transitions are resolved, allowing access to the full Hilbert space. However, such
systems are non-scalable and possible only for a small number of qubits. It is therefore important to develop protocols
which use near neighbour (nearest and next-to-nearest neighbour) interactions for Quantum Information Processing (QIP).
There have been theoretical proposals for quantum state transfer using nearest neighbour Heisenberg-XY interactions
in a linear spin chain and more complex spin networks.1,2 Few of these proposals have also been realized experimentally
by simulating the evolution caused by the Heisenberg-XY interactions in a nuclear magnetic resonance quantum
computer.3
In our first work in this direction, we demonstrate here, the use of nearest neighbour Heisenberg-XY interactions for
creating multi-particle entangled states in a linear chain of nuclear spin qubits. Bell states on end qubits and W-state have
been created experimentally on a 3-qubit NMR quantum computer. Tomography of each of these has been performed to
confirm the creation of such states. These results will be presented.
References:
1. Christandl M., Datta N., Ekert A. and Landahl A. J., Phys. Rev. Lett., 92, 187902 (2004)
2. Christandl M., Datta N., Dorlas T. C., Ekert A., Kay A. and Landahl A. J., Phys. Rev., A 71, 032312 (2005)
3. Zhang J., Long G. L., Zhang W., Deng Z., Liu W. and Lu Z., Phys. Rev., A 72, 012331 (2005)
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Comparison of the occupation numbers nd in La2-x Srx CuO4 estimated by
NMR/NQR and ARPES probes
Ivan Kupčić, Goran Nikšić and Slaven Barišić
Department of Physics, Faculty of Science, University of Zagreb, P.O. Box 331, HR-10002 Zagreb, Croatia, (kupcic@phy.hr)

The analysis of electric-field-gradients (EFG’s) measured1 in La2-xSrxCuO4 is performed to estimate the intracell
distribution of charge among one copper ion and two oxygen ions in the conducting planes of the high-Tc cuprates. Using
the essentially model independent expression for EFG’s, with the lattice contributions to EFG’s treated self-consistently,2
we obtain that in the x=0 parent compound the average number of holes on Cu is nd ≈ 0.72. It changes to nd ≈ 0.75 in the
x=0.3 compound, with the linear dependence on the hole doping δ, nd (δ) ≈ nd (0) + (d nd /d δ) δ, in the metallic phase.
The occupation numbers nd are then calculated using the Emery three-band model for conduction electrons, with two
first-neighbour hopping integrals (tpd, between two Cu-O neighbours, and tpp, between two O-O neighbours) and the Cu-O
splitting energy ∆pd. For the values of these parameters estimated from ARPES and optical conductivity measurements,3
we obtain that the calculated nd‘s are about 20 percent smaller than that estimated by the EFG analysis. It is possible to
overcome this discrepancy by including next-to-nearest hopping integrals, which contribute to the Fermi surface
curvature, but do not result in the substantial intracell charge redistributions. Alternatively, such a large difference
between two estimations of nd may be due to the omission of incoherent contributions to nd.
References:
1. Ohsugi S., Kitaoka Y. Ishida K., Zheng G. and Asayama K., J. Phys. Soc. Jpn., 63, 700 – 715 (1994)
2. Kupčić I., Barišić S. and Tutiš E., Phys. Rev. B, 57, 8590 – 8600 (1998)
3. Yoshida T., et al., Phys. Rev. B, 74, 224510-1 – 224510-5 (2006)
Acknowledgments: Attendance to conference supported by FP7 project #229390 SOLeNeMaR.
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Analytical derivattives of sp
pin dynam
mics simu
ulations
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We reporrt analytical equations
e
for the derivativees of spin dyn
namics simulaations with reespect to pulsse sequence annd
spin system parameters (couplings, shieldings,
s
teensor orientattions, pulse widths,
w
phasee shifts etc).. The resultinng
derivatives may
m be used in fitting, opptimization, evaluation
e
and
d stability annalysis of spinn dynamics simulations
s
annd
experiments.
Importanntly, the derivvatives in quuestion often cannot be obtained num
merically: moodern large-sccale simulatioon
algorithms have
h
multiplee dynamic cuut-offs and tolerances
t
(in
n orthogonaliization, matriix inversion, singular value
decompositioon, etc) meaniing that a smaall perturbationn in a parameter may triggeer a step changge in the simu
ulation result. In
other words, many algoritthms are not numerically
n
d
differentiable
with
w respect to their param
meters. They may
m also display
high levels of
o numerical noise
n
due to thhe finite precision of machiine arithmetic. Even when they are reaso
onably accuratte,
numerical deerivatives havve a high com
mputational coost in such laarge-scale sim
mulations: typiically betweeen two and foour
separate simuulations per parameter. Thee equations repported are sig
gnificantly fastter, much morre accurate, an
nd, importantlly,
much more reliable
r
than fiinite differencce approximattions.
Three meethods are offeered for the caalculation of thhe derivativess in question
• Tim
me co-propagaation in Hilberrt or Liouvillee space – the derivative sim
mulation is prropagated alon
ngside the maain
simuulation.
• Derrivative superooperator in Liiouville space – a superopeerator is generrated, which ttransforms thee density matrrix
intoo the derivativee with respectt to the param
meter chosen.
• Eigeensystem diffferentiation foor time-indepeendent Hamilttonians in Hilbbert and Liouuville space – eigenvalue annd
eigeenvector derivvatives are useed in a diagonaalized represeentation.
The algorrithms above have
h
been impplemented intto the develop
pment version of the Spinacch library (pro
oduction versioon
to be releasedd on 1 Oct 2010). Matlab soource code is available from
m the authors upon request.
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Carbon and
a protoon shielding tensorrs in meth
hyl halides
Anu M. Kaantola, Pertttu Lantto, Juuha Vaara and
a Jukka Jokisaari
J
Department of Physics,
P
University of Oulu, P.O.B
Box 3000, 90014 University of Oullu, Finland (pertttu.lantto@oulu.fi))

The seriees of methyl halides, CH3X (X = F, Cl,
C Br, and I), is
prototypic foor demonstratiing the s.c. normal halogenn dependencee of
light-atom nuclear
n
magneetic resonancce shielding constants
c
in the
presence of halogen
h
atom
ms of varying electronegativ
e
vity. We reporrt a
systematic exxperimental and
a first-princciples theoretiical study of the
13
C and 1H shielding teensors in thiis series.1 Thhe experimen
ntal
shielding connstants were obtained
o
from
m gas-phase NM
MR experimeents
and the anissotropies werre determinedd using liquiid crystal NM
MR
spectroscopyy. Quantum chhemical calcuulations were carried out att ab
initio and density
d
functiional theory levels, invollving relativisstic
corrections taken into account
a
at thhe leading-order Breit-Paauli
perturbation level. Anharm
monic and harrmonic vibratiional correctio
ons
were perform
med on both the experimeental and com
mputational daata.
The main treends of the shielding
s
consstants and aniisotropies of the
nearby light 13C and 1H nuuclei as functions of the hallogen mass, were
w
confirmed to be mainly duue to relativisttic effects. Ovverall, the currrent
experimentall and theoretiical results arre in excellennt agreement for
f all the shielding param
meters, setting
g a standard for
f
further investigations of noormal halogenn dependence..
References:
M Lantto P., Vaarra J. and Jokisaarri J., Phys Chem Chem
C
Phys, 12, 2679
2
– 2692 (2010)
1. Kantola A. M.,
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Characterization of the Unpaired Electron Spin Distribution in Paramagnetic
Metalloproteins by Natural Bond Orbitals
D. Flemming Hansena, William M. Westlerb, John L. Markleyb, Frank Weinholdc and Jens J. Leda
a

Department of Chemistry, University of Copenhagen, Universitetsparken 5, DK-2100 Copenhagen Ø, Denmark (flemming@pound.med.utoronto.ca.)
National Magnetic Resonance Facility at Madison, Department of Biochemistry, University of Wisconsin–Madison, Wisconsin, 53706, USA
c
Theoretical Chemistry Institute and Department of Chemistry, University of Wisconsin–Madison, Wisconsin 53706, USA
b

A natural bond orbital (NBO) modeling of unpaired electron spin density in metalloproteins is derived, which aims at
an easy and fast calculation of accurate paramagnetic NMR parameters of nuclei in the immediate vicinity of
paramagnetic centers where the point dipole approximation breaks down. The NBO description thereby facilitates
restrained molecular dynamics simulations of metalloproteins by allowing an easy inclusion of paramagnetic restrains of
nuclei close to paramagnetic centers.
The NBOs are two-center eigenvectors of the electron density matrix and assemble chemical bonding in a natural way.
The singly occupied molecular orbitals that give raise to paramagnetic interactions consist primarily of valence orbitals,
which make the NBOs a good and transferable basis for the unpaired electron spin density. Metal–ligand NBOs account
for approximately 90% of the unpaired electron spin density in model complexes of the metalloproteins rubredoxin and
plastocyanin, thus forecasting that paramagnetic NMR parameters can be calculated from a small number of spin density
building blocks that reflect the chemical bonding environment. We show that accurate paramagnetic relaxation rates are
calculated for 1H nuclei in the immediate vicinity of the paramagnetic site when the unpaired electron spin density is
modeled by metal-ligand NBOs, whereas the paramagnetic relaxation and hyperfine Fermi contact shift of 13C and 15N
cannot be calculated from the metal–ligand NBO density alone. Yet, accurate paramagnetic 15N NMR parameters are
calculated within the NBO formalism by including local 15N centered NBOs that contribute to the paramagnetic 15N NMR
parameters. Overall, the NBOs provide a simple and accurate description of the unpaired electron spin density that will
allow restrained molecular dynamics simulations and geometric structure determinations of metal sites in metalloproteins.
__________________________________________________________________________________________________
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Comparison of Ring Current Methods for Use in Molecular Modeling
Interactions of NMR Three-Dimensional structures
Alain Louis-Josepha,b, Marc Piuzzia,b, Christina Sizuna,b and François Bontemsa,b
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b

Antenne ICSN, Ecole Polytechnique 9128 Palaiseau Cedex, France
ICSN, Centre de Recherche de GIF, CNRS, 91198 GIF - sur - Yvette Cedex France (alain.louis-joseph@polytechnique.fr)

The characterization of the structure and the dynamic of proteins is one of the major current challenges in biology. In
Nuclear Magnetic Resonance spectroscopy (NMR), chemical shifts provide measurable and highly sensitive probes for
the study of molecular structures. In the field of structural biology, chemical shifts of 1H, 13C, 15N, nuclei can be used to
improve the quality of structures of nucleic acids and proteins. Aromatic rings and their associated ring currents can affect
the chemical shifts of nearby nuclei. The aromatic ring contribution of the chemical shift, if high enough, may provide
very accurate information about the protein/nucleic acid interface. In this poster we applied the comparison and
calibration of different methods commonly used to estimate ring current effects on chemical shifts: Biot-Savart law,1
Classical Point-Dipole,2-4 Johnson-Bovey,5 and Haigh-Mallion.6 These models were used to estimate the ring current
contribution to the chemical shift of neighboring protons and then implemented in home-made software dedicated to
analyze protein-DNA/RNA complex. The use of the Haigh-Mallion model, on a specific example of protein/RNA
interaction, is described and its usefulness discussed.
References:
1. Smythe W. R., Static and Dynamic Electricity, McGraw-Hill, New York, (1939)
2. Bernsteinw H. J., Schneider G. and Pople J. A., Proc. R. Soc. London, A236, 515 (1956)
3. Pople J. A., J. Chem. Phys., 24, 1111 (1956)
4. Mayo R. E. and Goldstein J. H., Mol. Phys., 10, 301 (1966)
5. Johnson C. E. and Bovey F. A., J. Chem. Phys., 29, 1012 (1958)
6. Haigh C. E. and Mallion R. B., Prog. Nucl. Magn. Reson. Spectrosc., 13, 303 – 344 (1980)
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Double Electron-Electron Resonance based distance measurements in Gd3+nitroxide radical spin pairs
Petra Lueders, Maxim Yulikov and Gunnar Jeschke
Laboratory of Physical Chemistry, ETH Zurich, Wolfgang Pauli Str. 10, 8093 Zurich, Switzerland (petra.lueders@phys.chem.ethz.ch)

Double Electron-Electron Resonance (DEER) has become an important method to study the structure of
macromolecules, due to its ability to provide distance constraints in the range of 1.5-6 nm. In contrast to the conventional
application of distance measurements by DEER,1 in which the molecule is doubly labeled with nitroxide radicals, in this
study we use chelate complexes of Gd3+ as one moiety of the spin pair.
To show the performance of the method two systems with either a well defined distance or a broader distribution of
Gd3+-nitroxide radical distances were studied.
The most efficient experimental scheme turns out to be the one with detection on the maximum of the EPR spectrum
of Gd3+ and with the pump pulse on the peak of the nitroxide spectrum. The sensitivity increases substantially by
performing the experiment at Q-band instead of X-band.
Transverse relaxation of Gd3+ is not monoexponential, nevertheless echo decay relevant for DEER can be
characterized by a decay time of approx. 4 μs, which is in the same range as T2 times of nitroxide radicals. Furthermore,
the DEER measurement in this arrangement can be done at lower temperature with shorter repetition time, which should
provide better sensitivity or access to longer distances as compared to the nitroxide-nitroxide spin pair.
References:
1. Jeschke,G. and Polyhach Y., Phys. Chem. Chem. Phys., 9, 1895 – 1910 (2007)
Acknowledgments: SNF grant No: 200021_121579; E. Narr, A. Godt (University of Bielefeld) as well as H. Jaeger and M. Hemminga (Wageningen
University) are gratefully acknowledged for providing the model compounds.
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(Solvent) PRE-assisted structural analysis of large protein complexes
Tobias Madl and Michael Sattler
Institute of Structural Biology, Helmholtz Zentrum München, Ingolstädter Landstr. 1, 85764, Neuherberg, Germany and Dept. Chemie, TU München,
Lichtenbergstrasse 4, 85747, Garching, Germany (tobias.madl@ch.tum.de)

Determining structure and architecture of multi-component proteins and their complexes is essential for understanding
cellular signaling that involves communication between the domains or subunits. Here we present approaches for
structural analysis of large protein complexes. We combine the efficacy of paramagnetic
relaxation enhancements (PREs) for the detection of long-range distance information
with the favourable sensitivity and resolution of 13C direct-detected experiments in an
efficient structure calculation protocol.1,2 This allows accurate definition of interfaces in
proteins and protein complexes and is especially useful for studies of high-molecular
weight perdeuterated molecules. PREs by soluble paramagnetic agents (i.e. Gd(DTPABMA)) provide a rich source of structural/dynamic information and constitute an
attractive and complementary alternative to covalent spin labels.3 The strength of this
methodology is that it is non-invasive (i.e. no covalent modifications needed), an
excellent indicator of (transient) interactions and local structure and easily applicable. We found that solvent PREs are
particularly helpful for structural refinement and docking of large protein complexes. Motivated by understanding the
general mechanisms behind nuclear export of cargos in the ternary 150 kDa nuclear export complex we show that
accuracy and convergence of conventional docking calculations can be significantly improved by a limited set of
experimental solvent PRE data, which can be readily obtained. While conventional (restraint-driven) docking programs
show poor convergence when only sparse data are available, our approach promises significant time-savings and
improved accuracy of docking especially for large and protein complexes.
References:
1. Simon B., Madl T., Mackereth C. D., Nilges M. and Sattler M., Angew. Chemie, 49, 1967 – 1970 (2010)
2. Madl T., Felli I. C., Bertini I. and Sattler M., J Am Chem Soc, 132, 7285 – 7287 (2010)
3. Madl T., Bermel W. and Zangger K., Angew. Chemie, 48, 8259 – 8262 (2009)
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De-noising Protocol using Random additions
Alviclér Magalhães and Pedro A. M. Vazquez
Department of Inorganic Chemistry, Institute de Chemistry, Universidade Estadual de Campinas - UNICAMP, Rua Monteiro Lobato, zip 13083-970,
PoBox. 6154, Campinas, SP, Brazil (alvicler@iqm.unicamp.br)

In this work the authors expect to prove the existence of a new protocol used to improve the signal to noise ratio by a
factor up to 40% in FT NMR based spectroscopy. This work will also show one case where the use of this protocol could
produce near of 3 times in timing saving on the FT NMR measurements.
Our protocol is based on Bootstrap1 approach and was applied at
Strychnine sample in solution NMR, the MCM-41 Zeolite (SSNMR) as a
test and implementation of protocol, finally in a real case sample we
applied the protocol in one sample of nanoparticules of SnO2 dopped with
Europium in a Porous Vycor Glass.
Figure 1 (right) shows the 13C{1H} solution NMR spectra (1024 scans)
of Strychnine sample (10mg/ml) using a normal acquisition and process
(down) and the same spectra using of this sample generated by 1024
individual scans processed with the present protocol (up), at left side of
this figure the magnification of the noise for both spectra was used to
show by visual inspection the efficiency of the implemented protocol. All
spectra were acquired in a narrow bore Bruker Avance 300MHz spectrometer. The protocol was applied using a very
simple home made C routine.
References:
1. Efron B. and Tibshirani R. J., An introduction to the Bootstrap, Chapman & Hall/CRC Monographs on Statistics and Applied Probability (1993)
Acknowledgments: IQ-UNICAMP, FAPESP, INCT-Bioanalitica and Prof. Dr. Italo Odone Mazali and M.Sci. Mathias Strauss for the nanoparticles
sample.
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A neural network approach to the rapid analysis of FDMPO spin adducts kinetics
from fast isotropic ESR spectra
Katerina Makarovaa,b, Elena Golovinab, Iwona Wawera and Henk Van Asb
a

Department of Physical Chemistry, Faculty of Pharmacy, Medical University of Warsaw, 1 Banacha Street, 02-097 Warsaw, Poland,
Laboratory of Biophysics, Wageningen NMR Centre, Wageningen University, Dreijenlaan 3, 6703 HA, Wageningen, The Netherlands
(katerina.makarova@wur.nl)
b

The technique of spin trapping has gained wide acceptance as a method for detecting shortlived radicals. When the
free radicals react with a spin trap, they produce paramagnetic, and thus ESR-visible, adducts with higher stability than
that of the primary radicals. The spin trapping technique is used to study the kinetics of the reaction. Such measurements
result in a large number of multi component spectra where the ratio between spin adduct components is time dependent.
Feed forward artificial neural networks were applied for
Input
Hidden
Output
ESR Spectrum
extracting the ratio of the components from ESR spectra of
Layer
Layer
Layer
FDMPO spin adducts. A simulation based fitting procedure was
performed to extract the parameters of each spin adduct formed in
the system under study. The extracted parameters were used to
Spin
create a training set of ESR spectra with different ratio of spin
adduct
ratio
adduct components. Subsequently, the radial basis neural network
was learned to associate a multi component spectrum with the
desired ratio of the spin adduct components. The radial basis
network trains rapidly and performs well both on simulated and
experimental spectra as long as the signal-to-noise ratio is larger than approximately 500. Both iterative fitting and neural
networks approaches were used for analysis of FDMPO spin adduct kinetics in the Fenton reaction in DMSO, ethanol and
glycerol. The use of neural networks, separately trained for each system, increased the speed of analysis by 100 times.
These findings suggest that neural networks offer a promising approach for rapidly extracting ratio parameter without the
need for iterative simulations.

455

7. Posters
__________________________________________________________
___________________________________
______________

P619

A version
n of ARIA
A adapted
d to the grrid compu
uting and
d its performances on CASD
DNMR tarrgets
Mareuil Faabiena, Mallliavin Thérèèsea, Blanchhet Christop
pheb, Bockm
mann Anjab and Nilges Michaela
a
b

Unité BIS, Insttitut Pasteur, URA
A CNRS 2185, 255-28 rue du Dr Rooux, 75724, Pariss, France (fabien.mareuil@pasteuur.fr, therese.mallliavin@pasteur.fr
fr)
Institut de Bioloogie et Chimie dees Protéines, UMR
MR 5086, Lyon-Geerland, 69367, Lyyon, France

The procedure ARIA (Ambiguous Restraints
R
forr Iterative
Assignment) for the NM
MR structure calculation
c
annd NOEs
automatic asssignment reqquires more and more coomputing
resources, to be able to hanndle low resollution data obbtained.
Thus, neew developmeents on ARIA
A have been made to
adapt it to a grid computiing infrastructture. A grid is a set of
distributed computing resources (storagge, CPUs, ...)) working
together. As such infrastrructure is disttributed amonng several
sites, some security
s
and software conssiderations coould raise
new constraiints about the runtime envirronment of AR
RIA. One
of them is thhat there is noo shared filesyystem betweenn the grid
nodes.
The ARIA
A version for grid computinng will be depployed on
the French RENABI
R
GR
RISBI interface and allow everyone
(with valid certificate)
c
to run ARIA calculations
c
w these
with
NMR data. In
I this versionn, the GRID interface perfforms the
master progrram ARIA whho dispatches cns jobs of structures
s
calcculation on thhe computing elements and
d retrieves theem
when finisheed. The perform
mances of AR
RIA on the griid were tested
d on the nine blind
b
targets pproposed for th
he CASD-NM
MR
(Critical Assessment of auutomated Struccture Determiination by NM
MR) in 2009-2010.
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Balanced
d Triple Resonance
R
e Probe foor Cryogeenic MAS
S NMR an
nd Dynam
mic
Nuclear Polarizattion at 7000 MHz
b
Evgeny Markhasina, Alexander
A
B Barnesa, Jianping
B.
J
Hu
ua,b, Judith Herzfeld
H
annd Robert G.
G Griffina
a

Francis Bitter Magnet
M
Laboratoory and Departmeent of Chemistry, Massachusetts In
nstitute of Technoology, 77 Mass. A
Ave., 02139, Cam
mbridge, MA, USA
A
(markhas@mit.eedu)
b
Department of Chemistry, Branddeis University, 415
4 South St., 024454, Waltham, MA,
MA USA

High-field Dynamic Nuclear
N
Polarizzation (DNP) combined witth MAS
NMR is an
a emergingg technique for structuural and fun
nctional
investigationns of biologiccal systems, such as mem
mbrane proteins and
amyloid fibrrils.1,2 In addiition to the NMR
N
spectrom
meter, this technique
also requiress a high poweer microwavee source and a special DN
NP MAS
NMR probe..3 Hu et al.4,55 have recently introducedd a new efficient RF
circuit designn for multi ressonant SSNMR
R probes.6
We utilizzed a similar RF circuit inn our design of
o a cryogeniic MAS
NMR probe for DNP expeeriments at 7000 MHz / 460 GHz. The sch
hematic
on the right illustrates thee essential iddea of this strrategy, dubbed
d “back
propagation of a comm
mon impedannce node.” The focus of this
communicatiion is the implementation of
o this novel RF
R circuit in th
he highfield DNP prrobe.
References:
1. Barnes A. B.,, et al., Appl. Maggn. Reson., 34, 2337 – 263 (2008)
2. Maly T., et all. J. Chem. Phys.,, 128, 052211/1 (22008)
3. Barnes A. B.,, et al., Magn. Resson. Gordon Reseearch Conferencee (2009)
4. Hu J., et al., 49th
4
ENC (2008)
5. Hu J., Ph. D. Thesis, Brandeis University, Walttham MA, USA (2010)
(
6. Hu J., et al., manuscript
m
in prepparation

Schhematic showing back propagation
n of a common
imppedance node thrrough the RF circuit.

Acknowledgmennts: This researchh is supported by the National Insttitute of Health grrants EB-0028044 and EB-002026..

456

7.5 Theory & Methods
__________________________________________________________________________________________________

P621

Out-of-Phase PELDOR
Andriy Marko, Vasyl Denysenkov and Thomas Prisner
Institute of Physical and Theoretical Chemistry, J.W.Goethe University, Max-von-Laue-Str.7, D-60438 Frankfurt, Germany
(marko@prisner.de)

Pulsed Electron-electron Double Resonance (PELDOR) is a method frequently used to determine the structure of biomacromolecule on nanometer scale.1 With this technique distances between native paramagnetic centers or introduced
spin labels and their mutual orientation can be extracted from the experimental data.2 Usually PELDOR experiments are
carried out in the high temperature limit, i. e., when the Bolzmann populations of spins oriented parallel and antiparallel to
external magnetic field are almost equal. There are also well-developed theories describing PELDOR in this case.
However, the high temperature limit conditions are no more fulfilled in the experiments done in high magnetic field
(above 6 Tesla) at low temperature (below 5 K), when the Zeeman interaction energy of an electron spin becomes
comparable with the thermal energy kBT.3 In this work we demonstrate that the PELDOR signals measured at low
temperature and high field deviate from the signals measured in the high temperature limit. The signals recorded at low
temperature contain standard in-phase component which is usually observed in PELDOR and additional out-of-phase
component that disappears by increasing the temperature.4 In the rotating coordinate system, it means that we observe not
only the modulation of the refocused transversal magnetization along a single axis but rather its precession in the x-y
plane with dipolar frequency. For this effect we provide a qualitative explanation as well as a detailed analysis based on
the density matrix formalism. We have also shown that the ratio of out-of-phase signal, which contains the same
intermolecular relaxation term as in-phase signal, to in-phase signal can be utilized to determine distance distribution
function without background correction of PELDOR time trace.
References:
1. Milov A., Ponomarev A. and Tsvetkov Yu., Chem. Phys. Lett, 110, 67 – 72 (1984)
2. Schiemann O and Prisner T., Quart. Rev. Biophys., 40, 1 – 53 (2007)
3. Denysenkov V., Biglino A., Lubitz W., Prisner T. and Benati M., Angew. Chem. Int. Ed, 47, 1224 – 1227 (2008)
4. Thurnauer M. and Clark C., Photochemistry and photobiology, 40, 381 – 386 (1984)

__________________________________________________________________________________________________

P622

Solution NMR strategies that reveal the chemistry of colloidal nanoparticle
dispersions: from quantum dots to organic pigments
Agnieszka Szczygiela, Bernd Fritzingera, Zeger Hensb, Iwan Moreelsb, Leo Timmermansc and José C.
Martinsa
a
NMR and Structure Analysis Unit Department of Organic Chemistry, University of Gent,Krijgslaan 281 S4, B9000 Gent, Belgium,
(Jose.Martins@UGent.be)
b
Physics and Chemistry of Nanostructures Unit Department of Inorganic and Physical Chemistry, University of Gent, Krijgslaan 281 S3, B9000 Gent,
Belgium
c
AGFA Materials, Septestraat 27, B-2640 Mortsel, Belgium

Small organic ligands or macromolecules that interact with nanoparticles are key to create, stabilize and manipulate
colloidal dispersions of nanoparticles, yet the details of the interaction chemistry in situ at the nanoparticle surface remain
scant and qualitative at best. In an effort to improve this situation, we present a variety of NMR based strategies that
enable a detailed understanding of the chemistry of the nanoparticle-ligand interface under non-perturbing conditions.1-4
Depending on the chemical exchange regime in the ligand to nanoparticle equilibrium (slow vs. fast exchange) and the
nature (organic vs. inorganic) and size (a few nm up to tens of nm), different solution NMR techniques can be combined.
These include classical solution techniques (1D 1H, 1H-13C HSQC) diffusion ordered spectroscopy (DOSY), but also
transfer NOESY2 and Saturation Transfer Difference3 spectroscopy, techniques that are typically associated with proteinligand studies but can be adapted to reveal more about ligand binding, surface coverage and organisation. Combined with
ligand titrations, dilution studies or ligand exchange an in depth-view on the chemistry at the ligand-nanoparticle interface
will be presented on selected systems (PbSe and CdSe with oleic acid, ZnO and CdTe with aliphatic amines, quinacridone
pigments with SDS) and will illustrate the generic character of the approach.1-4
References:
1. Moreels I., Fritzinger B., Martins J. C. and Hens Z., J. Am. Chem. Soc., 130, 15081 – 15086 (2008)
2. Fritzinger B., Moreels I., Lommens P., Koole R., Hens Z. and Martins J. C., J. Am. Chem. Soc., 131, 3024 – 3032 (2009)
3. Szczygiel A., Timmermans L. Fritzinger B. and Martins J. C., J. Am. Chem. Soc., 131, 17756 – 17758 (2009)
4. Fritzinger B. Capek R., Lambert K., Martins J. C. and Hens Z., J. Am. Chem. Soc., (revised submitted)
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Dynamic Nuclear Polarization-Enhanced Solid-State NMR at 14.1T
Yoh Matsukia, Hiroki Takahashib, Keisuke Uedaa, Toshitaka Ideharab, Isamu Ogawab, Mitsuru Todab,
Hideo Akutsua and Toshimichi Fujiwaraa
a
b

Institute for Protein Research, Osaka University, 3-2 Yamadaoka, Suit, 565-0871, Osaka, Japan (yoh@protein.osaka-u.ac.jp)
Research Center for Development of Far-Infrared Region, University of Fukui, 3-9-1 Bunkyo ,Fukui, 910-8507, Japan

We report a solid-state CW DNP/NMR experiment under a high external field condition of 14.1 T (600 MHz for 1H
frequency), which would allow increased resolution in the NMR spectra.1 To perform the experiments, we have combined
a commercial high-resolution solid-state NMR spectrometer and a wide-bore magnet
with a 395-GHz gyrotron oscillator FU CW II, sub-millimeter (sub-mm) wave
transmission and low-temperature gas supplier systems that we developed. The
gyrotron generated the sum-mm wave with power output of about 40W in the second
harmonic TE06 mode. Sufficient amount of power for DNP (0.5-3W) was transmitted to
the sample in a low-temperature DNP/NMR probe using a smooth-wall circular
waveguide system. DNP enhancements of 10 and 4 were obtained at 90 K for 13Cglucose in the presence of TOTAPOL and TEMPO/BDPA, respectively. The DNP due
to the Cross Effect was suggested from the static magnetic field dependence of the
enhancement. Possible improvements for the high-field DNP will be discussed.
References:
1. Matsuki Y., Takahashi H., Ueda K., Idehara T., Ogawa I., Toda M., Akutsu H. and Fujiwara T., Phys. Chem. Chem. Phys., DOI: 10.1039/C002268C
(2010)
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Photo-CIDNP MAS NMR
Jörg Matysik
Department of Chemistry, University of Leiden, Einsteinweg 55, 2300 RA Leiden, The Netherlands (j.matysik@chem.leidenuniv.nl)

In photosynthetic reaction centers (RCs) under illumination, photochemically induced dynamic nuclear polarization
(photo-CIDNP) can be observed by 13C and 15N MAS NMR as dramatic increase of signal intensity [for reviews, see 1,2].
The solid-state photo-CIDNP effect leads to signal enhancement of a factor of more than 10,000 and allows therefore to
study the photochemically active machinery of RCs directly in membranes and cells in great detail. The occurrence of the
effect has been predicted on the basis of enhanced electron polarization detected by EPR and was discovered in 1994 by
McDermott’s group.3 Based on field-dependent4 and time-resolved experiments,5 the origin of the effect is now
understood. Photo-CIDNP-MAS NMR is applied as analytical tool to study the photochemical machinery of an increasing
number of RCs as for example bacterial6,7 and plant8,9 RCs. It appears that the solid-state photo-CIDNP effect is an
intrinsic property of natural photosynthetic RCs.10
References:
1. Jeschke G. and Matysik, J. Chem. Phys., 294, 239 – 25 (2003)
2. Daviso E., Jeschke G. and Matysik J. In: Biophysical Techniques in Photosynthesis, Volume II (T. J. Aartsma, J. Matysik, eds.) Springer, Dordrecht,
pp. 385 – 399 (2008)
3. Zysmilich M. and McDermott A., J Am Chem Soc, 116, 8362 – 8363 (1994)
4. Prakash S., et al., J Am Chem Soc, 127, 14290 – 14298 (2005)
5. Daviso E., et al., J Phys Chem C.,113, 10269 – 10278. (2009)
6. Daviso E., et al., Proc. Natl. Acad. Sci. U.S.A.,106, 22281 – 22286 (2009)
7. Daviso E., et al., Appl. Magn. Reson., 37, 49 – 63 (2010)
8. Alia R., et al., J Am Chem Soc,126, 12819 – 12826 (2004)
9. Diller A., et al., Proc. Natl. Acad. Sci. U.S.A.,104, 12843 – 12848 (2007)
10. Matysik J., et al., Photosynth. Res., 102, 427 – 435 (2009)
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A smoothing monotonic optimal control approach for design of magnetic
resonance experiments
Ivan I. Maximova, Julien Salomonb, Gabriel Turinicib and Niels Chr. Nielsena
a
b

Department of Chemistry, University of Aarhus, Langelandsgade 140 DK-8000, Aarhus, Denmark (vaborg@chem.au.dk)
CEREMADE, University Paris Dauphine, Place de Mareshal de Lattre de Tassigny, 75775 Paris, Cedex 16, Paris, France

Optimal control theory is a very powerful area of applied mathematics which has gained recent interests for the
applications to the quantum coherent systems. Currently, the most popular OC method which applied in the nuclear
magnetic resonance (NMR) pulse sequence design is based on the gradient approaches known as gradient ascent pulse
engineering (GRAPE).1 Later methods based on the monotonic convergence algorithms using the Krotov approach have
emerged.2 Despite an increasing use of optimal control approaches in NMR community, the question which optimal
control method is best remains open provides an interesting challenge to the researchers. The answer may depend on the
constraints put on the optimization in terms of chemical shift compensation, powder averaging, coupling selectivity,
hardware constrains etc. Another issue of importance is the simplicity of the method in numerical implementations, speed,
accuracy, and robust convergence properties. A third issue is to the design of pulse sequences with smooth rf variation to
facilitate implementation on standard NMR instrumentation. In this presentation, we describe the development of an
improved monotonic convergent algorithm that addresses most criteria above. The algorithm is demonstrated by
representative NMR examples also providing comparison to results obtained using previous GRAPE/Krotov approaches.
References:
1. Khaneja N., Reiss T., Kehlet C., Schulte-Herbruggen T. and Glaser S. J., J. Magn. Reson., 172, 296 – 305 (2005)
2. Maximov I. I., Tosner Z. and Nielsen N. C., J. Chem. Phys., 128, 184505 (2008)
3. Maximov I. I., Salomon J., Turinici G. and Nielsen N. C., J. Chem. Phys., 132, 084107 (2010)
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Increasing the efficiency of the macromolecular NMR spectroscopy
Maxim Mayzel and Vladislav Orekhov
Swedish NMR Centre at University of Gothenburg, Box 465, 40530 Gothenburg (maxim.mayzel@nmr.gu.se)

The non-uniform sampling (NUS) schemes allow large flexibility for optimized experiment design, which so far has
not been fully exploited. Optimization of the sampling schedule is possible based on a prior knowledge about the signal.
Thus, random sampling pattern can be considered as a special case, when nothing is known about the frequencies and line
shapes. In many practical situations, however, this information is available for one or several spectral dimensions.
Recently, we suggested targeted acquisition (TA) approach for data collection. TA is based on incremental NUS and
concurrent spectra processing and evaluation. Quality of the spectrum gradually improves as more data is collected. Now
we elucidate possibility to use information about the signal obtained at i-th step of the TA for predicting optimal sampling
schedule for the next step. Thus, experimental design optimized for maximal sensitivity for selected acquisition times is
achieved in the iterative procedure.
Several examples of the new approach are presented, including 3D and 4D spectra of intrinsically disordered proteins.
We demonstrate iterative interleaved acquisition of a set of triple resonance experiments with concurrent processing by
Multi-Dimensional Decomposition (MDD) and automated backbone assignment. The approach is general and can be used
for all systems amenable for modern NMR spectroscopy in liquids.
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Towardss direct reefinement of structures against INPH
HARMA d
data
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a

Max-Planck-Institute for biophyysical Chemistry, NMR-based Struuctural Biology, Am
A Fassberg 11, 37077, Göttingenn, Germany,
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b
Sanofi-Aventis Deutschland Gm
mbH, R&D CAS Drug
D
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M Industriepark Hoechst
H
Bldg. G8338, 65926 Frankffurt am Main, Geermany

The INPH
HARMA1 metthod relies on observation of
o transferred NOEs betweeen two differeent ligands, wh
hich are bindinng
competitivelyy to the same binding site. The method provides the orientation
o
off two competittive ligands, which
w
can serrve
as a templatee for developm
ment of high-aaffinity drug candidates from
m the studies of weakly binnding compoun
nds.
The quanntitative evaluuation of INP
PHARMA peeaks relies on
n back-calcullation of
interligand NOEs
N
from caalculated sets of protein-ligand complex structures in pairwise
manner. Thiis approach requires substantial amounnt of computeer time. On thhe other
hand, the quaality of the finnal answer is limited
l
by the structure calcculation protoccol.
In order to overcome these issues,, the methodoology employ
ying direct reffinement
techniques are
a under deevelopment. Recently, IN
NPHARMA restraints
r
havve been
implementedd in XPLOR-N
NIH program as additional pseudoenergy
y term, whichh enables
performing energy
e
minim
mization and molecular
m
dynnamics simulaations. The reesults of
energy minim
mization and simulated annnealing protoccols for protein kinase A (PKA)
(
and sm
mall-molecule ligands will be
b
presented.
The otherr approach innvolves evaluaation of interligand NOEs directly
d
durinng docking sim
mulations. Sin
nce, most of the
t
docking softtware rely heeavily on largge number off energy evalu
uations a sim
mplified distannce-based eneergy function is
required.
References:
B
M. J. J.,
J Griesinger C. and
a Carlomagno T., Angew. Chem
m. Int. Ed., 44, 417
72 – 4175 (2005))
1. Sánchez-Pedrregal V. M., Reesse M., Meiler J., Blommers
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Spin Rellaxation of
o a Short--Lived Raadical in Zero
Z
Maggnetic Fieeld
Iain McKeenzie
ISIS Facility, ST
TFC Rutherford Appleton
A
Laborattory, Harwell Scieence and Innovattion Campus, OX
X11 0QX, Chilton, Didcot, U.K,
(iain.mckenzie@
@stfc.ac.uk)

A short-llived free radiical containinng only one I = ½ nucleus,, the muoniatted 1,2dicarboxyvinnyl radical diaanion, was prooduced in an aqueous
a
solution by the reacction of
muonium with
w
the dicarrboxyacetylenne dianion. The
T
identity of the radical was
confirmed byy transverse field
f
muon spiin rotation spectroscopy an
nd DFT calculations.
The muon spin relaxatioon rate of thhis radical was
w measured
d as a functtion of
temperature in zero magnnetic field by the zero fieldd muon spin relaxation
r
techhnique.
The results have
h
been interpreted using the theoreticaal model of Feedin et al.1 Thee muon
spin polarizaation decreasees exponentiallly with time after muon implantation
i
a the
and
temperature dependence of the spin relaxation rate
r
indicates that the doominant
relaxation mechanism is thhe modulationn of the anisottropic hyperfine interactionn due to
molecular rotation. The efffective radiuss of the radicaal in solution was
w determineed to be
1.12±0.04 nm
n from the dependencee of the muoon spin relaaxation rate on the
temperature and viscosityy of the solution, and is appproximately 3.6
3 times largger than
the value obttained from DFT
D calculationns.
References:
1. Fedin M. V., Purtov P. A. and Bagryanskaya E. G., J. Chem. Phhys., 118, 192 – 201 (2003)
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A new approach combining different MRI methods to improve understanding of
the dynamic processes occurring during xanthan tablet swelling
Urša Mikaca, Saša Baumgartnerb, Ana Sepea and Julijana Kristlb
a
b

Condensed Matter Physics, Jožef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia (urska.mikac@ijs.si)
Faculty of Pharmacy, University of Ljubljana, Aškerčeva 7, 1000 Ljubljana, Slovenia

Hydrophilic matrix tablets are widely used for controlled delivery of drugs. On contact with water or body fluids the
outer surface of these tablets hydrate and swells, forming a hydrogel coat around the dry central core. The key element in
drug release from hydrophilic matrix tablets is the gel layer that regulates the penetration of water and controls drug
dissolution and diffusion. The central dry core is a glassy state polymer. As medium penetrates into the tablet, a
penetration front between the dry glassy and the hydrated glassy polymer appears. As the proportion of medium increases
the hydrated glassy polymer is progressively transformed to a rubbery state (gel). The interface between the glassy and
rubbery states is called the swelling front. The polymer chains swell as they hydrate, and the eroding front appears as an
interface between the swollen tablet and the bulk medium.
A new method utilizing combination of SPI, multi-echo MRI and T2 mapping was developed for accurately
determining moving fronts during the swelling of xanthan tablets: the penetration, swelling and erosion front. This
method eliminated the limitations of standard MRI methods used in previous studies and improved current understanding
of the dynamic processes involved in xanthan swelling. Hydration of xanthan tablets was studied in six media, differing in
pH and ionic strength. All six media penetrate through the whole tablet in 4 h ± 0.3 h, but formation of the gel layer is
significantly delayed. The position of the swelling front was the same, independently of the different xanthan gel
structures formed under different conditions of pH and ionic strength. The position of the erosion front, on the other hand,
is strongly dependent on pH and ionic strength, as reflected in different thicknesses of the gel layers. Moreover,
experiments simulating physiological conditions showed that changes of media influence xanthan gel structure relatively
quickly, and consequently the drug release kinetics.
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3-cm and 2-mm Band ESR Spectroscopy of Free-Radical and Multispin Systems,
Exhibiting Extremal Reactivity at Low Temperature
Alfa I. Mikhaylov, Svetlana I. Kuzina, Dilyara A. Gordon, Viktoria A. Volodina, Anatolii A.
Kozlovskii and Sergey V. Tokarev
Institute of Problems of Chemical Physics Russian Academy of Sciences, Prospekt Akademika Semenova, 1, Chernogolovka, Moscow Region,142432,
Russia,(alfaim@icp.ac.ru)

The chemical generation of radicals (without γ-, β-, UV-irradiation) was observed at temperatures 50-200K and lower
in reactions of direct halogenations due to extremal reactivity in polymers, monomers and nanomaterials. The models of
multicentered synchronous reactions in intermediate polymolecular complexes between hydrocarbon molecules and
halogen ones are considered. Reactions do not practically need the activation energy; they occur in nanodiffusion regime
and are limited by molecular mobility of halogen. At the first time the free-radical mechanism of polymolecular
complexes conversion was shown, as well as the possibility of determination of their initial composition in accordance
with structure of radical intermediates formed. The radicals obtained may be used in halogenation, polymerization,
grafting, oxidation and other processes. Using such methods it is possible to reach radical concentration about 1018-1019
spin/g, close to concentration of radicals formed during γ-irradiation by doses equal to 10 (and even 100) Mrad.
The spin dynamics and saturation effects in molecular crystals and polymer systems were studied via 3 cm EPR
spectroscopy. Specific effects of spin dynamics - joint multispin effects at molecular paramagnetic domains and at
conduction electrons in multijoint systems were discovered and observed.
High-conjugated systems of lignocellulosic complex and nanocristalline cellulose were studied vie unique 2-mm ESR
spectroscopy method (f=0.15 THz, H=5 Tl). In this method g-factor has high resolution (10-5-10-6).
Acknowledgments: This work was supported by grant of Russian Academy of Sciences (Program No.8) and Russian Ministry of Industry (grant LLP033).

461

7. Posters
__________________________________________________________
___________________________________
______________

P631 (∗)

Solid-Staate Quanttum Gates based on Hybrid
d Electron
n-Nuclearr Spin Sysstems
George Miitrikas and George
G
Korrdas
Institute of Mateerials Science, NC
CSR Demokritos, GR-15310, Atheens, Greece (mitriikas@ims.demokr
kritos.gr)

Electron and nuclear spins are iddeal elementss for quantum
m bits (qubitts)
because theyy are natural two-state syystems with relatively
r
lon
ng decoherencce
times. A funndamental chhallenge in thhe realizationn of a solid state quantum
m
computer is the constructtion of fast and
a reliable tw
wo-qubit quan
ntum gates. Of
O
particular intterest in this direction aree hybrid systeems of electro
on and nuclear
spins, wheree the two quubits are couupled throughh the hyperfiine interaction.
However, thee significantlyy different gyyromagnetic raatios of electrron and nuclear
spins do not allow for their coherent manipulation
m
att the same tim
me scale. Whiile
this differencce can been utilized
u
for thee constructionn of quantum memories, thhe slow inverssion of nucleaar spins using rf
pulses (typical period ∼ 100 μs) can be a severe obstaccle for the efficient functionn of a two-qubbit quantum gaate.
Recently,,1 we showedd that under certain
c
conditiions (i.e. exacct cancellationn) it is possibble to invert the
t nuclear sppin
polarization within sub-m
microsecond tim
me intervals and
a also to to
oggle active annd passive staate dynamics using only mw
m
pulses. This approach oveercomes the asymmetry
a
inn relaxation tiimes which iss an inherent property of hybrid
h
electroonnuclear spin systems and thus
t
gives new
w perspective by considerin
ng them not only
o
for perforrming quantum
m memories but
b
also for buildding solid-state quantum gates. Here wee examine posssible pulse seequences that are based on this concept of
fast nuclear spin manipullation withoutt rf pulses in order to con
nstruct a compplete set of unniversal quan
ntum gates. The
theoretical fiidelities of im
mportant two-qqubit quantum
m operations like for instannce the controlled-NOT or the SWAP gaate
are analysed by means of numerical sim
mulations. In addition, som
me technical isssues that migght be crucial for the physiccal
realization off these gates using
u
model syystems are alsso discussed.
References:
S
Y. and Paapavassiliou G., Phys.
P
Rev. A, 81, 020304 (2010)
1. Mitrikas G., Sanakis
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P632

Diffusion
n spectrum
m of wateer
Aleš Mohooriča, Janez Stepišnika,bb, Igor Seršaab and Sergeej Faletiča
a
b

Department of Physics,
P
Faculty of mathematics and
a physics, Univv. of Ljubljana, Ja
adranska 19,10000, Ljubljana, Slovvenia, (ales.moho
oric@fmf.uni-lj.si)
i)
Josef Stefan Insstitute, Jamova 399,1000, Ljubljanaa, Slovenia

Velocity autocorrelatiion spectra of bulk waater at differrent
temperaturess were meassured by moodulated graddient spin eccho
method – CP
PMG in high gradient
g
field.1,2 The spectrra were measu
ured
in relevant frequency
f
rannge of 0-1 kHz.
k
The resuults show thaat a
simple modeel of Browniaan self-diffusiion is not appplicable and the
diffusion dynnamics of waater moleculess can be desccribed with sllow
chain-like dynamics
d
in water causedd by couplinng of diffussing
molecules to broken bondss in hydrogen bond networkk:

D(ω ) = D0

1 + DD∞0 ω 2τ 2
1 + ω 2τ 2

,

where D0 is the
t bulk self-ddiffusion consstant as measuured with PGSE.
D∞ is the self-diffusion
s
spectrum lim
mit at high frequencies.
f
The
T
parameter τ corresponds
c
to the couplingg of single waater moleculess to
the hydrogenn-bond netwoork and the fits show thhat the couplling
decreases with temperature.

Measurred velocity correlation speectra of water at
differrent temperatuures. The sharrp drop at low
w
f
frequencies
iss induced by hardware.
h

References:
1. Stepišnik J., Progr
P
Nucl Magnn Reson Spectr, 177, 187 (1985)
2. Stepišnik J., Lasič
L
S., Mohoričč A., Serša I. and Sepe A., J. Magnn. Reson., 182, 19
95 (2006)
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Heterogeneity of nano-filled EPDM elastomers investigated by inverse Laplace
transform 1H NMR relaxometry
Dumitrita Moldovana, Radu Fechetea, Dan E. Demcoa,b, Eugen Culeaa and Bernhard Blümichc
a

Department of Physics, Technical University of Cluj-Napoca, Romania (Dumitrita.MOLDOVAN@phys.utcluj.ro)
DWI an der RWTH-Aachen, Germany
Institute of Technical and Macromolecular Chemistry, RWTH-Aachen University, Germany

b
c

The effects of nano-filler particles on a series of reinforced EPDM elastomers were characterized by low field NMR
with measurements of 1H transverse (T2), longitudinal (T1) and longitudinal in rotating frame (T1ρ) relaxation times.1 The
complex polymer-filler interactions result in heterogeneous polymer chain dynamics. A broad variety of fillers N121,
N683, N990 and Ecorax® 1720 carbon black, Ultrasil® 7000 GR, Ultrasil® 7000 GR +Si69, Coupsil® 8113 silane based,
and Precarb® 400 calcium-carbonate based reinforcing fillers was studied at different content (20 phr to 70 phr). These
filler are characterized by a range of particle dimensions, surface area and physico-chemical activity. The measured NMR
relaxation curves were inverted into distributions of relaxation times by one-dimensional Laplace transformation.2 The
distributions identify multimodal polymer network dynamics. The T2 and T1ρ distributions are the NMR parameters most
sensitive to fillers type, concentrations, and EPDM chain dynamics. The heterogeneity in the relaxation NMR parameters
T2, T1, and T1ρ originates from the distribution of the correlation times which characterizes the polymer chain motions.
Correlations between the filler content (phr) and the transverse relaxation time distributions were established for all eight
filler types. Moreover, the combined analysis of relaxation time distributions and 2D T1–T2 distributions leads to the
identification of multiple dynamic components of polymer chain segments that result from the interaction of the polymer
matrix and the filler. Correlations between microscopic parameters and mechanically parameters were established.3
References:
1. Litvinov V. M. and Steeman P. A. M., Macromolecules, 32, 8476 – 8490 (1999)
2. Venkataramanan L., Song Y. Q. and Hürlimann M. D, IEEE Trans. Sig. Process., 50, 1017 – 1026 (2002)
3. Moldovan D., Fechete R., Demco D. E., Culea E., Blümich B., Herrmann V. and Heinz M., Macromol. Chem. Phys., DOI: 10.1002/macp.201000086
Acknowledgments: This work was supported by a CNCSIS grant of Romanian Ministry of Research and Education CNCSIS PNII 1102/2007.
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Multiple Echoes in Hyperpolarized Liquid Solutions of 129Xe and of 3He
Steven W. Morgana,b, Emmanuel Baudinb, Gaspard Hubera, Patrick Berthaulta, Geneviève Tastevinb,
Pierre-Jean Nacherb and Hervé Desvauxa
a
b

CEA, IRAMIS, SIS2M, Laboratoire Structure et Dynamique par Résonance Magnétique, F-91191 Gif-sur-Yvette, France (steven.morgan@lkb.ens.fr)
Laboratoire Kastler Brossel, Ecole Normale Supérieure; CNRS; UPMC; 24 rue Lhomond, F-75005 Paris, France

Many experiments have been performed on thermally polarized solvents for observing multiple spin echoes due to
distant dipolar fields in liquids,1 and have been increasingly popularized by the CRAZED experiment.2 We report our
experimental results and simulations of multiple spin echoes in hyperpolarized 129Xe dissolved in cyclohexane and in
hyperpolarized 3He dissolved in liquid 4He. This set of experiments and simulations allows the investigation of echoes in
liquids due to distant dipolar fields at very low spin temperatures (down to 10 μK). In the case of xenon, we discuss the
agreement between experiments and simulations and the application of our methods to further enhance the study of
multiple NMR-masers.3 The observed agreement between simulations and experiments shows that in the case of
homogeneous evolution of the magnetization (where all spins experience the same longitudinal relaxation), even at very
low spin temperatures, the observed echo decays follow predictions from the classical average dipolar field and quantum
mechanical density operator formalisms. In the case of helium, we provide new experimental and simulation results to
help explain the observation of multiple echoes using a 90o-180o pulse sequence,4 which have not previously been
explained.
References:
1. Deville G., Bernier M. and Delrieux J. M., Phys. Rev. B, 19, 5666 – 5688 (1979)
2. Warren W. S., Richter W., Andreotti A. H. and Farmer B. T., Science, 262, 2005 – 2009 (1993)
3. Marion D. J.-Y., Huber G., Berthault P. and Desvaux H., ChemPhysChem, 9, 1395 – 1401 (2008)
4. Tastevin G., Piegay N., Marion F. and Nacher P.-J., Physica B, 329-333, 187 – 188 (2003)
Acknowledgments: This work was funded by ANR (ANR blanche DIPOL), and we wish to thank M. Goldman for useful discussions.
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Simulation of Spin Relaxation and Chemical Exchange in Solid-State NMR
Jorge A. Villanueva Garibaya, Franzeska Moegle-Hofackerb and Klaus Müllerb
a
b

Department of Chemistry / Solid-State NMR, Radboud University Nijmegen, Heyendaalseweg 135, 6525 AJ Nijmegen, The Netherlands
Department of Material Engineering and Industrial Technology, University of Trento, Via Mesiano 77, 38123 Trento, Italy (klaus.mueller@ing.unitn.it)

A general theoretical description for dynamic effects in NMR studies of isolated and coupled spin systems is
presented.1,2 The approach is valid for arbitrary spin systems (I = 1/2, 1, 3/2, 2, 5/2,..), and applicable for the description
of both NMR lineshape effects and spin-spin relaxation phenomena.
The programme features simulations of dynamic NMR experiments on stationary samples (powders and single
crystals) with spin systems that might undergo various internal magnetic interactions, such as chemical shift, first and
second order quadrupolar interactions as well as dipolar and indirect spin-spin couplings, with arbitrary interaction tensor
orientations. In principle, any type of stationary 1D and 2D solid-state NMR pulse experiment can be computed, including
several R.F. channels, finite pulse widths with arbitrary phases and R.F. offsets, phase cycling, and different relaxation
time-intervals. In the case of quadrupolar nuclei with non-integer spins, the central and satellite transitions can be
considered individually or collectively.
Simulations can be carried out for rigid samples, and for samples with inherent molecular dynamics. Here, spin-spin
relaxation and line shape effects are caused by the consideration of various (superimposed) jump and diffusion processes,
reflecting internal and overall motions. Model simulations show the influence of the magnetic interactions and motional
characteristics on the resulting NMR line shapes and relaxation data.
References:
1. Müller K., Phys. Chem. Chem. Phys., 4, 5515 – 5523 (2002)
2. Villanueva Garibay J. A., Moegle-Hofacker F. and Müller K., in preparation
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Structure of the pore-forming subunit of the twin arginine translocase determined
using a combined approach of liquid- and solid-state NMR
Claudia Muhle-Golla, Torsten H. Waltherb, Stephan L. Gragea, Igor Jakovkina, Ulrich Sternberga,
Fabian V. Filippc, Sergii Afonina, Sonja D. Müllerb, Stanley J. Opellac and Anne S. Ulricha,b
a

Karlsruhe Institute of Technology, Institut für Biologische Grenzflächen (IBG-2), P.O.B. 3640, 76021 Karlsruhe, Germany (claudia.muhle@kit.edu)
Karlsruhe Institute of Technology, Institut für Organische Chemie, Fritz-Haber-Weg 6, 76131 Karlsruhe, Germany
c
Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093-0307, U.S.A.
b

Besides the sec protein export system, bacteria have evolved the twin-arginine translocase (tat) system to transport
fully folded proteins across the cytoplasmic membrane. In Bacillus subtilis the tat system consists of TatC, which is
believed to recognize the signaling sequence, and TatA, which is hypothesized to asssemble into a pore composed of
variable multimer.
Here, we report the structure of monomeric TatA, which was solved through a combination of liquid and solid state
NMR.1 The extent of secondary structure was determined in SDS detergent micelles. Monomeric TatA consists of a
transmembrane α-helix connected by a short hinge region to an adjacent amphiphilic α-helix and a non-structured Cterminal tail. NOE contacts across the hinge region allowed us to partially restrain the mutual orientation of the two
helices, but did not yield a precise single structure. Since detergent micelles may influence structural details especially of
pliant segments we further measured 15N-PISEMA spectra in magnetically oriented lipid bicelles to derive orientational
constraints to position the two α-helices relative to each other and with respect to the membrane normal. Both liquid and
solid state NMR restraints were combined to restrain the structure in molecular dynamics simulation in the COSMOS
force field. Time averages of the NMR parameters were computed to also take into account the molecular mobility.
References:
1. Müller S. D., De Angelis A. A., Walther T. H., Grage S. L., Lange C., Opella S. .J. and Ulrich A. S., Biochim Biophys Acta, 1768, 3071 – 3079 (2007)
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Angular Dependence of P-31 Chemical Shielding in Nucleic Acid Backbone:
A Combined MD-DFT Study
Jana Přecechtĕlováa, Petr Nováka, Markéta L. Munzarováa, Martin Kauppb and Vladimír Sklenářa
a

National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kotlářská 2, CZ-61137 Brno, Czech Republic
(marketa@chemi.muni.cz)
Institut für Physikalische und Theoretische Chemie, Universität Würzburg, Am Hubland, D-97074 Würzburg, Germany

b

We present a comprehensive quantum chemical analysis of backbone torsion-angle influence on P-31 chemical
shielding in nucleic acids. Snapshots obtained from the molecular dynamics simulation of [d(CGCGAATTCGCG)]2 were
used to construct geometries of hydrated dimethyl phosphate (DMP). Subsequent DFT calculations for the hydrated DMP
demonstrate that P-31chemical shift is dominated by the torsion angles α and ζ. The functional dependence is modulated
by the adjacent torsion angles β and ε. The inclusion of solvent leads to an additive upfiel shift of 2-3 ppm and a damping
of the α, ζ dependences.
P-31 is a sine function of the torsion angle ζ (populated between 120o and 315o) with a maximum at 180o and a
minimum at 270o. For the torsion angle α populated between 250o and 315o, the chemical shift decreases with increasing
α. The decrease is linear to quadratic depending on the average value of β. The difference between P-31 shifts of the BI
and BII substates (crucial for structural interpretation of NMR data) by MD-DFT is 2.1 and 1.6 ppm for two DNA residues
of interest, in accord with 1.6 ppm inferred from experimental data. Likewise, a more negative P-31 chemical shift for a
residue in pure BI conformation compared to residues in mixed BI/BII conformation is given by MD-DFT, in agreement
with experiment. Reproducing the very small differences between P-31 in two mixed BI/BII conformation turnes out more
difficult.
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Oxidation of [PtCl4]2- with H2O2 in acidic solution: a re-investigation with 195Pt
NMR
Pieter Murray and Klaus R. Koch
Department of Chemistry and Polymer Science, University of Stellenbosch, Stellenbosch 7602, South Africa (pmurray@sun.ac.za)

Oxidation of [PtCl4]2- in water with hydrogen peroxide (H2O2) results in the trans-[PtCl4(OH)2]2- species exclusively.1
We have found that this oxidation if carried out in acidic solution (1M HClO4) results in many species, contrary to
previous reports. These have been assigned to [PtCl6-n(H2O)n]n-2 (n = 0-4) complexes by means of 195Pt NMR (Figure),
with trans-[PtCl4(H2O)2] present in only low concentrations relative to the cis-[PtCl4(H2O)2] stereoisomer and
[PtCl5(H2O)]-. This unexpected result could be ascribed to various factors
including i) ionic strength effects, ii) anation/aquation reactions, iii) ClO4reduction or iv) Pt(II) assisted ligand exchange. Our results suggest that
although trans-[PtCl4(H2O)2] is the main oxidation product in acidic solution,
this rapidly scrambles into a distribution of species during or subsequent to
oxidation partly as a result of Pt(II) catalyzed ligand exchange (Figure). In
view of the complicated mechanistic implications for these reactions, we
artificially mimicked the likely conditions during and after oxidation, to show
that the same species distribution is obtained as for the oxidation of [PtCl4]2-.
In this regard Pt(II) assisted ligand “catalysis” seems to play a significant role
in determining the overall species distribution following oxidation of [PtCl4]2-.
References:
1. Dunham S. O., Larsen R. D. and Abbott E. H., Inorg. Chem., 32, 2049 – 2055 (1993)
2. Murray P. and Koch K. R., J. Coord. Chem., in press, (2010)
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P639

Signal En
nhancement in Prootein NM
MR using the
t Spin-N
Noise Tun
ning Optim
mum
Martin Nauusnera,c, Michael Gogeerb, Eliahu S Taicherc, Judith
J
Schlaagnitweita, A
Alexej Jerscchowc and
a
Norbert Müller
M
a

Institute of Orgganic Chemistry, Johannes
J
Keplerr University of Linnz, Altenbergerstrraße 69, 4040, Liinz
New York Strucctural Biology Ceenter, 89 Conventt Avenue, New Yoork, NY 10027-75
556, USA
c
Chemistry Depaartment, New Yorrk University, Neew York, NY 100003, USA, (m.nausn
ner@digigrafia.nnet)
b

We preseent the benefitt of an alternaative tuning sttrategy based on the spin-nnoise responsee1 for applicattion in commoon
high-resolutiion multi-dim
mensional bioomolecular NMR
N
experim
ments
with water signal supppression. Using
U
this tuning apprroach
NTO2,3), depen
nding
(determinatioon of the spinn-noise tuning optimum SN
on the particcular probe annd pulse sequence used, siggnal-to-noise ratio
improved upp to 30% with
w
only a marginal decrease
d
in pulse
p
performance.
1 15
H N HNCO
H
signal of G
G75 (Ubiquitin in
n 50 mM
Accordinng to theory,1 a symmetriccal "dip" in the
t thermal noise
n
would be obsserved at the rf-circuit's
r
resonance frequeency (i.e. ∆ωc= 0), ammonnium acetate, pH 44.5), Bruker Avance 500 (11.7 T),,
TXI proobe. Dotted line aat SNTO (∆ωc= -165 kHz).
in practise thhis lineshape may be founnd at a signifiicant tuning offset
o
∆ωc, and may provide a coonsiderable im
mprovement inn signal-to-no
oise ratio of multi-dimensio
m
onal NMR exp
periments. Onnce
the SNTO coondition is foound for a speecific setup, and
a the pulsees are calibratted at this new
w tuning condition (they are
a
slightly longger than for conventional
c
t
tuning)
one may
m use the benefit
b
of sennsitivity enhanncement with
hout any furthher
modificationn and only an acceptable
a
inccrease in pulsee length.
References:
1. McCoy M. A. and Ernst R. R.,, Chem. Phys. Lett., 159, 587 – 5993 (1989)
1 (2008)
2. Marion D. Y.-Y. and Desvauxx H., J. Magn. Resson., 193, 153 – 157
S
J., Smrecki V., Yanng X., Jerschow A.
A and Müller N., J. Magn. Reson.,, 198, 73 – 79 (20009)
3. Nausner M., Schlagnitweit
Acknowledgmennts: FWF (Austriian Science Funds) Project No. P19635-N17, US NSF
N (CHE-0550054), Austrian Maarshall Plan Foundation.
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Explorin
ng the lim
mits to spattially resoolved NM
MR in the presence
p
of fast-diiffusion
liquid ph
hases
Achim Gäddkea,b and Nikolaus
N
Neestlea,c
a

TU Darmstadt, Institute of conddensed matter phyysics, Darmstadt, Germany
Present adress:: VictoriaUniverssity of Wellingtonn, New Zealand
c
Present adress:: BASF SE, GKC//R, Ludwigshafenn, Germany (nikoolaus.nestle@basff.com)
b

Recent addvances in MRI have demoonstrated spattial resolutions down to 1 µm.
µ Magneticc resonance fo
orce microscoppy
has the potenntial to reach sensitivity
s
forr single nucleaar spins. Given
n these numbeers, in vivo im
maging of sing
gle cells or evven
biomacromolecules may seem possiblle. However, for in vivo applications,
there are funndamental differences in the contrast mechanisms
compared to
m
MRI at maccroscopic scales as the lenngth scale off molecular self-diffusion
s
exceeds that of the spatiall resolution onn the NMR tiime scale.1 Th
hose effects which are fuundamentally different from
m the echo atttenuation in field
f
gradient
NMR - eveen may lead to general limitations on
o the spatiaal resolution
achievable inn aqueous systtems with high water conteent. In our con
ntribution, we
n stray-field
explore thosse effects onn a model syystem in a high-resolutio
h
imaging setuup in which the
t effects off periodic exccitation of a thin
t
layer of
water insidee a large liquuid cell weree studied. In addition to experimental
results, simulations based on the Bloch--Torrey equatiion will be presented. Last
but not leastt, implicationns of the finddings with resspect to posssible contrast
Spatioteemporal spreadiing of NMR
mechanisms and limitattions in spaatially selectiive NMR of
o biological excitation ((dark greyshadees) by diffusion
from a thiin, periodically excited layer
specimens att ultrahigh resoolution will be discussed.
located at zo.
References:
1. Nestle N., Waalaszek B. and Noolte M., J. Magn.. Reson., 168, 46 – 52 (2004)
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Changess in high-iimpact poolystyrenee (HIPS) during
d
sim
mulated rrecycling runs
studied by
b NMR relaxation
r
n and other techniq
ques
a
Nikolaus Nestle
N
, Chrristian Schaddea, Francissco Vilaplan
nab,c, Sigbrittt Karlssonb and Ampaaro Ribesc
Greus
a

BASF SE Ludw
wigshafen,Polymeer Research, D-677056 Ludwigshafe
fen, Germany (nikkolaus.nestle@baasf.com)
Fibre and Polyymer Technology, School of Chemiical Science and Technology, KTH
H Royal Institute of Technology, T
Teknikringen 56-5
58, SE-10044
Stockholm, Swedden
c
Instituto de Teccnología de Materiales (ITM), Uniiversidad Politécnica de Valencia,, Camino de Veraa s/n,E-46022 Vaalencia, Spain
b

High imppact polystyreene was subjected to variouus simulated recycling
r
runss and studied by a range of
o different weetchemical, mechanical
m
andd spectroscoppic (FTIR, Raman,
R
TD-N
NMR) characteerization techhniques in orrder to identiify
changes in the
t material’s performancee and the undderlying structture-property relations. Sim
mulated recyccling conditioons
applied weree (i) repetitivee extrusion ruuns on the sam
me material and
a (ii) therm
mooxidative aggeing at 90 °C
° under forced
ventilation.
Of the chharacterizationn techniques applied,
a
TD-N
NMR is the mo
ost simple appproach with reespect to sam
mple preparatioon.
The NMR reesults are com
mpared with thhose obtained by the other methods. In the
t case of theermooxidativee ageing, NM
MR,
FTIR and Raaman produceed quite paralllel results whhile mechanicss showed a different trend w
with a sharp decrease
d
durinng
the first dayys of ageing.. This strongg initial decreease in mech
hanical perforrmance can bbe attributed to a chemiccal
degradation of the rubber due to chain scissions. Ass the spectrosccopic techniquues show thiss process still goes on durinng
further ageinng. The NMR result is espeecially interessting as it show
ws a strong inncrease in thee more mobilee fraction of the
t
rubber signall due to increasing numberrs of free chaiin ends. At the same time, also increasess in cross-link
k-density can be
observed thaat lead to decrreasing relaxaation times off both rubber signal compoonents. In thee reprocessing
g series, severral
parallel effeccts leading to a degradationn of the matriix and the rub
bber particles were found. All spectroscopic techniquues
decently corrrelate with booth the mechannics and the wet
w chemistry
y. Wet chemistry seems to bbe the most precise approaach
to track downn the degradattion effects inn this case.
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Quantitaative 2D and
a 3D Γ--HCP Exp
perimentss for the Determina
D
ation of th
he Angless
α and ζ in
i the Phoosphodiesster Backb
bone of Oligonucle
O
eotides
Senada Noozinovica, Christian
C
Ricchtera, Jörg Rinnenthala, Boris Fürrtig,c, Elke D
Duchardt-Feernerb, Juliaa
E. Weigandb and Haraald Schwalbbea
a

Institute for Org
rganic Chemistry and Chemical Biiology, (nozinovicc@nmr.uni-frankf
kfurt.de)
Institute for Moolecular Biosciennces, Center for Biomolecular
B
Maggnetic Resonancee, Johann Wolfganng Goethe-Univeersity Frankfurt, Max-von-LaueM
Straße 7, 604388 Frankfurt am Main,
M
Germany
c
present addresss: Max F. Perutz Laboratories, Deepartment of Biocchemistry, Vienna
a
b

A novell heteronucleear NMR pulse
p
sequence, the quaantitative Γ(H
HCP)
experiment, for the deterrmination of the
t RNA bacckbone angless α(O3´i-1-Pi-O
O5´iζ
n 13C labeled RNA is introduced.1 The
C5´i) and ζ(C3´
i-O3´i-Pi+1-O5´i+1) in
experiment relies
r
on the innteraction bettween the CH
H-bond vector dipole and thhe 31P
chemical shiift anisotropy (CSA) whichh affects the relaxation
r
of the 13C,31P-doouble
and zero quaantum coherennce and thus the
t intensity of
o the detectab
ble magnetizattion.2
Two versionns of the pulsse sequence optimized forr the CH and
d CH2 groups are
introduced annd demonstraated for the 144mer cUUCG
Gg-tetraloop model
m
system RNA
R
and for a 277mer RNA with
w previouslyy unknown sttructure.3, 4 The
T restraints were
incorporated into the struccture calculatiion of a very high resolutio
on structure of
o the
m RNA.3 Com
mparison with the X-ray struucture of the cUUCGg
c
tetraaloop
model system
confirms the high quality of the data annd suggests thaat the method
d can significaantly improve the quality off RNA structuure
determinationn.
References:
m Soc, in press (2
2010)
1. Nozinovic S.,, Richter C., Fürtiig B., Rinnenthall J., Duchardt-Ferrner E., Weigand J. E. and Schwallbe H., J Am Chem
2. Richter C., Reeif B., Griesingerr, C. and Schwalbbe H., J Am Chem
m Soc, 122, 12728
8 (2000)
3. Nozinovic S.,, Fürtig B., Jonkeer H. R. A., Richter C. and Schwallbe H., Nucleic Accids Res., 38, 6833 (2010)
4. Weigand J. E.; Sanchez M., Gunnesch E.-B., Zeiher
Z
S., Schroedder R. and Suess B.,
B RNA, 14, 89 (2008)
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Use of SSFP 13C NMR to monitor in situ electrochemical reaction in
spectroelectrochemical cell
Luiza M. S. Nunesa, Lúcio L. Barbosab, Luiz H. Mazoa and Luiz A. Colnagoc
a

Institute of Chemistry of São Carlos, University of São Paulo, 400 Trab.São-carlense St, 13560-970, São Carlos-SP, Brazil (luizanunes@iqsc.usp.br)
Federal University of Espírito Santo, 514 Fernando Ferrari St, 29075-910, Vitória - ES, Brazil
EMBRAPA Agricultural Instrumentation,1452 XV de Novembro St, 13560-970, São Carlo - SP, Brazil

b
c

The main advantage in situ measurements, which couple, electrochemistry techniques (EC) and nuclear magnetic
resonance spectroscopy (NMR) is obtain information in real time about electrogenerated species, in solution. Most ECNMR studies uses the 1H NMR detection to monitor the electrochemical processes due to
1
H high sensitivity and fast data acquisition.1,2 To obtain 13C spectra faster spectrum than
conventional 13C NMR sequence to monitor in situ the electrolysis’s reaction
(organochloride reduction) we examined the application of 13C Steady State Free
Precession sequence (SSFP). Figure 1 shows the diagram of EC-NMR cell assembled in
a 10 mm NMR tube. The spectroelectrochemical cell contains the three electrodes, the
reference, working and counter electrodes. The in situ electrochemical reaction was
performed with potentiostat coupled in the cell placed inside the high-field NMR
spectrometer. The 13C SSFP measurements were performed for 10 minutes during the
electrochemical reaction. The signal to noise enhanced provided by SSFP sequence demonstrates by first time the
possibility of in situ monitoring of 13C NMR in spectroeletrochemical study.
References:
1. Webster R. D., Analytical Chemistry, 76, 1603 – 1610 (2004)
2. Klod S., Ziegs F. and Dunsch L., Analytical Chemistry, 81, 10262 – 10267 (2009)
Acknowledgments: FAPESP, EMBRAPA Agricultural Instrumentation.
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Assignment of the Proton and Carbon-13 Resonances of an unsymmetrical betaCyclodextrin Derivative
Bertrand Plainchonta, Agathe Martineza, Severine Tisseb, Jean-Philippe Bouillonb, Jean-Michel
Wieruszeskic, Guy Lippensc, Damien Jeanneratd and Jean-Marc Nuzillarda
a

Institut de Chimie Moléculaire de Reims, Université de Reims-Champagne-Ardenne, 51687 Reims, France (jm.nuzillard@univ-reims.fr)
Sciences et Méthodes Séparatives, IRCOF, Université de Rouen, 76821 Mont-Saint-Aignan Cedex, France
c
Groupe RMN et Modélisation moléculaire, Université de Lille, 59655 Villeneuve d’Ascq Cedex, France
d
Département de Chimie Organique, Université de Genève, CH–1211 Genève 4, Suisse
b

Compound 1 is a starting material in the synthesis of chiral
stationary phases for gas chromatography.1 The assignment of its 1H and
13
C sugar resonances was achieved by means of new and conventional
pulse sequences.
The sequential assignment of the sugar units was obtained using a F1
decoupled F1 band-selective 2D TOCSY – ROESY experiment. The 1H
and 13C resonances in each sugar unit were assigned by means of
sensitivity optimized 3D TOCSY – DQFCOSY and TOCSY – HSQC
spectra, of F1 band-selective 2D HSQC – RELAY and of aliased 2D
HSQC – TOCSY2 spectra.
References:
1. Stephany O., Dron F., Tisse S., Martinez A., Nuzillard J.-M., Peulon-Agasse V.,
Cardinaël P. and Bouillon J.-P., J. Chromatogr. A, 1216, 4051 – 4062 (2009)
2. Vitorge B., Bieri S., Humam M., Christen P., Hostettmann K., Munoz O., Loss S. and
Jeannerat D., Chem. Commun., 950 (2009)
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Speeding up the NMR of disordered proteins by an order of magnitude, using
paramagnetic relaxation and projection-reconstruction NMR
Nur Alia Oktaviani, Djurre De Jong, Renee Otten, Pieter van der Meulen, Ruud M. Scheek and Frans
A. A. Mulder
Dept of Biophysical Chemistry, Groningen Biomolecular Sciences and Biotechnology Institute, University of Groningen.Nijenborgh 4 9747AG
Groningen, The Netherlands (n.a.oktaviani@rug.nl)

NMR spectroscopy is the most suitable technique to obtain insight into the details of protein conformational disorder.
However, NMR is a time-consuming technique because most of the experimental time is necessarily wasted due to the
slow recovery of magnetization from one scan to another.
Here we report the very rapid recording of NMR data for unfolded proteins in solution. Using the neutral
organometallic complex Ni(DO2A), the average proton relaxation rate for the intrinsically disordered protein alphasynuclein increases from 1.76 s-1 to 5.76 s-1 at 30 mM concentration of the paramagnetic agent, with negligible line
broadening for the protein. Due to this advantage, sensitive 2D spectra could be recorded in as little as 30 seconds, an
order of magnitude faster than in the absence of the agent (to achieve the same sensitivity). Also, a high quality 3D
HNCO of alpha synuclein was recorded in as little as 15 minutes by employing projection-reconstruction techniques, in
addition. Our study shows that the neutral paramagnetic agent Ni(DO2A) is accessible to the entire disordered
polypeptide chain, which offers a significant advantage over its application to folded proteins.1
References:
1. Cai S., Seu C., Kovacs Z., Sherry D. and Chen.Y., J Am Chem Soc, 128, 1347 (2006)
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Efficiency of dynamic nuclear polarization for varying 1H and 13C nuclei
concentration
Rafal Panek, Alexander Karabanov, Anniek van der Drift, James Leggett, Josef Granwehr and Walter
Köckenberger
Sir Peter Mansfield MR Centre, School of Physics & Astronomy, University of Nottingham, Nottingham, NG7 2RD, UK.(rafal.panek@nottingham.ac.uk)

Solid-state dynamic nuclear polarisation (DNP) in conjunction with fast dissolution is a new method for enhancing the
polarisation of nuclear spins in liquid-state NMR experiments.1 Molecules of interest are polarised at low temperature
using a dedicated 3.35T magnet. The frozen sample is dissolved rapidly using hot solvent and shuttled pneumatically to a
high resolution spectrometer where it is injected into an NMR tube.2
Here we present results of DNP studies on 1H and 13C nuclei using TEMPO and trityl free radicals in water/glycerol
solutions. The scope of the study was solid state polarisation parameters dependence on sample composition. The
concentration of nuclei of interest participating in the DNP (either 1H or 13C) was increased in a set of experiments. A set
of solid state characteristics including enhancement as a function of irradiation frequency, relaxation time constant and
polarisation time constant were measured for all the samples. An attempt was made to explain the solid state polarisation
dependence by a theoretical model. Additionally dissolution experiments were performed and liquid state enhancements
measured at the ambient temperature.
References
1. Ardenkjaer-Larsen H. E., et al., Proc. Natl. Acad. Sci. U.S.A., 100(18) p10436-10439 (2003)
2. Panek R., et al., Phys. Chem. Chem. Phys., DOI 10.1039/c002710n (2010)
Acknowledgements: The project was funded by an EPSRC instrument development grant and a technology development grant from the BBSRC.
The authors would also like to thank OIMBL, Abingdon, UK for support.
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Unified framework for comparison of performance of libraries of NMR
experiments in applications to challenging proteins
Russell R. P. Senthamaraia, Ilya Kuprovb and Konstantin Pervushina,c
a

School of Biological Sciences, Nanyang Technological University, 60 Nanyang Drive, Singapore 637551
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b
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Systematic benchmarking of multidimensional protein NMR experiments is a critical prerequisite for optimal
allocation of NMR resources for structural analysis of challenging proteins, e.g. large proteins with limited solubility or
proteins prone to aggregation. A typical problem is selection between TROSY and none-TROSY versions of triple
resonance experiments, which is to be made at rather early stages of NMR work. We created a unified framework1
including rigorous mathematical description of NMR experiments and a set of benchmarking parameters such as,
expected signal-to-noise ratio in resulting fully acquired nD spectra, resolution, detailed propagation of density operator
for magnetization transfer pathways analysis and spectral artifacts. This framework is essentially a software solution
capable of encapsulating of NMR pulse sequences and associated setup algorithms in a wiki-like web-accessed database
interfaced to the Spinach library (http://spindynamics.org), which enables accurate simulation and benchmarking of NMR
experiments on large spin systems. A key feature is the ability to use a single user-specified spin system to simulate the
majority of deposited solution state NMR experiments, thus providing the (hitherto unavailable) unified framework for
pulse sequence evaluation. This development enables predicting relative sensitivity of deposited implementations of NMR
experiments, thus providing a basis for comparison, optimization and, eventually, automation of NMR analysis. The
benchmarking is demonstrated with two proteins, of 170 amino acids aX-I domain of Integrin and 440 amino acids NS3
helicase.
References:
1. Senthamarai R R, Kuprov I. and Pervushin K., J Magn Reson., 203, 129 – 137 (2010)
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Optimization of the Overhauser Effect with nitroxide radicals at high magnetic
fields using a 260 GHz high-power gyrotron
Mark J. Prandolini, Marat Gafurov, Vasyl P. Denysenkov, Deniz Sezer, Burkhard Endeward and
Thomas F. Prisner
Institute for Physical und Theoretical Chemistry und Center for Biomolecular Magnetic Resonance, Goethe-Universität Frankfurt, Max-von-Laue-Str. 7,
60438 Frankfurt am Main, Germany (prandolini@epr.uni-frankfurt.de)

Dynamic nuclear polarization (DNP) is an important technique to enhance sensitivity of NMR signals. In the liquid
state the operative DNP mechanism is the Overhauser Effect and is achieved by driving EPR transitions into saturation by
microwave pumping. In this new microwave driven equilibrium state, cross relaxation between unpaired electrons and
nuclear spins can significantly enhance the polarization of nuclear spins.1 Previously, unexpectedly high DNP
enhancements of more than -10 on water protons have been achieved in an aqueous solution of Fremy’s Salt at magnetic
fields of 9.2 T (corresponding to 400 MHz 1H NMR frequency and 260 GHz EPR frequency) using a low-power solidstate microwave source (max. power of 45 mW).2 However, we did not achieve maximum saturation of the EPR
transitions with this source. Recently, a DNP enhancement of -29 has been achieved on a similar sample using a highpower gyrotron microwave source (max. power 20 W).3 The degree of saturation can be modeled using a semiclassical
relaxation theory including electron coherences.4 These experimentally observed DNP enhancements, which exceed the
predicted values extrapolated from low-field DNP experiments, demonstrate the potential of DNP for liquid-state samples
at high magnetic fields.
References:
1. Hausser K. H. and Stehlik D., Adv. Magn. Reson., 3, 79 – 139 (1968)
2. Prandolini M. J., Denysenkov V. P., Gafurov M., Endeward B. and Prisner T. F., J. Am. Chem. Soc. 131, 6090 – 6092 (2009)
3. Denysenkov V., Prandolini M. J., Gafurov M., Sezer D., Endeward B. and Prisner T. F., in print
4. Sezer D., Gafurov M., Prandolini M. J., Denysenkov V. P. and Prisner T. F., Phys. Chem. Chem. Phys. 11, 6638 – 6653 (2009)
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Flow Regime Analyzer Based on Low-Field Nuclear Magnetic Resonance and
Halbach-Type Magnet Arrangements
Mariela Carpinellaa, Tristán M. Osána, Lucas M. C. Cerionia, Mariano Medinaa, Daniel J. Pusiola,
Matthias Appelb, Justin Freemanb and Irene Espejob
a
b

Spinlock S.R.L., Av. Sabattini 5337, Córdoba, X5020DVD, Argentina (dpusiol@nmr-spectrometers.com)
Shell International E\&P Technology Company, 3737 Bellaire Blvd., Houston,TX 77025, USA

Many industrial applications require exact characterization of the individual phase velocities and fluid fractions of
multi-phase flow. In this work we present a system that enables direct, real-time determination of velocity and fluid
fractions of three-phase flow by means of low-field Nuclear Magnetic Resonance.1 The apparatus includes a main
Halbach magnet of 60 cm in length with a cylindrical region of interest (ROI) of 10 cm in diammeter and 10 cm in length,
as well as two prepolarization Halbach magnet sections. The prepolarization magnets are arranged on either side of the
main magnet to enable the measurement of bi-directional flow. Using a recently developed method for characterizing
three-phase flow based on analysing the early behavior of the echo amplitudes of a CPMG sequence, flow velocity and
fluid fractions of oil/water mixtures were determined for flow-rates between 5 and 60 m3/h without the need of any static
or pulsed magnetic field gradients. The experimental results verify the theoretical framework. In addition, a contrast in
signal intensity originating from fluid phases with different longitudinal relaxation times, T1, was created by changing the
effective length of the prepolarization magnetic field using rotateable stacks of Halbach magnets. In addition to measuring
flow velocity and fluid fractions, the system enables the acquisition of two-dimensional magnetic resonance images of the
cross-section of the ROI. Imaging different phantoms filled with CuSO4-doped water established a spatial imaging
resolution of approximately 1 cm. Magnetic Resonance Imaging of the cross-section of a flow conduit has the potential to
significantly aid the interpretation of complex flow conditions.
References:
1. Pusiol D. J., et al., US Patent Application US 2008/0174309 Al, Pub. Date: Jul. 24, 2008
Acknowledgments: M.C has a doctoral fellowship from CONICET. T.M.O, L.M.C.C and D.J.P are fellows of CONICET.
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Solid-state NMR and Dynamic Nuclear Polarisation on Membrane Proteins
Lenica Reggiea, Vasyl Denysenkovb, Karsten Mörsa, Soraya Hölpera, Ute Hellmicha, Jörn
Plackmeyerb, Thomas Prisnerb and Clemens Glaubitza
a

Institute for Biophysical Chemistry (reggie@em.uni-frankfurt.de)
Institute for Theoretical and Physical Chemistry Centre for Biomolecular Magnetic Resonance, Goethe University Frankfurt, Max-von-Laue-Str.
960438 Frankfurt, Germany
b

We describe first dynamic nuclear polarisation experiments on model compounds and membrane proteins acquired on
a new, purpose built spectrometer. The hardware consists of a high power 258GHz gyrotron (Gycom, Nizhny Novgorod,
Russia) connected via corrugated waveguides to a specially modified Bruker 3.2mm cryo-MAS probehead operating at
100K at a 393MHz Bruker Avance II spectrometer. Signal enhancement and long-term stability of this system will be
demonstrated on model compounds dispersed in glycerol-water mixtures together with various mono and multi-radicals.
Furthermore, we will report a systematic screen of optimised sample preparation conditions allowing the best possible
compromise between magnetisation transfer while maintaining lipid bilayer integrity. We will illustrate the use of our
DNP setup on selectively and uniformly labelled samples of the integral membrane proteins proteorhodopsin, EmrE and
LmrA. Linewidths and signal enhancement in dependence of sample preparation conditions will be discussed.
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PHIP in symmetrical systems: effect of isotopic enrichment and hydrogenation
reaction intermediates
Francesca Reineri, Daniela Santelia, Carlo Nervi, Roberto Gobetto and Silvio Aime
Department of Chemistry IFM, University of Torino, Via P.Giuria 7, 10125, Torino, Italy (francesca.reineri@unito.it)

Hyperpolarization can be obtained from parahydrogenation reactions providing that the symmetry of the hydrogen
molecule is broken in the products. The addition of the two protons to chemically equivalent positions may also yield to
strong heteronuclear (13C) hyperpolarization1 due to asymmetrical coupling of the two protons with the heteroatom.
Polarization intensity is related to the fact that the singlet state is maintained during the hydrogenation reaction and in the
1
H-NMR spectrum an antiphase hyperpolarization pattern is expected.
It has also been shown that ParaHydrogen Induced Polarization (PHIP) can be observed on symmetrical molecules (A2
spin sytem)2 due to the occurrence of asymmetrical relaxation processes at the hydrogenation intermediates.
Herein we report our recent observations on the parahydrogenation of
symmetrical molecules catalysed by homogeneous Rh(I) catalysts aimed at
getting more insight into the factors determining the occurrence of the above
referred polarization effects. Hyperpolarization can be observed as an
antiphase or an emission signal in the same hydrogenation product (see
figure) depending on the stabilization effects played by the solvent on the
hydrogenation intermediates. DFT calculations, employed with the aim to
elucidate the hydrogenation mechanism, show that the solvent is coordinated
to the metal and stabilizes the intermediate species.
References:
1. Barkemeyer J., Haake M. and Bargon J., J. Am. Chem. Soc., 117, 2927 – 2929 (1995)
2. Aime S., Gobetto R. and Canet D., J. Am. Chem. Soc., 120, 6770 – 6773 (1998)
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Low temperature probe for NMR and longitudinal detection of EPR
Peter J. Robertsa, Rob Hunterb, Walter Köckenbergera and Josef Granwehra
a
Sir Peter Mansfield Magnetic Resonance Centre, School of Physics and Astronomy, University of Nottingham, NG7 2RD, UK,
(ppxpr@nottingham.ac.uk)
b
School of Physics and Astronomy, University of St Andrews, KY16 9SS, Scotland

Longitudinal detection (LOD) has long been used as an alternative detection method for EPR. Its benefits compared
with transverse detection include a greater robustness, no need for a microwave resonator in which to place the sample,
and detection during high-power microwave irradiation.1
We have designed and built a low temperature probe to measure LOD EPR spectra and study Dynamic Nuclear
Polarisation (DNP) processes in the same sample. The probe head has a cylindrical geometry. It consists of a coil former
designed to hold two orthogonal saddle coils for NMR applications and a solenoid for LOD EPR. The first of the saddle
coils is used for proton NMR excitation and detection. It forms part of a resonant circuit tuned to the 1H frequency of 144
MHz. The second saddle coil is part of an untuned circuit and is used for broadband excitation. The sample holder, with a
height of 17.5 mm and an internal radius of 4 mm, is designed for large volume samples.
The probe is designed to be used in a Krymov W-band setup: it is inserted into the external part of a probe described
by Gromov et al.2 For both NMR and EPR experiments, the probe head can be immersed in liquid helium and cooled to
1.3 K. A Krymov microwave bridge2 is used to irradiate the sample, but alternatively a lower cost unstabilised microwave
source (ELVA-1, St. Petersburg) can be used.3
We will present details of the design of the probe and probe head, as well as the implementation of the software to
control the experiments. Results of both initial NMR and LOD EPR experiments will be shown.
References:
1. Bloembergen N. and Damon R. W., Phys. Rev., 85, 699 (1952)
2. Gromov I., Krymov V., Manikandan P., Arieli D. and Goldfarb D., J. Magn. Reson., 139, 8 – 17 (1999)
3. Granwehr J., Legget J. and Köckenberger W., J. Magn. Reson., 187, 266 – 276 (2007)
Acknowledgments: PJR acknowledges a PhD studentship from the Midlands Physics Alliance Graduate School, UK.
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Measuring self-diffusion up to 1500K: issues and challenges
Anne-Laure Rolleta,b, Vincent Sarou-Kanianb, Mallory Gobetb and Catherine Bessadab
a
b

PECSA, CNRS-UPMC-ESPCI, 4 place Jussieu, 75005, Paris, France
CEMHTI, CNRS, 1D avenue de la Recherche Scientifique, 45071, Orléans, France (anne-laure.rollet@upmc.fr)

The study of high temperature liquids is always a technical challenge in many fields of fundamental or industrial
research such as geology (magma), metallurgy (metals and electrolytes), glass, nuclear waste recycling or energy (battery,
fuel cell, molten salt reactor)… Hence, in contrast with room temperature liquids,
high temperature liquids suffer from a lack of dynamical information due to the
technical difficulties to deal with. However dynamics, and particularly self-diffusion
description, is essential for a better understanding of their properties.
We have developed a new setup in order to achieve working temperature much
higher than the previous setups (limit 700K). Our setup is based on Pulsed Field
Gradient Nuclear Magnetic Resonance combined with CO2 laser heating. All
technical constraints have been controlled: temperature calibration, convection
HT NMR setup for diffusion
measurement
artefact, thermal protection of the NMR probe, sample time stability. In situ selfdiffusion coefficients of several nuclei can now be reliably measured up to 1500K.1
This new setup opens wide perspectives in the study of high temperature liquids.
To illustrate the potentialities of this method, we will present results on molten alkali fluoride systems2 and confront
them to the available literature data and to molecular dynamics simulation.
References:
1. Rollet A.-L., Sarou-Kanian V. and Bessada C., C. R. Chimie, 13, 399 – 404 (2010)
2. Sarou-Kanian V., Rollet A.-L., Salanne M., Simon C., Bessada C. and Madden P. A., Phys. Chem. Chem. Phys., 11, 11501 – 11506 (2009)
Acknowledgments: this work has been supported by GNR PARIS and PCR ANSF of the PACEN-CNRS program. The authors thank F. Engelke, and E.
Naumann, from Bruker for their help in the probe design.
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Constant 1H and 13C signal enhancement in NMR using hollow fiber membranes
and parahydrogen
Meike Rotha, Petra Kindervatera, Hans-Peter Raicha, Joachim Bargonb, Hans W. Spiessa and Kerstin
Münnemanna
a
b
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Enhancing the sensitivity of nuclear magnetic resonance via Parahydrogen
Induced Polarization (PHIP) is of high interest for spectroscopic investigations.
PHIP is a chemical method, which makes use of the correlation between nuclear
spins in parahydrogen to create hyperpolarized molecules.1 In order to achieve
the highest possible sensitivity gain it is of great importance to optimize the
reaction and measurement conditions of the parahydrogenation technique.
We optimized the conversion rate and established optimal NMR measurement
conditions by utilizing hollow fiber membranes2 for continuous parahydrogen
delivery while performing PASADENA experiments. This new way of
dissolving parahydrogen more efficiently into water without the occurrence of
foam and bubbles offers the opportunity to implement continuous flow
measurements under pressure, leading to higher conversion rates and higher
polarization levels. Furthermore, this careful control of the parahydrogenation
reaction generates a constant hyperpolarization of 1H and 13C over a certain time
(several minutes) which enables us to perform 2D NMR experiments with very
high sensitivity.
References:
1. Natterer J. and Bargon J., Prog. Nucl. Magn. Reson. Spectrosc., 31, 293 – 315 (1997)
2. Baumer D., Brunner E., Blümler P., Zänker P. P. and Spiess H. W., Angew. Chem. Int. Ed., 45, 7282 – 7284 (2006)
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Structure of Potential Targets for Drug Rational Design against M. Tuberculosis
Philippe Barthea, Martin Cohen-Gonsauda, Virginie Molleb, Galina V. Mukamolovac and Christian
Roumestanda
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One of the keys to Mycobacterium tuberculosis (Mtb) success as a pathogen is its ability to persist in its host organism
in a latent state after infection. Controlling the entry and exit from dormancy is therefore important in the development of
novel anti-tubercular therapies. RpfBc is a secreted protein that decreases the growth lag time when added to dormant
cultures of Mtb. The structure1 of its functional domain is a compact hybrid of the Soluble-Lytic-Transglycosidase and ctype lysozyme folds, both of which cleave peptidoglycan (PG). In response to its environment, Mtb modulates the
expression of genes in order to promptly adjust to new conditions. Stimuli are transduced via sensor kinases present on
the mycobacterial membrane. We present the solution structure of the extracellular domain of one of these kinases,2 PknB,
consisting in a repetition of four PASTA domains. We also identified and solved the structure of two protein substrates of
PknB. OdhI is a Krebs cycle key regulator in C. glutamicum, almost constituted of a single FHA domain. The solution
structures of both phosphorylated and unphosphorylated isoforms3 revealed a major conformation change and the first
autoinhibition mechanism for an FHA domain protein. Rv2175c from Mtb is a protein of unknown function: its solution
structure4 shows an original winged HTH motif, indicative of a DNA-binding protein. All these proteins represent
attractive targets for the development of drugs against Mtb, and the NMR structures described here offers valuable
templates for their rational design.
References:
1. Cohen-Gonsaud M., et al., Nature Struct. Mol. Biol., 12, 270 – 273 (2005)
2. Barthe M., et al., Structure, in press (2010)
3. Barthe P., et al., Structure, 17, 568 – 578 (2009)
4. Cohen-Gonsaud M., et al., J. Biol. Chem., 284, 19290 – 19300 (2009)
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LESR and TR-ESR characterization of fluorene-based polymers for photovoltaic
applications
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Spectroscopic characterization by conventional continuous wave light induced ESR (LESR) and Transient ESR (TRESR) with time resolution in the range of nanoseconds has been performed on some conjugated polymers including
fluorene units and co-monomers such as benzothiadiazole and arylamines. Laser irradiation at 532 nm and 355 nm have
been used for photoexcitation. The polymers have been examined both in frozen solution and in thin film form and either
in the absence or in the presence of the acceptor 1-(3-methoxycarbonyl)-propyl-1-phenyl-(6,6)C61 (PCBM). The results
have been compared with those obtained on two commercial polymers: poly-3-hexyl-thiophene, (P3HT) and poly[2methoxy-5-(3’,7’-dimethyloctyloxy)-1,4-phenylen]-alt-(vinylene) (MDMO-PPV).
In films of the pure polymers, a very weak LESR signal was observed, assigned to S=1/2 charged species P+• and P−•,
whereas a strong TR-ESR single line with decay time of about 1 μs was observed. The latter signal was assigned to
mobile triplet species with a motionally averaged lineshape. On the contrary in frozen polymer solutions, localized triplet
state TR-ESR spectra were observed.
In all of the polymer/PCBM films, TR-ESR showed the presence of a strong signal of PCBM triplet state, whose
spectral shape is significantly varied with respect to the lineshape due to triplet population by inter system crossing. This
difference suggests that the PCBM triplet generation in our polymer/PCBM films is due also to charge carriers
recombination.
This work provides information about the photophysics and the relative energies of the excited states involved in both
the charge carrier photogeneration and recombination processes in these materials.
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A Unified Representation of Protein Dynamics in Solution
Loïc Salmon, Phineus Markwick, Guillaume Bouvignies, Nils Lakomek, Korvin Walter, Michael
Nilges, Christian Griesinger, Rafael Brüschweiler, J. Andrew McCammon and Martin Blackledge
Institut de Biologie Structurale, 41 Rue Jules Horowitz, 38027, Grenoble, France (loic.salmon@ibs.fr)

NMR Residual Dipolar Couplings (RDCs) provide uniquely informative probes of biologically relevant motions as
they are sensitive to dynamics occurring on timescales up to the millisecond. However dynamically averaged couplings
report on both global alignment properties of the protein in an anisotropic medium and the local dynamic fluctuations, so
that both contributions have to be correctly estimated in order to accurately extract the biologically relevant motions.
Here, we develop a robust structure-free approach to the elucidation of local motions from RDCs measured in the protein
Ubiquitin.1 This analysis allows us to determine for each peptide plane the average orientation and the local
conformational dynamics, using the GAF (Gaussian Axial Fluctuation) model. Firstly, all alignment tensors are
quantitatively and simultaneously determined, using appropriate dynamic descriptions. An accurate picture of the local
motion is then determined, using robust statistical testing to ensure that only dynamic models with the appropriate level of
complexity are invoked. Results are extensively cross-validated against ‘free’ data sets. A complementary approach,
called Accelerated Molecular Dynamics (AMD), was applied to the same system.2 This restraint-free method
characterizes the conformational landscape probed during increasing timescales. Experimental RDCs and J couplings
were used to identify appropriate statistical mechanical sampling and results were compared to the GAF approach. The
two vastly different methods converge to very similar results, substantiating the validity of the approaches, and providing
a unified, self-consistent representation of protein dynamics in solution. In Ubiquitin the presence of motion on the nanosecond to millisecond range is mainly restricted to surface loops. This accurate estimation of the dynamics present in
globular proteins at timescales up to the millisecond provides fascinating insight into the conformational basis of protein
flexibility and into the forces governing molecular recognition and function.
References:
1 Salmon L., Bouvignies G., Markwick P., Lakomek N., Showalter S., Li D. W., Walter K., Griesinger C., Bruschweiler R. and Blackledge M., Angew.
Chem. Int. Ed, 48, 23, 4154 – 4157 (2009)
2 Markwick P., Bouvignies G., Salmon L., McCammon J. A., Nilges M. and Blackledge M., J. Am. Chem. Soc.,131, 46, 16968 – 16975 (2009)
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Heteronuclear Double-Resonance methods in NMR as probes for fast dynamics in
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Ecole Normale Supérieure, Département de Chimie, associé au CNRS, 75231 Paris Cedex 05, France

Biological processes are often governed by local dynamics occurring on µs-ms timescales, which can result in
chemical-exchange contributions to relaxation. In particular, chemical-exchange-induced cross-relaxation between
multiple-quantum (MQ) coherences can yield plenty of information about fast local dynamics (exchange rates) as well as
thermodynamical (populations and equilibrium constants) and structural (chemical shifts) parameters.1 Furthermore, the
study of the relaxation of MQ coherences allows the characterization of conformational motions that affect two spins
simultaneously. We have designed new Heteronuclear Double-Resonance (HDR) methods2,3 based on well-known
decoupling schemes, applied simultaneously to two scalar-coupled spins, to preserve MQ coherences, so that the
interconversion between them (e.g. HxNx→HyNy) can occur only through cross-relaxation. These methods enable the
investigation of conformational dynamics, which are faster than those accessible to MQ CPMG experiments, much like
single-quantum (SQ) spin-locking methods give access to faster time-scales than SQ CPMG methods. A remarkably
compact analytical expression for the MQ cross-relaxation rate under HDR irradiation was obtained inspired by the
approach of Podkorytov and Skrynnikov.4 Experiments carried out on proteins have led to the characterization of fast
exchange processes occurring on a timescale of ~40 µs, in agreement with earlier works.1
References:
1. Massi F., Grey M. J. and Palmer A. G., Protein Science, 14, 735 – 742 (2005)
2. Verde M., Ulzega S., Ferrage F. and Bodenhausen G., J. Chem. Phys., 130, 074506 1 – 13 (2009)
3. Ulzega S., Verde M., Ferrage F. and Bodenhausen G., J. Chem. Phys., 131, 224503 1 – 9 (2009)
4. Podkorytov I. S. and Skrynnikov N., J. Magn. Reson,. 169, 164 – 173 (2004)
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Multinuclear insight into the dynamics of inorganic melts: from simple to
network-like liquids
Vincent Sarou-Kaniana, Anne-Laure Rolleta,b, Mallory Gobeta and Catherine Bessadaa
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CNRS, UPR3079 CEMHTI, 1D avenue de la Recherche Scientifique, 45071 Orléans cedex2, France .(sarou@cnrs-orleans.fr)
PECSA, CNRS-UPMC-ESPCI, 4 place Jussieu, 75005, Paris, France

Molten salts constitute an interesting class of high temperature liquids because of the predominance of short-range
Coulomb forces which tend to reduce the ionic mobility by preventing ions from escaping out of their counterion shell.
They also present a wide range of different structural behaviours at atomic
scale. Their liquid structure can be very simple and seen as an ideal bath of
polarisable hard spheres.1 It can also be structured as an assembly of atoms
forming long-lived ionic units called ‘complexes’. When these complexes
are connected to each other via bridges, a network-like liquid can even be
formed.2 Actually the dynamics of liquids is intimately related to their own
structure. The self-diffusion coefficient (D) is a particularly important
parameter as it is involved in every model describing dynamical systems
(macroscopic properties – viscosity, electrical and thermal conductivities),
and at the same time it is a signature of the melt structure. Here we present
self-diffusion measurements obtained by high temperature PFG-NMR in 19F self-diffusion coefficients in molten
several molten fluorides systems (alkaline fluoride mixtures, alkali-rare earth
fluorides.
fluorides mixtures, cryolitic systems). The multinuclear (19F, 7Li, 23Na, 27Al)
approach provided by NMR is a relevant point of view of the relation between the structure and the dynamics of liquids.
The effects of temperature and composition in the different systems are clearly shown.
References:
1. Sarou-Kanian V., Rollet A.-L., Salanne M., Simon C., Bessada C. and Madden P. A., Phys. Chem. Chem. Phys., 11, 11501 – 11506 (2009)
2. Rollet A.-L., Sarou-Kanian V. and Bessada C., Inorg. Chem., 48, 10972 – 10975 (2009)
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Noise Signals in Solid State NMR
Judith Schlagnitweita, Jean-Nicolas Dumezb, Martin Nausnera, Bénédicte Elenab and Norbert Müllera
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Université de Lyon, Centre de RMN à très hauts champs, CNRS/ENS Lyon/UCBL, 5 rue de la Doua, 69100 Villeurbanne, France

Even at equilibrium an ensemble of spins gives rise to a small fluctuating signal. This phenomenon was predicted by
Bloch1 in 1946, and was later detected under a variety of conditions for liquid 1H samples.2-5.NMR noise can also be used
as an alternative tuning indicator, leading to the so called spin noise tuning optimum (SNTO).5,6
In this work, we give the first examples of the detection of NMR-noise in solid state NMR. Experimental results are
shown for static and MAS conditions. We show that the line shape of the spin noise signal is not only tuning but also
matching dependent. The tuning and matching position to get the dip line shape not only varies considerably between
different probes but also between different preamplifiers (also the shape of the wobble curve changes much with different
preamplifiers). A negative noise signal (absorbed circuit noise)7 can be obtained for high spin densities under MAS
conditions. The spin noise tuning procedure can also be used to optimize signal-to-noise ratios in 1H-MAS experiments.
References:
1. Bloch F., Phys. Rev., 70, 460 – 475 (1946)
2. Sleator T., Hahn E.L., Hilbert C. and Clarke J., Phys. Rev. B, 36, 1969 – 1981 (1987)
3. Guéron M. and Leroy J. L., J. Magn. Reson., 85, 209 – 215 (1989)
4. Müller N. and Jerschow A., Proc. Natl. Acad. Sci. U.S.A., 103, 6790 – 6792 (2006)
5. Nausner M., Schlagnitweit J., Smrecki V., Yang X., Jerschow A. and Müller N., J. Magn. Reson., 198, 73 – 79 (2009)
6. Marion D. J.-Y. and Desvaux H., J. Magn. Reson., 193, 153 – 157 (2008)
7. Giraudeau P., Müller N., Jerschow A. and Frydman L., Chem. Phys. Lett,. 489, 107 – 112 (2010)
Acknowledgments: FWF (Austrian Science Funds) Project No. P19635-N17. Access to Research Infrastructures activity in the 6th Framework
Programme of the EC (Contract # RII3-026145, EU-NMR).
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Quasi-eq
quilibrium
m in liquid
d crystal 1H spins via
v eigen--selective decohereence
Héctor H. Segnorile, Cecilia
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Claudio J. Bo
onin and Ricardo C. Zaamar
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FaMAF) - Universsidad Nacional de
d Córdoba - IFEG
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A quasi-eequilibrium (QE
E) state is a staage of the spinn dynamics, th
hat can be charracterized by a spin-temperatture, that is, byy a
diagonal denssity operator inn a timescale much
m
shorter thhan relaxation towards
t
therm
mal equilibrium
m with the latticce. This state can
c
be observed in
i solids and nematic
n
liquid crystals (LC) by
b NMR Jeener-Broekaert1 (JB)
(
experiment, for examplle. The existennce
of QE is conttroversial: it iss claimed that in solids dephhasing of a hu
uge amount off spin states
over a shortt time, enablees the use off a diagonal density matriix when calcuulating the
observables.2 However, in a LC the numbber of effectiveely interacting
g spins (8 spinss in PAAd6)
mall in this vieew. A full-quaantum (FQ) theeoretical appro
oach justifyingg the QE in
seems too sm
LC is presentted.3 Spins aree treated as ann open quantum
m system, wheere mechanicall molecular
operators aree included in the dipolar Hamiltonian,
H
t
together
with the spin opeerators. FQ
description, allows
a
to disenttangle differennt timescales inn the dynamicss: Liouvillian evolution
e
of
a closed spiin system, reeversible adiaabatic quantum
m decoherencce, irreversible quantum
decoherence and
a relaxation.
Our theorretical approach predicts thhe occurrence of a decay process
p
we caalled eigen- fig.1: eigen-selelective decoherennce
selectivity. We
W present an experiment
e
whhich clearly shoows this effectt on the multipple quantum
coherences spectra (fig. 1). Experimentts showing thhe occurrence of an irreverrsible trend
a presented: time
t
reversal of
o the spin dynnamics with MREV8
M
(fig. 1)) and magic
towards QE are
echo pulse sequences
s
startting from thee JB initial coondition. Num
merical calculaation of the
dipolar signall on a LC moleecule (fig. 2 annd Ref. 4) suppports this concllusion.
fig.2: JB signaals. a: experimentt.
References:
b: a single mo
olecule calculationn
1. Jeener J. and Broekaert P., Phyys. Rev., 157, 2322 – 240 (1967)
R B, 3, 684 – 696
6 (1971)
2. Rhim W.-K., Pines A. and Waaugh J. S., Phys. Rev.
H PhD Thesis, Universidad
U
Naciional de Córdobaa (2009) http://ww
ww.famaf.unc.eduu.ar/publicaciones/documents/serie_d/DFis138.pdff
3. Segnorile H. H.,
4. Segnorile H. H.,
H Bonin C. J., González
G
C. E., Acosta
A
R. H. and Zamar
Z
R. C., Soliid State Nuclear Magnetic
M
Resonaance, 36, 77 – 85 (2009)
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NMR stu
udy on sloow crystalllization and
a plura
al crystallline phasees of room
m
temperatture ionicc liquid, 1-butyl-31
methylim
midazolium
m hexaflu
uorophosp
phate
Hiroko Sekkia, Mamoruu Imanarib, Takatsugu Endob and Keiko
K
Nishhikawab
a
b

Chemical Analyysis Center, Chibba University, Chiba 263-8522, Jap
apan (seki@facultty.chiba-u.jp)
Graduate School of Advanced Inntegration Sciencce, Chiba Universsity, Chiba 263-8
852, Japan

We meaasured 1H-T1, T2 of 1-buutyl-3-methyliimidazolium hexafluorophhosphate [C4m
mim]PF6 as a function of
temperature in the range from 203 to 403 K. Therre was no discontinuous
8
change of 1H-T1, T2 in the
t cooling and
a
heating process. How
wever, after
6
solidificationn by liquid nittrogen, the1H-T1, T2 trace chhanged discon
ntinuously at
4
T heating
233 and 253 K in the heatiing process (F
Fig.). First disccontinuous ch
hange of 1HT heating
2
T1, T2 valuess at 233 K is crystallizationn from the glaass and secon
nd change is
T heating crystal 1
T heating crystal 1
phase transittion between crystalline phhases. Furtherm
more, the sam
mple turn to
0
T heating crystal 2
the third phaase transition during
d
one nigght keeping inn the crystallin
ne state in a
-2
T heating crystal 2
refrigerator. These three crystal
c
phases correspond too the crystal phases
p
of α,
T heating crystal 3
-4
T heating crystal 3
β and γ, which
w
reportted as the results
r
of caalorimetric and
a
Raman
-6
200
250
300
3
350
400
450
spectroscopicc studies by Endo
E
et al.1
lnT1,T2 (ms)

1
2
1
2
1
2
1
2
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References:
B 114, 407 – 411
1 (2010)
1. Endo T., Katoo T., Tozaki K. annd Nishikawa K.,, J. Phys. Chem. B,

1

Fig. H-T1,T
T2 trace as a functtion of temperatuure
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High Frequency Modulated Gradient Spin Echo Diffusion Measurements with
Chemical Shift Resolution
John G. Seland
Department of Chemistry, University of Bergen, N-5007 Bergen, Norway (John.Seland@kj.uib.no)

The use of the Modulated Gradient Spin-Echo (MGSE) technique1 enables self-diffusion measurements at short
displacements. The oscillating phase factor produced by the modulated
gradients results in a signal decay that depends on the Velocity Autocorrelation Function of the molecules. The diffusion dependent signal
attenuation can then be accumulated over several rapidly oscillating
cycles of the modulated gradients, making the measurement sensitive
shorter time scales than what is achieved in the Pulsed Gradient Spin
Echo experiment. The motion is described in the form of a Displacement
Power Spectrum or a diffusion spectrum. We present a new MGSE
pulse sequence based on CPMG-refocusing in a constant gradient, that
enables diffusion measurements with chemical shift resolution in the
obtained spectra, and with higher modulation frequencies than
previously obtained.2 To avoid effects from gradient-slicing and unwanted coherences1, while maintaining high chemical
shift resolution, the samples were prepared in a shigemi tube (0.5 mm sample hight). The figure shows the obtained
diffusion coefficients as a function of the modulation frequency (diffusion spectrum) in a water sample. The
measurements are stable up to 1.6 KHz. Examples from applications of the method in micro-emulsions will also be
presented.
References:
1. Stepisnik J., Lasic S., Mohoric A., Sersa I. and Sepe A., J. Magn. Reson., 182, 195 – 199 (2006)
2. Lasic S., Åslund I. and Topgaard D., J. Magn. Reson., 199, 166 – 172 (2009)
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Shuttling and mixing of hyperpolarized solutions in dissolution DNP NMR
experiments
Waldemar Senczenko, James Leggett and Walter Köckenberger
Sir Peter Mansfield MR Centre, School of Physics & Astronomy, University of Nottingham, Nottingham NG7 2RD, UK, (ppxws@nottingham.ac.uk)

DNP at cryogenic temperatures in conjunction with sample dissolution can provide a signal enhancement of a factor of
104 for single-scan liquid-state NMR spectroscopy.1 The drawback is that the high polarization decays after dissolution
with the longitudinal relaxation time constant T1 which limits the time period during which the signal can be detected
with an appreciable enhancement. On the other hand the strong signal enhancement allows to overcome the sensitivity
limitation of conventional NMR and makes it possible to directly observe low concentrated heteronuclei in a single
acquisition. Dissolution DNP-NMR seems ideally suited for studies of the dynamics of unstable or quickly changing
molecular systems, such as ligand molecules binding to receptor proteins.2
Here, we demonstrate practical solutions for fast and robust sample shuttling to a high field magnet after dissolution
from a standalone polarizer.3 To extend dissolution DNP spectroscopy to the study of dynamical changes on the molecular
level it is frequently necessary to rapidly mix two liquids immediately before the NMR signal is acquired. While the first
liquid contains the highly polarized spin system, which may be a ligand or a protein, the other solution could contain
either receptor molecules or small molecules that trigger a particular dynamical process of the hyperpolarised molecule.
We demonstrate here our implementation of a fast mixing strategy and apply it to a simple protein ligand system.
References:
1. Ardenkjaer-Larsen, et al., Proc. Natl. Acad. Science U.S.A., 100, 10436 – 10439 (2003)
2. Lerche, et al., J. Magn. Reson., 203, 52 – 56 (2010)
3. Bowen, et al., Phys Chem Chem Phys., 12, 5766 – 70 (2010)
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A Comparison of the PGSE and MGSE Pulse Sequence in Measurements of
Diffusion Spectra
Igor Seršaa,b, Aleš Mohoričb and Janez Stepišnika,b
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Condensed matter department, Jožef Stefan Institute, Jamova 39,1000 Ljubljana, Slovenia
Faculty of mathematics and physics, University of Ljubljana, 1000 Ljubljana, Slovenia (igor.sersa@ijs.si)

Diffusion spectrum measurements are a powerful tool in studies of restricted diffusion and with it related properties of
matter. A diffusion spectrum D(ω) is equal to the Fourier transform of the velocity autocorrelation function and therefore
holds information on molecular displacements in different time scales. While unrestricted diffusion can be measured by
virtually any pulse sequence that includes magnetic field gradients diffusion spectra can only be measured by pulse
sequences that have a distinct single peak in the frequency spectrum of effective magnetic field gradients divided by
frequency squared.1 An example of these is the modulated gradient spin-echo sequence (MGSE), which consists of a
constant magnetic field gradient and the CPMG RF pulse train that causes alternation of the effective magnetic field
gradient. The MGSE sequence results in the echo signal attenuation with the attenuation exponent proportional to the
diffusion spectrum at the gradient modulation frequency. The entire diffusion spectrum is then measured by repeated
MGSE experiments with changing gradient modulation frequency. Most commonly used pulse sequence in diffusion
measurements, the pulsed field gradient spin-echo sequence (PGSE), has an effective gradient of which frequency
spectrum divided by frequency squared has a broad distribution extending from zero frequency to 2π/Δ (where Δ is the
time interval between both magnetic field gradient pulses of the PGSE sequence) and is therefore not suitable for
measurements of diffusion spectra. However, this broad distribution can be narrowed significantly if signals of two PGSE
sequences with slightly different Δ are subtracted. Therefore, PGSE sequences with incrementing Δ intervals also enable
measurements of diffusion spectra. However, there remain problems in the proposed MGSE subtraction method that are
associated with decreased sensitivity and contamination due to higher harmonics in the effective gradient spectrum.
References:
1. Stepišnik J., Lasič S., Mohorič A., Serša I. and Sepe A., Magn. Reson. Imag., 25, 517 – 520 (2007)
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Simulation and fitting of ESR spectra from macromolecules undergoing global
and internal dynamics using stochastic trajectories
Deniz Sezer
Faculty of Engineering and Natural Sciences, Sabanci University, Orhanli-Tuzla, 34956, Istanbul, Turkey (dsezer@sabanciuniv.edu)

The global and internal motions of proteins occur on similar time scales. In addition, intra- and inter-domain dynamics
of multi-domain proteins tend to be coupled during functionally relevant conformational transitions. Identifying and
characterizing correlated global and internal motions using magnetic resonance spectroscopy is notoriously hard. In
quantitative analysis of electron spin resonance (ESR) spectra one typically attempts to simulate the spectrum from first
principles starting with a prospective model of the conformational transition. A flexible computational scheme for
simulating ESR spectra of both diffusive and jump-like motional models from stochastic realizations of their trajectories
was recently developed.1 Thanks to its modular nature the approach easily handles complex dynamical models with
motional coupling. Here, the formalism is extended along five different lines: (1) Nitroxide spin labels containing both
14
N and 15N are treated. (2) Spectra at several different frequencies are simulated simultaneously for almost no additional
computational cost. (3) Forbidden transitions occurring at high magnetic fields are treated. (4) Spectra of two dipolarcoupled spin labels subject to slow molecular motions are simulated. (5) Automated fitting to experimental spectra for
some of the magnetic and motional parameters is implemented. With these additions the developed computational
approach becomes a powerful interpretative tool for continuous-wave ESR spectroscopy of biomolecules containing a
single or two dipolar-coupled spin labels.
References:
1. Sezer D., Freed J. H. and Roux B., J Chem Phys, 128, 165106.1 – 16 (2008)
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Measurements of Quadrupolar Coupling Constants in Deuterium Labelled
Ubiquitin
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Chemical Sciences Laboratory, Department of Chemistry and Biiochemistry and the National High Magnetic Field Laboratory, Florida State
University, 32306, Florida, USA
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Measurements of 2H relaxation rates in deuterated proteins, particularly RQ(D+) and RQ(Dz), have been used to
characterise dynamic parameters in protein side chains and more recently backbone positions.1,2 2H relaxation rates are
dominated by the Quadrupolar Coupling Constant (QCC), which allows for ease of analysis in order parameter
determination and model-free analysis. Conversely, if the dynamics are well characterised, through alternate relaxation
analysis or molecular dynamics simulations, the QCC value can be determined through these measurements. Presented is
the experimental determination of RQ(D+) and RQ(Dz) rates for DN and DCα in 2H labelled ubiquitin in order to directly
determine QCC variability in these sites.3 In addition, an indirect determination of the QCC values in the Cα position has
been obtained through scalar coupling of the second kind. While a uniform QCC value has been established for methyl
groups, QCC values for the DN as well as the DCα deuterons are correlated with the inverse cube of D···O=C distances and
apparent hydrogen bonding.4,5
1.Tugarinov V., Ollerenshaw J. and Kay L., J. Am. Chem. Soc.,127, 8214 – 8225 (2005)
2. Sheppard D., Li Da-Wei, Brüschweiler R. and Tugarinov V., J. Am. Chem. Soc., 131, 15853 – 15865 (2009)
3. Sheppard D. and Tugarinov V., J. Magn. Reson., 203, 316 – 322 (2010)
4. Mittermaier A. and Kay L., J. Am. Chem. Soc., 121, 10608 – 10613 (1999)
5. LiWang A. and Bax A., J. Magn. Reson., 127, 54 – 64 (1997)
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ESR-spectroscopy Investigation of Free-Radicals in Macromolecular
Antimutagens Based on Chitosan
Irina A. Shilovaa, Valentina A. Alexandrovab, Svetlana I. Kuzinaa and Alfa I. Mikhaylova
a
Institute of Problems of Chemical Physics, Russian Academy of Sciences, Prospekt Akademika Semenova, 1, Chernogolovka, Moscow Region,142432,
Russia, (ishil@icp.ac.ru)
b
Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences, Leninskii Prospekt, 29, Moscow, Russia

In view of the deteriorating environmental radiation background, the development of approaches to the creation of
highly effective antimutagenic systems (among them of polymeric nature) is currently an urgent problem.
This work is devoted to the development of new water-soluble macromolecular antimutagens based on non-toxic
biodegradable polycation chitosan and plant antioxidants added to the side chain of polymer. For revealing of possible
correlation between a number of hydroxyl groups in structure of a low molecular weight antioxidant and protective
efficiency of macromolecular antimutagens, new water-soluble conjugates of chitosan were synthesised from plant
antioxidants - gallic and syringic acid, accordingly. The row of antioxidant containing (in quantity from 1 to 3% of
weights) water-soluble conjugates of chitosan was synthesised and characterised.
To realize the possible mechanism of such systems protective action, and also to compare the substance radiation
resistance and its antimutagenic efficiency, the investigation of the free radicals generated at low-temperature (77К)
radiolysis of polycations has been carried out via ESR spectroscopy method.
It has been shown that the structure of both the relative contribution of radical and anion-radical intermediates depends
on the type of phenolic antioxidants in a side chain of polymer.
Acknowledgments: This work was supported by a grant from the Russian Academy of Sciences (Program No.8).
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Heteronuclear relaxation measurements as a new method to study anisotropic
supramolecular structures
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Heteronuclear 13Cα relaxation measurements are applied in a novel method to investigate the organization of a
supramolecular assembly. The assembly of the pore forming cyclic lipodepsipeptide pseudodesmin A1 into
supramolecular structures of indefinite size in non-polar organic solvents will be reported. Based on the monomer
conformation of this small peptide building block and diffusion data, a model was previously proposed for the
pseudodesmin A self-assembly.2 Here, heteronuclear 13Cα relaxation behaviour is exploited to validate this model.
The 13Cα relaxation rate constants, R1 and R2, are known to be very sensitive to the degree of anisotropy of the
molecular object and to the orientation of the CH bond vector, as described by Woessner.3 By confronting R1/R2 ratios
with the CH bond vectors within the known monomer conformation, the orientation of the monomers within the
supramolecular assemblies can be assessed. The rotational diffusion coefficients of the assemblies can be obtained from
the data, leading to their average dimensions. In the case of pseudodesmin A, it is demonstrated that the length of the
cylinder like structures increases with concentration, while the diameter remains constant. In addition, the orientation of
the monomer molecules vs. the direction of growth reveals the surface area where the intermolecular contact takes place,
which for pseudodesmin A is in agreement with an end-to-end helix stacking, validating the proposed model.
We demonstrate that this method can be used for the study of the self-assembly of small molecules into anisotropic
supramolecular structures, provided they contain sufficient distinguishable CH (or NH) groups that sample various
orientations. The main advantages of this technique are that it provides structural information about the orientation of the
monomer molecule within the assembly and that it can be applied in the solution state.
References:
1. Sinnaeve D., et al., Tetrahedron, 65, 4173 – 4181 (2009)
2. Sinnaeve D., et al., Chemistry-a European Journal, 15, 12653 – 12662 (2009)
3. Woessner D. E., J Chem Phys, 37, 647 – 654 (1962)
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Remote detection of a Xenon-based Molecular Sensor
Monica A. Smitha, Tyler Meldrumb, Vikram S. Bajajb, David E. Wemmerc and Alexander Pinesb
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b
Department of Chemistry, University of California, Berkeley and Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley,
94720, Berkeley, USA
c
Department of Chemistry, University of California, Berkeley and Physical Biosciences Division, Lawrence Berkeley National Laboratory, Berkeley,
94720, Berkeley, USA

Xenon-based molecular sensors (sensors) are attractive molecular imaging contrast agents due to their sensitivity to
their local environment. In combination with chemical exchange saturation transfer of hyperpolarized nuclei (HyperCEST)1 and optimization of the detected signal via remote detection,2 these sensors
promise to be useful tools in both microfluidic-based chemical analysis and in vitro
bioassays, where multiple microscale assays can be sensitively read out with a single
detector. Depletion of MR signal by Hyper-CEST is achieved by pulsing at the sensorassociated 129Xe resonance frequency. The exchange of saturated xenon out of the sensor,
into the bulk pool, leads to a detectable decrease in the MR signal of free xenon in water.
Here, a one second pulse was applied by a commercial 30 mm probe to depolarize
sensor-associated hyperpolarized 129Xe as water passed through a region containing the
sensor (on). Immediately following application of the pulse, the xenon solution peak was
stroboscopically read out via a home-built detection probe tuned to the xenon resonance frequency. The same sequence
was then repeated with the saturation pulse applied equidistant downfield of the xenon solution peak in order to
compensate for RF effects (off). The normalized contrast, (off – on)/ off, is shown in the figure to the right. We observe a
clear region of saturation ~ 2.7 seconds following the onset of detection.
References:
1. Schröder L., Lowery T. J., Hilty C., Wemmer D. E. and Pines, A., Science, 314, 446 – 449 (2006)
2. Granwehr J., Harel H., Han S., Garcia S. and Pines A., Phys. Rev. Lett., 95, 1-4 (2005)
Acknowledgments:This work was supported by the U.S. Department of Energy, BES.
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Validation of Quantitative NMR Analysis of Fatty Acid in Phamaceutical
Excipients
Paulo C. Leal, Maria de F. P. S. Mota, João M. A. Bispo and Cláudia M. G. de Souza
Center for Metrology in Chemistry, Institute for Technological Research, Av. Prof. Almeida Prado, 532, Zip code 05508-901, São Paulo, Brazil,
(cmgsouza@ipt.br)

NMR is by definition a quantitative spectroscopic tool because the intensity of a resonance line is directly proportional
to the number of resonant nuclei.1 Quantitative NMR spectroscopic methods are widely used nowadays because they can
be considered primary method of measurement considering the criteria in the CCQM definition.2,3
Taking advantage of metrological properties of quantitative NMR, in the present work experiments were performed
for the determination of a known component in a mixture of fatty acids in commercial products which have castor oil as
pharmaceutical excipient. The sample was used without previous sample preparation, fatty acid separation, purification or
derivatization by traditional chromatographic methods.
1
H NMR spectroscopy was performed using standard reference which was used by a stem coaxial insert placed into
the sample tube. The methodology was validated and accuracy, linearity (> 0.999%), limits of detection (0.13 %) and
quantification (0.34%), and ruggedness were established. As a result it was found that the maximum combined
measurement uncertainty is 1.6% for a confidence interval of 95%.
The methodology makes possible wide-spread application especially for complex mixtures of fatty acids in a better
way than traditional analytical methods. No separation or sample preparation is necessary, in a short time of analysis with
high precision and accuracy.
References:
1. Malz, F. and Jancke, H., Journal of Pharmaceutical Analysis, 38, 813 – 823 (2005)
2. Jancke, H., Malz, F. and Haesselbarth, W., Accred Qual. Assur, 10, 421 – 429 (2005)
3. Diehl, B., Malz, F. and Holzgrabe, U., Spetroscopy Europe, 19, 15 – 19 (2007)
Acknowledgments: IPT, UFSCar.
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ISD: latest improvements
Yannick G Spill, Yohann Mansiaux and Michael Nilges
Department of Structural Bioinformatics, Institut Pasteur, 25 rue du Docteur Roux, 75015 Paris, France (yannick.spill@pasteur.fr)

Extracting the essential constraints that allow protein structures to be determined.
Protein Structure determination methods often use NOESY-derived distance restraints. This data can be both
inconsistent and of varying quality depending on the position in the sequence of the involved residues. Here we use two
tools, FIRST1 and QUEEN,2 to narrow down a set of constraints to it's essential constituents. Using the ISD software
package,3 we were able to show that convergence is maintained even after deleting 11 out of 12 restraints for some
simulations, without substantial degradation of the main structural features. Suppressing these restraints also lowered the
variance of the positions of the atoms and shows that these tools could help to make datasets more consistent.
Improvements of ISD's replica-exchange sampling scheme.
We implemented Tsallis sampling on the whole posterior probability function, asynchronous and all-pairs replicaexchange, and an optimization scheme that automatically adjusts the parameters to achieve even acceptance ratii.
References:
1. Chubynsky M. V. and Thorpe M. F., Phys. Rev. E, 76, 041135 (2007)
2. Nabuurs S. B., et al., J Am Chem Soc, 125, 12026 – 12034 (2003)
3. Rieping W., Habeck M. and Nilges M., Science, 309, 303 – 306 (2005)
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SSA: An iterative algorithm for suppression of spectral artifacts in
multidimensional spectra obtained by random sampling and non-uniform Fourier
transform
Jan Stanek and Wiktor Koźmiński
Faculty of Chemistry, University of Warsaw, Pasteura 1, 02093 Warsaw, Poland (janstanek@chem.uw.edu.pl)

Owing to its resolving power, multidimensional NMR methods became a routine in biomolecular research. However,
the classical approach to acquisition of ND spectra requires the sampling theorem to be fulfilled. As a consequence,
maximum evolution times in indirectly detected dimensions are usually limited already for 3D experiments. In other
words, one has to accept the trade-off between broad lineshapes and reasonable experiment duration.
Spectral resolution can be enhanced with the use of non-uniform sampling of evolution time space, accompanied with
an appropriate processing. Non-uniform Fourier Transform (nuFT), being one of the most straightforward approaches,
yields reliable estimates of spectra, and is capable of handling randomly sampled signals. Although this kind of analysis is
sufficient for spectra containing a moderate number of peaks in small dynamic range, some applications (like NOESY)
needs a more sophisticated treatment of acquired data.
Here we present an efficient algorithm for removal of artifacts in randomly sampled 3D and 4D spectra. The signal
separation algorithm1 (SSA) follows the CLEAN principle, which was previously adapted to NMR also by other
authors.2,3 It was shown that the algorithm preserves relative peak intensities,1,4 and has various potential applications,
including the most demanding NOESY spectra. It is also demonstrated that the results are competitive to those obtained
by other popular methods, namely maximum entropy reconstruction and multidimensional decomposition.
References:
1. Stanek J.and Koźmiński W., J Biomol NMR, 47, 65 – 77 (2010)
2. Kazimierczuk K., Zawadzka A., Koźmiński W. and Zhukov I., J Magn Reson, 188, 344 – 356 (2007)
3. Coggins B. E. and Zhou P., J Biomol NMR, 42, 225 – 239 (2008)
4. Werner-Allen J. W., Coggins B. E. and Zhou P., J Magn Reson, 204, 173 – 178 (2010)
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1

H NMR spectroscopy as an alternative tool for the detection of γ-ray irradiated
meat
Rayna Stefanovaa, Nikola V. Vasilevb, Nickolay G. Vassilevc and Pavletta S. Denkovac
a

National Centre of Radiobiology and Radiation Protection, 3 G.Sofiiski Street, 1606 Sofia, Bulgaria (r.stefanova@ncrrp.org)
Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, 72 Tzarigradsko chaussee Blvd., 1784 Sofia, Bulgaria
Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, Acad. G.Bonchev Street, bl.9, 1113 Sofia, Bulgaria

b
c

The effect of γ-ray irradiation on the fatty acid profile of chicken meat was examined at doses of 0.5, 2.5, 5.0, 7.5, 10.0
and 15.0 kGy by 1H-NMR spectroscopy. A method based on the employment of integral intensities of the signals in
specific spectral ranges was used to detect chemical changes in the lipid moiety of the food during the irradiation
treatment. NMR spectral results revealed a clear dose-dependent effect of irradiation on the fatty acid profile. A trend
toward an increase in the amount of saturated fatty acids and a decrease in the amount of polyunsaturated fatty acids in the
triacylglycerol composition of the irradiated meat samples compared with the non-irradiated one was established with
increasing the irradiation dose. The trend of decreasing polyunsaturated fatty acyl groups was associated with a decrease
in oxidative stability of meat fat after application of γ-ray irradiation. The results of this study demonstrated that 1H-NMR
spectroscopy could be used as a simple, very fast and complementary alternative to the cumbersome and time consuming
GC/MS analytical method EN 17851 or/and EN 1784,2 respectively, due to its capability of immediate quantifying
saturated, mono- and polyunsaturated fatty acids in irradiated meat without any sample work-up.
References:
1. Anonymous. Foodstuffs. Detection of irradiated food containing fat. Gas chromatographyic analysis of hydrocarbons. European Committee for
Standardization: Brussels, Belgium, EN 1784, 1996, revised 2003
2. Anonymous. Foodstuffs. Detection of irradiated food containing fat. Gas chromatographyic/mass spectrometric analysis of 2-alkylcyclobutanones.European Committee for Standardization: Brussels, Belgium, EN 1785, 1996, revised 2003
Acknowledgments: The authors would like to express their great thankfulness to the National Scientific Fund of the Ministry of Education and Science
in Bulgaria for the financial support of project no.311/NIP/contract no.TK-X-1606/06.
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Cell-free expression and liquid state NMR Spectroscopy for structure
determination
Susanne Stefer, Sina Reckel, Solmaz Sobhanifar, Frank Löhr, Frank Bernhard and Volker Dötsch
Institute of Biophysical Chemistry and Center for Biomolecular Magnetic Resonance, Goethe-University Frankfurt am Main, Max-von-Laue-Str.
9,60438 ,Frankfurt am Main, Germany, (susanne.stefer@bpc.uni-frankfurt.de)

Despite major technical advances in methodology structure determination of membrane proteins by NMR
spectroscopy still poses a significant challenge. It was demonstrated that these problems can be overcome, allowing for
the sequential backbone assignment of membrane proteins with the aid of cell-free expression systems. The spectral
overlap often observed for helical MPs can be resolved using selective labelling strategies. Within the CF system efficient
amino acid type selective labelling with almost all amino acid types is possible with minimal metabolic scrambling;
whereas in bacteria this is restricted to certain amino acid types, or usage of auxotrophic strains is required. Given its open
nature the CF system ensures complete control over the amino acid pool of the reaction, any non-labelled amino acid type
can be exchanged by its labelled derivative which instantly ensures 100% label incorporation into the synthesized protein
without any background labelling and loss in yield. Labelling strategies such as the transmembrane segment enhanced
labelling relying on the use of six amino acids (AGLFIV) that predominantly cluster in the TM region and the
combinatorial labelling have been developed. These strategies enable the unambiguous identification of consecutive
amino acid pairs and/or stretches that can be subsequently used as anchor points for the backbone assignment and further
structural analysis.
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Study of polymer translational dynamics by NMR modulated gradient spin echo
Janez Stepišnika,b and Aleš Mohoriča
a
b

University of Ljubljana, FMF, Jadranska 19, 1000 Ljubljana, Slovenia
Institute J. Stefan, Jamova 39, 1000 Ljubljana, Slovenia, (Janez.Stepisnik@fmf.uni-lj.si)

The dynamics of polymer chains in a melt is a complex multi-body problem that has to take into account the
entanglements of the chains and their time fluctuations. Two of the most widely used theories for polymer melt dynamics
reduce the problem to a single chain motion in an effective medium: the Rouse model for the simple case of unentangled
chains (Rouse 1953) and the reptation model for entangled D arbitrary units
3.0
chains (de Gennes 1979, Doi and Edwards 1989). However, the
experimental or computer-experimental evidence for the
2.5
quantitative reliability of the models is not particularly strong.
2.0
Time window of NMR pulse gradient spin echo, which is used
1.5
Rouse motion
to determine features of polymer dynamics by measuring selfdiffusion motion, is limited to above 2 ms and cannot view the
1.0
full range of segmental and reptation displacements in dense
4 3
0.5
Reptation
polymers. Novel technique of NMR modulated gradient spin
1
kHz
echo method is able to view faster molecular translations by
0
1
2
3
4
providing the velocity autocorrelation spectrum of molecular
motion, D(ν), to about 100 kHz (10 μs). Method can be used to measure D(ν) of polymer segmental motion . As shown in
figure, the obtained experimental data for a melted polymer confirms theoretical prediction about the crossover from the
Rouse to the reptation dynamics that appears, where D(ν) goes from ν3/4 (reptation) into ν1/2 (Rouse) dependence. Shape
of spectrum gives the values of relevant dynamic parameters.
References:
1. Stepišnik J., Lasič S., Mohorič A., Serša I. and Sepe A., J. Magn. Reson.,182, 195 – 199 (2006)
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Relaxation Behavior of Hyperpolarized 83Kr and 129Xe in the Presence of Surfaces
Karl F. Stupic and Thomas Meersmann
Sir Peter Mansfield Magnetic Resonance Centre, School of Clinical Sciences, University of Nottingham, NG7 2RD, Nottingham, United Kingdom
(stupickf@lamar.colostate.edu)

Longitudinal relaxation of noble gas isotope 83Kr (I = 9/2) is primarily dominated by
quadrupolar interactions during periods of surface adsorption. Relaxation behavior of 83Kr has
been previously studied under different temperatures,1 surface-to-volume ratios,2 surface
hydration3 and chemically modified surfaces2,4 that were further utilized as an MRI contrast.4
Utilizing a remote detection scheme,1 whereby relaxation is allowed to occur in one location
while being detected in a secondary location, longitudinal relaxation of hyperpolarized (hp)
83
Kr and 129Xe was studied on surfaces at various magnetic field strengths. In addition this
scheme was used to the gas-phase relaxation behavior of 83Kr and 129Xe in the presence of a
breathable mixture of oxygen (~20%). Remarkably on a stainless steel surface, at any
magnetic field strength, the longitudinal relaxation time for 83Kr is longer than the longitudinal
relaxation time for 129Xe. This is attributed to the larger gyromagnetic ration of 129Xe, making
129
Xe ~50 times more sensitive to paramagnetic species than 83Kr. In the presence of a
breathable mixture of oxygen the longitudinal relaxation time of 83Kr is reduced by ~30% of
the 83Kr relaxation in the gas phase. Although reduced, this relaxation time is still significantly
longer than when a metallic surface is present, suggesting that surface relaxation is still the
dominant mechanism even in the presence of a paramagnetic species. This permits future in
vivo lung studies where breathable amounts of oxygen can be present and still obtain surface
dominated relaxation data.
References:
1. Cleveland, et al., J. Chem. Phys., 044312, 1 – 7 (2006)
2. Stupic, et al., Solid State Nucl. Magn. Reson., 29, 79 – 84 (2006)
3. Cleveland, et al., J. Am. Chem. Soc., 129, 1784 – 1792 (2007)
4. Pavlovskaya, et al., Proc. Natl. Acad. Sci. U.S.A., 102:18275 – 18279 (2005)

Fig. 1. Longitudinal
relaxation times of hp 83Kr
(A) and 129Xe (B) on different
surfaces plotted against field
strength. Signal intensity
obtained by remote detection
is fitted to a monoexponential function to obtain
T1.
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Multithreaded Simulation Of Solid State NMR Spectra on CUDA Enabled Video
Cards
Zsófia Szalay and János Rohonczy
Institute of Chemistry, Eötvös Loránd University, Pázmány P. sétány 1/a, H-1117 Budapest, Hungary (rohonczy@chem.elte.hu)

Computer simulation of solid state NMR spectra can provide additional information on the structure of the material. It
is possible to determine the shielding and coupling parameters by means of total lineshape analysis of a static or MAS
spectra.1 There are some programs for this purpose, for example the SIMPSON1 simulation package and the Solids
module of Bruker’s Topsin program.2
These simulations can be time consuming calculations. The spreading of multicore processors gave the possibility to
reduce runtime by distributing the calculation on multiple CPUs. Even faster calculations can be performed on GPGPU
(General Purpose Graphic Processor Unit) based NVidia video cards implementing the CUDA programming language
extension. Reports on very fast simulations can be found in the literature those are based on this parallel multiprocessor
architecture3 but these methods have not appeared on the field of solid state NMR spectrum simulations yet.
We have applied the CUDA technique to paralellize the solid state NMR spectrum simulations. The resonance
frequency of many crystalline orientations are calculated by separate threads parallelly. The program can handle CSA,
dipolar couplings, quadrupole interactions and J-coupling by means of perturbation theory.
References:
1. Bak M., Rasmussen J. T. and Nielsen N. C., J. Magn. Reson., 147, 296 (2000)
2. Bruker BioSpin: Structure Analysis Tools, TopSpin 3.0, Version 3.0.0, Chapter 5
3. Friedrichs M. S., Eastman P., Vaidyanathan V., Houston M., Legrand S., Beberg A. L., Ensign D. L. and Bruns C. M., J. Comp. Chem., 30, 864
(2009)
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Towards a High Temperature Superconducting NMR beyond 1GHz: Field
Stabilization for Solid-state NMR in a 500MHz HTS NMR
Masato Takahashia,b, Yusuke Ebisawab, Kenta Watanabeb, Kohnosuke Tennmeib, Yoshinori
Yanagisawaa,c, Kazuhiko Yamadad, Hideki Nakagomec, Mamoru Hamadae, Masatoshi Yoshikawaf,
Akihiro Otsukaf, Masami Hosonog, Tsukasa Kiyoshih, Toshio Yamazakia and Hideaki Maedaa,b
a

RIKEN SSBC, Tsurumi, Yokohama, Japan (masatot@gsc.riken.go.jp)
Yokohama City University, Yokohama, Japan,
Chiba University, Chiba, Japan,
d
Tokyo Institute of Technology, Tokyo, Japan,
e
Kobe Steel, Ltd., Kobe, Japan,
f
JASTEC, Inc, Kobe, Japan,
g
JEOL, Akishima, Tokyo, Japan, hNational Institute for Materials Science, Tsukuba, Japan
b
c

Achieving a higher magnetic field is important for higher sensitivity, better resolution and for solid-state NMR.
However, a Low Temperature Superconductor (LTS) are incapable of generating in excess of 23.5 T. Our project replaces
the innermost Nb3Sn coil of the 920 MHz NMR with a Bi2223 High Temperature Superconductor (HTS) coil for 1.03
GHz NMR operation1 within fiscal year 2010. As the first step, we have developed a 500 MHz NMR with a Bi-2223 HTS
innermost coil and have resolved inherent difficulties such as (i) the coil winding using the fragile HTS tape conductor (ii)
the magnetic field fluctuation by an external DC power supply because of the small residual resistance and joint resistance
of the HTS coils, which prevent the persistent mode of operation and (iii) relaxation in the screening current induced in
the HTS tape conductor. An external lock system has been developed for solid-state NMR to compensate these magnetic
field fluctuations and it consists of an NMR microcoil and a frequency counter to measure the field fluctuations. The
obtained 13C NMR spectra of adamantane with this system shows that the field fluctuations are stabilized less than 0.04
ppm for more than 24 hours. The 2D-13C solid-state NMR spectrum of isoleucine and 17O NMR spectrum of tripeptide
were also acquired. These results prove that HTS technology, potentially making magnets higher magnetic field and
smaller size, will open up new horizons on the NMR world.
References:
1. Kiyoshi T., et al., IEEE Transactions on Applied Superconductivity, 18, 860 – 863 (2008)
Acknowledgments: This work is supported by SENTAN, JST in Japan.
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NMR Hydrogen Exchange Study of Tyrosine Hydroxyl and Cysteine Sulfhydryl
Groups by Deuterium Isotope Shift Effects
Mitsuhiro Takedaa, Akira M Onob, Tsutomu Terauchib, JunGoo Jeec and Masatsune Kainoshoa,c
a

Structural Biology Research Center, Graduate School of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya, 464-8602, Japan
(takeda@nmr.chem.metro-u.ac.jp)
b
SAIL Technologies, Nagoya University, 1-40 Suehiro, Tsurumi, Yokohama 230-0045, Japan
c
Center of Priority Areas, Graduate School of Science and Technology, Tokyo Metropolitan University, 1-1 Minami-ohsawa, Hachioji, 192-0397, Japan

An NMR hydrogen exchange study is a powerful method for investigating protein dynamics. However, there are few
corresponding studies on the side-chain hydroxyl (OH) and sulfhydryl (SH) groups, despite their structural and functional
importance. The difficulty of an NMR study on the OH/SH groups arises from the fact that the NMR signals of the
OH/SH protons are likely to undergo exchange-broadening, due to the faster exchange of the OH/SH protons with the
solvent water, in comparison to that of the amide protons.
Here we present a new NMR method for investigating the hydrogen exchange rates of OH/SH groups. In our
approach, the signals of carbon atoms directly attached to oxygen/sulfur atoms are observed, as an alternative to the
OH/SH proton signals, by using proteins selectively labeled with a newly synthesized amino acid (i.e., ζ-SAIL Tyrosine
and [3-13C:3,3-2H2] Cysteine). In an H2O/D2O (1:1) solution, the carbon atoms give rise to signals split by a deuterium
isotope shift effect with a size of ~0.1 ppm, if the exchange is slow (kex < ~10 s-1); otherwise, they are observed as
averaged signals. Furthermore, when the exchange rate is on the order of 0.1 to 10 s-1, inter-isotopomer 13C-exchange
peaks can be observed, which enable its quantitative evaluation.1 The peak volume ratio between two isotopomers also
provides information on the proton/deuterium fractionation of OH/SH groups.2 We will demonstrate the applicability of
this method for the OH groups of Tyrosine and the SH groups of Cysteine in the 18.2 kDa E. coli peptidyl-prolyl cis-trans
isomerase b.1,2
References:
1. Takeda M., Jee J., Ono A. M., Terauchi T. and Masatsune K., J. Am. Chem. Soc., 131, 18556 – 18562 (2009)
2. Takeda M., Jee J., Terauchi T. and Masatsune K., J. Am. Chem. Soc., 132, 6254 – 6260 (2010)
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On the force acting on nuclei in a magnetically levitating body
Kazuyuki Takeda
Division of Chemistry, Graduate School of Science, Kyoto University, 606-8502, Kyoto, Japan (takezo@kuchem.kyoto-u.ac.jp)

The subject matter of this work is to study the effect of nuclear magnetism to the balance of forces in magnetically
levitating bodies. Levitation of water1 is known to require vertical magnetic field gradient exceeding ca. ~1400 T/m2,
which is so strong that only limited institutes equipped with world-leading strong
magnets can demonstrate the striking levitation experiments. On the other hand,
paramagnetic oxygen assisted magnetic levitation, known as magneto-Archimedes
levitation,2 requires less strong field gradient and feasible with widespread
superconducting magnets used for NMR spectroscopy. In order to manipulate the nuclear
magnetization in a levitating water drop, an NMR probe was built with a sealed sample
container, in which oxygen gas up to 1 MPa can be supplied and liquid water can be
Fig.1. A water-filled glass
injected. The events inside the container can be monitored with a CCD camera placed
sphere (5 mm diameter)
levitating by the magnetoinside the bore of the magnet. Magneto-Archimedes levitation was successful in the
Archimedes effect.
fringe field of a wide-bore 14 T superconducting magnet. Also, a tuned saddle-coil is
placed inside the sealed container, so that rf irradiation can be applied to the proton spins. The plan of this project is to
observe what happens to the levitating water when the proton magnetization is inverted.
References:
1. Berry M. V. and Geim A. K., Eur. J. Phys., 18,307 – 313 (1997)
2. Ikezoe Y., Hirota N., Nakagawa J. and Kitazawa K., Nature, 393, 749 – 750 (1998)
Acknowledgments: This work has been supported by Grant-in-Aid for Young Scientists (A) (KAKENHI 20685002) of Japan Society for the Promotion
of Science (JSPS).
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Alignment induced TROSY shift changes applied to protein structure
determination
Shin-ichi Tate
Department of Mathematical and Life Sciences, Hiroshima University, 1-3-1 Kagamiyama Higashi-Hiroshima, 739-8526, Hiroshima, Japan and
PRESTO/JST and SENTAN/JST (tate@hiroshima-u.ac.jp)
1

H-15N TROSY signals of protein are changed from their isotropic positions, when it is placed in a weakly aligned
state. The induced TROSY shift differences are determined by the combination of the residual dipolar couplings (RDC)
and also the residual chemical shift anisotropies (RCSA). The alignment induced TROSY shift changes, thus, can be used
to determine the alignment tensor for the protein.1 Because TROSY spectrum gives 1H-15N correlation peaks in higher
resolution relative to HSQC, the TROSY-based alignment tensor analysis allows us to obtain global structural information
even for large protein to which the approach using RDCs cannot be readily applied. This approach allows us to determine
the accurate domain orientations in proteins over the size limit in the conventional NMR spectroscopy.2
In spite of the avid advantages above, there are some practical drawbacks in this approach. One comes from the colinearity between NH bond vector and the least shielded CSA principal axis, which attenuates the magnitude of the
alignment induced TROSY shift changes. The other is from the variations in 15N CSA values of amide groups, which
have apparent dependency to local structures. In this presentation, I will demonstrate the drawbacks are practically
overcome to allow the TROSY-based alignment analysis, by tuning the conditions for aligning proteins and the
modification to the tensor calculation. The details in our remedy will be shown with some results obtained from the
application to various proteins.
References:
1. Tate S., Shimahara H. and Utsunomiya-Tate N., J.Magn.Reson, 71, 284 – 292 (2004)
2. Tate S., Anal. Sci., 24, 39 – 49 (2008)
Acknowledgments: Japan Science and Technology Agency, funding support for the present work.
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Relaxom
metry of siinglet nucclear spin states
Michael C. D. Tayler and Malcollm H. Levitt
School of Chemistry, University of
o Southampton, SO17 1BJ, UK (m
m.tayler@soton.a
ac.uk)

Singlet sttates are idenntified with thhe term ‘long-lived’ nucleaar spin order because theirr relaxation occurs
o
slowly in
comparison to T1 and othher constants.. As symmetrry dictates, th
he singlet deccay constant – ‘TS’ – of a spin-½ pair is
insensitive too relaxation mechanisms
m
peerfectly correlated across the nuclei. Best regarded iss the case of immunity
i
to the
intra-pair dippolar couplingg. For proton systems, esppecially, where the singlet is excited bettween two geeminal nuclei (a
CH2 pair), liffetimes up to TS/T1 ~ 40 cann be observedd. This is otherrwise to say thhat singlet relaaxation, ‘ratheer unusually’, is
dominated by
b mechanism
ms asymmetricc across the pair.
p
In this liight our preseentation will show some examples
e
of the
t
information content
c
accesssible using TS-relaxometry.
The attenntion will be given
g
to protoon relaxation mechanisms
m
characteristic
c
o >2-spin systems. Among
of
gst these, 1) for
f
proton singleet relaxation at the H2Cβ environment
e
o amino acid
of
ds and small peptides, thee effect of ou
ut-of pair dipoole
couplings wiill be discusseed as probes off local molecuular conformaation, particulaarly vicinal boond torsion an
ngles; 2) we will
w
quantitativelyy interpret parramagnetic-innduced singlett relaxation caaused by aqueous metal ionns at μM conceentration leveels.
Analytical raate formulae and
a symmetryy properties off the relaxatio
on will be giveen to emphasiise the differeences in TS- annd
T1-type inforrmation. We will
w outline thhe good application potentiial to infer abbout molecular conformatio
on, binding, annd
dynamical prrocesses in sollution.
References:
1. Levitt M. H., Encyclopedia off NMR, vol. 10 (20010)
2. Tayler M. C. D., Marie S., Gannesan A. and Levvitt M. H., J. Am. Chem. Soc., acceepted (2010)
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Characteerization of high su
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us systemss by low-ffield 2D NMR
N
relaxomeetry
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Natural and
a manufactuured macropoorous materialls are often rich in magnetiic impurities and, hence, characterized
c
b
by
T1-T2 asymm
metries since T2, unlike T1, is propoortional not only
o
to pore--size, but alsso to internaal susceptibiliity
differences.1,,2 We use T1-T2 maps of pore-fillling water as
a low-field NMR
characterizattion of high--susceptibilityy porous meddia.3 Clay-bassed materialss were
chosen as model
m
specim
mens for this study, to prooperly modify
fy their porouus and
susceptibilityy features byy acting on tiime and tempperature of siintering. The T1-T2
correlation maps
m
furnish a detailed pictuure of the struuctural rearran
ngements induuced by
even small changes in the
t
sintering parameters, so providing
g a NMR map for
materials, annd for related manufacturinng processes as
a well. With
h this demonsstration
experiment we
w show the potential
p
of T1-T2 correlation maps in thee detection of porous
p
and magnetic environmennts for water trapped in poorous systemss, so addressiing the
feasibility off this NMR meethod also forr on site appliccations.
References:
1. Casieri C., Teerenzi C. and De Luca F., J. Appl. Phys., 105, 0349901 – 08 (2009)
2. Terenzi C., Casieri
C
C. and De Luca F., App. Claay Sci.,. in press (2010)
(
3. Song Y. Q., Venkataramanan
V
L Hürlimann M.
L.,
M D., Flaum M., Frulla
F
P. and Straaley C., J. Magn. Reson.,
R
154, 261 – 268 (2002)
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Single-Sccan Multiinuclear NMR
N
at Earth’s
E
Fiield usingg Para-Hyydrogen Induced
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Radboud Univeersity Nijmegen Medical
M
Centre, Radiology,
R
PO Boox 9101, 6500 HB
B, Nijmegen, The Netherlands
Radboud Univeersity Nijmegen, Institute
I
for Moleecules and Materiials, Heyendaalseeweg 135, 6525 AJ,
A Nijmegen, Thee Netherlands
(m.tessari@scieence.ru.nl)
b

An approoach to earth’s field NMR
R of dilute saamples, based
d on nuclear spin hyperpoolarization by
y para-hydroggen
induced polaarization (PHIP)1 is presennted. Hyperpoolarization off 1H and 19F nuclear spinss was achieveed by using an
optimized addiabatic magnnetic field cycling schemee2 following para-hydrogen
p
nation of
310 µl fluoriinated alkyne, 9 mM in deuuterated acetonne. Simultaneo
ous NMR deteection of
1
H and 19F was
w realized at
a earth’s fieldd with just onne single scan
n using a convventional
inductive coil. Because of the small saample volumee, the earth’s field NMR spectrum
s
could be acqquired indoor, in close proxximity to arm
med concrete floor
f
and ceiliing, with
no appreciabble degradatioon of the signaal lineshape. A polarization
n enhancemennt of 108
compared to thermal equillibrium was measured
m
for both
b
nuclei. Ou
ur results indiicate that
PHIP can bee used to subbstantially low
wer the detecction limits of
o earth’s field NMR,
extending thee area of potenntial applicatiions of this tecchnique.3
References:
R Harris), pp.7750 – 770 (2002)
1. Bowers C. in Encyclopedia off Nuclear Magnetic Resonance (Edds.: D.M. Grant, R.K.
H Axelsson O. and
a Karlsson M.,, Comptes Renduss Physique, 5, 315 – 324 (2004)
2. Jóhannesson H.,
3. Appelt S., Küühn H., Häsing F. W. and Blümichh B., Nature Physsics, 2, 105 – 109 (2006)
n for technical suupport, dr. Craig Eccles (Magritek
k Ltd) for softwaare
Acknowledgmennts: We gratefullly acknowledge Jan van Os, andd Peter Walraven
support, prof. Dave
D
Parker and prof. Wim van derr Zande for a gift of 80% enriched
d p-H2, and dr. Anndreas Brinkmannn for stimulating discussions.
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P686

Hyphenaated NMR
R Structure Calcullation -fasst structure calculaations using
compositte protocools for moonomers, homo dim
mers and homo mu
ultimers
Gary S Thoompson, Thheodoros Kaaramanos, Arnout
A
P.Kaalverda andd Steve W H
Homans
Astbury Centre for
f Structural Moolecular Biology, University of Leeeds, Leeds, LS2 9JT
9 UK (garyt@bbmb.leeds.ac.uk)

The calcuulation of struuctures from NMR restrainnts, often for molecules thhat cannot be crystallised, is still a stronng
driver in solution state NMR
N
laboratoories. Howevver, we have found that achieving
a
inittial convergen
nce in iterative
assignment/sstructure calcuulations (in ouur case using ARIA21) is often
o
a distinct problem
unless extrem
me care is takken with definning a set of clean
c
set of nOe
n peaks andd in many
cases an initiial set of definnitive assignm
ments for a subbset of peaks.
Recently two protocolls have been published
p
thaat allow the calculation of backbone
folds to bee carried out with som
me rapidity with relativ
vely poor nOe
n
data
(PASD/MAR
RVIN2) or cheemical shift data
d
only (CS Rosetta3). Heere we show that
t
using
these structuure calculation methods too achieve iniitial folds (vaalidated usingg residual
dipolar couplings [RDCs])) while using ARIA21 as a refinement prrotocol allowss the rapid
calculation of
o complete nOe
n
structuress at high resollution with go
ood speed. Thhe results aree especially in
nteresting in the
t
case of hom
mo-dimers (andd multimers) as initial bacckbone folds can
c be calculated using chhemical shift based
b
protocools
without the need
n
for the usse of ambiguoous distance reestraints and symmetry
s
resttraints. These monomer stru
uctures can thhen
be assessed for
f accuracy using
u
RDCs, assembled
a
usiing RDC baseed symmetry models
m
and finnally refined using
u
combinned
nOe assignm
ment/structure protocols
p
to give
g a complette structure.
References:
1. Rieping W., Habeck
H
M., Bardiiaux B., Bernard A., Malliavin T. E. and Nilges M.., Bioinformatics,, 23, 381 – 382 (22007)
2. Kuszewski J.,, Schwieters C. D.,
D Garrett D. S., Byrd
B
R. A., Tjanddra N. and Clore G.M., J. Am. Cheem. Soc., 126, 62258 – 6273 (2004))
3. Shen Y., Langge O., Delaglio F.,
F et al., Proc Nattl Acad Sci U.S.A
A., 105, 4685 – 46
690 (2008)
nd the Wellcome Trust
T
for fundingg.
Acknowledgmennts: We would likke to thank the Unniversity of Leedds, the BBSRC an
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Spherical Tensor Selection in High Resolution Solution-State NMR
Giulia Mollica, Caroline Barrère, Pierre Thureau and Stéphane Viel
Laboratoire Chimie Provence, Equipe SACS, Université de Provence, 13397 Marseille, France (pierre.thureau@univ-provence.fr)

In Nuclear Magnetic Resonance, the spin density operator is described by a superposition of orthogonal spin operators,
these spin operators are usually differentiated using their coherence order. On the other hand, Spherical Tensor Selection
can decompose the NMR signal into components passing through different spherical tensor operators.1 We implemented
Spherical Tensor Selection by exploiting the rotational symmetry of the density operator components in all three
rotational directions, generating new types of phase cycle.
In this poster, two-dimensional correlation experiments that generate similar signals to double quantum-filtered COSY
experiments will be presented. In addition, signals similar to triple-quantum-filtered COSY and E-COSY experiments will
be discussed. Finally, the use of field gradient pulse for phase cycling simplification will also be explored.
References:
1. Van Beek J. D., Carravetta M., Antonioli, G. C. and Levitt M. H., J. Chem. Phys., 122, 244510 – 244522 (2005)
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P688

Experimental aspects of orientation selective PELDOR in W-band
Igor Tkach, Giuseppe Sicoli and Marina Bennati
Max Planck Institute for Biophysical Chemistry, Am Faßberg 11, 37077 Göttingen, Germany (Igor.Tkach@mpibpc.mpg.de)

For organic radicals, PELDOR experiments at high magnetic fields contain information not only about the distance
between the paramagnetic species but also about their relative orientation. The three-dimensional biradical structure is
encoded in a complex pattern of orientation selective PELDOR traces. This is crucial information to study conformational
changes of labelled macromolecules. However, the execution of orientation selective PELDOR experiments, particularly
in the case where the labels are not collinear, is aggravated by a narrow bandwidth of a single mode resonator. This was
the main motivation to develop an experimental setup that allows performing PELDOR experiments with a variable
separation of pump and detection frequencies up to 350 MHz. We present both the test experiments and the comparative
PELDOR experiments performed with the use of the commercial spectrometer setup on the model biradical systems with
non-collinear orientations of g-tensors. The experimental aspects of high-field PELDOR as well as some characteristic
features of the observed PELDOR modulations are discussed.
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TR-EPR study on excited states and radicals photoproduced in conjugated
oligomers
Antonio Toffolettia, Marco Ruzzia, Saverio Santia, Chiara Pasquinib and Mauro Bassettib
a

Dipartimento di Scienze Chimiche, Università di Padova, via Marzolo 1, 35131 Padova, Italy (antonio.toffoletti@unipd.it)
CNR, Istituto di Metodologie Chimiche, Sezione Meccanismi di Reazione, and Dipartimento di Chimica, Università degli Studi di Roma “La
Sapienza”, P.le A. Moro 5, 00185 Roma, Italy
b

A fluorescent conjugated polymer, 1, (E)-Dioctyloxy poly(p-phenylene-ethynylene-vinylene) (PPEV derivative) with
low molecular weight (Mn∼2840), has been recently synthesized and characterized by UV-visible, fluorescence, and NMR
spectroscopies.1

1

R= OC8H17

In this study we present the further investigation on 1, performed with conventional EPR, Time Resolved EPR (TREPR), and CV techniques. The polymer has been studied both in frozen solution and in form of thin solid film. UV-vis
spectra and CV measurements have been employed for the determination of the polymer band gap in solution. TR-EPR
spectroscopy with pulsed laser photoexcitation at 532 nm, has been used to produce and study the excited triplet state of
the polymer. Blends (1:1) of 1 and PCBM have been prepared as thin solid films. The spin polarized paramagnetic species
produced by laser irradiation in the pure polymer and in the blends have been observed and characterized with TR-EPR.
References:
1. Pasquini C., Fratoddi I., Capitani D., Mannina L.and Bassetti M., J. Org. Chem., 73, 3892 – 3899 (2008)
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P690

Improved approach for simultaneous collection of three-dimensional NOESY
13
C,15N–HSQC data
Marco Tonelli, Kiran Singarapu and John L. Markley
NMRFAM, University of Wisconsin, 433 Babcock Drive, Madison WI 53706, U.S.A.(tonelli@nmrfam.wisc.edu)

We have revisited the pulse sequence for the simultaneous three-dimensional NOESY 13C,15N–HSQC experiment. We
report a modified approach that provides better water suppression, better spectral quality, and sensitivity comparable that
achieved by acquiring the 13C- and 15N-NOESY spectra independently, but improved compared to previous simultaneous
approaches. These improvements are accomplished by using Watergate to suppress the solvent peak while preserving
water magnetization; the latter is critical for obtaining 15N-NOESY sensitivity equivalent to that of an independently
acquired spectrum. The only drawback of our approach is that the Watergate step wipes out resonances near the water,
most notably from 13Cα. Because of this, we optimize the carbon spectral window for maximal signal and resolution from
methylene and especially methyl groups. Given these features, our simultaneous experiment is ideally suited for collecting
NOESY spectra in water with samples of medium to large proteins that are uniformly 15N labeled and protonated only at
the methyl positions. For uniformly 13C labeled protein samples, a second 3D experiment must be collected to get NOESY
peaks from 13Cα groups, and for this, we propose using a 13C-NOESY experiment based on the sensitivity-enhanced 13CHSQC pulse sequence, with the carbon window optimized for 13Cα groups. This approach yields good water suppression
and good S/N for the 13Cα groups, and the data can be acquired in less time than for a regular full aliphatic carbon
NOESY experiment.
Acknowledgments: Supported by NIH grant P41 RR02301.
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P691

Optimizaation and
d Evaluatiion of Dyn
namic Nu
uclear Pollarization
n in Aqueo
ous
Solution at 15 MH
Hz/9.7 GH
Hz
Maria-Tereesa Türkea, Igor Tkachha, Giacomo Parigib, Claudio Luchinatb and M
Marina Benn
natia
a

Max Planck Insstitute for Biophyysical Chemistry, Am Faßberg 11, 37077 Göttingen
n, Germany, (mtuerke@gwdg.de)
Magnetic Resonance Center (CE
ERM), Universityy of Florence, Viaa Luigi Sacconi 6,
6 50019 Sesto Fioorentino, Italy

b

D
Dynamic
nuclear polarizatio
on (DNP) is emerging
e
as a potential tooll to increase the
t
sensitivity of NM
MR aiming at the
t detection of
o macromoleecules in liquiid solution. One
posssibility for succh an experim
mental design is
i to perform tthe polarizatio
on step between
electtrons and nucllei at low mag
gnetic fields and
a transfer thhe sample to a higher field for
f
NMR
R detection.1 We
W describe the
t optimization of a polariizer set up at 0.35
0
T (15 MH
Hz
1
H NMR/9.7
N
GHzz EPR) based
d on commerccial hardwaree.2 With the nitroxide
n
radiccal
TEM
MPONE-D,15N in water a maximum
m
DNP
P enhancemennt of – 170 on
n the water 1H is
obseerved at room temperature by
b irradiating on either one of the EPR lin
nes.
T evaluate the
To
t
Overhausser mechanism
m governing DNP in liq
quids, water 1H
relaxxation rate measurements
m
have been peerformed as a function off magnetic fieeld
from
m 0.00023 to 9.4 T.3 The relaxation
r
proofiles were annalyzed accorrding to the full
fu
theory for dipolar
d
and contact relaxxation to estiimate the co
oupling factorr responsible for solution
n DNP effeccts.
Additionally, the saturatioon level of thee two hyperfinne lines was in
nvestigated byy pulsed ELD
DOR experimeents. When fullly
saturating onne line, the tottal saturation level
l
was founnd to be 0.8 fo
or 10 mM pollarizer concenntration – welll consistent wiith
the coupling and enhancem
ment factors.
References:
M
Reese M., Leonov
L
A., Bennnati M., Höfer P., Engelke F. and Griesinger
G
C., Phhys.
1. Krahn A., Lottmann P., Marquuardsen T., Taverrnier A., Türke M.-T.,
Chem. Chem. Phys., DOI: 10.11039/c003381b (22010)
M Höfer P. and Bennati M., Physs. Chem. Chem. Phys.,
P
DOI: 10.10039/c002814m (22010)
2. Türke M.-T., Tkach I., Reese M.,
L
C., Pariggi G. and Türke M.-T.,
M
Phys. Chem
m. Chem. Phys., DOI:
D
10.1039/c0002304n (2010)
3. Bennati M., Luchinat
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P692

Characteerization of correlaated dynaamics on fast
f timesscales in b
biomolecu
ules by
Heteronu
uclear Doouble-Resonance methods
m
Simone Ullzegaa, Nicoola Salvia, Takuya
T
Segaawaa, Fabien
n Ferrageb and
a Geoffreey Bodenhau
usena,b
a
b

Ecole Polytechnique Fédérale de
d Lausanne, Institut des Sciences et Ingénierie Chiimiques, 1015 Laausanne, Switzerlaand (simone.ulzeg
ga@epfl.ch),
Ecole Normale Supérieure, Déppartement de Chim
mie, associé au CNRS,
C
75231 Pariis Cedex 05, Frannce

m (e.g., I = HN and S = 15N)
N undergoingg correlated cchemical exch
hange the crooss
In a heteeronuclear twoo-spin system
correlation of
o the fluctuations of the isotropic chemiical shifts cau
uses a differenntial relaxatioon of double- (DQ) and zerroquantum (ZQ
Q) coherencees that inducees cross relaxxation betweeen multiple-quuantum (MQ)) coherences (e.g., HxNx →
HyNy).1 The study of cheemical-exchannge-induced MQ
M cross relaaxation can provide a weaalth of inform
mation about the
t
kinetics, struuctural changees and thermoodynamics of correlated dyn
namic processes involving two-spin systems embeddded
in biomolecuules.2 We shoow here that the
t new Heterronuclear Dou
uble Resonannce (HDR) meethods that we
w have recenttly
introduced3,4 permit, throough the obseervation of thhe cross relaaxation of MQ
M coherencess, a full charracterization of
correlated dyynamic proceesses occurring in proteins on fast timescales (tens of
o μs), not acccessible to other
o
MQ NM
MR
methods. Muuch like otheer relaxation dispersion methods,
m
the chemical
c
exchhange contribbution to crosss relaxation is
quenched byy the applied rf fields. Inspiired by earlierr works,5 we present
p
a fullyy analytical m
model leading to
t a remarkabbly
compact exppression that describes
d
the dependence of
o the MQ cro
oss-relaxation rate on the rf amplitude. This
T
expressioon
has a similarr structure as the
t relaxation dispersion foor single-quan
ntum (SQ) cohherences undeer CW spin-locking, modified
by a correctioon factor that takes into acccount the phasse-alternating double-resonaance features of our method
d.
References:
B
NMR, 18,, 33 – 42 (2000)
1. Kloiber K. annd Konrat R., J. Biomol.
2. Massi F., Greey M. J. andPalmeer A. G., Protein Science, 14, 735 – 742 (2005)
3. Verde M., Ulzzega S., Ferrage F.
F andBodenhaussen G., J. Chem. Phys.,
P
130, 07450
06 1 – 13 (2009)
4. Ulzega S., Veerde M., Ferrage F.
F and Bodenhauusen G., J. Chem. Phys,. 131, 2245
503 1 – 9 (2009)
5. Podkorytov I.. S. and Skrynnikkov N., J. Magn. Reson.,
R
169, 164 – 173 (2004)
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P693 (∗)

The Haupt effect under static and magic-angle spinning conditions
Jacco D. van Beeka, Ivo Heinmaab, Ago Samosonb and Beat H. Meiera
a
b

Physical Chemistry, ETH Zürich, CH-8093 Zürich, Switzerland,(jabe@nmr.phys.chem.ethz.c)
National Institute for Chemical Physics and Biophysics, Akadeemia Tee 23, Tallinn, Estonia

It has been shown that the Haupt effect can be used as
a source of dynamic nuclear polarization (DNP) in solidstate NMR. We report on the progress in attempting to use
this method under magic-angle-spinning conditions
(MAS) and unravel the detailed mechanism of this
complicated effect.
In 1973 Haupt reported the observation of a strong
13
C intensities in LiAc.2D2O obtained through CP during
increase in dipolar order in gamma-picoline after quickly
the Haupt experiment under MAS
raising the temperature from 4 to 50 K. Over many
hundreds of seconds a dynamic NMR signal appeared that constituted an increase of dipolar order by a factor of some
10000. The effect was explained by Haupt by assyming a coupling of the librational state of the tunneling methyl group to
the spin states, and a second-order phonon-driven transition that leaves the Zeeman order unaffected while populating
levels that correspond to so-called dipolar order. Despite much experimental and theoretical work on spin conversion
processes in methyl groups, much of the details of the Haupt effect remain poorly understood today.
Driven by recent interest in hyperpolarization methods, and encouraging results obtained in our group that showed that
the Haupt dipolar order can be transferred to other nuclei, we have applied the Haupt effect under MAS conditions. Our
results indicate that the effect works under MAS, but the efficiency is currently unclear. This, however, appears related to
difficulties in converting the dipolar order into observable order under MAS, rather than changes to the spin conversion
process. A detailed description of the generation of dipolar order under static and MAS conditions will be presented and
compared to the Haupt order. Novel mechanistic aspects of the Haupt effect will be addressed using experiments
performed under static conditions.
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P694
1

H-DOSY NMR for the polymer mass distribution of aged phenolic resins

Koos Schumacher, Leo van der Ven and Nico van Beelen
AkzoNobel Car Refinishes,Rijksstraatweg31,2170BA,Sassenheim, The Netherlands (nico.vanbeelen@akzonobel.com)
1

H-DOSY NMR can be an attractive method for determining the polymer mass distribution of paint polymers. Size
Exclusion Chromatography is the first choice for delivering Mn and Mw information. However, for some polymer types
interaction occurs with the styrene-divinylbenzene particles of the column.
The ability of 1H-DOSY NMR is tested for obtaining the polymer mass distribution of a polyphenolic resin that is
suspected of interaction. At first the best 1H-DOSY NMR method is set up by studying: (a) the best temperature domain
for a Mw range up to 100,000 g/mol, (b) effect of spinning or non-spinning the NMR sample tube on the repeatability, (c)
the maximum diffusion time that can be used in relation to T1 relaxation, (d) the number of gradient steps for maximum
reproducibility at low analysis time, (e) choice of solvent, (f) best CONTIN calculation or Filt method and (g) internal
standard or not.
The best 1H-DOSY NMR method we found uses: a temperature of 35°C, spins the NMR tube at 20Hz, 64 gradient
steps with 32 scans for 2 mg/ml polymer solution, approx 200 ms as the maximum diffusion time, internal standard TMS,
and Filt method is as good as CONTIN (RegMult 0.001, Simpson, DFmin 2, DISPmax -10.5).
This 1H-DOSY NMR method is applied on several aged polyphenolic resin samples. The resins are dissolved in
DMSO-d6 and a calibration curve of polyethylene glycol is used for calculating diffusion coefficient into log(M). The
polymer mass distribution results show an increase in Mn and Mw when the solid content of the polymer solution is
higher, storage time or temperature (RT-50°C) is increased. The results compare well with SEC.
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Shimming based on B0 field mapping for spectroscopy experiments using multiple
coils and receivers
Anniek van der Drift, Rafal Panek and Walter Köckenberger
Sir Peter Mansfield Magnetic Resonance Centre, University of Nottingham, University Park, NG8 2DJ, Nottingham, England,
(ppxav@nottingham.ac.uk)

Dissolution DNP (Dynamic nuclear polarization) is a technique that provides high non-thermal polarisation for liquid
state NMR experiments.1 In conjunction with fast 2D spectroscopy methods2 it is well suited to provide information about
intra molecular connectivity. In order to test the idea of extending this technique, so it can also provide dynamical
information about the sample, a probe that has the ability to acquire spectroscopic data from various locations of the
sample was built.3 With this probe head, comprising of two radio-frequency coils tuned to the 1H frequency of 400 MHz,
fast 2D COSY spectra from two positions of the sample were successfully acquired using a BRUKER AVIII spectrometer
console with a dual receive and transmit setup.
A weakness that was identified in this method was the difficulty of achieving good shimming and hence narrow line
widths for both coils at the same time. Thus a strategy for automated simultaneous shimming was developed and tested.
It is based on acquiring B0 field maps from the two coils and determining the required shim currents by calculating a
least squares fit to minimise the residual B0 deviations.4 Very good agreement between the predicted and the obtained
shimmed field maps has been achieved. The line shape and signal intensity could be improved. This allows extending the
multi coil method to samples where high resolution is needed. Further work is in progress to improve this strategy.
References:
1. Ardenkjaer-Larsen, et al., Proc. Natl. Acad. Sci. U.S.A., 100,10151 (2003)
2. Frydman L. and Blazina D., Nature Physics, 3, 415-419 (2007)
3. van der.Drift A.,Panek R. and Köckenberger W., Poster 446, Euromar (2008)
4. Poole M., et al., Proc. Int. Soc. Magn. Reson. Med., 13 (2005)
Acknowledgments: this work is funded by the technology development initiative of the UK Biotechnology and Biological Sciences Research Council
and the Midlands Physics Alliance Graduate School, MPAGS.
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Assignment of protein resonances based on novel multidimensional techniques
Anna Zawadzka-Kazimierczuka,b, Krzysztof Kazimierczuka,c, Martin Billeterb and Wiktor Koźmińskia
a

Faculty of Chemistry, University of Warsaw, Pasteura 1, 02-093, Warsaw, Poland (anzaw@chem.uw.edu.pl)
Department of Chemistry, University of Gothenburg, Box 462, SE-412 96 Gothenburg, Sweden
c
Swedish NMR Centre, University of Gothenburg, Box 465, SE-405 30 Gothenburg, Sweden
b

Employment of random sampling of evolution time space allows to increase the spectral resolution and dimensionality
without increasing experimental time.1 In resulting spectra peak overlap is remarkably reduced. A further improvement is
the processing method – sparse multidimensional Fourier transform (SMFT). Basing on peak positions form a lower
dimensional spectrum (e.g. 3D HNCO), only those 2D cross-sections of spectra are calculated, in which peaks appear.
This significantly simplifies the spectra analysis and saves disk space.
In 4D HNCACO, 4D HNCACACB and 5D HN(CA)CONH assignment of HN, N, C', Ca and Cb resonances is based on
finding peaks of the same position in two 2D cross-sections, which indicates, that these cross-sections originate from
adjoining amino acid residues. Thus, the cross-sections are sorted and finally arrays of cross-sections are obtained.2
Assignment of the arrays to respective fragments of polypeptide chain is based on length of arrays and some amino acid
specific information (e.g. reverse sign of glycine peaks in some spectra). Due to high resolution and dimensionality,
ambiguities in interpretation of spectra are very rare, which makes the approach promising for automatic assignment
procedures.
References:
1. Kazimierczuk K., Zawadzka A. and Koźminski W., J Magn Reson, 197, 219 – 228 (2009)
2. Zawadzka-Kazimierczuk A., Kazimierczuk K., Kozminski W., J Magn Reson, 202, 109 – 116 (2010)
Acknowledgments: A.Z.-K. thanks the Foundation for Polish Science for supporting her with the MPD Programme that was co-financed by the EU
European Regional Development Fund.
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5D 13C-detected NMR experiments for backbone assignment of unstructured
proteins with a very low signal dispersion
Jiří Nováčeka, Anna Zawadzka-Kazimierczukb, Veronika Motáčkováa, Lukáš Žídeka, Wiktor
Koźmińskib and Vladimír Sklenářa
a
National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kotlářská 2, 611 37 Brno, Czech Republic
(lzidek@ncbr.chemi.muni.cz)
b
Faculty of Chemistry, University of Warsaw, Pasteura 1, PL-02-093 Warsaw, Poland

Two 5D NMR experiments for backbone resonances assignment of disordered proteins will be presented. The pulse
sequences exploit relaxation properties of unstructured proteins and combine the advantages of 13C direct detection, nonuniform sampling, and longitudinal relaxation optimization to provide unambiguous assignment of unstructured proteins
with highly repetitive sequences in favourable man and machine time. Each experiment provides resolution that allows for
an unambiguous assignment from a single spectrum. The performance of the pulse sequences will be shown on an
example of partially disordered delta subunit of RNA polymerase from Bacillus subtilis. The unstructured part of this 20
kDa protein consists of 81 amino acids with frequent sequential repeats. Backbone resonance frequencies of all nuclei
were unambiguously assigned by each experiment.
Acknowledgments: Ministry of Education, Youth and Physical Culture of the Czech Republic (Grants MSM0021622413, LC06030, and FRVŠ
1851/2010) , Czech Science Foundation (Grants 204/09/0583 and 301/09/H004), 7FP of the EC (Contract 228461, EAST-NMR), Foundation for Polish
Science (MPD Programme).
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NMR as a tool for reversible and irreversible protein heat denaturation studies
Jitka Žídkováa, Michaela Matejkováb, Jiří Nováčekb, Lukáš Žídekb, Petr Padrtab, Janette Bobálováa
and Vladimír Sklenářb
a
b

Institute of Analytical Chemistry of the ASCR, v.v.i., Veveří 97, 602 00, Brno, Czech Republic(zidkova@iach.cz)
National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Kotlářská 2, 611 37, Brno, Czech Republic

Detailed description of heat denaturation is important for understanding protein function and for its modification by
techniques of protein engineering. This presentation demonstrates that NMR can be used as a powerful tool for such
studies. One-dimensional NMR spectra reflect presence of well-defined three-dimensional structure of the studied protein.
Such spectra also offer certain selectivity – analysis of the methyl and aromatic regions provides insight into the packing
of the hydrophobic core of the studied enzyme, while the amide region reflects changes of backbone conformation. As
such, NMR represents a complementary approach to differential scanning calorimetry. A denaturation curve can be
obtained by recording a series of spectra at gradually increasing temperature. We designed a protocol allowing to quantify
the structural changes by calculating integral of absolute values of spectral differences.1 We also developed numerical
fitting procedures for both reversible and irreversible denaturation. The procedure allows to evaluate enthalpic and
entropic contributions in a case of sufficiently sampled temperatures. The methodology is presented on examples of two
proteins – delta subunit of RNA polymerase from Bacillus subtilis and non-specific lipid transfer protein 1from barley.
The former protein exhibits a typical reversible denaturation, while the later one denaturates irreversibly at extremely high
temperatures (approximately 110 °C). In order to monitor protein behaviour as such high temperatures, a special set-up
(sealed tubes and a choice of suitable probe-head) was used.
Reference:
1. Matejková M., Žídková J., Žídek L., et al., Journal of Agricultural and Food Chemistry, 57, 8444 – 8452 (2009)
Acknowledgments: This work was supported by the Grants 1M0570 , MSM0021622413, and LC06030 of the Ministry of Education, Youth, and
Physical Culture of the Czech Republic and by Grant AV0Z40310501 of the Academy of Sciences of the Czech Republic.
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C
Vanni Picccinotti
NMR Techniciann and consultant,, Firenze, Italy (vvanni.piccinotti@
@tin.it)

It wass the year 19967…
A

C

B

A) The NMR
R Spectrometeer Varian DA--60
B) The younng Professor IIvano Bertini
C) Myself!
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NMR for the design of superoxide biosensors
Marco Allegrozzia, Andrea Giachettia, Fred Lisdatb, Helmuth Möhwaldc, Paola Turanod and Franziska
Wegerichc,e
a

Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (allegrozzi@cerm.unifi.it)
Wildau University of Applied Sciences, 15745, Wildau, Germany
c
Max Planck Institute of Colloids and Interfaces, 14476, Potsdam-Golm, Germany
d
Department of Chemistry, University of Florence, 50019 Sesto Fiorentino, Italy
e
University of Potsdam, 14476, Potsdam-Golm, Germany
b

The effect of introducing positive charges (lysines/arginines) in human cytochrome c on the redox properties and
reaction rates of this protein with superoxide radicals is studied.1 The mutant proteins are investigated by NMR
spectroscopy to obtain information on the protein fold and to characterize heme iron environment. Further, the mutants
are studied using cyclic voltammetry and amperometry to get information on the electrochemical properties and the
sensing characteristics for the detection of superoxide. Best behaving variants correspond to residues clustered in a
specific protein surface area. NMR coupled to Energy Minimization calculations provides a rational for the higher
sensitivity of some mutants with respect to the wild-type-based sensor.
References:
1. Wegerich F., Turano P., Allegrozzi M., Möhwald H. and Lisdat F., Anal.Chem., 81, 2976 – 2984 (2009)
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Metals in Protein Structures: Classification and Functional Prediction
Claudia Andreini, Ivano Bertini and Gabriele Cavallaro
Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (andreini@cerm.unifi.it)

The PDB contains a large fraction of metal-binding structures reflecting the importance that metals play in proteins.
Indeed, it was estimated that a large fraction of proteins encoded by living systems are metalloproteins1 and about 40% of
all structurally characterized enzymes perform metal-dependent reactions.2 Notwithstanding, bioinformatics resources
devoted to the study of metals in biological systems have been scarce and largely
unsuccessful so far, most likely due to the difficulty to establish formal criteria to
describe the exceptional variety of metalloproteins.
In this scenario, we proposed to describe metal sites as 3D models which include
the coordination sphere and its close surroundings.3 This representation allows metal
sites to be compared in a systematic and largely automated fashion, thus allowing: (i)
a formal classification of metal sites in structures providing an ideal framework for
the development of a new database aimed at containing the available information on
metalloproteins,4 (ii) the design of new web tools for the study of metalloproteins4
such as Metal-Finder, which is aimed at predicting the function of metal sites in new
structures, as well as the presence of metal sites in new structures unloaded with their metals. This is especially helpful for
Structural Genomics projects. Additionally, this approach constitutes a useful basis to perform detailed comparative
analyses addressing issues that range from the structural properties to the evolution of metalloproteins.
References:
1. Andreini C., Bertini I. and Rosato A., Acc Chem Res., 42, 1471 – 1479 (2009)
2. Andreini C., Bertini I., Cavallaro G., Holliday G. L. and Thornton J. M., J Biol Inorg Chem., 13, 1205 – 18 (2008)
3. Andreini C., Bertini I., Cavallaro G., Najmanovich R. J. and Thornton J. M., J Mol Biol., 388, 356 – 80 (2009)
4. Project funded by the Italian Government (FIRB - “Futuro in Ricerca”)
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Applications of Metabolomics in Cancer Research
Alessandro Battagliaa, Patrizia Berninib,c, Ivano Bertinic,d, Laura Biganzolia, Stefano Cacciatoreb, Silvia
Cappadonaa, Wederson M. Claudinoa, Madilde Destefanisa, Angelo Di Leoa, Monica Forniere, Julia
Johansenf, Mogens Kruhøfferg, Claudio Luchinatc,d, Patrick G. Morrise, Stefano Nepib,c, Catherine
Oakmana, Edoardo Saccentib, Jacob H. Schouf, Leonardo Tenorib,c, Benny J. Vittrupf and Elena
Zafaranaa
a

Dept. of Oncology, Hospital of Prato, via dei Mazzamuti 7, 59100, Prato, Italy
Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (bernini@cerm.unifi.it)
Center of Metabolomics, University of Florence, FiorGen Foundation, Via L. Sacconi 6, 50019, Sesto Fiorentino, Italy
d
Dept. of Chemistry, University of Florence, Via della Lastruccia 3, 50019 Sesto Fiorentino, Italy
e
Breast Cancer Medicine Service, MSK Cancer Center, New York, USA
f
Dept. of Oncology, Herlev University Hospital, Herlev Ringvej 75, DK-2730, Herlev, Denmark
g
Molecular Diagnostic Laboratory, Dept. of Clinical Biochemistry, Aarhus University Hospital, Brendstrupgårdsvej 100, 8200, Aarhus, Denmark
b
c

Metabolomics is the global quantitative assessment of endogenous metabolites within a biological system. This
evolving field may have a multitude of uses in oncology, including the early detection and diagnosis of cancer and new
insights on metabolic fluxes. No serum-based test is currently of sufficient sensitivity or specificity for widespread use in
oncology. NMR-based metabolomics profiling paired with ad hoc statistical analysis, is used to provide a metabolomic
picture of the colorectal and breast cancer pathology1,2 and of treatment effects. Elucidation of cancer metabolism may
provide essential insights into both the intercellular environment and host/tumour interaction, allowing recognition of new
biomarkers for diagnosis and prediction of outcome, new therapy targets and novel approaches for monitoring response
and toxicity. Our results show how metabolomics can single out a clear signature of these two type of cancers and provide
a new analytical tool in the area of cancer biomarker discovery. Moreover, metabolomics has been used to identify a
better characterization of the disease status as disease progression, metastasis localization, inflammatory process and
enlighten not diagnosticable cases of micrometastasis.3
References:
1. Claudino W. M., Quattrone A., Biganzoli L., Pestrin M. and Bertini I., J Clin Onc, 25, 2840 – 2846 (2006)
2. Oakman C., Tenori L., Biganzoli L., Santarpia L., Cappadona S., Luchinat C. and Di Leo A., Int J Biochem Cell Biol, E. press (2010)
3. Oakman C., Tenori L., Claudino W. M., Cappadona S., Nepi S., Battaglia A., Bernini P., Zafarana E., Saccenti E., Destefanis M., Fornier M., Morris
P. G., Biganzoli L., Luchinat C., Bertini I. and Di Leo A., submitted
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NMR-fingerprinting contribution to define Standard Operating Procedures for
biobank samples
Patrizia Berninia,b, Ivano Bertinia,c, Stefano Cacciatorea, Claudio Luchinata,c, Paola Nincherib,d,
Samuele Staderinib and Paola Turanoa
a

Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (cacciatore@cerm.unifi.it)
FiorGen Foundation, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy
c
Department of Chemistry, University of Florence, Via della Lastruccia 3, 50019 Sesto Fiorentino, Italy
d
Da Vinci European Biobank, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy
b

Metabolomics is an emerging area of research focused on measuring the ensemble of small molecules (MW < 1500
Da) in biospecimens. NMR-based metabonomics, in its most popular version, consists of recording and analyzing 1D
1
H NMR profiles of biological fluids such as serum and urine. Metabolomics has established itself has a powerful tool
for the high-throughput fingerprint of biofluids. It provides a biochemical snapshot from a human body fluid: changes
from “normality” are detected and correlated to the presence of a disease, its progression or remission, drug toxicity, etc.1
The reliability of the approach requires that the chemical nature and the relative concentration of the metabolites present
in the biofluids are neither affected by the preanalytical conditions nor by the analytical methodology. In this sense, NMR
of biofluids represents an election technique in order to define Standard Operative Procedures (SOP) for the handling of
biological specimens. Possible critical points in the pre-analytical workflow of the various biospecimens (blood, urine and
tissues) have been identified and used to assess sample quality upon identification of analytes able to provide the chemical
signature of different degradation processes.2-4
References:
1. Bernini P., Bertini I., Luchinat C., Nepi S., Saccenti E., Shäfer H., Schütz B., Spraul M. and Tenori L., J Proteome Res, 8, 4264 – 4271 (2009)
2. Saude E. J. and Brian D. S., Metabolomics, 3, 19 – 27 (2007)
3. Barton R. H., Nicholson J. K., Elliott P. and Holmes E., Int J Epidemiol, 1, i31 – 40 (2008)
4. Dunn W. B., Broadhurst D., Ellis D. I., Brown M., Halsall A., O'Hagan S., Spasic I., Tseng A. and Kell D., Int J Epidemiol, 37, i23 – 3 (2008)
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Structural and functional characterization of S100 proteins
Ivano Bertinia,b, Anusarka Bhaumika, Valentina Borsia, Soumyasri Das Guptaa, Xiaoyu Hua, Claudio
Luchinata,b and Giacomo Parigia,b
a
b

Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (dasgupta@cerm.unifi.it)
Department of Chemistry,University of Florence, Sesto Fiorentino,Italy

The S100 family is a group of small, acidic, EF-hand calcium binding proteins that modulate various cellular
functions like mobility, growth, differentiation and secretion.1 S100s act intracellularly as Ca(II)-signalling and Ca(II)buffering proteins and several members are secreted into the extracellular space where they interact with receptors on the
cell surface.2 These proteins have gained a growing interest due to their deregulated expression in cardiomyopathies,
neurodegenerative and inflammatory disorders, and certain cancers.1
A large set of the S100s and their most relevant protein targets have been and expressed and characterized in order to
clarify the molecular mechanisms by which these proteins regulate cell activity. The structural and dynamical features as
well as the metal binding properties of S100A13,3 S100A5,4 and S100A16 have been already investigated by NMR, X-ray
and ITC. The interactions of selected S100 proteins such as S100B, S100P and S100A5 with intra- and extra- cellular
partners such as p53 and RAGE receptor are being investigated for a functional characterization of target-S100
recognition and binding. Mutation on calcium binding site have been designed to produce proteins that contain a highaffinity lanthanide-binding site for structure refinement and interaction studies.
References:
1.Heizmann C. W, Fritz G. and Schäfer B. W., Front Biosci, 7, d1355 – 68 (2002)
2.Santamaria-Kisiel L., Rintala-Dempsey A. and Shaw G. S., Biochem.J., 396, 201 – 214 (2006)
3.Arnesano F., Banci L., Bertini I., Fantoni A., Tenori L. and Viezzoli M. S., Angew Chem Int Ed, 44, 6341 – 4 (2005)
4.Bertini I., Das Gupta S., Hu X., Karavelas T., Luchinat C., Parigi G. and Yuan J., J Biol Inorg Chem, 14,1097 – 107 (2009)

__________________________________________________________________________________________________

P705

Prediction and Analysis of Metalloproteomes
Claudia Andreinia, Lucia Bancia,b, Ivano Bertinia,b, Leonardo Decariaa and Antonio Rosatoa,b
a
b

Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (decaria@cerm.unifi.it)
Department of Chemistry,University of Florence, Sesto Fiorentino,Italy

Genome-wide studies are providing researchers with a potentially complete list of the molecular components present
in living systems. However, there is currently a lack of well-established experimental methods to analyze the complete set
of metalloproteins encoded by an organism (the metalloproteome). This information is essential for
a comprehensive understanding of the processes occurring in living systems. Predictive tools must
thus be applied to define metalloproteomes.
In this scenario, we developed bioinformatics methods1, based solely on protein sequences, for
the prediction of metalloproteins. With these methods, it is possible to scan entire proteomes for
metalloproteins which are identified by the presence of specific metal-binding sites, metal-binding
domains, or both. The predicted metalloproteins can be then analyzed to obtain information on
their function and evolution. As case studies, we predicted the content of zinc, non-heme iron, and
copper proteins in a representative set of organisms taken from the three domains of life. The zinc
proteome represents about 9% of the entire proteome in eukaryotes, but it ranges from 5% to 6% in
prokaryotes. In contrast, the number of non-heme iron proteins is relatively constant in eukaryotes
and prokaryotes, and therefore their relative share diminishes in passing from archaea (about 7%),
to bacteria (about 4%), to eukaryotes (about 1%). Copper proteins represent less than 1% of the proteomes in all the
organisms studied. The programs used for these searches have been implemented in a single package.
References:
1. Andreini C., Bertini I. and Rosato A., Acc Chem Res., 42, 1471 – 1479 (2009)
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Monitoriing the oxxidative protein
p
follding in mitochond
m
dria by NM
MR
a,b
Lucia Banccia,b, Ivano Bertini
B
, Chiara
C
Cefarroa,b, Lucia Cenacchia,bb, Simone C
Ciofi-Baffon
nia,b, Angeloo
a,b
a,b
a,b
c
c
Gallo , Deepa Jaiswaal , Sara Neri
N
, Dionisia P. Siderris and Kostas Tokatliidis
a

Magnetic Resonnance Center (CE
ERM)-University of Florence, Viaa L. Sacconi 6, 50
0019 Sesto Fiorenntino, Italy (gallo@cerm.unifi.it)
Department of Chemistry, Univeersity of Florencee, Via della Lastrruccia 3, 50019 Sesto
S
Fiorentino, Florence,
F
Italy
c
Institute of Mollecular Biology and
a Biotechnologyy, Foundation forr Research and Technology
T
Hellass (IMBB-FORTH)
H), Heraklion 71110, Crete
b

Protein folding
f
occurrs through a number of states
s
that arre often depeendent on thee cellular compartment annd
compartmentt-specific prootein componnents that faccilitate the fo
olding process. This is thhe case of a large share of
mitochondriaal intermembrrane space (IM
MS) proteins (CHCH), charaacterized by an
a
alpha-helicall hairpin struccture bridged by two intram
molecular disulphide bonds.
Once importted in the IMS, CHCH follding process exploit an ellectron cascadde
pathway whhich involve two proteinss, in human named Mia4
401 and ALR
R,
responsible for
f catalyzingg the disulphide bond form
mation. We deescribe, for thhe
first time at the
t molecularr level, the follding process of a CHCH protein
p
startinng
from its unfo
folded state thhrough all of the intermediiate steps.2 We
W found that a
CHCH proteein is largely unfolded
u
in thhe cytoplasm and that Miaa40 in the IM
MS
induces a coonformational transition in a specific tarrgeting region
n of the CHCH
H
protein,3 from
m an unstrucctured to an α-helical
α
statee, upon the fo
ormation of an
a
intermolecular disulphide bonded CHCH-Mia40 com
mplex. We also
o reconstructeed the molecuular level the electron
e
cascaade
mechanism involving Miia40 and AL
LR. In concluusion, we deffined the elecctron transferr and molecu
ular recognitioon
processes at the
t basis of thhe cellular pathhway responssible for the mitochondrial
m
i
import
of CHC
CH proteins.
References:
1. Banci L., Berrtini I., et al., Nat Struct Mol Biol, 16,198 – 206 (20009)
2. Banci L., Berrtini I., et al.,subm
mitted (2010)
3. Sideris D. P., Petrakis N., Katrrakili N., Mikropoulou D., Gallo A.,
A Ciofi-Baffoni S., Banci L., Berrtini I. and Tokatllidis K., J Cell Biiol., 187,1007 – 22
2
(2009)
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Single Prrotein Lab
belling (S
SPL) for In
I Cell NM
MR Studiies
Letizia Barrbieri, Ivanoo Bertini annd Leonardoo Gonnelli
Magnetic Resonnance Center (CE
ERM)-University of
o Florence, Via L.
L Sacconi 6, 500
019 Sesto Fiorenttino, Italy (gonneelli@cerm.unifi.it))

The in-ceell NMR specctroscopy is one
o of the moost powerful to
ools for the innvestigation oof biomoleculles in vivo. Our
O
goal, togetheer with a largee number of researchers,
r
iss to be able to
o see and studdy a particulaar protein inside its own ceell,
especially innside human cells.
c
Nowadaays “in humann cells NMR” remains a drream but big eefforts are in progress in thhis
field, focusinng the researchh on some weell known systtems, such as E.coli.
E
In-cell NMR is posssible only wheen the protein of
interest is sttrongly overeexpressed in the bacterial cell.1,2 Switcching the cultture medium from a unlaabelled mediuum
(biomass acccumulation) too an isotopicaally labelled one, at the moment
m
of prootein induction, generate an excess of the
t
target labelleed protein insside the cells. In this way, also other co
omponents of E.coli (polym
merases, antibiotic resistancce,
nucleic acidss etc…..) are labelled
l
as weell. All those components
c
to
ogether form a backgroundd of resonancees that interferres
with the prootein signals. Thus when the expressioon level of th
he target prottein is lower than hundred
ds of µM2, the
t
background can
c cover the protein’s signnals.
The singlle protein labeelling (SPL) method
m
descriibed here is an
n alteration off SPP, single protein produ
uction,3 methood.
The system is designed to
t obtain highh quality bactterial sample for in-cell NM
MR where onnly the proteiin of interest is
isotopically labelled.
l
The induction of the
t MazF toxiin, used to con
nvert cells intoo a “living biooreactor”,4 is followed by the
t
medium swiitch and by thhe induction of the targett ACA-less gene. This proocedure is abble to generatte the exclusive
labelling of the
t biomolecuule of interest.
References:
a Dötsch V., Prog
P
Nucl Magn Reson
R
Spectr, 51, 91 – 101 (2007)
1. Reckel S., Häänsel R., Löhr F. and
2. Serber Z., Sellenko P., Hänsel R.,
R Recker S., Lööhr F., Ferrel Jr J., Wagner G. and Dötsch V., Naturre Protocols, 1, 22701 – 2709 (200
06)
3. Schneider W.., Inouye M., Monntelione G.and Roth
R
M., J Struct Funct
F
Genomics, 10, 219 – 225 (22009)
4. Suzuki M., Roy R., Zheng H., Woychik N. andd Inouye M., J Biool Chem., 281, 37
7559 – 37565 (20006)
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Aspects of
o Mechaanistic Sysstems Biology in co
opper hom
meostasis
a
Lucia Banccia, Ivano Bertini
B
, Sim
mone Ciofi-B
Baffonia, Taatiana Kozyyrevaa, Kairiit Zovob and
d Peep
b
Palumaa
a
b

Magnetic Resonnance Center (CE
ERM)-University of Florence, Viaa L. Sacconi 6, 50
0019 Sesto Fiorenntino, Italy (kozyrreva@cerm.unfi.it)
Department of Gene Technologyy, Tallinn Univerrsity of Technologgy, Akadeemia teee 15, 12618 Tallinnn, Estonia

Mechanisstic Systems Biology
B
can be defined as an
a understandiing the mechaanisms of
life at the molecular
m
leveel and of moddeling them inn such a way
y to be able too predict
outcomes whhen a given organism assim
milates food, drugs,
d
or otheer chemicals. That can
be done onlyy taking into acount
a
of the dynamic struucture of proteeins, the specificity of
protein-proteein interactioons and the resulting prroperties of molecular machines,
m
pathways andd entire netwoorks taking plaace in the celll. Thus once copper
c
is impoorted into
the cell, seveeral pathways involving a complex
c
systeem of copper proteins
p
is ressponsible
for traffickinng it specificallly where it is required for cellular
c
life, while
w
minimiziing toxicity. T
The factors driiving the coppper
transfer betw
ween protein partners along cellular coppeer routes are, however,
h
not fully rationaliized.
In our reecent study1 we
w provide thhe thermodynaamic basis fo
or the kinetic processes thaat lead to thee distribution of
ed
cellular coppper. In this woork we determ
mine, through a unified elecctrospray ionizzation mass spectrometry (ESI-MS)-bas
(
strategy, in an
a environmennt that mimicss the cellular redox
r
milieu, the
t apparent Cu(I)-binding
C
affinities for a representative
set of intracellular copperr proteins invvolved in enzzymatic redox
x catalysis, in copper traffiicking to and
d within varioous
cellular comp
mpartments, annd in copper storage.
s
The resulting
r
data show that coopper is drawnn to the enzy
ymes by passinng
from one coopper proteinn site to anotther, followinng the gradien
nts of increaasing copper-bbinding affinity. This resuult
complementss the finding that fast coppper-transfer pathways req
quire metal-m
mediated prottein–protein interactions annd
therefore prootein–protein specific
s
recoggnition.2
References:
6 (2010)
1. Banci L., Berrtini I., Ciofi-Bafffoni S., Kozyrevaa T., Zovo K. andd Palumaa P., Natture, 465, 645 – 648
2. Banci L., Berrtini I., Cantini F., Felli I., Gonnellli L., Hadjiliadis N.,
N Pierattelli R., Rosato A. and Voulgaris
V
P., Natuure Chem. Biol., 2,
2 367 – 368 (20006)

__________________________________________________________
___________________________________
______________

P709

Iron uptaake by ferrritin: thee biomineeral precu
ursors
Marta Arggentia, Ivanoo Bertinia, Isabella
I
C. Fellia, Dan
niela Lallia, Stefano M
Manganib, Ceecilia Pozziib,
Camilla Roosaa, Elizabbeth C. Theiilc and Paolaa Turanoa
a

Magnetic Resoonance Center (CERM)
(
and Deepartment of Chhemistry-Universiity of Florence, Via L. Sacconii 6, 50019 Sesto
o Fiorentino, Itaaly
(lalli@cerm.unif
ifi.it)
b
Department of Chemistry, Univeersity of Siena, Via
V Aldo Moro 2, 53100,
5
Siena, Italy
c
CHORI and Deepartment of Nutrritional Sciences and Toxicology, University of Callifornia, 5700 Maartin Luther Kingg, Jr. Way, Oaklan
nd, CA 94609

Ferritin directs
d
the revversible biomiineralization of
o iron. X-ray
y crystallograpphy has recenntly provided the structure of
the iron ions bound at the catalytic ferrooxidase site. Through
T
a com
mbination of solid
s
state andd solution 13C--direct detectioon
1,2
NMR experim
ments, partiial sequence specific
s
assignnment of reson
nances was acchieved of the 480 kDa bulllfrog ferritin, an
13
homopolymeer composed by 24 subunnits with 4-heelix bundle sttructure. Paraamagnetic brooadening in solution
s
C-133C
NOESY speectra, inducedd by iron(III)) products em
merging from
m the ferroxiddase site, tracced their progression to the
t
biomineralization central cavity. Magnnetic susceptiibility measurrements suppport the formaation of ferriic multimers as
biomineral precursors.
p
Noon-native metaal ions are able to bind ferrritin, slowing down the oxiidation processs of iron at the
t
ferroxidase site
s and may be
b used to shedd further lightt on the metal ion trafficking pathways w
within this nano
ocage protein.
References:
B
I., Proc Natl
N Acad Sci U.S
S.A., 107, 545 – 5550 (2010)
1. Turano P., Laalli D., Felli I. C.,, Theil E. C. and Bertini
2. Matzapetakis M., Turano P., Theil
T
E. C. and Beertini I., J. Biomool. NMR, 38, 237 – 242 (2007)
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Solid-State NMR and In-Cell NMR Studies of SOD1 Folding and
Amyloidogenesis
Lucia Bancia,b, Ivano Bertinia,b, Olga Blazevitsb, Francesca Cantinia,b, Moreno Lellib*, Claudio
Luchinata,b, Enrico Luchinatb, Jiafei Maob, Manuele Migliardib and Miguela Vierub
a

Department of Chemistry, University of Florence, Via Lastruccia 3, 50019, Sesto Fiorentino, Italy
Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (mao@cerm.unifi.it)
*Current address: Centre de RMN a Très Hauts Champs, Université de Lyon (CNRS/ENS Lyon/UCB Lyon 1), 69100 Villeurbanne, France

b

One of the cellular defence systems from oxidative stress is the Cu,Zn-superoxide dismutase (SOD1), a 32 kDa
dimeric protein containing one zinc and one copper ion in each of its subunit. The incorporation of metal ions is crucial
for the structural stability and enzymatic activity of SOD1. In vivo these events are conducted under a complex
mechanism. SOD1 has been genetically linked to the familial amyotrophic lateral sclerosis (fALS), a fatal
neurodegenerative motor neuron disease. Massive researches on fALS support the popular amyloid hypothesis that the
misaggregation of SOD1 is the hallmark of the disease onset. Recently, emerging evidences have raised a general SOD1
aggregation mechanism starting from wild-type (WT) or fALS-associated SOD1 mutants lacking metal ions.
In vitro solution NMR studies highlight a dramatic protein flexibility of apoWTSOD1 which makes accessible
conformations prone to oligomerize, while the rigid structure of the metalated protein is unable to do it. In order to verify
this behaviour in an environment approximating the intracellular one, we have performed in-cell NMR experiments on
WTSOD1 in bacterial cells to obtain information on the SOD1 folding states in the cytoplasm.
Solid-state NMR (SSNMR) methods have been also applied to characterize the apoWTSOD1 amyloids. First, with the
help from available solution and solid-state NMR assignments on SOD1 in different metallation states, over 90% residues
were assigned with SSNMR spectra of [13C, 15N]-uniformly labelled apoSOD1 microcrystals. These data outline that the
conformation of the long loops of apoWTSOD1 are restricted due to supramolecular packing. On the contrary, SSNMR
spectra fingerprinting of apoWTSOD1 soluble oligomers and insoluble fibrils indicates that the protein experience
significant structural changes with respect to the apoSOD1 microcrystals. In conclusion the results here are building up
together a systematic, multiscopic view on the mechanism of SOD1 amyloidogenesis.
__________________________________________________________________________________________________
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The evolution of Structural Biology towards the philosophy of INSTRUCT
Lucia Banci, Ivano Bertini, Claudio Luchinat and Kathleen S. McGreevy
Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (mcgreevy@cerm.unifi.it)

Background: INSTRUCT (Integrated Structural Biology) is a European Research Infrastructure within the ESFRI
(European Strategy Forum for Research Infrastructures) Roadmap,1 and responds to the new perception that Structural
Biology should employ an integrated approach among all possible technologies and not be based solely on solving the
structures of single proteins or even complexes. The results are framed within a cellular context, thus allowing the
characterization of cell components and molecules as well as functional processes at atomic resolution to obtain a
complete description of the system. This novel Structural Biology approach has a central position within Mechanistic
Systems Biology.
A Dream - Cell localization of metal ions and proteins: monitoring the functional states of proteins: Our expertise
regards metal ions in cells, their uptake, traffic and excretion. For certain metal ions, metal trafficking occurs by exchange
from a protein donor to a protein acceptor through a metal mediated protein-protein interaction. Some of these proteins
are unfolded in certain compartments and fully mature in others where they exert their function. One perspective is to
couple the above studies with in-cell NMR. Regarding the latter, some progress has been made in E. coli, while results in
eukaryotes have been substantially less and more scattered. Over-expression methods could be developed in eukaryotic
cells in order to permit NMR studies within organelles.
At present, the in-cell localization of metalloproteins through X-ray metal fluorescence suffers because there is either
not enough resolution to distinguish the organelles, or there is not enough sensitivity due to low metal concentration. Xray bioimaging at synchrotron facilities may allow further progress to overcome some of these problems.
References:
1. See: http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri
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Role of dynamics in MMPs activity
Ivano Bertinia,b, Linda Cerofolinia, Marco Fragaia,b, Claudio Luchinata,b, Maxime Melikiana, Niko
Sartia,b, João M. Teixeiraa,c, Mirco Toccafondia and Chiara Venturia,b
a
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Matrix metalloproteinases are a class of proteolytic zinc enzymes involved in the degradation of several extracellular
proteins, included extracellular matrix components and extracellular domains of cell-surface receptors. The uncontrolled
or the pathology-driven activity of MMP is associated to a large set of diseases such as
rheumatoid arthritis, autoimmune diseases and cancer. Over the last years we
investigated the different steps of the hydrolytic process involving the catalytic domain
for their obvious implications in drug design. We are now carrying out an extensive
analysis of the structural and dynamical features of the full-length enzymes in order to
clarify the mechanisms for substrate recognition before its hydrolysis. In particular, for
MMP-1 and MMP-12, the role of the hemopexin domain (HPX) in substrate recognition
has been investigated and the interdomain flexibility well established.1-3 The NMR
analysis of the interaction between MMP-1 and a triple helical peptide has provided
details on the structural bases of type I collagen degradation by collagenases.
References:
1. Bertini I., Calderone V., Fragai M., Jaiswal R., Luchinat C., Melikian M., Mylonas E. and Svergun D. I., J Am Chem Soc., 130, 7011 – 21 (2008)
2. Bertini I., Fragai M., Luchinat C., Melikian M., Mylonas E., Sarti N. and Svergun D. I., J Biol Chem., 284, 12821 – 8 (2009)
3. Bertini I., Fragai M., Luchinat C., Melikian M. and Venturi C., Chemistry, 15, 7842 – 5 (2009)

__________________________________________________________________________________________________

P713

In vitro studies of SOD1 aggregation and its linkage with ALS
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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that results in the death of motor neurons. An
inherited form of ALS has been linked to mutations in the gene encoding for the Cu, Zn superoxide dismutase (SOD1).
SOD1 is a dimeric metal binding enzyme; each subunit contains one zinc and one copper ion which are necessary
respectively for the structural stability and activity of the protein. ALS-related defects in SOD1 result in a gain of toxic
function that coincides with aberrant oligomerization. The presence of aggresomes rich in SOD1 protein in the neuronal
tissues of ALS patients is one of the neuropathological hallmarks of ALS. However little is known about the origin and
the architecture of these aggregates.
Previously we characterised human SOD1 with respect to its ability to form oligomers.1 It was observed that WT
SOD1 and various mutants, when lacking both metal ions, oligomerize under physiological conditions through the
oxidation of free cysteines (Cys 6 and Cys 111), thus forming high molecular weight soluble oligomers which could
constitute the toxic species existing prior to formation of the insoluble aggregates.
Now, in order to better elucidate the role of the two cysteines residues in the initial steps of the process, we are
tracking the evolution during time of mixtures of the two mutants C6A and C111S by solution NMR and Mass
spectrometry. Another target is to structurally characterize the dimeric apoSOD1 protein and the high molecular weight
apoSOD1 assemblies by performing SSNMR. Microcrystals, oligomers and fibrils of apoSOD1 were investigated. Finally
our studies focused on the search of potential inhibitors of the oligomerization process. Several compounds known to
interact with thiol groups of cysteines were tested and we discovered that the anticancer drug cisplatin is inhibiting the
SOD1 oligomerization in vitro by binding to Cys 111 as revealed by X-ray and NMR analyses.
References:
1. Banci L., Bertini I., Durazo A., Girotto S., Gralla E. B., Martinelli M., Valentine J. S., Vieru M. and Whitelegge J. P., Proc Natl Acad Sci U.S.A., 104,
11263 – 7 (2007)
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The dual functions of the Sco protein family: copper chaperone and thioredoxins
Lucia Banci, Ivano Bertini, Simone Ciofi-Baffoni, Tatiana Kozyreva and Mirko Mori
Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (mori@cerm.unifi.it)

Sco is a family of proteins ubiquitous to all kingdoms of life. Ortholog and paralog genome browsing has shown that
more than one representative of this class are often present in bacterial and eukaryotic genomes. Sco proteins have been
first suggested to be involved in copper ion delivery to the cytochrome c oxidase. Accordingly, the structures of Sco
proteins from bacteria and eukaryotes1-3 revealed a copper binding site constituted by two Cys residues from a CXXXC
motif and an additional conserved His residue. However, the fold of Sco proteins showed a structural similarity to
thioredoxin family, suggesting that an oxidoreductase activity may be an important aspect of Sco protein function. The
two cysteines of the CXXXC motif have been proposed to be the active-site residues of a thiol disulfide oxidoreductase
function. This hypothesis has been supported by a structure of human Sco1 showing a metal ion bound by the two
oxidized Cys residues of the CXXXC motif2 and by simultaneous copper and electrons transfer events involving human
Sco1.4 Evidences of the thioredoxin function has been substantiated for bacterial Scos from Thermus thermophilus5 and
Pseudomonas putida.6 All these results indicate that Sco proteins may exhibit more than one function that include copper
transfer and/or redox activities. In this frame, specific sequence variations occurred during the evolution can result in fine
structural changes influencing the reduction potentials of the CXXXC cysteines and their metal binding affinity.
References:
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2. Banci L., Bertini I., Calderone V., Ciofi-Baffoni S., Mangani S., Martinelli M., Paluma P. and Wang S., Proc Natl Acad Sci U.S.A., 103, 8595 – 8600
(2006)
3. Banci L., Bertini I., Ciofi-Baffoni S., Gerothanassis I. P., Leontari I., Martinelli M. and Wang S., Structure, 15, 1132 – 1140 (2007)
4. Banci L., Bertini I., Ciofi-Baffoni S., Hadjiloi T., Martinelli M. and Palumaa P., Proc Natl Acad Sci U.S.A., 105, 6803 – 6808 (2008)
5. Abriata L. A., Banci L., Bertini I., Ciofi-Baffoni S., Gkazonis P., Spyroulias G. A., Vila A. J. and Wang S., Nat Chem Biol., 4, 599 – 601 (2008)
6. Banci L., Bertini I., Ciofi-Baffoni S., Kozyreva T. and Mori M., J Biol Chem, submitted (2010)
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Extracellular proteins regulate the cellular activity by interplaying with cell-surface proteins. NK1 is a splice variant of
the multidomain growth factor HGF/SF, that consists of the N terminal (N) and the first kringle (K1) domains. HGF
activity is involved in cell proliferation, survival, differentiation and motility1 but its aberrant activation has been
associated with tumor growth, invasion, and metastasis.2
The dynamical features of NK1 tandem construct have been investigated in solution on 15N-13C-enriched samples
obtained from E. coli, using new high-yield expression protocols.3 The reorientation of the backbone NH vectors with
respect to the magnetic field occurs on a timescale that is faster than the rotational time of dimeric NK1 conformations,
observed in X-ray structures, although NK1 construct exhibits a propensity to aggregate at sub-millimolar concentrations.
The relaxation data suggest a degree of interdomain flexibility, without major contacts between the two domains. The
present findings may provide new insight into molecular mechanism of HGF activity and relevant hints for drug design.
References:
1. Birchmeier C., Birchmeier W., Gherardi E. and Vande Woude G. F., Nat Rev Mol Cell Biol, 4, 915 – 925 (2003)
2. Jeffers M., Rong S. and Woude G. F., J. Mol. Med., 74, 505 – 513 (1996)
3. Sivashanmugam A., Murray V., Cui C., Zhang Y., Wang J. and Li Q., Protein Sci., 18, 936 – 948 (2009)
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NMR to study weak metal-mediated protein-protein interactions
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Manuele Migliardia, Anna Pavelkováa and Antonio Rosatoa,b
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Living organisms have developed specific processes to control metal transport and incorporation in the recipient
proteins. In this way, it is made sure that the right metal is incorporated in the right protein. This is often accomplished
through specific transport pathways where a metal ion, as it enters the cell, is coordinated by a specific protein that
delivers it to a selected partner protein, either as a final metal recipient or as one of the steps in the metal transfer pathway.
Metal transfer occurs through protein-protein interactions mediated by the presence of metal ions. This is particularly true
in the case of copper(I),1,2 for which several solution structures of metal-mediated complexes are available [3;4]. In
particular, the metal-mediated interactions through which the copper(I) ion is transferred from an Atx1-like soluble
copper(I) chaperone to one of the soluble domains of a membrane-bound ATPase have been extensively studied.3;4
Several proteins involved in different metal transport pathways feature similar metal-coordination sites. This in
principle might lead to the coordination of the wrong metal ion. Indeed, some proteins exhibit a higher affinity in vitro for
a non-physiological metal ion. Therefore, in addition to the affinity of the different proteins for the various metal ions,
also the protein-protein interactions play an important role in controlling the transfer of the metal ions from one partner to
another, by determining molecular recognition between the partners. The aforementioned solution structures of complexes
together with model structures, which can be obtained by a combination of homology modelling, sequence conservation
analysis and docking, allowed us to separate the energetics of interaction in terms of protein vs metal contributions.
References:
1. Banci L., Bertini I., Cantini F. and Ciofi-Baffoni S., Cell. Mol. Life Sci., in press
2. Banci L., Bertini I., McGreevy K. S. and Rosato A., Nat. Prod. Rep., 27, 695 – 710 (2010)
3. Banci L., Bertini I., Cantini F., Felli I. C., Gonnelli L., Hadjiliadis N., Pierattelli R., Rosato A. and Voulgaris P., Nat.Chem.Biol., 2, 367 – 368 (2006)
4. Banci L., Bertini I., Calderone V., Della Malva N., Felli I. C., Pavelkova A. and Rosato A., Biochem.J., 422, 37 – 42 (2009)
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Direct Detection in Paramagnetic Proteins: from evaluation of Residual Dipolar
Couplings involving non Detected Protons to Measurements of C’N Multiple
Quantum Relaxation Rates
Ivano Bertini and Mario Piccioli
Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (piccioli@cerm.unifi.it)
13

C direct detected protonless NMR experiments avoid losses of information caused by fast relaxation or exchange
broadening of 1H signals and may therefore offer better sensitivity, particularly in the presence of paramagnetic ions.
Residual dipolar couplings (rdc) have been shown to be precious as structural restraints and as parameters to investigate
dynamics. Pulse sequences have been developed to show that HαCα and HNN rdc can be obtained through 13C detection
even when the proton lines are very broad, or even not detected.1 Similarly, fast 1H transverse relaxation may quench
coherence transfer in many conventional NMR experiments used for dynamics studies. Indeed, direct detection of 13C
nuclei offers an alternative route to the measurement of relaxation rates of C'N multiple-quantum coherences, which may
contribute to a more complete description of backbone dynamics in proteins as a complementary tool to conventional
techniques that focus on the relaxation of isolated 15N and 13C nuclei.2
References:
1. Balayssac S., Bertini I., Luchinat C, Parigi G. and Piccioli M., J. Am. Chem. Soc., 128, 15042 – 43 (2006)
2. Mori M., Kateb F., Bodenhausen G., Piccioli M. and Abergel D., J. Am. Chem. Soc., 132, 3594 – 3600 (2010)
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C direct detection in solution: a new chapter in biomolecular NMR

Wolfgang Bermela, Ivano Bertinib,c, Isabella C. Fellib,c, Vasantha Kumarc, Rainer Kümmerled,
Riccardo Peruzzinic and Roberta Pierattellib,c
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The development of experimental approaches to overcome the limits of 13C detection in solution in parallel to an
increase in instrumental sensitivity has brought 13C direct detection in the suitable range for biomolecular applications. A
set of exclusively heteronuclear NMR experiments has recently been proposed and can be used to achieve complete
sequence specific assignment of a protein in solution and to determine useful observables that contain structural and
dynamic information. These NMR experiments provide additional, in some cases unique, information to that available
through 1H detected NMR experiments. Initially developed to study paramagnetic biomoluecules these experiments are
generally applicable for the structural and dynamical characterization of proteins in solution. They result particularly
effective for the study of intrinsically disordered proteins or proteins fragments opening the way for their characterization
directly in-cell. In fact, 13C NMR spectroscopy has opened a new chapter for biomolecular NMR.
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Enhancing resolution and sensitivity for solid-state NMR of microcrystalline
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In recent years the combined progress in sample preparation, probe and magnet technology, and experimental schemes
has opened the way to the structural characterization of biological macromolecules by solid-state NMR. Human
superoxide dismutase (SOD), a dimeric Cu(II) enzyme of 32 kDa, still represent a challenge due to the large size of the
molecule and to the short relaxation times consequence of the hyperfine interaction between the nuclei and the slowrelaxing unpaired electrons of Cu(II).
The introduction of relaxation-optimized methods for 13C-13C spin-state selection allowed us to greatly increase the
resolution in crowded spectral regions removing the broadening due to the 13C-13C J-couplings. The introduction of
ultrafast (60 kHz) MAS in the characterization of SOD demonstrate how low-power irradiation schemes can considerably
enhance the sensitivity of multidimensional and multinuclear experiments based on both scalar- and dipolar-based
transfers. This should lead to the possibility of obtaining precious structural constraints for the full macromolecular
structure determination of the protein in its microcrystalline state.
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Structure and dynamics of proteins are strictly intertwined in defining the function of the proteins themselves. When
they sample a wide conformational space, it is intrinsically impossible to quantify the probability of each state. Small
angle scattering (SAS) techniques and paramagnetic NMR spectroscopy in solution can provide experimental observables
that are weighted averages of the values corresponding to all sampled conformations. A maximum allowed probability
(MAP) is defined to score each and every conformation according to its largest weight possible in any ensemble in
agreement with the experimental averaged NMR and SAS data. We present the results obtained for the two-domain
protein calmodulin as a test case, and we show the protein conformations with largest MAP (equal to 0.33) as well as the
MAP of selected conformations previously obtained in the solid state by X-ray, and of other conformations selected to
explore the whole conformational space, using SAXS data and three sets of pseudocontact shifts and residual dipolar
couplings obtained after substitution of a lanthanide ion (Tb3+, Tm3+ or Dy3+) to the second binding site in the N-terminal
domain. The method is universally applicable as it only requires NMR data on paramagnetic derivatives of the protein
(using native metal sites or lanthanide tagging) and possibly SAS measurements.
References:
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The eNMR platform for Structural Biology
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The e-NMR project is a European cooperation initiative that aims at providing the bio-NMR user community with a
software platform integrating and streamlining the computational approaches necessary for the analysis of bio-NMR data.
The e-NMR platform is based on a Grid computational infrastructure. A main focus of the current implementation of the
e-NMR platform is on streamlining structure determination protocols. Indeed, to facilitate the use of NMR spectroscopy
in the life sciences, the e-NMR consortium has set out to provide protocolized services through easy-to-use web
interfaces, while still retaining sufficient flexibility to handle specific requests by expert users. Various programs relevant
for structural biology applications are already available through the e-NMR portal. The implementation of these services,
and in particular the distribution of calculations to the GRID infrastructure, has required the development of specific tools.
However, the GRID infrastructure is maintained completely transparent to the users. With more than 150 registered users,
e-NMR is currently the second largest European Virtual Organization in the life sciences. The Xplor-NIH and AMBER
portals are shown in detail. Possible applications in other domains of science are also mentioned.
Acknowledgments: e-NMR is funded by the European Commission under contract no. 213010.
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Celiac disease (CD) is a multifactorial disorder involving genetic and environmental factors, thus having great impact
on metabolism. Application of metabolomics to the study of CD using NMR fingerprinting has been successfully
exploited by our group,1 providing significant information on the metabolic alteration involved in the pathology. Using a
combination of statistical techniques we are able to discriminate CD patients from healthy controls with high accuracy
(about 84%). Altered serum levels of glucose and ketonic bodies suggest alterations of energy metabolism, while the urine
data point to alterations of gut microbiota. After 12 months of gluten free diet all but one patients were classified as
healthy by the same statistical analysis, with the metabolic profile reverting to the normality. Potential CD patients are
subjects who do not have a jejunal biopsy consistent with overt CD, and yet have immunological abnormalities similar to
those found in CD patients. We have found that potential CD largely shares the metabonomic signature of overt CD,
allowing us to hypothesize that CD exists as such before intestinal damage occurs, so if the metabolic changes are (at least
partially) independent of the bowel malabsorption, a deeper analysis of this fingerprint can be helpful to infer more
information on the biochemistry of the disease.
References:
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Bio-NMR, NMR for Structural Biology
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Under the Seventh Framework Programme (FP7, funding scheme CPCSA) the EC is funding Bio-NMR, a new project
for supporting research infrastructures for providing access and technological advancements in bio-NMR.
Bio-NMR pools pan-European resources of the most relevant bio-NMR infrastructures. Eleven partners (Consorzio
Interuniversitario Risonanze Magnetiche di Metalloproteine Paramagnetiche; Johann Wolfgang Goethe Universitaet
Frankfurt am Main; Universiteit Utrecht; CNRS, Rhône-Alpes Large Scale Facility for NMR; Forschungsverbund Berlin
e.V.; ETH-Zürich; Masarykova University Brno, National Centre for Biomolecular Research; Kemijski Institut, Slovenian
NMR Centre of the National Institute of Chemistry; The Chancellors, Masters and Scholars of the University of Oxford;
The University of Birmingham; Goeteborgs Universitet) will provide access to researchers involved in structural biology.
The Consortium includes seven other excellent partners (Magyar Tudomanyos Akademia Szegedi Biologiai Kozpont
Enzimologiai Intezet; Max-Planck-Gesellschaft zur Foerderung der Wissenschaften e.V.; Weizmann Institute of Science;
University of Warsaw; University of Aarhus; Universitat de Barcelona and the leading NMR manufacturer Bruker).
Jointly, they will develop methods aimed at pushing the frontiers of biological NMR and improving the quality of access
to allow users to tackle ever more challenging goals in cellular structural biology. All nineteen partners (including the
company Spronk-NMR Consultancy) are involved in the networking activities. These include (1) knowledge transfer
among consortium members, Bio-NMR users and other NMR researchers, (2) the demonstration to biologists of the
potential of structural biology with NMR, and lowering the barriers to their becoming users, (3) interactions with
industrial and medical communities, and (4) raising awareness of the impact of the results achieved through Bio-NMR
among society, financing and governing bodies with the final aim of developing a plan for future self-sustainability. The
overall project and its management have been conceived in coordination with INSTRUCT (An Integrated Structural
Biology Infrastructure for Europe), which will contribute to the cultural frame and networking activities of Bio-NMR.
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A molecular view of the accessory proteins involved in iron-sulphur cluster
biogenesis
Lucia Banci, Ivano Bertini, Simone Ciofi-Baffoni, Ravi Sekhar Gadepalli, Maciej Mikolajczyk,
Vaishali Sharma and Julia Winkelmann
Magnetic Resonance Center (CERM)-University of Florence, Via L. Sacconi 6, 50019 Sesto Fiorentino, Italy (winkelmann@cerm.unifi.it)

Iron is a necessary trace element found in all living organisms where it is used in the synthesis of heme, iron-sulphur
(Fe/S) clusters and other cofactors. Irons in Fe/S cluster proteins are coordinated by four sulphur ions, either a thiolate
group from cysteines or an inorganic sulphide ion. They have essential functions in
metabolism, electron transport and regulation of gene expression. Numerous diseases
have been associated with defects in Fe/S protein biogenesis. Despite the relative
simplicity of Fe/S clusters in terms of structure and composition, their synthesis and
assembly is a highly complex and coordinated process which yet has not been completely
understood. Accordingly, the exact functions of the proteins involved in the maturation
of Fe/S proteins are not known. In order to define their specific molecular roles we are
structurally and biochemically characterizing these proteins as well as their interactions
with protein partners with the final aim of reconstructing at the molecular level the Fe/S
assembly machinery. So far all Fe/S proteins involved in the Fe/S cluster biogenesis have been found in the mitochondrial
matrix and in the cytosol. Our analysis identified an Fe/S protein, Ciapin1, as a substrate of the Mia40-based import
mechanism responsible for localizing proteins into the mitochondrial intermembrane space. This finding opens a new
view on the involvement of this compartment in the cluster biogenesis and in the connection of the mitochondrial and
cytosolic cluster assembly machineries.
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8
Highlights of the Conference
Advances in Bioimaging
Silvio Aime*
University of Torino, Chemistry/Centre of Molecular Imaging, via Nizza 52, Torino (silvio.aime@unito.it)

Advances in Methods and Spectroscopy
Malcolm Levitt
Southampton University, Department of Chemistry, University Road, United Kingdom (mhl@soton.ac.uk)

Advances in BioNMR
Brian D. Sykes*
University of Alberta, 419 Medical Sciences Bldg , Edmonton, Canada (brian.sykes@ualberta.ca)

*These presentations will eventually be published in the Journal of Magnetic Resonance
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NMR Stu
udies of Viral
V
Envelope Prooteins
Jessica Celligoy, Chrisstopher McC
Cullough, Benjamin
B
Raamirez and Michael Caaffrey
Department of Biochemistry
B
& Molecular
M
Geneticcs, University of Illinois
I
at Chicag
go, Chicago, IL 60607,
6
(caffrey@uuic.edu)

Envelopee proteins plaay critical rolles in viral entry
e
by mediiating the attachment of tthe virus to target
t
cells annd
subsequentlyy the fusion off the viral andd cellular mem
mbranes. Howeever, to date, structural
s
infoormation abou
ut viral envelope
is often limiited to studiess of isolated domains, whiich do not ad
dequately reprresent the struucture of the larger complex
bound to thee viral membrrane. We are currently usinng Saturation Transfer Diffference (STD)) NMR to chaaracterize smaall
molecule binnding to thee viral envelope proteins from Influeenza and HIV
V in the preeattachment and
a
attachmeent
conformationns. The interacctions under study
s
include those
t
of Influenza HA-sialyyllactose recepptor analogs and
a HIV gp1220inhibitor pepptides. In the long term, the method couldd be exploited
d to lend insigght into the virral entry mech
hanism, identiify
of
and improvee small moleccule or peptidde therapeuticcs, and identtify immunoloogical "hotspoots" for the development
d
vaccines.
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___________________________________
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P726

Structurral Analyssis of the Smad2-M
S
MAN1 Inteeraction that
t
Regu
ulates
Transforrming Growth Facctor-ß Signaling at the Innerr Nuclearr Membra
ane
a
Emilie Konndéa, Benjaamin Bourgeeoisa, Carine Telliera, Wei
W Wub, Jaavier Pérezc, Bernard Gilquin
G
,
a
Howard J. Wormanb and
a Sophie Zinn-Justin
Z
a

Laboratoire de Biologie Structuurale et Radiobiollogie, URA CNRSS 2096, CEA Sacllay, 91190 Gif-suur-Yvette, France (sophie.zinn@ceea.fr)
Department of Medicine
M
and Deepartment of Pathhology and Cell Biology,
B
College of
o Physicians andd Surgeons, Columbia University, New-York, NY,
USA and cSynchhrotron SOLEIL, BP
B 48, 91192 Gif
if-sur-Yvette Cedeex, France
b

MAN1, an integral
i
proteein of the innner nuclear membrane,
m
in
nfluences trannsforming
HM domain
growth factoor-ß (TGF-ß) signaling
s
by directly
d
interacting with R-Smads1. Heterozygous UH
loss of functiion mutations in the gene encoding
e
MAN
N1 cause sclerrosing bone dysplasias
d
and increaseed TGF-ß signnaling in cellss. As a first step
s
to elucid
date the mechhanism of
MAN1, an integral
i
proteein of the innner nuclear membrane,
m
in
nfluences trannsforming
growth factoor-ß (TGF-ß) signaling
s
by directly
d
interacting with R-Smads1. Heterozygous
Ctter
loss of functiion mutations in the gene encoding
e
MAN
N1 cause sclerrosing bone dysplasias
d
and increaseed TGF-ß signnaling in cellss. As a first step
s
to elucid
date the mechhanism of
Intramolecular
TGF-β pathw
way regulatioon by MAN1,, we characteerized the stru
ucture of the complex
UHM
U
ligand motiif
between the MAN1 C-terrminal region and Smad2. Using NMR, we observedd that this
Nter
2
region is com
mprised of a winged helixx domain , a structurally
s
heterogeneous linker, a
U2AF Homoology Motif (U
UHM) domaiin and a disorrdered C-term
minus. From NMR
N
and
SAXS data, we reconstituuted the fluctuuating 3D struucture of the Smad2
S
binding region of M
MAN1. Our daata indicate thhat
the linker plaays the role off an intramoleecular UHM Ligand
L
Motif (ULM) interaacting with the UHM domaain. We mapped
the Smad2 binding site onto the MA
AN1 structurre by combin
ning GST-pullldown, fluorrescence and yeast 2-hybrrid
approaches. The
T intramoleecular interacttion between the
t linker and
d the UHM doomain is criticaal for Smad2 binding. On the
t
basis of the structural
s
heteerogeneity andd binding prooperties of the linker, we suuggest that it ccan interact with
w other UH
HM
domains, thuus regulating thhe MAN1/Sm
mad2 interactioon.
References:
W and Worman H. J., Hum Mol Geenet., 14, 437 – 45
5 (2005)
1. Lin F., Morrisson J. M., Wu W.
2. Caputo S., Coouprie J., Dubandd-Goulet I., Konddé E., Lin F., Braaud S., Gondry M.,
M Gilquin B., Worman
W
H, J. andd Zinn-Justin S., J.
J Biol. Chem., 281,
18208 – 182115 (2006)
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P NMR studies of aluminophosphate species in the methanol-water mixture

Abdolraouf Samadi–Maybodia, Seyed Karim Hassani Nejad–Darzia and Mohsen Tafazzolib
a
b

Analytical Division, Faculty of Chemistry, University of Mazandaran, Babolsar, Iran, P.O.Box: 47416-95447, (samadi@umz.ac.ir)
Faculty of Chemistry, Sharif University of Technology,Tehran, Iran

Aluminophosphate (AlPOs) system is one of the useful molecular sieves, and is widely utilized as catalysts and
molecular sieves in the industrial processes.1 Soluble aluminophosphate species, such as [Al(H2O)4,(OH)(H2PO4)]+, have
been suggested as the nutrients for the growth of aluminophosphate molecular sieves.2 It is interesting to understand the
effect of P and A1 concentration on the formation of soluble aluminophosphate species. Mortlock et al.3 specified the
presence of some complex such as [Al(H2O)5(H3PO4)]3+, [Al(H2O)5(H2PO4)]2+ and [A1(H2O)4(H2PO4)2]+ cations under
acidic conditions. 31P NMR and 27Al NMR spectroscopy have been used to characterize the distribution of soluble
aluminophosphate species in aqueous media4. Soluble aluminophosphate cations form from reactions of [A1(H2O)6]3+
with phosphate ligands (i.e., H3PO4, H2PO4–, and acid dimers H6P2O8 and H5P2O7–).
In this work, Phosphorus-31 nuclear magnetic resonance techniques were used to characterize the distribution of
soluble aluminophosphate species in methanol-water mixture. Working solutions were prepared in 5.0 ml volumetric
flasks by addition of appropriate amounts of stock aluminate solution, H3PO4 (85%) and diluted by methanol-water
mixture to the mark. Results indicated that new peaks are appeared in the 31P NMR spectra by variation of methanol-water
volume ratio. By considering of the 31P NMR spectra it can be deduced that different species can be existence in the
solution which attributed to the formation of complexes through interation of hexa-coordinated aluminum, methanol and
phosphoric acid. These results help to better understanding of the synthesis of the AlPO4 molecular sieves in non-aqueous
media.
References:
1. Weckhuysen B. M., Baetens D. and Schoonheydt R. A., Angew. Chem. Int. Ed., 39, 3419 – 3422 (2000)
2. Ren X., Komarneni S. and Roy D. M., Zeolites, 11, 142 – 148 (1991)
3. Mortlock R. F., Bell A. T. and Radke C. J. R., J. Phys. Chem., 97, 767 – 774 (1993)
4. Samadi–Maybodi A., Hassani Nejad–Darzi S. K. and Bijanzadeh H. R., Spectrochim Acta A, 72, 382 – 389 (2009)
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Xe NMR spectroscopic study of meso- and microporosity in soil components

Svetlana Filimonovaa, Andrey Nossovb, Alexander Dümiga, Heike Knickerc, Antoine Gédéonb and
Ingrid Kögel-Knabnera
a

Lehrstuhl für Bodenkunde,Technische Universität München, Emil-Ramann str.2, 85350 Freising, Germany (filimono@wzw.tum.de)
Laboratoire SIEN, Université Pierre et Marie Curie, place Jussie 4, 75252 Paris, France
Geoecology and Biogeochemistry Department, Instituto de Recursos Naturales y Agrobiología de Sevilla, Av. Reina Mercedes 1, 41012 Sevilla, Spain

b
c

Pore environments of a series of samples representing porous soil constituents have been studied using conventional, i.e. thermally
polarised (TP) and hyperpolarized (HP) 129Xe NMR spectroscopy. Xenon gas behaved as an efficient probe for interrogating their pore
structures through: i) higher sensitivity for probing micropores within polymeric organic structures as compared to common adsorption
methods; ii) possibility to use elevated pressures of the adsorbate for increasing the pore accessibility; iii) evaluating not only the pore
size range but also adsorption enthalpies that reflect the nature of Xe - pore surface interactions. A combination of the HP- and TP
129
Xe NMR was shown to be helpful for assessing the extent of pore attainability, since the latter affects relaxation phenomena which,
in turn, determine appearance of the 129Xe NMR spectra. First, the model samples representing soil porous components e.g.soil organic
material (SOM), were tested for evaluating the electronic factors responsible for the 129Xe resonance shifts detected in natural soils. By
mixing model compounds in varying proportions with the following incubation experiments we tried to understand the mechanisms of
interactions between the mineral and organic porous constituents. The SOM sorption within the model mineral (hydr)oxides was shown
to be inhomogeneous, and the determined Xe adsorption enthalpies corresponded to the co-existing “empty” pores and those coated
with organic species. At the next step, we used a combination of the TP- and HP 129Xe NMR to investigate the structure of natural
organic materials, such as charcoals. N2 adsorption method has only limited application for these materials due to the restricted
diffusion of N2. In contrast, an increased sensitivity of the HP 129Xe NMR allowed us detecting micropores in the studied samples. The
observed differences between the HP- and TP 129Xe patterns were explained by the slow xenon diffusion through the highly constricted
pore system. The estimated width of those constricted pore openings was of the order of one or two diameters of the Xe atom. Similar
“bottle neck” effects may also exist in the natural soil particle size fractions, as it was inferred from the increased pore access for Xe
adsorption performed at elevated pressures (2-4 bar). Finally, we investigated particle size fractions derived from various soil types
differing in their textural and chemical properties. Fine porosity could only be observed after the removal of SOM. Iron-induced
broadening of the 129Xe resonances was not directly proportional to the Fe oxide concentration. Large microporosity observed in some
soils (e.g. Andosols) was attributed to the “multi-domain” structure of soil particles.
Acknowledgments: The German Science Foundation (DFG, KN 463/8-1) is gratefully acknowledged for financial support.
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Initial mechanisti
m
ic studies of small synthetic
s
anti-micrrobial pep
ptides by NMR and
d
moleculaar modelliing
a
Johan Isakkssona, Gørill E. Flatenb, Bjørn O. Brandsdal
B
and
a John S. Svendsena
a
b

Institutt for Kjeemi, University off Tromsø N-9037 Tromsø, Norwayy (johan.isaksson@uit.no)
Institutt for Farrmasi, Universityy of Tromsø, N-90037 Tromsø, Norw
way

Syntheticc antimicrobiaal peptides (SAMPs) with increased in vitro
v
stability against proteeolytic degrad
dation and goood
selectivity foor methicillin--resistant staphhylococci oveer human eryth
hrocytes havee been developped. The exacct mechanism of
the antimicroobial effect iss still unknow
wn, though seeveral modelss have been proposed,
p
including porre formation, carpet modelss and intracelllular targets.
Mechanisstic studies have
h
been innitiated in ann attempt to learn more about
a
the
mechanism behind
b
the microbe
m
killinng and to alloow for furtheer optimizatioon of the
SAMPs throuugh rational design.
d
A num
mber of SAMP
Ps have been synthesised
s
annd studied
in small unnilamellar vessicle systems (SUVs) by liquid NMR
R and compuuter aided
modelling. We
W here presennt some prelim
minary studiess of peptide:lip
posome interaactions.
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___________________________________
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P730

Nuclear Magneticc Resonan
nce Studiees on Amo
orphous and
a Crysttalline La
anthanum
mAluminoogalloboraates
a
Simion Sim
mona, Flaviuu R. V. Turcua, Diana Trandafir
T
, Maria Maieera and Ago Samosonb
a
b

Babes-Bolyai University,
U
Facultty of Physics, M. Kogalniceanu Strr. 1, 400084 Clujj-Napoca, Romannia (simons@physs.ubbcluj.ro)
National Instituute for Chemical Physics
P
and Biopphysics, Akadeem
mia Tee 23, Tallinn, Estonia

Up to now
w only one sttable crystallinne phase is knnown in the ternary lanthannum-aluminiuum-boron oxid
de system.1 The
composition of this crystalline phase is LaAl2. B4O10..5 (124) and in
n its structure the La, Al annd B atoms aree surrounded by
b
O atoms in trrigonal prismaatic, pyramidaal and tetrahedral arrangem
ments, respectiively. It is
an interesting oxide comppound in whiich all cationss exhibit less usually coordinations:
lanthanum iss hexacoordinnated, aluminiuum pentacoorrdinated and boron
b
tetracooordinated.
This have beeing proved for
f aluminium
m and boron by
b MASNMR
R.2 By substittuting the
aluminium with
w gallium itt is expecting that also this atom will hav
ve similar cooordination
like aluminiuum. In order to check this hypothesis we
w synthesised
d the 124 phaase where
half of the aluminium
a
havve been substtituted with gallium.
g
As method
m
of synnthesis we
choose the sol
s gel methood as being much properr for followin
ng the local structural
changes duriing the transfoormation from
m disordered syystem to the well-defined
w
c
crystalline
phase. The NMR
N
results obtained
o
by ussing an AVAN
NCE Bruker 600 MHz speectrometer
and a probe head
h
with highh MAS show that indeed thhe gallium too
ok the pentacooordinated
sites in 124 phase
p
(Fig.1). By analysingg the evolutionn of MASNM
MR spectra forr 11B, 27Al
and 69Ga nucclei function on
o heat treatm
ment temperatuure of the sam
mples it was propose
p
a moddel for local structure
s
channge
that took placce during the formation of crystalline
c
1244 phase from its amorphouss precursor.
References:
W Wang J. Y., Wei
W J. Q. and Liuu Y. G., Acta Crys
yst., C54, 11 – 12 (1998)
1. Yang P., Yu W.,
2. Simon S., Phyys. Chem. Glassees: Eur. J. Glass Sci.
S Technol. B, 47,
4 489 – 492 (2006)
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Towards high-resolution RNA structures by solid-state NMR spectroscopy
Alexey V. Cherepanova,c, Clemens Glaubitza,b and Harald Schwalbea,c
a

Center for Biomolecular Magnetic Resonance
Institute for Biophysical Chemistry, Max-von-Laue-Str. 9, (Glaubitz@chemie.uni-frankfurt.de)
Institute for Organic Chemistry and Chemical Biology, Max-von-Laue-Str. 7, Johann Wolfgang Goethe-University, 60438 Frankfurt am Main,
Germany
b
c

The nuclear magnetic resonance (NMR) assignment and conformational analysis of a uniformly labeled ribonucleic
acid oligonucleotide (RNA) has been performed by high-resolution solid-state MAS NMR spectroscopy. A 14-mer RNA
hairpin containing the very stable cUUCGg tetraloop was studied in frozen aqueous
solution at 258 K. All ribose and most of the nucleobase carbon resonances, in total 88%,
could be assigned in 13C 2D dipolar recoupling experiments. 93% of the solid-state
chemical shifts were found identical to those in solution within an average line width of
0.3 ppm. Analysis of ribose 13C chemical shifts using an improved canonical equation
model showed that sugar puckering modes and the exocyclic torsion angle conformers of
the hairpin in ice are highly similar to that in solution. Minor modulation of the structure
is attributed to a partial dehydration of RNA, binding of Na+ ions and hydrogen bonding
to water molecules at the ice interface. The results show that biologically-relevant RNAs
can undergo the water/ice phase transition without significant structural changes and
critical loss of NMR resolution and sensitivity. Use of uniformly labeled RNA is feasible
because correlation experiments reveal remarkably sharp signals and sufficient chemical
shift dispersion. Our findings pioneer the freeze-trapping studies of RNA structurefunction in folding, ligand recognition and catalysis, form the basis and open new exciting possibilities for molecular
analysis of RNAs and their complexes, advocating solid-state NMR to a broad RNA community.
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