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SESSION CHAIRS and MODERATORS:  
Roman Efremov, Angela Gronenborn, David Lilley, Hartmut Oshkinat, Jody Puglisi 

 
 
LECTURES: 
A. Brunger 1. X-ray structure refinement at low resolution 
  2. Single molecule and single particle studies of synaptic vesicle fusion 
 
 
M. Delepierre   1. Molecular interactions as viewed by NMR 
  2. Molecular basis of viral pathogenicity: the rabies virus 
 
 
R. Efremov 1. Proteins in membranes: what can we learn via computer simulations? 
  2. "Mosaic" nature of lipid bilayers and its putative biological role: in silico studies 
 
 
M. Ehrenberg  1. Activation of IF2 by GTP, initiator tRNA and domain III mutations, explained by the 

theory of conditional switching of GTPases 
  2. DNA-template dependent variation of rate and accuracy of transcription 
 
 
A. Gronenborn 1.  Synergy between NMR and cryo-EM - Novel Findings for HIV Capsid Function 
  2. Sweet challenges - deciphering carbohydrate protein interactions 
 
 
M. Levitt 1. Mesoscale Modeling of Macromolecular Machines 
 2. The Nature of the Protein Universe 
 
 
D. Lilley 1. Fluorescence resonance energy transfer in studies of the structure, dynamics and 

activity of nucleic acid molecules 
 2. The origins of catalytic activity in ribozymes - how does RNA function as an enzyme? 
 
 
A. McPherson: 1. What is Diffraction - The Nature of Waves and Crystals: Unit Cell, Symmetry and 

Space Groups 
  2. Diffraction by Molecules, Lattices and Crystals: The Phase Problem 
  3 The phase problem and how it is solved 
 
 
O. Nureki 1. Genetic code translation 
  2. Gating control mechanism of membrane transporters 
 
 
H. Oshkinat  1. Introduction to solid-state NMR 
  2. Investigations on membrane proteins and dynamic complexes by solid-state NMR 
 
 
J. Puglisi:  1. Principles of Spectroscopy 
  2. Principles of Spectroscopy II 
  3. Dynamics of translation by single molecule methods 
  4. Tackling complex disease 
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P. Selenko 1. Looking into live cells with high-resolution NMR spectroscopy 
  2. Post-translational protein modifications by in-cell NMR spectroscopy 
 
 
B. Sykes: 1. Introduction to NMR Methodology 

2. How the Dynamics of Intrinsically Unfolded Regions of Proteins Regulate Function 
 
 
J. Williamson Ribosome assembly 
 
 
A. Yonath: 1. From peptide bond formation to initial folding 

2. Antibiotics targeting the ribosome: selectivity, resistance and synergism 
 
 
H. Yonath Advances in molecular diagnosis and adult genetics 
 
 
STUDENTS’ CONTRIBUTIONS:  
  Poster session – 21 posters 
  Oral presentations – 11 talks 
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ABSTRACT (poster) 
 
Nanobodies as Crystallization Chaperones for Mouse Prion Protein 
 
Romany N. N. Abskharon1, Alexandre Wohlkonig1, Sameh Soror1, Els Pardon1, Han Remaut1, 
Hassan El Hassan1, Gabriele Giachin2, Alessandro Didonna2, Giuseppe Legname2 and Jan steyaert1*  

1. VIB Department of Molecular and Cellular Interactions, Vrije Universiteit Brussel, Pleinlaan 2, 
1050 Brussel, Belgium 

2. Scuola Internazionale Superiore di Studi Avanzati - International School for Advanced Studies 
(SISSA-ISAS), Trieste, Italy, Institute for Neurodegenerative Diseases 

• *Author to whom correspondence should be addressed; Jan.Steyaert@vub.ac.be  
 
 
Prions are fatal neurodegenerative transmissible agents causing many diseases (eg. Creutzfeldt-Jakob 
disease in human, spongiform encephalopathy in bovine and scrapie in sheep). The structural 
investigation of prions is challenging due to the protein intrinsic disorder (mostly located in the N-
terminal region). We used PrP specific nanobodies derived from Camelid  
antibodies to determine the structure of full-length mouse PrPC (23-230) by x-ray crystallography. 
Initial attempts to co-crystallize full-length mouse PrPC in complex with Nb484 did not produce 
crystals. However, limited *in-situ* proteolysis produced plate-like crystals which diffracted to 2.7Å 
resolution. Here we report the characterization at molecular level of the interaction of mouse PrPC and 
a nanobody (Nb484).  
 
Our goal is to use nanobodies as a molecular tool to obtain a better understanding of the mechanism of 
the amyloidogenic disease formation. We also crystallized Nb484 alone and collected a complete 
dataset at high resolution (1.2Å).  Our experiments suggest that the nanobodies can be used as a 
molecular tool by helping the crystallization and by inhibiting the PrPC to PrPSc transition. 
 
 
__________________________________ 
ABSTRACT (oral presentation) 
 
Role of Non-Covalent Intermolecular Interactions in Docking Guanine- Ligands  

 
Elisabeth D. Balitskaya (1,2), Timothy V. Pyrkov (1), Roman G. Efremov (1). 
1 - Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences 
2 - Lomonosov Moscow State University, Biological Department 
 
 
Guanin-containing ligands play essential role in vital metabolism pathways. There are a lot of antiviral 
drugs that contain guanin as a basic structure. Due to the property of viruses to adapt to various 
antibiotics there is a necessity to search for new and to upgrade already existing drugs. The initial step 
in this process is often to dock drugs and their prototypes (ligands) to the active site of target proteins 
(receptors).  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Using program PLATINUM (http://model.nmr.ru/platinum/) we research structural and functional 
features of a molecular recognition of guanin-containing ligands by receptors. We demonstrate that 
guanine binding hydrogen-bonding motifs play essential role in this process along with hydrofobic and 
stacking interactions. It was found from an analisys of guanine-containing protein structures from the 
Protein Data Bank.  
 
Besides we have designed a set of filters including empirical score which consists of terms describing 
separate hydrogen bonds (with atoms N2 and N6 of guanine), stacking and hydrophobic interactions. 
These criteria provide more precise identification of true orientation of a ligand in the protein active site 
in comparison with scoring functions implemented in program package GOLD (Jones et al., J Mol Biol 
267, 727-748, 1997). 

 

 
__________________________________ 
ABSTRACT (poster) 
 
Solid-state NMR studies on beta-2-microglobulin crystals and fibrils 
 
Emeline Barbet-Massin1, Stefano Ricagno2,3,4, Jozef Lewandowski1, Sofia Giorgetti3, Vittorio 
Bellotti3, Martino Bolognesi2, Lyndon Emsley1 and Guido Pintacuda1. 
(1) Centre de RMN à Très Hauts Champs, Université de Lyon (CNRS/ENS Lyon/UCB Lyon 1), 69100 
Villeurbanne, France 
(2) Biotechnology Laboratory, IRCCS Fondazione Policlinico San Matteo, Pavia, Italy 
(3) Dept. of Biochemistry, University of Pavia 
(4) Dept. of Biomolecular Sciences and Biotechnology, University of Milano (Italy). 
 
 
Elucidating the fine structure of amyloid fibrils as well as understanding their processes of nucleation 
and growth remains a difficult yet essential challenge, directly linked to our current poor insight into 
protein misfolding and aggregation diseases. Here we consider beta-2-microglobulin (β2m), the MHC-
1 light chain component responsible for dialysis-related amyloidosis, which can give rise to amyloid 
fbrils in vitro under various experimental conditions, including low and neutral pH. We have used 
solid-state NMR to probe the structural features of fibrils formed by full-length β2m (99 residues) at 
pH 2.5 and pH 7.4. A close comparison of 2D 13C-13C and 15N-13C correlation experiments performed 
on β2m, both in the crystalline and fibrillar states, suggests that in spite of structural changes affecting 
the protein loops linking the protein β-strands, the protein chain retains a substantial share of its native 
secondary structure in the fibril assembly. Moreover, variations in the chemical shifts of the key Pro32 
residue suggest the involvement of a cis-trans isomerization in the process of β2m fibril formation. 
Lastly, the analogy of the spectra recorded on β2m fibrils grown at different pH values hints at a 
conserved architecture of the amyloid species thus obtained. 
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__________________________________ 
ABSTRACT (poster) 
 
Thermal stabilization of DMPC/DHPC bicelles by addition of cholesterol sulfate 
 
Rebecca Shapiro, Amanda Brindley, Rachel Martin 
Natural Sciences institute, University of California, Irvine 
 
 
Bicelles made from a mixture of short- and long-chain phospholipids are an important orienting 
medium in NMR studies of biomolecules. In the present study, doping DMPC/DHPC bicelles with 
cholesterol sulfate is found to increase the temperature range over which stable alignment occurs. 
Cholesterol sulfate, a minor component of mammalian membranes, appears to combine the advanges 
of adding cholesterol to phospholipid bicelles to those of adding charged amphiphiles: it lowers the 
gel-to-liquid crystal phase transition temperature of the hydrocarbon chains and introduces repulsive 
interactions that prevent adjacent bicelles from adhering and precipitating. Therefore this bicelle 
composition allows NMR data for RDC and CSA protein structure constraints to be acquired at or 
below room temperature, an obvious advantage for solid-state and solution studies of heat-sensitive 
proteins. Furthermore, cholesterol sulfate is found to extend the alignment-temperature range without 
requiring samples with very low bicelle concentrations, which are easily disrupted by introducing 
solutes. This makes the DMPC/DHPC/cholesterol sulfate particularly promising for membrane protein 
studies, where concentrated bicelle samples are necessary to achieve sufficient protein concentration. 
Extensions to relevant experiments and important biological samples will be discussed. Supported by 
NSF CHE-0847375. 
 
 
__________________________________ 
ABSTRACT (oral presentation) 
 
Monitoring Intermediary Metabolism by NMR Isotopomer Analysis  
 
Carvalho RA 
Department of Life Sciences & Center for Neurosciences 
Faculty of Sciences and Technology, University of Coimbra  
Coimbra, 3001-401, PORTUGAL 
 
 
Several methodologies involving the use of stable isotopes and the detection of their incorporation in 
metabolic intermediates by NMR will be presented. These include substrate competition analysis for 
monitoring metabolic remodeling, administration of anaplerotic and oxidative substrates for evaluation 
of pyruvate cycling and Krebs cycle turnover, and use of deuterated water for evaluating both glucose 
homeostasis and de novo lipogenesis. Some examples of simultaneous multiple tracer administration 
will be given.  13C and 2H isotopes are adequate for these analyses since their natural abundance levels, 
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being very low, allow their use in tracer amounts, a crucial feature when applying these methodologies 
in humans. Some recent results obtained using each methodology in animal models will also be 
presented and particular emphasis will be given to the advantages/disadvantages of NMR isotopomer 
analysis in comparison to other methodologies of isotopomer analysis.  
 
 
__________________________________ 
ABSTRACT (poster and oral presentation) 
 
Real time NMR study of Beta-2-Microglobulin folding and characterisation of intermediate 
states 
 
Thomas Cutuil, Bernhard Brutscher, Alessandra Corazza, Isabel Ayala, Vincent Forge 
 
Thomas Cutuil, Bernhard Brutscher, and Isabel Ayala: Laboratoire de RMN, Institut de Biologie 
Structurale (CEA, CNRS, UJF), Grenoble, France 
Alessandra Corazza: Department of Biomedical Science and Technology, University of Udine,  Italy 
Vincent Forge: CEA; DSV; iRTSV; Laboratoire de Chimie et Biologie des M√©taux; Grenoble, France 
 
HumanÔÄ†beta-2-microglobulin is a small globular 11.7 kDa protein that can form amyloid fibrils in 
vitro and in vivo that are responsible for amyloidosis disease in patients undergoing dialysis due to 
renal failure. beta-2-microglobulin is commonly used as a model protein to study protein folding and 
misfolding, as well as the initial steps of amyloid fibril formation.  
 
It is also widely said that a folding intermediate of beta-2-microglobulin is structurally close to species 
on the pathway of amyloid fibril formation, and may be involved in the in-vivo formation of these 
fibrils.  
 
Recently, real-time NMR experiments have revealed a folding mechanism involving two intermediate 
states, one (I1) being very similar to the final folded state, the other one (I2) giving no detectable 
signature in the NMR spectra. 
 
Through real-time SOFAST-NMR folding experiments, the evolution of the population of the different 
species has been followed, giving access to the kinetics and mechanism involved. The exploration of 
the folding energy landscape, using temperature and concentration dependence, showed that this 
NMR-invisible I2-intermediate, is an oligomer or a mixture of oligomers, while the I1-intermediate 
kinetics and thermodynamics are consistent with a previously described cis-trans proline transition. 
 
 
__________________________________ 
ABSTRACT (poster and oral presentation) 
 
Atomic structure of a nanobody trapped key intermediate of β2m amyloidogenesis  
  
Katarzyna Domanska, Vasundara Srinivasan, Saskia Vanderhaegen, Lode Wyns, Vittorio Bellotti & 



NATO ASI, 10th Course: Biophysics and Structure 
ERICE-SICILY: 22 JUNE - 2 JULY 2010 
http://smrl.stanford.edu/erice2010/ 

Student contributions 
 

International school of biological magnetic resonance at Emfcsc 
 

Edited and prepared by: M. Margaris  9 

Jan Steyaert  
Department of Molecular and Cellular Interactions, VIB and Department of Structural Biology 
Brussels, VUB, Pleinlaan 2, B-1050 Brussels, Belgium  
 
Atomic-level structural investigation of the key conformational intermediates of amyloidogenesis 
remains a challenge. This is due to the nature of the process, which may be described as a dynamic 
equilibrium between diverse structural species. These intermediates have dissimilar sizes and occur in 
very uneven amounts and timeframes. Here we demonstrate the utility of heavy chain only antibodies 
derived from camel (1, 2) for the structural investigation of pre-fibrillar intermediates of β2m 
amyloidosis. The antigen-binding site of these antibodies consists of a single domain, referred to as 
VHH or nanobody (2). For these studies, we have selected five single domain antibodies that block the 
fibrillation of a proteolytic amyloidogenic fragment of β2m (ΔN6β2m). The crystal structure of 
ΔN6β2m in complex with one of these nanobodies (Nb24) allows an insight into atomic level of 
fibrillation mechanism of β2m. The structure of ∆N6β2m variant provides the explanation why this 
truncated form is less stable – and unlike wild-type protein – has a higher tendency to self-associate 
and form amyloid fibrils even at physiological pH. 
 
(1) Hamers-Casterman C, et al. (1993) Naturally occurring antibodies devoid of light chains. Nature  
 363(6428):446-448   
(2) Muyldermans S, Cambillau C, & Wyns L (2001) Recognition of antigens by single-domain antibody 

fragments: the superfluous luxury of paired domains. Trends Biochem Sci 26(4):230-235   
 
 
__________________________________ 
ABSTRACT (poster and oral presentation) 
 
Quest for Foldable Peptides 
 
Panagiota S. Georgoulia  & Nicholas M. Glykos 
Department of Molecular Biology & Genetics, Democritus University of Thrace, University Campus, 
Dragana, 68100, Alexandroupolis, Greece. E-mails: pg9438@mbg.duth.gr, glykos@mbg.duth.gr 
 
 
Probing the lower size-limit for peptides with protein-like characteristics has, apart from its biological 
significance, implications in drug design in the sense that it may allow the design of peptides with a 
specific three-dimensional structure. The primary aim of this project is to identify putatively foldable  
tetra- and penta-peptides that can form stable structures in aqueous solutions. A second aim of this  
project is to systematically evaluate the ability of current generation forcefields to correctly predict the  
structure and dynamics of such short peptides by comparing the computationally-derived predictions  
with experimental data that will be obtained using NMR and/or X-ray crystallography. We are in the 
process of analysing the results obtained from molecular dynamics simulations on a selected set of 
1440 tetrapeptides and 7200 pentapeptides. The simulations performed thus far amount to a total of 
180 microseconds of simulation time in explicit solvent and with full treatment of the electrostatics. 
Putatively foldable peptides are identified through the application of a target function which includes  
terms based on the frame-to-frame RMSD matrix, the atomic fluctuations, the interatomic vector 
distances etc. Preliminary results obtained from the analysis of the tetrapeptides' simulation set will be 
presented. 
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__________________________________ 
ABSTRACT (oral presentation) 
 
Production and Mechanistic Characterization of Macrolide Antibiotics 
 
Colin J.B. Harvey, Jody Puglisi, and Chaitan Khosla 
 
Colin Harvey - Department of Chemistry, Stanford University 
Jody Puglisi - Department of Structural Biology, and Stanford Magnetic Resonance Laboratory 
(SMRL), Stanford University 
Chaitan Khosla - Departments of Chemistry, Chemical Engineering, and (by courtesy) Biochemistry, 
Stanford University 
 
 
Macrolide antibiotics, typified by Erythromycin, have been a clinically relevant class of compounds 
for more than 50 years.  Medicinal chemistry efforts have lead to the development of several semi-
synthetic derivatives with improved properties.  Thus far, a majority of these efforts have involved 
synthetic modification of products isolated from cultures of their native hosts.  This approach is 
severely limited by the highly functionalized nature of these molecules, often making regiospecific 
modification difficult.  Here the production of  a series of novel derivatives of Erythromycin produced 
by precursor-directed biosynthesis is presented.  This is an approach by which simple synthetic 
precursors are fed to engineered biosynthetic systems resulting in the introduction of chemical 
diversity prior to construction of the complete natural product, effectively removing the issue of 
regiospecificity. 
 
Presented here are a series of compounds that are not only produced by this novel approach, but 
contain bioorthogonal functionality for use as handles for further modification as well as possessing 
bioactivity superior to that of the wild-type compounds. 
 
With these proof-of-principal results in place, a more in-depth study of exactly how these compounds 
interact with their target, the bacterial ribosome, through the use of cell-free translation and single 
molecule fluorescent spectroscopy is proposed. 
 
___________________________________ 
ABSTRACT (poster presentation) 
 
Melatonin protects glial cells from β-amyloid neurotoxicity 
 
Maksim Ionov1, Victoria Burchell2, Barbara Klajnert1, Maria Bryszewska1, Andrey Abramov2 
1Department of General Biophysics, University of Lodz, Poland, maksion@biol.uni.lodz.pl; 
2Department of Molecular Neuroscience, UCL Institute of Neurology, London, UK 
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INTRODUCTION. The main component of senile plaques in Alzheimer's disease (AD), aggregated 
amyloid beta peptide (βA) (1), is neurotoxic and implicated in AD pathology (2,3). Toxicity of the full-
length peptides βA 1-40 and βA 1-42 is directly connected to aggregation, since non aggregated 
peptides are non toxic (4). Melatonin is a hormone secreted from the pineal gland, levels of which are 
decreased in aging, particularly in AD subjects. This hormone is known to possess neuroprotective 
properties against βA toxicity in vivo, but the mechanism of protection remains controversial (5). In 
cultures of mixed neurons and astrocytes, we find that melatonin is protective against neuronal and 
astrocytic death induced by aggregated full length βA 1-40 and the fragments βA 25-40 and βA 1-28. 
Melatonin had no effect on the process of fibrillation of βA and did not alter βA-induced calcium 
signalling in astrocytes. Melatonin significantly reduced the rate of βA-induced reactive oxygen 
species production, protecting astrocytes against the consequent mitochondrial depolarisation. Thus, 
scavenging of reactive oxygen species by melatonin appear to be the primary effect in protection of 
neurons and astrocytes against βA toxicity. 
 
EXPERRIMENTAL. Synthetic βA128 [DAEFRHDSGYEVHHQKLVFFAEDVGSNK]; βA25-40 
[SNKGAIIGLMVGGVV] and βA140 [DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMV 
GGVV] were purchased from JPT Peptide Technologies GmbH (Berlin, Germany). Cell culture: 
Mixed cultures of hippocampal neurones and glial cells were prepared as described previously (6) with 
modifications, from Sprague-Dawley rat pups 2-4 days post-partum (UCL breeding colony). 
Measurements of ψm and ROS: For measurement of ψm, cells were loaded with Rh123 (1 µg/ml; 
Molecular Probes). For measurement of ROS production dihydroethidium (2µM) was present in the 
solution during the experiment. Toxicity Experiments: For toxicity assays we loaded cells 
simultaneously with 20 M propidium iodide (PI), and 4.5 M Hoechst 33342 (Molecular Probes, 
Eugene, OR). Using phase contrast optics, a bright field image allowed identification of cells. A total 
number of 600-800 neurones or glial cells were counted in 20-25 fields of each coverslip. Formation 
of amyloid fibrils-ThT assay: The process of aggregation was monitored using the dye ThT, whose 
fluorescence is dependent on the formation of amyloid aggregates. The excitation and emission 
wavelengths were 450 and 490 nm, respectively. Spectrofluorimetric data were analyzed in order to 
calculate the kinetic constants. 
 
RESULTS. ThT fluorescence is sensitive to the presence of amyloid fibrils, and has therefore been 
used as an indicator of fibril formation. Amyloid fibrils were formed in vitro and the process was 
monitored over time. Melatonin (50µM) not prevent fibril formation for βA 1-40, βA 25-40 and βA 1-
28. 
 
Melatonin effectively protects the cells against mitochondrial depolarisation induced by aggregated 
peptides, suggesting that βA induced mitochondrial depolarisation is ROS dependent. Melatonin 
successfully reduced the rate of ROS production of all studied forms of βA (n=49 for βA 1-40; n=53 
for βA 25-40; n=37 for βA 1-28). 
 
The aggregated forms of the βA were toxic to neurons and astrocytes, significantly increasing the 
percentage death for cells. Melatonin significantly protected both types of cells against aggregated 
peptides (Figure 1A-B). 
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βA-induced excessive ROS production led to profound mitochondrial depolarisation and PTP opening 
(6). Importantly, the presence of melatonin completely normalised mitochondrial membrane potential, 
suggesting a critical role for oxidative stress in PTP opening and mitochondrial depolarisation. 
 
CONCLUSION. In conclusion, we can suggest that melatonin protects neurons and astrocytes by 
reduction of oxidative stress. 
 
1. McNaull, B. B. A., S. Todd, B. McGuinness, and A. P. Passmore. 2010. Mini-Rev.Gerontol. 56: 3-

14. 
2. Hardy, J., and D. J. Selkoe. 2002. Progr. Probl. Road Therap. Sci. 297: 353-356. 
3. Masters, C. L., G. Simms, N. A. Weinman, G. Multhaup, B. L. McDonald, and K. Beyreuther. 

1985. Proc. Nat. Acad. Sci. USA. 82: 4245-4249. 
4. Pike, C. J., D. Burdick, A. J. Walencewicz, C. G. Glabe, and C. W. Cotman. 1993. J. Neurosci. 13: 

1676-1687. 
5. Pappolla, M. A., M. Sos, R. A. Omar, R. J. Bick, D. L. Hickson-Bick, R. J. Reiter, S. 

Efthimiopoulos, and N. K. Robakis. 1997. J. Neurosci. 17: 1683-1690. 
6. Abramov, A. Y., L. Canevari, and M. R. Duchen. 2003. J. Neurosci. 23: 5088-5095. 
 
 
___________________________________ 
ABSTRACT (poster) 
 
Spectrophotmetric studies of small ligand-polynucleotide binding: benzo[b]thieno[2,3-
c]quinolone and pentamidine derivatives 
 
Ivana Jarak, Marijana Hranjec, Ivo Piantanida, Grace Karminski-Zamola 
Institution: Department of Organic Chemistry, Faculty of Chemical Engineering and Technology, 
University of Zagreb, Marulićev trg 20, P. O. Box 177, HR-10000 Zagreb, Croatia 
 
 

The specific and noncovalent interactions of small organic molecules with DNA and RNA have 
been of great interest for the development of new therapeutics for various diseases, because they 
provide molecular basis for structure-activity relationship, better understanding of their bioactivity 
mechanisms as well as rational design of sequence specific polynucleotide-binding molecules. 
Although many of the important DNA-binding anticancer drugs were discovered in phenotypic, cell-
based screens, in vitro experiments have been developed that enable a precise determination of how a 
compound interacts with DNA (A large percentage of chemotherapeutic anticancer drugs interact with 
DNA directly by intercalation or groove binding, or prevent the proper relaxation of DNA through the 
inhibition of topoisomerases). Searching for compounds with potential antitumor activity we 
synthesized the series of planar benzo[b]thieno[2,3-c]quinolones as well as a series of groove-binding 
penatamidine derivatives. Here, we present detailed binding studies of prepared molecules with 
double-stranded polynucleotides using spectrophotometric methods (UV, fluorescence and CD 
spectrometry) and structure-activity relationship. Results will be discussed on the poster. 
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___________________________________ 
ABSTRACT (poster) 
 
Kinetics of Folding and Aggregation of the Protein Transthyretin and their Contribution for 
Understanding Amydoidogenesis 
 
Catarina S. H. Jesus1,2, Zaida L. De Almeida2, Daniela C. Vaz2, Tiago Q. Faria2, Maria João M. 
Saraiva3 and Rui M. M. Brito1,2 

1Chemistry Department, Faculty of Science and Technology, University of Coimbra, Portugal 
2Center for Neuroscience and Cell Biology, University of Coimbra, Portugal 
3Instituto de Ciências Biomédicas de Abel Salazar, and Institute for Molecular and Cellular Biology, 
University of Porto, Portugal 
 

In amyloidosis, normally innocuous soluble proteins polymerize to form insoluble fibrils, 
which have been associated with a range of pathological states including spongiform encephalopathies, 
Alzheimer’s disease, Parkinson’s disease and familial amyloidotic polyneuropathies (FAP), among 
many others. In certain forms of FAP, the amyloid fibrils are mostly constituted by variants of 
transthyretin (TTR), a homotetrameric plasma protein implicated in the transport of thyroxine and 
retinol [1]. According to the model proposed for amyloid fibril formation by TTR, at nearly 
physiological conditions, the tetramer dissociates to a non-native monomer which, in turn, depending 
on its conformational stability, undergoes partial unfolding leading to aggregate prone structures that 
associate and eventually assemble as amyloid fibrils [2]. Studies on folding and aggregation kinetics of 
TTR are aimed at the identification of the unfolding/ refolding and aggregation mechanisms of TTR 
variants and also the detection of possible intermediate species implicated in the aggregation process 
leading to amyloid formation. 

 
In this work, we compare the refolding kinetics of WT-TTR and one of its most common 

amyloidogenic variants V30M-TTR. Refolding kinetics was followed by intrinsic tryptophan 
fluorescence at different urea concentrations, at 25ºC and pH 7. Our results demonstrate that WT- and 
V30M-TTR refold with a very high field (> 95%) to the native tetrameric structure, and that at 
relatively low protein concentration, a mechanism involving one intermediate is suitable to represent 
the refolding kinetics of these TTR variants.  The results suggest that the amyloidogenic variant refolds 
at least two orders of magnitude slower than WT-TTR. Thus, despite the small differences between the 
crystal structures of both proteins, the refolding process from unfolded monomers to the corresponding 
native tetramer is kinetically much more favorable for WT- than for V30M-TTR. Since the V30M-
TTR takes longer to refold to the native tetramer state, the formation of transient non-native 
monomeric species with high tendency for aggregation may be favored. 

 
TTR aggregation was induced in vitro by the addition of NaCl to the acid unfolded form at pH 

2 and 25ºC, which generates a molten globule that aggregates into small soluble oligomers that 
eventually assemble into amyloid fibrils. The kinetics of the unfolded →  molten globule →  soluble 
oligomers pathway was monitored by far- and near-UV CD and fluorescence measurements. The 
results obtained with WT-TTR show that upon salt addition the unfolded protein changes its 
conformation to the molten globule state. Soluble aggregates are then accumulated and only minor 
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amounts of the monomeric forms are detected hours after salt addition. Additionally, NMR studies 
with WT-TTR samples labelled with 13C-Ala show that a small fraction of the 12 Ala residues per TTR 
monomer remain in unstructured and solvent accessible regions after amyloid protofilament formation 
in agreement with the structural model previously proposed [3]. 
 
[1] Brito, R.M.M., Damas, A.M., and Saraiva, M.J. (2003) Curr. Med. Chem. Immun. Endoc. Metab. Agents 3, 
349-360. 
[2] Quintas, A., Vaz, D.C., Cardoso, I., Saraiva, M.J.M., and Brito, R.M.M. (2001), J. Biol. Chem. 276, 27207-
27213. 
[3] Correia, B.E., Loureiro-Ferreira, N., Rodrigues, J.R. and Brito, R.M.M. (2006) Protein Sci. 15, 28-32. 
 
 
___________________________________ 
ABSTRACT (poster) 
 
Dynamics Of A Skeletal Troponin C - Troponin I Chimera Probed By Comparison Of 
Experimental And Simulated Nmr Relaxation Parameters 
 
Olivier Julien,1 Pascal Mercier,1 Claire Allen,2 Olivier Fisette,3 Carlos H. I. Ramos,4 Patrick Lagüe,3 
Tharin M. A. Blumenschein,2 and Brian D. Sykes1 
 

1 Department of Biochemistry, University of Alberta, Edmonton, AB, Canada 
2 School of Chemistry, University of East Anglia, Norwich, UK 
3 Département de biochimie et de microbiologie, Université Laval, Québec, QC, Canada 
4 Instituto de Química, Universidade Estadual de Campinas, SP, Brazil 
 
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 recently recognized and rationalized (Hoffman et al. J. 
Mol. Biol. 2006 361:625–633). 
 
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 C-terminal region of TnI (98-182). Our objective is to determine which of the 
proposed structures best fit the experimental 15N relaxation data for this chimera. The comparison 
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between experimental and NMR relaxation parameters calculated from molecular dynamic simulations 
will be presented to assess the validity of the models. 
 
 
___________________________________ 
ABSTRACT (poster and oral presentation) 
 
Structure and dynamics of delta subunit of RNA polymerase from Bacillus subtilis 
 
Pavel Kadeřávek1, Veronika Motáčková1, Petr Padrta1, Carl Diehl2, Hana Šanderová3, Lukáš Žídek1, 
Libor Krasný3, Vladimír Sklenář1, Mikael Akke2 
1 National Centre for Biomolecular Research, Masaryk University, Brno, Czech Republic 
2 Center for Molecular Protein Science, Biophysical Chemistry, Lund University, Lund, Sweden 
3 Institute of Microbiology and Institute of Molecular Genetics, Academy of Sciences of the Czech 
Republic, Prague, Czech Republic 
 
 
RNA polymerase is responsible for the DNA transcription in a cell. The RNA polymerase of Gram 
positive bacteria consists of seven subunits. Current project focuses on the delta subunit which 
increases the transcriptional specificity and efficiency of the RNA synthesis [1][2]. 
 
A delta subunit of RNA polymerase is a two domain protein. Only the N-terminal part has a well 
defined structure, which has been recently solved in our laboratory using multi-dimensional NMR 
spcectroscopy [3]. The motions of the protein backbone within the structured part were investigated 
using 1H-15N spectroscopy in order to reveal the functionally relevant parts of the molecule. 
 
The study of protein dynamics was based on the analysis of relaxation rates of the backbone 1H-15N 
spin pairs. To investigate motions on the nano-to-picosecond  timescale the standard set of relaxation 
rates (R1, R2, NOE) was measured. The experiments were performed at two magnetic fields (500 MHz, 
600 MHz) and the acquired data were interpreted using the Model-Free approach [4][5]. In addition, 
motions on the micro-to-milisecond timescale were studied using relaxation dispersion experiments 
[6][7]. 
 
The results show a correlation between the residues undergoing slow exchange and the conserved 
residues predicted to form an interaction surface with other subunits of the molecular complex. On the 
contrary, the most flexible residues on the pico-to-nanosecond timescale were located in a non-
interacting part of the protein. 
 
[1] Dobinson K.F., Spiegelman G.B., Biochemistry, 26, 8206-8213, 1987 
[2] Juang Y.L., Helmann J.D., Journal of Molecular Biology, 239, 1-14, 1994  
[3] Motáčková V., Šanderová H., Žídek L., Nováček J., Padrta P., Švenková A., Korelusová J., Jonák 
J., Krásný L., Sklenář V., Proteins, 78, 1807-1810, 2010 
[4] Lipari G., Szabo A., Journal of American Chemical Society, 104, 4546-4559, 1982 
[5] Lipari G., Szabo A., Journal of American Chemical Society, 104, 4559-4570, 1982 
[6] Palmer A.G., Kroenke C.D., Loria J.P., Methods in Enzymology, 339, 204-238, 2001 
[7] Long D., Liu M.L., Yang D.W., Journal of American Chemical Society, 130, 2432-2433, 2008 



NATO ASI, 10th Course: Biophysics and Structure 
ERICE-SICILY: 22 JUNE - 2 JULY 2010 
http://smrl.stanford.edu/erice2010/ 

Student contributions 
 

International school of biological magnetic resonance at Emfcsc 
 

Edited and prepared by: M. Margaris  16 

___________________________________ 
ABSTRACT (poster) 
 
A comparative analysis of the equilibrium dynamics of a designed protein inferred from NMR, 
X-ray, and computations. (poster presentation) 
Lin Liu 1 2, Leonardus M. I. Koharudin 2, Angela M. Gronenborn 2 *, Ivet Bahar 1 * 

1Department of Computational Biology, 2Department of Structural Biology, School of Medicine, 
University of Pittsburgh, Biomedical Science Tower 3, Pittsburgh, Pennsylvania 15213, USA. 
*Correspondence to Angela M. Gronenborn (amg100@pitt.edu) Ivet Bahar (bahar@ccbb.pitt.edu) 
 
A detailed analysis of high-resolution structural data and computationally predicted dynamics was 
carried out for a designed sugar-binding protein. The mean-square deviations in the positions of 
residues derived from nuclear magnetic resonance (NMR) models and those inferred from X-ray 
crystallographic B-factors for two different crystal forms were compared with the predictions based on 
the Gaussian Network Model (GNM) and the results from molecular dynamics (MD) simulations. 
GNM systematically yielded a higher correlation than MD, with experimental data, suggesting that the 
lack of atomistic details in the coarse-grained GNM is more than compensated for by the 
mathematically exact evaluation of fluctuations using the native contacts topology. Evidence is 
provided that particular loop motions are curtailed by intermolecular contacts in the crystal 
environment causing a discrepancy between theory and experiments. Interestingly, the information 
conveyed by X-ray crystallography becomes more consistent with NMR models and computational 
predictions when ensembles of X-ray models are considered. Less precise (broadly distributed) 
ensembles indeed appear to describe the accessible conformational space under native state conditions 
better than B-factors. Our results highlight the importance of using multiple conformations obtained by 
alternative experimental methods, and analyzing results from both coarse-grained models and atomic 
simulations, for accurate assessment of motions accessible to proteins under native state conditions. 
 
___________________________________ 
ABSTRACT (oral presentation) 
 
Investigating Domain-swapped Proteins by NMR  
Lin Liu 1 2, In-Ja L. Byeon2, Angela M. Gronenborn 2, Ivet Bahar 1 

1Department of Computational Biology, 2Department of Structural Biology, School of Medicine, 
University of Pittsburgh, Biomedical Science Tower 3, Pittsburgh, Pennsylvania 15213, USA. 
 
 
For most proteins under physiological conditions, the native functional state is a single, stable 
structure. However, certain circumstances may push protein folding into distinctly different structures. 
The most common alternative structures comprise different multimeric assemblies of identical 
polypeptide chains, since multimers are endowed with structural and functional advantages. Among 
thousands of homo-oligomeric protein structures, there is a small, but growing subset ‘domain-
swapped proteins’ [1], in which either the exchanged subunit or the remain portion in the oligomer is 
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identical to the one in the corresponding monomer, except for the region that links the exchanging 
domains. Although no unifying molecular mechanism of domain swapping has been figured out, it 
appears that domain swapping is closely associated with the unfolding/folding process of proteins. For 
some proteins, distinct intermediates may exist, while for others, complete un/folding may occur. 
Studying the dynamics of specific domain-swapped systems by NMR will allow us to gain a better 
understanding of the mechanism of domain swapping.  
 
[1] Bennett, M.J., Choe, S., and Eisenberg, D. Refined structure of dimeric diphtheria toxin at 2.0 Å 
resolution. Protein Sci. (1994) 3: 1444–1463. 
 
 
___________________________________ 
ABSTRACT (poster) 
 
Structural studies of the sigma factor regulator HasS and its interaction with the signaling 
domain of the specific heme transporter HasR 
 
Idir Malkia, Gisele C. Amorima, Ada Prochnicka-Chalufoura, Cécile Wandersmanb, Muriel 
Delepierrea  & Nadia Izadi-Pruneyrea 

a Institut Pasteur, Unité de Résonance Magnétique Nucléaire des Biomolécules, Département de 
Biologie Structurale et de Chimie ; CNRS URA 2185, 75724 Paris Cedex 15 France. 
bInstitut Pasteur, Unité des Membranes Bactériennes, Département de Microbiologie ; CNRS URA 
2172, 75724 Paris Cedex 15 France. 
idir.malki@pasteur.fr  
 
To satisfy their need for iron, several Gram-negative bacteria use a heme uptake system, Has (Heme 
acquisition system). This system involves an extracellular protein, called hemophore HasA. The 
function of HasA is to acquire free or hemoprotein-bound heme and to deliver it to HasR, a specific 
outer membrane receptor. HasR belongs to the TonB-dependent outer membrane receptors class. To 
internalize their substrate, all the receptors of this family need the energy driven by an inner membrane 
complex composed of TonB-ExbB-ExbD. Like some other TonB-dependent receptors, HasR has a 
signaling activity. Indeed, it possesses a periplasmic domain (about 100 residues) involved in a 
signaling cascade that regulates expression of genes required for heme transport. This signaling 
domain of HasR interacts with a sigma factor regulator HasS that controls the activity of a sigma factor 
protein HasI in the cytoplasm. HasS is an inner membrane protein with a large periplasmic. It has been 
shown that the signal activating the transcription regulation via HasS is the concomitant presence of 
heme and HasA on the HasR receptor.  
 
The aim of this project is to study the structure of the periplamic domain of HasS and the signaling 
domain of HasR and to identify the nature of the signal transmitted from the extracellular part of HasR 
to HasS. Various periplasmic fragments of HasS were built and expression tests are in progress. 
Furthermore, we overexpressed and purified the signaling domain of HasR, which is not seen in the 
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crystal structure of this receptor. NMR experiments show that the protein is folded and stable during 
several 
___________________________________ 
ABSTRACT (poster) 
 
Cell free expression systems optimized for disulfide-rich proteins 
 
Wael Mohamed1,2,3, Hirotaka Takahashi4, Veronica Tamu Dufe1,2,3, Khadija Wahni1,2,3, Yaeta Endo4, 
and Joris Messens1,2,3 
 
1VIB Department of Molecular and Cellular Interaction, Vrije Universiteit Brussel, Brussels, Belgium.  
2Brussels Center for Redox Biology, Vrije Universiteit Brussel, Brussels, Belgium.  
3Structural Biology Brussels, Vrije Universiteit Brussel, Belgium.   
4Cell-Free Science and Technology Research Center, Ehime University, Matsuyama, Japan. 
Contact: Wael.mohamed@vub.ac.be  
 
 
Many disulfide-rich proteins immensely relevant for immunology and oncology await structure 
determination and biochemical characterization due to lacking of correctly folded and functional 
protein. The open system of cell free protein expression using wheat germ extract or E. coli is ideal for 
the expression of these proteins and also for the addition of the correct mix of thiol-disulfide 
oxidoreductases such as the bacterial disulfide bond (Dsb) proteins, the eukaryotic protein disulfide 
isomerase (PDI) and the eukaryotic quiescin sulfhydryl oxidase (QSOX), which are important cellular 
enzymes for the correct oxidative folding of polypeptides substrates by oxidation, reduction and/or 
isomerisation. Using E. coli expression system, disulfide rich proteins like i.e. Found In Inflammatory 
Zone (Fizz1), Vascular Endothelial Growth Factor (VEGF), Placental Growth Factor (PLGF), 
Scorpion toxin and the full length inner membrane protein E. coli Disulfide bond D (E. coli DsbD) are 
always found in inclusion bodies or their expression levels are extremely low. By cell-free expression 
system using wheat germ extract and E. coli extract, we were able to express and purify these disulfide 
rich proteins in a soluble form. The addition of Human QSOX to the open system increased the level 
of expression of mouse VEGF, which suggests its important role as a chaperon that may help protein 
folding. The activity of the purified proteins as well as biochemical characterization are still in 
progress. In conclusion, cell-free protein expression system is a promising system for the production of 
difficult to express disulfide rich proteins 
 
 
___________________________________ 
ABSTRACT (poster) 
 
Structural Aspects of Peptide-Receptor  Recognition 
 
Ozerov I, Pyrkov T.V., Efremov R.G. 
Lomonosov Moscow State University, Biological faculty, Department of Bioingeneering 
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There are many low-molecular peptides with known physiological effects. Besides that, more and 
more novel artificial peptides are discovered. Their biological activity is investigated for the purpose of 
making new drugs. 
For better understanding of the peptide's role in nature it is necessary to inquire into interactions of 
such ligands with their receptors and  to determine intermolecular contacts specific for the certain 
functional groups. Such study would be useful for the design of new peptides with predefined 
pharmacological and kinetic properties. 
 
During this research the interactions of peptide ligands with their receptors have been analysed. 3D 
structures of ligand-receptor complex were taken from PDBBind database. The database consists of 
more than 3000 receptor-ligand complexes and includes more than 150 structures with peptides 
posessing two or more peptide bonds. A number of modern quantitative approaches such as the 
concept of MHP (Molecular Hydrophobicity Potential) for the numerical estimation of nonpolar 
interactions were used. Also the other types of intermolecular contacts were analyzed including 
hydrogen bonds and stacking. The aim of this work was to determine structural features typical for the 
peptide-binding receptors responsible for specific recognition of peptides in the active site. The results 
of this research will be used for the efficient design of novel peptides with modified biological activity. 
 
 
___________________________________ 
ABSTRACT (poster) 
 
Solution structure of a highly potent 2' modified siRNA duplex 
 
Peter Podbevsek1, Charles R. Allerson2, Balkrishen Bhat2,5 and Janez Plavec1,3,4 

 
1 Slovenian NMR Center, National Institute of Chemistry, Hajdrihova 19, SI-1001 Ljubljana, Slovenia 
2 Department of Medicinal Chemistry, Isis Phamaceuticals, Inc., 1896 Rutherford Road, Carlsbad CA 
92008, USA 
3 Faculty of Chemistry and Chemical Technology, University of Ljubljana, SI-1000 Ljubljana, Slovenia 
4 EN-FIST Center of Excellence, Dunajska 156, SI-1000 Ljubljana, Slovenia 
5 Regulus Therapeutics, 1896 Rutherford Road, Carlsbad CA 92008, USA 
RNA interference (RNAi) is triggered by short RNA duplexes, which can be used for the silencing of 
virtually any gene. Naturally occurring siRNAs are produced by enzymatic cleavage of a longer double 
stranded RNA molecule into shorter RNA 21-nt duplexes with 2-nt 3' overhangs and 5' phosphates. 
Once in cells, siRNA associates with several proteins forming an RNA-induced silencing complex 
(RISC). The RISC possesses nuclease activity and cleaves the target mRNA. This reduces the level of 
target mRNA in cells and effectively knocks down a specific 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 like higher thermal and plasma 
stability (1). Consequently, 2'-F/2'-OMe siRNA showed a more than 500-fold increase of in vitro 
potency versus unmodified siRNA. 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 fully modified siRNA 
duplex in solution.  
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The two 21-nt oligonucleotides (1-GGGUAAAUACAUUCUUCAUUU-21 and 22-
AUGAAGAAUGUAUUUACCCUU-42) 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 favorable stacking interactions. 
Furthermore, U20-U21 overhang in the sense strand stacks efficiently on the terminal U19·A22 base 
pair. On the other hand, there is poor, if any, base-base stacking of the antisense strand U41 and U42 
overhang on the terminal GC base pair. As a result, the structure of the U41-U42 overhang is poorly 
defined. However, this appears to have no effect on the terminal GC base pair. Differences in stability 
of helical segments can be attributed to the nucleotide sequence of the construct, which ends with two 
AU base pairs on one end opposed to three GC base pairs on the opposite end.  
 
Our findings are in agreement with previous reports, which suggest that a difference in stability of 
duplex ends is required for the incorporation of the correct siRNA strand into RISC. The strand whose 
5' end is at the less stable end of the helix becomes the guide strand, while the other strand becomes the 
passenger strand. Our data show a clear difference in the relative stability of helix ends. The labile base 
pairs A18·U23 and U19·A22 suggest that A22-U42 strand will serve as a guide strands and will thus 
control the incorporation of the siRNA duplex into the RISC complex.  
 

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. (2005) J. Med. Chem., 48, 901-904. 

 
 
___________________________________ 
ABSTRACT (oral presentation) 

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 Chlide2.  
The reaction catalysed by POR is a key step in chlorophyll biosynthesis and is essential in the 
development of chloroplasts3.  
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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 assign 
them. The enzyme is from a thermophilic organism, permitting spectra to be obtained at 50 ºC. The 
improvement in linewidth with temperature is dramatic, indicating aggregation at lower temperature. 
Spectra from perdeuterated protein do not show the expected improvement in linewidth, probably 
because of impurities copurifying with the protein. Finally, chemical exchange broadening means that 
15N R2 rates are ca. 40% faster at 800 MHz than they are at 600 MHz. The combined effect of these 
factors means that the best spectra are obtained at 600 MHz using non-deuterated protein. 
1.  Heyes D. J. and Hunter C. N., Trends in Biochemical Sciences, 30, 642-649 (2005). 
2.  Townley H. E., et al., Proteins-Structure Function and Genetics, 44, 329-335 (2001). 
3.  Griffiths W. T. et al., Febs Letters, 398, 235-238 (1996).   
 
 
___________________________________ 
ABSTRACT (poster) 
 
Inferential Structure Determination: Towards faster calculations 
Spill Yannick Ga, Mansiaux Yohanna, Nilges Michaela. 
a  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 QUEEN2, to narrow down a set of constraints to it's 
essential constituents. Using the ISD software package3, 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 an optimization scheme that automatically adjusts the parameters to achieve even 
acceptance ratii. 
 
References: 
1. Chubynsky, M. V. & Thorpe, M. F. Algorithms for three-dimensional rigidity analysis and a first-order 
percolation transition Phys. Rev. E, American Physical Society, 2007, 76, 041135 
2. Nabuurs, S. B.; Spronk, C. A. E. M.; Krieger, E.; Maassen, H.; Vriend, G. & Vuister, G. W. Quantitative 
Evaluation of Experimental NMR Restraints Journal of the American Chemical Society, American Chemical 
Society, 2003, 125, 12026-12034 
3. Rieping, W.; Habeck, M. & Nilges, M. Inferential Structure Determination Science, 2005, 309, 303-306 
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___________________________________ 
ABSTRACT (poster) 
 
Tracking fast structural dynamics in Hemoglobin using time-resolved wide-angle X-ray 
scattering. 
 

A. Spilotros, M. Cammarata, M. Levantino, G. Schirò, M. Wulff, A. Cupane. 
It has been shown that Human Hemoglobin (Hb) can adopt several structures and they have different 
affinity for ligands (oxygen, carbon monoxide). For this reason it is necessary to have an accurate 
description of the structural dynamics, i.e. the time scale of the structural change [1]. 
We have used the method of time-resolved wide angle X-ray scattering (TR-WAXS) developed on 
beamline ID09B at the European Synchrotron and Radiation Facility (ESRF) in Grenoble to study the 
conformational transitions of hemoglobin in solution [2]. 
 
We investigated the tertiary and quaternary conformational changes of human hemoglobin under nearly 
physiological conditions triggered by laser-induced ligand photolysis. Although many time resolved 
experiments using different probes have been done [3 and references therein], x-ray scattering has an 
enormous advantage with respect to optical probes being a direct structural probe. 
 
We measured the Hb structural change following photolysis in the wide time range from few 
nanosecond to several tens of milliseconds: the change in shape of the signal immediately revealed the 
relevant time scales of tertiary and quaternary conformational transitions. 
 
References 
(1) WA Eaton et al, IUBMB Life, 59 586-599 (2007) 
(2) M. Cammarata et al, Nature Methods 5, 881-886 (2008). 
(3) G. Balakrishnan et al., J. Mol. Biol. 340, 843-856 (2004 
 
 
___________________________________ 
ABSTRACT (poster and oral presentation) 
 
Molecular Modeling of Bisbenzylisoquinoline Alkaloids-DNA Complexes 
 
Ioana Stanculescu and Cezar Bendic 
 
Department of Physical Chemistry, Faculty of Chemistry, University of Bucharest, 4-12 Regina 
Elisabeta Bd., 030018 Bucharest, Romania, e-mail: cbendic@gw-chimie.math.unibuc.ro 
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The interactions between double stranded deoxyribonucleic acid (DNA) and bisbenzylisoquinoline 
alkaloids, tetrandrine (TET) and its derivate N,N-dibenzyl tetrandrine (diB-TET), potential anticancer 
drugs, were studied to elucidate the binding mechanism: intercalation or minor/major groove binding. 
The objective of the work was to evaluate the contribution of the different structural factors that 
determine the main binding mechanism using molecular modeling. The models of the drug–nucleic 
acid complexes were built by manual docking followed by molecular mechanics optimization with 
implicit solvent effect using OPLS force field. In order to identify and analyze intermolecular 
interactions for the drug–DNA complexes, the SHB_interactions program, based on Mulliken overlap 
populations (OPs) as a quantitative quantum chemical criterion of the atom-atom intermolecular 
interaction, was used [1]. The source code for SHB_interactions program, written in C, instructions 
and some examples are available at: 
http://gw–chimie.math.unibuc.ro/staff/cbendic/shb/SHB_interactions.html. 
 
The most favorable interaction is obtained by intercalation and minor groove binding for TET and by 
major groove binding for diB-TET. As expected the contribution of the electrostatic term becomes 
more important for the dicationic derivative. The analysis of Mulliken overlap populations shows that 
OP due to H-bonds represents a small part of all atom-atom interactions. Although the H-Bonds 
contribution is small, they probably assure the binding selectivity of the compounds and their 
biological activity [1]. The C-H...O (N) bonds, weaker than the classic hydrogen bonds, appears more 
frequently. Intermolecular interaction distances are characteristic to H bond and van der Waals 
interactions.  
 
1. Cezar Bendic, Overlap Population - a Quantum Chemical Criterion for Atom-Atom Intermolecular 
Interaction, Advances in Quantum Chemical Bonding Structures, Ed. Transworld Research 
Network, 251-270, 2008 
 
 
___________________________________ 
ABSTRACT (poster & oral presentation) 
 
Relating Structure to Function for Natural Surfactant Proteins 
 
Steven Vance1, Cameron McKenzie1, Brian Smith2, Malcolm Kennedy3, Alan Cooper1 
1 WestChem Department of Chemistry, Joseph Black Building, University of Glasgow, Glasgow, G12 
8QQ, Scotland, UK 
2 Faculty of Biomedical and Life Sciences, Biochemistry & Cell Biology, Joseph Black Building, 
University of Glasgow, Glasgow G12 8QQ, Scotland, UK 
3 Faculty of Biomedical and Life Sciences, Ecology & Evolutionary Biology, Graham Kerr Building, 
University of Glasgow, Glasgow G12 8QQ, Scotland, UK 
 
 
Natural surfactants and biofoams are known to play important roles within nature. The source of this 
activity can, in the majority of examples, be attributed to the presence of small molecule surfactants 
such as lipids. Recently however, a new group of surfactant proteins have been identified. Two 
surfactant proteins; Ranaspumin-2 (Rsn2) from the foam nests of the Tungara frog and Latherin from 
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horse sweat have been investigated. Each has been shown to possess unusual characteristics 
specifically evolved to fulfil their unique function. A solution structure has been determined for Rsn2 
but does not explain the source of its activity. Therefore, it is proposed that the molecule must undergo 
a major conformational rearrangement on interaction with the air-water interface. This alternative 
conformation is being investigated. NMR structure determination for Latherin is ongoing. 
___________________________________ 
ABSTRACT (poster) 
 
Reto Walser, University of Zurich 
 
G-protein coupled receptors (GPCRs) belong to the class of seven-transmembrane proteins and play a 
pivotal role in signal transduction processes. The GPCRs share a common structural motif of an 
extracellular N-terminal segment, linked to a bundle of seven membrane-spanning helices that are 
connected through three loops on the intra- and extracellular sides, followed by an intracellular C-
terminal segment[1,2].  
 

Unfortunately, wild-type GPCRs are very difficult to produce recombinantely. In this work we aim at 
developing a small, preferably soluble protein, which possesses a stable core determining the global 
fold, and comprises surface-exposed loops that can be modified without compromising folding. In such 
a system the extracellular portions of a GPCR could be transferred onto that core resulting in a chimeric 
protein that could be considered as a “minireceptor”. Such a protein contains all the parts of the 
receptor hypothesized to be important for ligand binding (hence the term “receptor”), but at the same 
time displays the favourable characteristics of small, soluble proteins (hence the term “mini”). Our 
efforts are concentrated on the construction and characterization of such a minireceptor for the so-
called Y-receptor[3] family of GPCRs, that is targeted by peptides of the neuropeptide Y (NPY) 
family. The scaffold is derived from b-barrel proteins, and NMR techniques are used to assess to 
which extent the global fold is retained in the loop-modified mutants.  
 

[1]  Palczewski, Science, 2000, 289, 739  
[2]   Rasmussen, Nature, 2007, 450, 383  
[3]  Grundemar, Neuropeptide Y and Drug Development, Academic Press, San Diego, 1997  
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Ettore Majorana 
 

 

 

Ettore Majorana was born a century ago (in 
August 1906) in Catania in an era when 
nuclear physics, still in its historical infancy, 
was gradually being recognized as a distinct 
science.  In earlier times, the greatest 
physicists, including Sicily's Stanislao 
Cannizzaro, were first chemists, and this 
changed only in the twentieth century. 

Ettore came from an intellectual and scientific 
family.  His father, Fabio (1875-1934), was an 
engineer, and later administrator, in the 
telegraph and telephone industries. Ettore's 
uncle, Quirino Majorana (1871-1957), was an 
experimental physicist at the University of 
Bologna. 

Ettore Majorana was something of a prodigy. His first original work, published in 1928, 
dealt with atomic spectroscopy. Other early work the structure and behavior of atoms, 
Majorana studied with Werner Heisenberg, and some of his most important work 
expanded on that of the latter. He was one of the first physicists to publish theories 
regarding neutrino masses, work considered to be nearly a century before its time. His 
most recent published paper (much has been published after his death), in 1937, 
detailed a symmetrical theory on the relationship and corresponding mass of protons 
and neutrons, and energies that gave stability to atoms of electrons and positrons. This 
was particularly important in early research into nuclear fission and chain reactions --
principles governing the function of nuclear power reactors and also the first atomic 
bombs. 

 
Majorana's name is often associated with two distinguished elder Italian colleagues, 
Enrico Fermi and Emilio Segré (both of whom eventually became Nobel laureates). 
Majorana served a professorship at the University of Naples. He later was appointed to a 
physics post at the University of Palermo, but died before actually assuming it. Had he 
lived longer, Majorana may have become a decisive force in the field of particle physics.  
His accomplishments were praised by Fermi in glowing terms: "There are many 
categories of scientists, people of second and third rank, who do their best, but do not 
go very far. There are also people of first-class rank, who make great discoveries, 
fundamental to the development of science. But then there are the geniuses, like Galileo 
and Newton. Well, Ettore Majorana was one of them." 

 
(Courtesy: Best of Sicily by Vincenzo Salerno) 
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THE “ETTORE MAJORANA” CENTRE 
 

 
 

The “Ettore Majorana” International Centre for Scientific Culture takes its inspiration 
from the outstanding Italian physicist, Ettore Majorana, after whom the Centre was 
named.  Embracing 118 Schools, covering all branches of Science, the Centre is situated 
in the old pre-mediaeval city of Erice where three restored monasteries provide an 
appropriate setting for high intellectual endeavour.  These monasteries are now named 
after great Scientists and strong supporters of the "Ettore Majorana" Centre. 

 
• The San Francesco Monastery is now the Eugene P. Wigner Institute where 

there is the "Enrico Fermi" Lecture Hall. 

• The San Domenico Monastery is now the Patrick M.S. Blackett Institute 
where there is the "Paul A.M. Dirac" Lecture Hall. 

• The San Rocco Monastery is now the Isidor I. Rabi Institute where there is 
the "Richard P. Feynman" Lecture Hall, the Directorate and the main 
Secretariat of the Centre. 

• There are living quarters in all three Institutes for people attending the 
Courses of the Centre.  

 
 

 

 



NATO ASI, 10th Course: Biophysics and structure 
ERICE-SICILY: 22 June – 2 july 2010  
http://smrl.stanford.edu/erice2010/ 

highlights about The city of erice 

International school of biological magnetic resonance at Emfcsc 
 

Edited and prepared by: M. Margaris    33 

 

Erice 
Located on high ground overlooking the northern coast of western Sicily, ancient Eryce 
was a prosperous Elimi city, Eryx, famous for its temple to a fertility goddess, Astarte, 
later identified with Venus and worshipped by the Romans. The city owes its name to 
Eryx, mythical ruler of the Elimi. Hercules and Aeneas are also associated with ancient 
Erice. The Phoenicians, Carthaginians and Romans, in turn, conquered the city, which 
never developed a particularly strong Hellinic culture except for that of the medieval 
Byzantines of the Eastern Roman Empire. To the Saracens, Erice was an important 
foothold known as Gebel Hamed, which the Normans christened Monte San Giuliano, a 
name by which it was known until 1934, when it was given its older Latin nomenclature.  
With its delightful medieval ambience and splendid location, Erice is an interesting town 
and popular with travelers. There are ancient Elimi and Phoenician walls around the 
northeastern side of the city, and two castles, Pepoli Castle, with foundations dating 
from Saracen times, and Venus Castle, dating from the Norman era but built on ruins of 
the ancient Temple of Venus. Surrounded by a lush park, the hilltop castles alone are 
worth a stop in Erice, which offers charming old stone streets and medieval churches.  
Pepoli Castle was at first a feudal stronghold, though Erice was eventually ceded to the 
Crown as a demesnial city. 
 

 
View from San Domenico break rook – Courtesy L. Butts, Erice 2009 
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The Mother Church 
The beautiful Mother Church, on Via Carvini, is essentially a 14th century Gothic 
structure whose style reflects certain Romanesque influences. An older tower stands at 
the entrance, and the church itself was built upon a much older structure. The medieval 
Church of Saint John the Baptist was modified in recent centuries but still retains 
something of its original style, especially its exterior. It was built as an Orthodox chapel. 
The fifteenth century Church of Saint Ursula, which also retains some medieval Gothic 
elements, is worth a visit.  The trek to Erice from nearby Trapani will take you several 
miles up winding roads, but it's well worth the trip. The Cordici Civic Museum in Piazza 
Umberto I houses some interesting finds from the area. Its Carthaginian ("Punic") 
collection is remarkable, but the Greek and Roman pieces are also interesting. 

 
(Courtesy: Best of Sicily by Vincenzo Salerno) 
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Erice 2009 Collage – Courtesy M. Levitt 

 

 
Erice 2009 San Domenico Break Rook – Courtesy M. Levitt 
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Erice 2009 – Courtesy M. Delepierre  

 
 

 
Erice 2009 – Courtesy M. Delepierre  
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Erice 2009 Hiking – Courtesy M. Levitt  

 
 

 

 
Erice 2009 Hiking – Courtesy M. Levitt  
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POETIC TOUCH 
According to legend, Erice, son of Venus and Neptune, founded a small town on top of a 
mountain (750 metres above sea level) more than three thousand years ago. The 
founder of modern history – i.e. the recording of events in a methodic and chronological 
sequence as they really happened without reference to mythical causes – the great 
Thucydides (~500 B.C.), writing about events connected with the conquest of Troy 
(1183 B.C.) said: “After the fall of Troy some Trojans on their escape from the Achaei 
arrived in Sicily by boat and as they settled near the border with the Sicananians all 
together they were named Elymi: their towns were Segesta and Erice”.  This inspired 
Virgil to describe the arrival of the Trojan royal family in Erice and the burial of Anchise, 
by his son Enea, on the coast below Erice. Homer (~1000 B.C.), Theocritus (~300 B.C.), 
Polybius (~200 B.C.), Virgil (~50 B.C.), Horace (~20 B.C.), and others have celebrated 
this magnificent spot in Sicily in their poems. During seven centuries (XIII-XIX) the town 
of Erice was under the leadership of a local oligarchy, whose wisdom assured a long 
period of cultural development and economic prosperity which in turn gave rise to the 
many churches, monasteries and private palaces which you see today.  




