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Innate Immunity: From Flies to Humans
Jules HOFFMANN 1
1 Institut de Biologie Moléculaire et Cellulaire, UPR 9022 du CNRS, 15, rue René Descartes, F-67084 Strasbourg CEDEX, France

When challenged with fungi or bacteria, flies rapidly transcribe several hundreds of genes, primarily but not exclusively, in their
fat body and blood cells. Among these are some 25 genes which encode small-sized cationic antimicrobial peptides with
various activity spectra. These peptides are secreted into the blood where their high concentrations oppose invading
microorganisms. Genetic analysis has identified two signaling pathways which control the expression of these peptides: the Toll
pathway, which primarily controls the response to fungi and Gram-positive bacteria, and the IMD pathway which is efficient in
fighting Gram-negative bacterial infections. The Toll pathway is activated by binding of the transmembrane receptor Toll to a
cleaved form of the cytokine Spaetzle : this cleavage is dependent on complex proteolytic cascades in the blood which are
triggered by interaction of fungal glucans or Lysine-type peptidoglycans with dedicated circulating recognition proteins of the
Glucan Binding Protein (GNBP) and the Peptidoglycan Recognition Protein (PGRP) families respectively. The IMD pathway is
activated by the direct interaction of Diaminopimelic acide-type peptidoglycans with a transmembrane receptor of the PGRP
family.
The studies on the recognition proteins of microbial invaders, on the signaling cascades triggered by this recognition and the
subsequent control of expression of genes encoding effector proteins, have led to the discovery of an unexpected commonality
between the fly and mammalian innate immune responses. In particular, the Toll and PGRP transmembrane receptors ? initially
discovered in flies - are conserved in the vertebrate phylum. Studies performed in many laboratories over the last decade, both
on basic and clinical aspects, point to a role of the mammalian Toll-like receptors in a variety of important conditions, such as
inflammation, defense against infection, autoimmunity, and are also relevant for vaccination and immunotherapy. PGRPs on
the other hand appear to play a central role in the control of the gut microbiota and in epithelial antimicrobial defenses.
LEMAITRE B, NICOLAS E, MICHAUT L, REICHHART JM & HOFFMANN JA (1996). The dorsoventral regulatory gene cassette
spaetzle/toll/cactus controls the potent antifungal response in Drosophila adults. Cell. 86, 973-983.
HOFFMANN JA, KAFATOS FC, JANEWAY CA JR & EZEKOWITZ RAB (1999). Phylogenetic perspectives in innate immunity. Science. 284,
1313-1318.
LEMAITRE B, HOFFMANN JA (2007). The host defense of Drosophila melanogaster. Annual Review of Immunology. Vol 25, 697-743.
FERRANDON D, IMLER JL, HETRU C, HOFFMANN JA (2007). The Drosophila systemic immune response: sensing and signalling during
bacterial and fungal infections. Nature Reviews of Immunology. Vol 7, 862-874.
BOSCO-DRAYON V, POIDEVIN M, BONECA IG, NARBONNE-REVEAU K, ROYET J, CHARROUX B. (2012). Peptidoglycan sensing by the
receptor PGRP-LE in the Drosophila gut induces immune responses to infectious bacteria and tolerance to microbiota. Cell Host Microbe. Vol
12, 153-165.
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Macrophage migration in 3-dimensional environments.
Isabelle MARIDONNEAU-PARINI 1
1 CNRS UMR5089, Institut de Pharmacologie et de Biologie Structurale, Université Toulouse III. 205 route de Narbonne. Toulouse. France

Macrophages are derived from blood monocytes which have infiltrated infected and wounded tissues to exert their bactericidal
and tissue repair functions. In several pathologies including chronic inflammatory diseases and cancers, tissue infiltration of
macrophages also stimulates disease progression. It is therefore necessary to identify the molecular and cellular mechanisms
that control this process to propose new therapeutic targets.
Although tissue migration takes place in constrained 3D environments, most of the studies on cell migration have been carried
out in 2D environments. In 3D matrices, we have reported that macrophages can use two migration modes depending on the
architecture of the extracellular matrix (ECM): the amoeboid (protease-independent) takes place in porous extracellular
matrices (ECM) and the mesenchymal (protease-dependent) in dense matrices [1].
Podosomes are actin-rich structures with proteolytic activity that form constitutively in macrophages and macrophage-derived
cells. Several lines of evidence indicate that podosomes play a critical role in the mesenchymal migration but are dispensable in
the amoeboid migration. For example, the organization and proteolytic activity of podosomes are regulated by the tyrosine
kinase Hck and by Filamin A which translate into a mesenchymal migration defect in Hck-/- or Filamin A-/-macrophages while
the amoeboid migration is normal [2,3]. To investigate the biophysical properties of podosomes in human macrophages, we
have used soft lithography, atomic force microscopy and correlative fluorescence microscopy. Time-lapse AFM revealed that
podosomes exhibit periodic stiffness variations throughout their lifespan (2-10 min) under the control of acto-myosin complexes
[4]. Using AFM to measure the deformation of a suspended compliant thin film placed underneath macrophages, we found that
individual podosomes exert periodic stress perpendicular to the substrate that depends on the F-actin podosome core content
and internal tensions generated by myosin II. The force exerted by podosomes can be evaluated and a model of the
mechanical function of podosomes which might relate to a mechanosensing activity is proposed.
The study of macrophage migration in 3D environments is shedding light on the molecular and cellular mechanisms involved in
that process, a step towards identification of pharmacological targets.
[1] Van Goethem E et al. Matrix architecture dictates 3D migration modes of human macrophages: differential involvement of proteases and
podosome-like structures. (2010) J. Immunol. 184:1049-61
[2] Cougoule C et al. Three-dimensional migration of macrophages requires Hck for podosome organization and extracellular matrix proteolysis.
Blood (2010) 115(7):1444-52.
[3] Guiet R et al. Macrophage mesenchymal migration depends on podosome stabilization by Filamin A. J. Biol. Chem.(2012)
287(16):13051-62.
[4] Labernadie A et al. Dynamics of podosome stiffness revealed by atomic force microscopy. Proc. Natl. Acad. Sci. USA,
(2010)107(49):21016-21

A: Podosomes of a macrophage plated on fibrinogen micropatterns. B: actin network at podosomes in an unroofed macrophage
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Micro and nanotechnologies for translational studies and applications
Satoko YOSHIZAWA 1
1 Centre de Génétique Moléculaire UPR 3404, CNRS, Université Paris-Sud, FRC3115

Micro or nanotechnologies can be combined with cell free protein synthesis to produce mature and functional proteins. One of
the greatest advantages of using these technologies is that we can encapsulate biochemical reactions in small compartments
in the order of nanoliters (10-9 L) to attoliters (10-18 L) volume. By exploiting the power of microfacbrication in combination of
cell-free protein synthesis, we developed an on-chip method for generating protein arrays with ultra-high density. Proteins are
synthesized in arrayed micrometer scale chambers from confined DNA template molecules. The method can be used with the
minimal amount of template i.e. single DNA molecules to perform digitalized cell-free protein synthesis (d-CFPS). A
functionalized surface at the floor of the tightly sealed microchambers enables direct capture of expressed proteins. A density
of 104 protein spots per mm2 was achieved, which represents a gain by more than 3 orders of magnitude over conventional
methods. Such a level of density corresponds to several proteomes on a single chip for high-throughput analysis with direct
comparative studies. We have also developed microfluidic methods to encapsulate in vitro translation system within cellular
sized liposomes. Liposomes are regarded as ideal microreactors for biomolecules. Phospholipids are the main constituents of
cellular membranes. This allows the possibility of introducing some membrane proteins to the phospholipid bilayer that will then
enables exchange of molecules across the membrane. The exchange can be used as a controllable trigger for the reaction
contained within the liposome. Our technique uses continuous flow of solutions in a microfluidic device to generate liposomes
that are uniform in size. Liposomes generated using this method can retain membrane protein α-hemolysin (α-HL), that forms
a nanopore in bilayer lipid membranes. We showed that introduction of α-HL resulted restricted diffusion of small molecules
across the membrane. These liposomes can be used as controllable microreactors.
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Correlative time-resolved fluorescence microscopy to assess antibiotic diffusion-reaction in
biofilms
Samia DADDI OUBEKKA 1 , Romain BRIANDET 2 , Gabriella PAUL 1 , Marie-Pierre FONTAINE-AUPART 1 ,
Karine STEENKESTE 1
1 Institut des Sciences Moléculaires d'Orsay, Univ Paris-Sud, CNRS, UMR 8214, Orsay, F-91405 - Centre de Photonique Biomédicale,
Fédération LUMAT, FR2764, Orsay, F-91405.

2 INRA, UMR 1319 Micalis, Jouy-en-Josas, F-78352 - AgroParisTech, UMR Micalis, Massy, F-91300.

Bacteria form architecturally complex communities adhering to surfaces, known as biofilms. These structured living cells are
ubiquitous and found in natural, industrial and medical environments. They can affect our health when they host pathogens as
the well known Staphylococcus aureus species. This bacteria is one of the major causes of chronic and nosocomial infections,
most often involving biofilms. It is now recognized that such biostructure is a true shield against the action of antimicrobial
agents and the host immune system. Besides mechanisms involving specific genetic or physiological cell properties, antibiotic
sorption and/or reaction with biofilm components may lessen the antibiotic bioavailability and consequently decrease their
efficiency.
To assess locally and accurately the antibiotic diffusion-reaction, we used for the first time a set of advanced fluorescence
microscopic tools (Fluorescence Recovery After Photobleaching (FRAP), Fluorescence Correlation Spectroscopy (FCS), and
Fluorescence Lifetime Imaging (FLIM)) that open up spatio-temporal resolution not available with the commonly used
time-lapse confocal imaging method. This set of techniques was used to characterize the dynamics of fluorescently labeled
antibiotic vancomycin in biofilms formed by Staphylococcus aureus human isolates. We thus assess the drug bioavailability in
the exopolymeric matrix at therapeutic concentration, and the impact of the cell physiology of bacteria included in biofilms on
the antibiotic activity when used alone or in combination with rifampicin.
This multidisciplinary approach has allowed a better understanding of the mechanisms involved in the particular tolerance of
these biostructures to the action of antibiotics, and underlines the emergency to develop preventive approaches such as early
diagnosis of infections involving biofilms.
[1] F. Waharte, K. Steenkeste, R. Briandet, M-P. Fontaine-Aupart. "Diffusion measurements inside biofilms by image-based fra1 analysis with a
commercial confocal laser scanning microscope." Appl Environ Microb., 76 (2010), 5860-5869
[2] Samia Daddi Oubekka, Romain Briandet, Marie-Pierre Fontaine-Aupart and Karine Steenkeste, "Correlative time-resolved fluorescence
microscopy (FCS, FLIM, FRAP) to analyze antibiotic diffusion-reaction in biofilms." Antimicrobial Agents and Chemotherapy (2012).
56(6):3349-3358
[3] Samia Daddi Oubekka, Romain Briandet, François Waharte, Marie-Pierre Fontaine-Aupart and Karine Steenkeste, "Image-based
Fluorescence Recovery After Photobleaching (FRAP) to dissect vancomycin diffusion-reaction processes in Staphylococcus aureus biofilms".
SPIE Proceedings Clinical and biomedical spectroscopy and imaging II 8087 (2011), 1I
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Recruitment, assembly and molecular architecture of the SpoIIIE DNA pump revealed by
super-resolution microscopy
Diego CATTONI 1 , Jean-Bernard FICHE 1 , Neele DIEKMANN 1 , Julio LANGERAK 2 , Caroline CLERTE 1 ,
Catherine ROYER 1 , Emmanuel MARGEAT 1 , Thierry DOAN 3 , Marcelo NOLLMANN 1
1 Centre de Biochimie Structurale, CNRS UMR5048, INSERM U554, Université de Montpellier, 29 rue de Navacelles, 34090 Montpellier,
France

2 Institut de Génomique Humaine, 161 rue de la Cardonille, 34090 Montpellier
3 Laboratoire de Chimie Bactérienne, CNRS UMR7283, Marseille, France.

ATP-fuelled molecular motors are responsible for rapid and specific transfer of double-stranded DNA during several
fundamental processes, such as cell division, sporulation, bacterial conjugation, and viral DNA transport. A dramatic example of
intercompartmental DNA transfer occurs during sporulation in Bacillus subtilis, in which two-thirds of a chromosome is
transported across a division septum by the SpoIIIE ATPase. Here, we use photo-activated localization microscopy, structured
illumination microscopy and fluorescence fluctuation microscopy to investigate the mechanism of recruitment and assembly of
the SpoIIIE pump and the molecular architecture of the DNA translocation complex. We find that assembled SpoIIIE complexes
are recruited to nascent sites of septation, are subsequently escorted by the constriction machinery and assemble a ~20 nm
cluster at the center of sporulation and division septa containing 50 ± 10 monomers of SpoIIIE, a majority of which are
assembled into hexamers. Finally, we show that directional DNA translocation leads to the establishment of a
compartment-specific, asymmetric complex that exports DNA. Our data are inconsistent with the notion that SpoIIIE forms
paired DNA conducting channels across fused membranes. Rather, our results support a model in which DNA translocation
occurs through an aqueous DNA-conducting pore that could be structurally maintained by the divisional machinery, with SpoIIIE
inducing membrane fusion after completion of chromosome segregation. Our findings and proposed mechanism are relevant to
other double-stranded DNA translocases involved in cell division and conjugation, and may illuminate the mechanisms of other
complex machineries involved in single-stranded DNA conjugation and protein transport across membranes.
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Understanding and engineering improved phototransformable fluorescent proteins for
advanced microscopy
Virgile ADAM 1 , Chenxi DUAN 1 , Martin BYRDIN 1 , Dominique BOURGEOIS 1
1 Pixel Team, Institut de Biologie Structurale Jean-Pierre Ebel, CEA/CNRS/UJF, 41 rue Jules Horowitz et Institut de Recherches en
Technologies et Sciences pour le Vivant, LPCV, CNRS/CEA/INRA/UJF, Grenoble, France

Fluorescent proteins have revolutionized cell biology as genetically encoded, noninvasive and specific markers. The so-called
"photo-transformable" fluorescent proteins (PTFPs), in particular, have recently generated a considerable interest because their
fluorescence state can be finely tuned by light. Some PTFPs, called Photo-Convertible Fluorescent Proteins (PCFPs) are able
to be irreversibly photo-converted from a green to a red form, whereas Reversibly Switchable Fluorescent Proteins (RSFPs)
can be switched in a reversible manner between dark and fluorescent forms upon illumination at specific wavelengths
(photochromism). PTFPs are central to the development of super resolution fluorescence microscopy, which overcomes the
theoretical Abbe-Rayleigh resolution limit by an order of magnitude. They also have a biotechnological interest in the
development of future bio-optical data-storage media [1].
In order to further develop these techniques, in particular in terms of temporal and spatial resolution, the need to design
enhanced PTFPs and therefore to understand the photophysical mechanisms responsible for their various
photo-transformations is crucial. Through a combination of kinetic X-ray crystallography, microspectrophotometry and quantum
mechanics calculations, we have extensively studied the photophysics of IrisFP, the first PTFP combining both photoconversion
and photoswitching properties [4,5,6]. This insight, which will be presented during this talk, allowed us to rationally engineer a
series of photoconvertible and biphotochromic PTFPs with enhanced properties, that can be advantageously used to develop
new schemes for super-resolution microscopy within cells[7].
[1] Adam, V., et al., Data storage based on photochromic and photoconvertible fluorescent proteins. J Biotechnol, 2010. 149(4): p. 289-98.
[2] Lelimousin, M., et al., Photoconversion of the fluorescent protein EosFP: a hybrid potential simulation study reveals intersystem crossings. J
Am Chem Soc, 2009. 131(46): p. 16814-16823.
[3] Adam, V., et al., Structural basis of enhanced photoconversion yield in green fluorescent protein-like protein Dendra2. Biochemistry, 2009.
48(22): p. 4905-15.
[4] Adam, V., et al., Structural characterization of IrisFP, an optical highlighter undergoing multiple photo-induced transformations. Proc Natl
Acad Sci U S A, 2008. 105(47): p. 18343-8.
[5] Adam, V., et al., Structural basis of X-ray-induced transient photobleaching in a photoactivatable green fluorescent protein. J Am Chem Soc,
2009. 131(50): p. 18063-5.
[6] Roy, A., et al., The Nature of Transient Dark States in a Photoactivatable Fluorescent Protein. J Am Chem Soc, 2011. 133(46): p. 18586-9.
[7] Adam, V., et al., Rational design of photoconvertible and biphotochromic fluorescent proteins for advanced microscopy applications. Chem
Biol, 2011. 18(10): p. 1241-51.

Diffraction-limited and PALM images of a human (A) and an E.coli cell (B) expressing PTFP-labelled proteins
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Trafficking and interactions of influenza A virus progeny ribonucleoproteins in live infected
cells studied with a recombinant split-GFP based virus
Sergiy AVILOV 1 , Dorothée MOISY 2 , Nadia NAFFAKH 2 , Stephen CUSACK 1
1 European Molecular Biology Laboratory and Unit of Virus Host-Cell Interactions, UJF-EMBL-CNRS, UMI 3265, 6 rue Jules Horowitz, BP181,
38042 Grenoble Cedex 9, France

2 Institut Pasteur, Unité de Génétique Moléculaire des Virus à ARN, Département de Virologie, URA3015 CNRS, F-75015 Paris, France

Visualisation of viral components by dynamic light microscopy in the living cell throughout infection greatly advances the
understanding the life cycle of various viruses. In particular, elucidation of molecular events during influenza A virus infection is
a task of paramount importance, since the virus constitutes a serious threat to worldwide public health due to its rapid and
unpredictable evolution. This has been highlighted by the regular occurrence of human cases of infection with highly
pathogenic H5N1 avian influenza viruses [1] and by the pandemic of H1N1 influenza virus of swine origin in 2009. Dynamic
studies of influenza virus infection in the live cells are limited because of the lack of appropriate methods for non-invasive
detection of the viral components. Using the split-GFP strategy, we have recently developed and characterized an unimpaired
recombinant influenza A virus encoding split-GFP tagged PB2 subunit of RNA-dependent RNA polymerase, which permitted
continuous real-time visualization of the viral ribonucleoproteins (vRNPs) in living cells [3].
The virus enabled us, for the first time in the context of quasi-wild type infection, to study the vRNP trafficking and interaction
with Rab11, a multifunctional protein involved in vesicle trafficking which resides at recycling endosome vesicles. In agreement
with observations on fixed cells and model reconstituted RNPs, we observed that in live infected cells, progeny vRNPs
accumulate in rapidly moving Rab11-positive particles and become diffusely distributed in the cytoplasm of upon siRNA
knock-down of Rab11. Fluorescence resonance energy transfer microscopy indicated a distance <10 nm between PB2 and
Rab11, suggesting a direct interaction which is responsible for accumulation of vRNPs in recycling endosomes. Furthermore,
we developed a method for fluorescent labeling of virus-encoded RNP which does not require genetic modifications of the virus
and is independent on viral polymerase. Currently we combine the latter direct vRNP labeling and the aforementioned
split-GFP-based labeling of influenza polymerase to monitor its binding to viral RNPs in infected cells. Our approaches could be
potentially extended to other viruses and combined with electron microscopy in correlative microscopy experiments.
[1] Yen, H. L., and R. G. Webster. 2009. Curr Top Microbiol Immunol 333:3-24.
[2] Peiris, J. S., W. W. Tu, and H. L. Yen. 2009. Eur J Immunol 39:2946-54.
[3] Avilov, S.V., D. Moisy, S. Munier, O. Schraidt, N. Naffakh, S. Cusack. 2012. J Virol 86:1433-48

Split GFP labeling of influenza virus and a live infected cell (green, viral polymerase; red, recycling endosome)
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Caught in the act: Ligand-based Receptor Capture (LRC) on living cells
Bernd WOLLSCHEID 1
1 Institute of Molecular Systems Biology (IMSB), ETH Zürich, Switzerland

Ligand-induced changes in cell surface receptors result in physiological responses, which constitute the biological activity of
various ligands such as proteins, peptides, pharmaceutical drugs, toxins or whole pathogens. However, traditional approaches
for the ligand-based identification of corresponding receptors are usually limited to non-transient, high affinity interactions and
highly artificial experimental set-ups. Therefore, many signaling molecules remain orphan ligands without a known primary
molecular target - invaluable information in understanding the respective mechanisms of signal transduction, drug action or
disease.
Previously, we have developed the cell surface capturing (CSC) technology for the unbiased identification and quantification of
cell surface N-glycoproteomes by mass spectrometry (MS), sets of SRM assays for selected N-glycopeptides of clinical interest
and the Cell Surface Protein Atlas (CSPA). This demonstrated the powerful applicability of chemical reagents in the tagging of
cell surface glycoproteins at carbohydrate groups and the subsequent purification of the corresponding peptides for MS
analysis.
Based on these results we now synthesized trifunctional cross-linkers for the ligand-based tagging of glycoprotein receptors on
living cells and the purification of receptor-derived peptides for MS analysis. Through quantitative comparison to a sample
generated with an unspecific control probe, this ligand-based receptor capturing (LRC) approach allows for the highly specific
and sensitive detection of ligand interactions with their corresponding receptors under near-physiological conditions.
Experiments with ligands ranging from peptide hormones to clinical antibodies demonstrate the potential of this approach to
specifically identify one or more target receptors for a given ligand with great statistical power. Advanced discovery-driven
applications reveal potential receptors and receptor panels for ligands ranging from protein domains to intact viruses.
Together, I will present a short summary of our recent clinical research to understand the surfaceome as a cellular information
gateway and a chemoproteomic technology for the unbiased detection of ligand-receptor interactions on living cells.
Web: http://www.imsb.ethz.ch/researchgroup/wbernd - Contact: wbernd@ethz.ch
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Subcellular proteomics to study intracellular trafficking of proteins
Norbert ROLLAND 1 , Daniel SALVI 1 , Sabine BRUGIERE 2 , Lucas MOYET 1 , Daphné SEIGNEURIN-BERNY 1 ,
Christophe BRULEY 2 , Myriam FERRO 2
1 Laboratoire de Physiologie Cellulaire & Végétale. CNRS (UMR5168), CEA DSV iRTSV, INRA (USC1359), Université Joseph Fourier Grenoble
I. CEA Grenoble, France

2 Laboratoire de Biologie à Grande Echelle - Etude de la Dynamique des Protéomes. CEA DSV iRTSV, INSERM (U880), Université Joseph
Fourier Grenoble I. CEA Grenoble, France

Recent advances in the proteomic field have allowed high throughput experiments to be conducted on cell organelles.
However, these targeted studies raised the question of the accurate localization of many proteins that were identified in several
subcellular compartments. In plants, many proteomic investigations have focused either on whole chloroplast fractions or on
independent suplastidial fractions. We recently went a step further into the knowledge of the chloroplast proteome with regards
to the accurate localization of proteins within the chloroplast. To achieve this goal, we first purified three chloroplast
subcompartments (envelope, stroma and thylakoids) and evaluated their cross-contaminations using biochemical methods. We
then performed a comprehensive analysis of the chloroplast proteome starting from the whole chloroplast and these three
compartments. Then, we assessed the partitioning of each identified protein in the three above-cited compartments using a
semi-quantitative proteomic approach[4]. Using these data, we created the AT_CHLORO database
(http://www.grenoble.prabi.fr/at_chloro/), the first database based on the accurate mass and time tags (AMT) strategy dedicated to plants
[7]. An in depth investigation of the subplastidial localization of the identified proteins allowed new insights over the chloroplast
metabolism and functions to be revealed [2,3,5,6,8]. This AMT database was also generated in such a way that it can be used to
investigate the dynamics of the chloroplast proteome at the scale of the whole organelle.
Endosymbiotic evolution has resulted in the transfer to the nuclear genome of thousands of genes encoding the vast majority of
chloroplast proteins. Most of these nuclear-encoded proteins are thus synthesized in the cytosol in the form of precursors,
before being targeted to the organelle through multiprotein complexes (TOC and TIC translocons) mediating this import
process. Until recently, all proteins destined for internal chloroplast compartments were thought to possess a cleavable
N-terminal transit peptide, and to engage this TOC/TIC machinery. Recent studies, using proteomics and other approaches,
have revealed that this is not always true, and some reports have described alternative protein targeting routes to the
chloroplast reviewed by [1]. In combining our efforts to analyze the chloroplast proteome and to reveal some alternative targeting
pathways to plastids, members of the LPCV and LEDyP laboratories were significant actors of some of these recent
discoveries. These substrate-specific import pathways might play a role in the need to adapt to changes in developmental or
environmental conditions, or to prevent competition effects between abundant and non-abundant precursors during import of
chloroplast proteins. However, to date, only few data are available at the scale of the complete chloroplast proteome.
Several proteome dynamics approaches, relying on the AT_CHLORO database, are now used to characterize novel
mechanisms regulating protein trafficking between the cytosol and the chloroplast, to identify specific chloroplast proteins that
are subjected to these regulatory mechanisms during their import into the chloroplast, and to understand the physiological
significance of these mechanisms.
[1] Jarvis P (2008) Targeting of nucleus-encoded proteins to chloroplasts in plants. New Phytol. 179: 257-285.
[2] Joyard J, Ferro M, Masselon C, Seigneurin-Berny D, Salvi D, Garin J, Rolland N (2009) Chloroplast proteomics and the compartmentation of
plastidial isoprenoid biosynthetic pathways. Mol. Plant. 2: 1154-1180.
[3] Joyard J, Ferro M, Masselon C, Seigneurin-Berny D, Salvi D, Garin J, Rolland N (2010) Chloroplast proteomics highlights the subcellular
compartmentation of lipid metabolism. Prog. Lipid Res. 49: 128-158.
[4] Ferro M, Brugière S, Salvi D, Seigneurin-Berny D, Court M, Moyet L, Ramus C, Miras S, Mellal M, Le Gall S, Kieffer-Jaquinod S, Bruley C,
Garin J, Joyard J, Masselon C, Rolland N (2010) AT_CHLORO: A comprehensive chloroplast proteome database with subplastidial localization
and curated information on envelope proteins. Mol. Cell. Proteomics. 9: 1063-1084.
[5] Agrawal GK, Bourguignon J, Rolland N, Ephritikhine G, Ferro M, Jaquinod M, Kitsios G, Chardot T, Chakraborty N., Jolivet P, Doonan JH,
Rakwal R (2011) Plant organelle proteomics: altruistic collaboration for proper cell function. Mass Spectrom. Reviews. 30: 772-853.
[6] Joshi H, Hirsch-Hoffmann M, Baerenfaller K, Gruissem W, Baginsky S, Schmidt R, Shulze WX, Sun Q, van Wijk KJ, Egelhofer V, Wienkoop
S, Weckwerth W, Bruley C, Rolland N, Toyoda T, Nakagami H, Jones AME, Briggs SP, Castleden I, Tanz SK, Millar AH, Heazlewood JL (2011)
MASCP Gator: An aggregation portal for the visualization of Arabidopsis proteomics data. Plant Physiol. 155: 259-270.
[7] Bruley C, Dupierris V, Salvi D, Rolland N, Ferro M (2012) AT_CHLORO - A chloroplast database dedicated to sub-plastidial localization.
Front. Plant Sci. 3: 205.
[8] Rolland N, Curien G, Finazzi G, Kuntz M, Maréchal E, Matringe M, Ravanel S, Seigneurin-Berny D (2012) The biosynthetic capacities of
the plastids and integration between cytoplasmic and chloroplast processes. Annu. Rev. Genet. 46: 233-264.
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Quadruplexes are everywhere!
Jean-Louis MERGNY 1
1 Univ. Bordeaux, IECB, INSERM U869, 2 rue Robert Escarpit 33600 Pessac, France.

Nucleic acids are prone to structural polymorphism: in addition to the well known DNA double-helix, a number of alternative
structures may be formed. Quadruplex structures (G4) can be formed by certain guanine-rich sequences and are stabilized by
G-quartets (see image below). These structures are of special interest as they are stable under physiological conditions. There
is growing evidence that G4 are involved in key biological processes such as replication, transcription and RNA maturation [1-3].
G4 may also find applications in biotechnology (as sensors [4], aptamers or molecular beacons [5]) or nanotechnologies [6,7].
Our goals are to understand the sequence and structure requirements for G4 formation 8, design G4 ligands with improved
specificity and biological activity [9,10] and conceive new tools for Quadruplex studies [11,12].
This work is supported by ARC, FRM, Conseil Régional d'Aquitaine and ANR grants. Contact: jean-louis.mergny@inserm.fr
[1] Mergny, J. L. Nature Chem Biol 2012, 8, 225.
[2] Marcel, V. et al Carcinogenesis 2011, 32, 271.
[3] Amrane, S. et al J Am Chem Soc 2012, 134, 5807.
[4] Ma, D. L. et al Anal Chim Acta 2012, 733, 78.
[5] Bourdoncle, A. et al J. Am. Chem. Soc. 2006, 128, 11094.
[6] Tran, P. L. et al Chem Commun (Camb) 2011, 47, 5437.
[7] Zhou, J. et al Angew Chem Int Ed 2012, DOI: 10.1002/anie.201205390.
[8] Tran, P. L. et al Biochimie 2011, 93, 1288.
[9] Smith, N. M. et al Org. Biomol. Chem. 2011, 9, 6154.
[10] Hamon, F. et al Angew. Chem. Int. Ed. 2011, 50, 8745.
[11] Lacroix, L. et al Nucleic Acids Res. 2011, 39, e21.
[12] Renciuk, D. et al Methods 2012, 57, 122.

Presentation of a G-quartet
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Investigating a large protein assembly by native mass spectrometry: the human SAGA complex
Elisabetta BOERI ERBA 1 , Simon TROWITZSCH 2 , Luca SIGNOR 1 , Christophe MASSELON 3 , Renato ZENOBI 4 ,
Patrick SCHULTZ 5 , Imre BERGER 1
1 Institute of Structural Biology "J.P.Ebel". Viral Infection and Cancer Group. Native mass spectrometry team - 41 rue Jules Horowitz - 38027
Grenoble CEDEX 1, France

2
3
4
5

EMBL Grenoble Outstation - 6, rue Jules Horowitz BP 181 - F-38042 Grenoble CEDEX 9 - France iRTSV/BGE/EDyP. CEA Grenoble 17 rue des Martyrs 38 054 Grenoble CEDEX 09
Department of Chemistry and Applied Biosciences - ETH Zurich, HCI E 329 - CH-8093 Zurich, Switzerland
IGBMC - CNRS UMR 7104 - Inserm U 964 -1, rue Laurent Fries - 67404 Illkirch -

Introduction
Mass spectrometry (MS) has become a valuable tool for answering relevant biological questions, contributing to elucidate
many aspects of biology. A novel MS (native MS) was developed for investigating intact non-covalent protein complexes and
become a remarkable tool in structural biology [1]. By native MS, the mass of intact protein assemblies, their stoichiometry,
interactions between subunits, the position of subunits within subcomplexes (core and peripheral subunits) and the pathway of
assembly can be determined. Native MS can be coupled with ion mobility (IM-MS), whereby the topology and shape of
complexes and subcomplexes can also be studied. Overall, native MS and IM-MS are gaining more relevance for studying the
structure of protein complexes.
Spt-Ada-Gcn5-acetyltransferase (SAGA) is an assembly formed by 18 distinct subunits, whose total mass is at least of 1284.1
kDa. It acetylates and deubiquitinates histone residues, thereby introducing modifications that are essential for a regulated
gene expression [2]. The SAGA complex plays crucial roles not only in the control of histone function, but also in transcriptional
activation, transcriptional elongation, and mRNA export. Altered SAGA subunits have been observed in cancer and in a
neurodegenerative disease. Despite the importance of this multifunctional nanomachine, its structure and function are only
poorly understood. Using native MS and IM-MS we investigate the human SAGA complex to obtain a complete
two-dimensional map of its inter-subunit interactions. Our MS results will also facilitate the interpretation of the electron miscopy
(EM) data obtained by Schultz group [3]. The powerful combination of EM and IM-MS will greatly aid in allocating the position of
each SAGA subunit within the EM envelop. Joining information provided by different techniques will enable us to gain novel
insights into the function of human SAGA complex.
Preliminary data
We started our investigation of human SAGA complex by analysing its histone acetyl transferase (HAT) submodule. This is a
tetrameric subcomplex composed of the proteins GCN5 (93.9 kDa), ADA2b (48.5 kDa), ADA3 (48.9 kDa) and SGF29 (33.2
kDa). It was expressed in insect cells, purified by affinity and gel filtration chromatography and analysed by native MS (see Figure)
. Signals with masses corresponding to the intact tetramer, the ADA2b/ADA3/SGF29 trimer, the GCN5/ADA2b and
ADA3/SGF29 dimers were detected. These findings confirmed not only the stoichiometry but also the interaction network. For
instance, the data indicate that GCN5 interacts with ADA2b, and rule out a significant interaction with SGF29. To further verify
the position of ADA2b and ADA3 which are isobaric, we carried out experiments using a truncated form of ADA3 (39.3 kDa).
This preliminary study demonstrates that the analysis of SAGA subcomplexes by native MS is both feasible and highly
informative.
[1] Heck, A.J. Native mass spectrometry: a bridge between interactomics and structural biology. Nat Methods 5, 927-33 (2008).
[2] Rodriguez-Navarro, S. Insights into SAGA function during gene expression. EMBO Rep 10, 843-50 (2009).
[3] Wu, P.Y., Ruhlmann, C., Winston, F. & Schultz, P. Molecular architecture of the S. cerevisiae SAGA complex. Mol Cell 15, 199-208 (2004).

Analysis of human SAGA HAT by native MS. The mass 224.5 kDa corresponds to the intact tetrameric complex (GCN5,
ADA2b, A
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Stoichiometry Determination for Mass-spectrometry Data in Structural Proteomics
Deepesh AGARWAL 1 , Noël MALOD-DOGNIN 1 , Frédéric CAZALS 1
1 INRIA Sophia-Antipolis - Méditerranée, Algorithms-Biology-Structure

Mass spectrometry techniques, which were initially designed to deal with small molecules, play an increasing role in structural
proteomics, due in particular to the ability to ionize protein complexes in gaz phase without dismantling them [3,4]. Along the
way, two critical question are faced: stoichiometry determination (SD), and connectivity inference.
In structural proteomics, given the individual masses of a set of protein types, the stoichiometry determination problem (SD)
consists of inferring the stoichiometries of these types which are compatible with the observed experimental mass of a complex,
generally plagued with measurement noise---typically up to 1% percent. We present two contributions to the SD problem.
From a theoretical standpoint, we bridge the gap between SD, so-called unbounded knapsack problems in combinatorial
optimization, and linear Diophantine equations in number theory. Based on the latter connection, we develop a constant
memory space exhaustive enumeration algorithm, which is shown to outperform the classical dynamic programming based
enumeration strategy [5] by several orders of magnitude [1].
From an applied standpoint, we investigate the performances of our algorithm on a variety of datasets, showing the importance
of this enumeration problem in real biological situations (eukaryotic translation factor, yeast exosome, 19S proteasome
sub-unit, nuclear pore complex).
We shall also briefly discuss ongoing work on the connectivity inference problem, namely the problem of inferring plausible
pairwise contacts between the proteins which make up a complex, given information on the composition of
sub-complexes---such pieces of information being obtained by tandem mass spectrometry using partial denaturing conditions.
[1] D. Agarwal and N. Malod-Dognin and F. Cazals. Stoichiometry Determination for Mass-spectrometry Data: From Unbounded Knapsack
Problems to Linear Diophantine Equations. Submitted
[2] T. Dreyfus and V. Doye and F. Cazals. Assessing the Reconstruction of Macro-molecular Assemblies with Toleranced Models - Proteins,
80(9), 2012
[3] Taverner, T. and Hernandez, H. and Sharon, M. and Ruotolo, B.T. and Matak-Vinkovic, D. and Devos, D. and Russell, R.B. and Robinson,
C.V. Subunit Architecture of Intact Protein Complexes from Mass Spectrometry and Homology Modeling}, Accounts of chemical research,
41(5), 2008
[4] Benesch, J.L.P. and Ruotolo, B.T. and Simmons, D.A. and Robinson, C.V. Protein complexes in the gas phase: technology for structural
genomics and proteomics - Chemical Reviews, 107(8), 2007
[5] Bocker, S. and Liptak, Z. A fast and simple algorithm for the Money Changing Problem, Algorithmica, 48 (4), 2007
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Development of an absolute and multiplex MS-based quantification method for E. coli carbon
central metabolism proteins: a tool to feed dynamic predictive models
Mathieu TRAUCHESSEC 2 , Michel JAQUINOD 1 , Virginie BRUN 1 , Christophe BRULEY 1 , Jérôme GARIN 1 ,
Gwénaëlle BESTEL-CORRE 2 , Myriam FERRO 1
1 CEA/INSERM/UJF/U1038 Exploring the Dynamics of Proteomes, 38054 Grenoble, France
2 Metabolic Explorer, Biopôle Clermont-Limagne, 63360 Saint-Beauzire, France

Green chemistry aims at designing and inventing the next generation of daily products by reducing or eliminating the use of
fossil resources. The strategy consists in developing economically viable industrial fermentation processes and
high-performance production strains using biomolecular engineering and metabolic network models. Metabolic network models
allow absolute fluxes through larger networks of central carbon metabolism to be determined. However, these stoichiometric
based-models only set aside static prediction. To obtain dynamic prediction models, quantitative "omics" data must be
integrated into a systems-oriented framework together with enzymology data. To accurately quantify protein, different mass
spectrometry-based strategies coupled to isotopic dilution are available. Among these methods, the PSAQ strategy [2], based
on full length isotope labelled protein, was described as being the most accurate. In order to quantify E. coli carbon central
metabolism proteins, full length 15N isotopically labelled protein were produced. In addition, MS-based SRM (Selected Reaction
Monitoring) analysis was chosen to accurately and specifically quantify proteins in E.coli lysates [4]. The challenge of the
present study is to obtain highly accurate absolute quantification of dozen of proteins in a single SRM analysis without any
decomplexification. To bypass heavy pre-fractionation steps and monitor high number of transitions, scheduled SRM (scSRM)
mode was set up, allowing sensitivity gain, compared to classical SRM mode.
The purification and quality control of protein standards, crucial for good-quality and accurate measurement, were achieved by
MS-based amino acids analysis [3] and isotopic distribution using LC/MS on an Orbitrap mass spectrometer. Accurate
quantification of dozen of proteins was obtained on a single run, without decomplexification, scanning about six hundred
transitions by scheduled SRM. With such an accurate quantification method, it becomes possible to obtain enough quantitative
proteomics data of different E. coli [1] strains for providing dynamic prediction models with accurate measurements.
[1] Auriol, C., Bestel-Corre, G., Claude, J., Soucaille, P. & Meynial-Salles, I. (2011). Proc Natl Acad Sci U S A 108, 1278-1283.
[2] Brun, V., Dupuis, A., Adrait, A., Marcellin, M., Thomas, D., Court, M., Vandenesch, F. & Garin, J. (2007). Mol. Cell. Proteomics 6,
2139-2149.
[3] Louwagie, M., Kieffer-Jaquinod, S., Dupierris, V., Couté, Y., Bruley, C., Garin, J., Dupuis, A., Jaquinod, M., Brun, V. (2012). J Proteome
Res. 6 3929-3936.
[4] Lange, V., Picotti, P., Domon, B. & Aebersold, R. (2008). Mol Syst Biol 4, 222.
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Microscale Thermophoresis: A novel immobilization-free technology for studying Molecular
Interactions
Moran JERABEK-WILLEMSEN 1 , François OGI 1 , Jan GRIESBACH 1 , Anna MÜNCH 1 , James WILKINSON 1 ,
Dieter BRAUEN 2 , Philipp BAASKE 1 , Stefan DUHR 1
1 NanoTemper Technologies GmbH, Flößergasse 4,81369 München, Germany
2 Systems Biophysics, Center for Nanoscience ,Ludwig-Maximilians-Universität München - Amalienstrasse 54, 80799 München, Germany

This work gives an overview on a powerful new technology for the immobilization-free measurement of biomolecular interaction
that is termed Microscale Thermophoresis (MST). The term Microscale Thermophoresis refers to the directed movement of
molecules in optically generated microscopic temperature gradients. The microscopic temperature gradient is generated by an
infrared laser, which is strongly absorbed by water. The readout method of the interaction analysis is based on fluorescence. In
addition to fluorescence by labels or fluorescence fusion proteins attached to one of the binding partner, intrinsic protein
fluorescence can be utilized for MST thus allowing for label-free analysis.
This thermophoretic movement is determined by the entropy of the hydration shell around molecules. Almost all interactions
between molecules and virtually any biochemical process come along with a change in size, stability and conformation of
molecules that alter the hydration shell. Such changes allow quantification of binding affinities of proteins, nucleic acids and
small molecules (ions, fragments) even in complex biological liquids such as blood serum and cell lysate. In addition also
studies of complex molecular assemblies like ribosomes and liposomes containing receptors are measurable. Here the flexible
and robust analysis of molecules directly in solution without surface coupling of molecule is one of the main reasons that make
this method tailor-made for the analysis of molecules in complex settings.
In this work we will describe the technical details and the benefits of the Microscale Thermophoresis technology platform. We
will show examples for interaction measurements ranging from protein?liposome, protein?protein, protein-nucleic acid, to small
molecule?receptor interactions as well in standard buffer as in biological liquids.
Wienken et al., Nature Communications (2010), Protein Binding Assays in Biological Liquids using Microscale Thermophoresis.
Jerabek-Willemsen et al., ASSAY and Drug Development Technologies (2011), Molecular Interaction Studies Using Microscale
Thermophoresis.
Seidel et al., Angewandete Chemie (2012), Label-Free microscale Thermophoresis Discriminates Sites and Affinity of Protein-Ligand Binding
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Modéliser les propriétés mécaniques des protéines : De la structure à la fonction
Sophie SACQUIN-MORA 1
1 Laboratoire de Biochimie Théorique, UPR9080 CNRS, Institut de Biologie Physico-Chimique, Paris

Si les structures tridimensionnelles d'un très grand nombre de protéines sont désormais résolues ou en voie de l'être, ces
informations structurales sont néanmoins insuffisantes pour comprendre les propriétés mécaniques et dynamiques des
protéines. Or il a été démontré que les mouvements internes des macromolécules sont indispensables à leur bon
fonctionnement biologique.
Dans cette perspective, le programme ProPHet (Probing Protein Heterogeneity), qui associe une représentation gros-grain et
un algorithme de dynamique brownienne afin de reproduire les fluctuations dynamiques d'une protéine autour de sa
conformation native, permet de sonder la rigidité protéique à l'échelle du résidu et d'étudier la réponse d'un système
moléculaire soumis à une déformation anisotrope. Cette réponse mécanique peut alors être mise en rapport avec les propriétés
structurales de la protéine concernée (notamment l'agencement de ses différents éléments de structure secondaire), mais
aussi avec son fonctionnement biologique.

Sacquin-Mora, S. and Lavery, R. (2006) Biophys J 90(8), 2706-2717
Sacquin-Mora, S., Laforet, E., and Lavery, R. (2007) Proteins 67(2), 350-359
Sacquin-Mora, S., Delalande, O., and Baaden, M. (2010) Biophys J 99(10), 3412-3419

ProPHet permet d'étudier la réponse fonctionnelle d'une enzyme sous contrainte externe

From molecular mechanisms to integrated life processes

Seminar abstracts
L 16

Free-energy cost for translocon-assisted insertion of membrane proteins
Christophe CHIPOT 1
1 UMR CNRS 7565, Université de Lorraine, BP 70239, 54506 Vandoeuvre-lès-Nancy, France --- Beckman Institute, University of Illinois at
Urbana-Champaign, Urbana, IL 61801, USA

Many nascent proteins, including nearly all membrane and secreted proteins, must traverse a membrane-bound
protein-conducting channel prior to their full maturation. This channel, the Sec translocon, is found in all domains of life and
possesses the novel ability to direct nascent proteins to the membrane or to the extracellular space, depending on their
sequences, often concomitant with their synthesis by the ribosome. How this process occurs is still unclear, although a
thermodynamic partitioning between the channel and the membrane environment has been proposed. Experiment- and
simulation based scales for the insertion free energy of various amino acids are, however, at variance, the former appearing to
lie in a narrower range than the latter. We suggest that this disagreement is resolved by assuming a two-stage insertion
process wherein the first step, the insertion into the translocon, is energized by protein synthesis and, therefore, has an
effectively zero free-energy cost. The second step, the insertion into the membrane, invokes the translocon as an intermediary
between the fully hydrated and the fully inserted locations. Using free-energy perturbation, we show that the insertion penalty
for arginine as well as the insertion gain for leucine from the translocon to the membrane is found to be significantly reduced
compared to direct insertion from water, resulting in the same compression as observed in the experiment-based scale. In
addition, performing two-dimensional potential-of-mean-force calculations, we have explored the structure of the nascent
peptide within the translocon environment. We find that the predominant conformational states, α-helical and extended, reflect
those found for the peptide in water. Yet, the translocon, via its surface properties and its variable diameter, shifts the
equilibrium in favor of the α-helical state. We, therefore, propose that the translocon facilitates not only the insertion of
membrane proteins into the bilayer but also their folding.
[1] Gumbart, J. C.; Chipot, C.; Schulten, K., Free-energy cost for translocon-assisted insertion of membrane proteins. Proc. Natl Acad. Sci. USA
2011, 108, 3596-3601.
[2] Gumbart, J. C.; Chipot, C.; Schulten, K., Effects of the protein translocon on the free energy of nascent-chain folding. J. Am. Chem. Soc.
2011, 133, 7602-7607.
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Comment ouvrir la porine OprM ? : de l'analyse en mode normaux aux expériences de
complémentation ?
Laura MONLEZUN 1 , Sophie GUENARD 2 , Catherine LLANES 2 , Isabelle BROUTIN 1
1 Laboratoire de Cristallographie et RMN Biologiques, UMR8015 CNRS - Faculté de Pharmacie, Université Paris Descartes, 4, av de
l'Observatoire, 75270 Paris CEDEX 06, France,

2 Laboratoire de Bactériologie, Université de Franche-comté, Faculté de Médecine, 25030 Besançon, France

Pseudomonas aeruginosa est un pathogène opportuniste impliqué dans les infections nosocomiales. Sa multi-résistance aux
antibiotiques s'exerce notamment grâce à l'activation de pompes d'efflux membranaires. Il s'agit de systèmes tripartites
composés d'une porine de la famille OMF (Outer Membrane Factor), d'un transporteur de la famille des RND (Resistance
Nodulation Division) localisé dans la membrane interne et d'un adaptateur périplasmique de la famille des MFP (Membrane
Fusion Protein) qui consolide l'ensemble.
Si les structures cristallographiques de chaque compartiment ont été résolues, seuls des modèles tentent de décrire les
modalités d'assemblage de la pompe entière ainsi que le mécanisme d'ouverture nécessaire à l'efflux de molécules.
Une modélisation de l'ouverture de la porine OprM a été réalisée par une analyse en mode normaux à partir de la structure
cristallographique résolue à 2,4 Å dans le groupe d'espace P212121. Ce travail a permis de mettre en évidence l'importance de
résidus clés à l'intérieur du canal, qui pourraient jouer un rôle de cadenas fermant l'extrémité périplasmique de la porine. Pour
vérifier le rôle fonctionnel de ces acides aminés sur l'ouverture et/ou l'assemblage, nous avons construit plusieurs mutants de
la porine et analysé leur capacité à complémenter une souche de P. aeruginosa délétée d'OprM et à restaurer sa résistance
naturelle à différents antibiotiques substrats de la pompe.

Représentation des résidus impliqués dans la constriction périplasmique d'OprM
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Bacterial lipid rafts: could hopanoids play the role of cholesterol in bacterial membranes?
David POGER 1 , Alan E. MARK 1
1 School of Chemistry and Molecular Biosciences - The University of Queensland - Brisbane, QLD 4072 - Australia

Sterols such as cholesterol are known to be present in functional membrane microdomains (commonly referred to as rafts) in
eukaryotic membranes. They play an important role in membranes by regulating their fluidity and often colocalise with proteins
involved in signal transduction. Although functional membrane microdomains have been recently identified in the membrane of
Bacillus subtilis [1], lipids equivalent to sterols have yet to be identified in prokaryotes.
Hopanoids are a class of pentacyclic triterpenoids that are found in a variety of bacteria. They have long been hypothesised to
be surrogates of sterols primarily because of their similar structure. However, the nature of the actual effect of the presence of
hopanoids on membranes is indeed poorly documented.
Atomistic molecular dynamics simulations have been used to investigate the relative properties of model lipid bilayers
containing the hopanoids bacteriohopanetetrol or diploptene, compared to a cholesterol-containing lipid bilayer, thereby
shedding light on the structural and dynamical properties of hopanoid-containing lipid bilayers. It was found that unlike
bacteriohopanetetrol, diploptene behaved in a manner that was reminiscent of that of ubiquinone and isoprene in plant
membranes to protect against heat and chemical shocks. Furthermore, the effect of bacteriohopanetetrol on the lipid bilayer
(thickness, packing and ordering of the fatty-acid tails and headgroups) was also substantially different from that of cholesterol.
The simulations suggest that hopanoids may fulfil various functions in bacteria, other than being simple substitutes for sterols in
prokaryotic membranes.
[1] López, D. and Kolter, R. (2010) Genes Dev. 24, 1893-1902
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Modelling the multi-scale nature of long-range electron transfers within flavohemoglobins
Aurélien DE LA LANDE 1 , Emna EL HAMMI 1 , Chantal HOUÉE-LÉVIN 1 , Jan REZÁC 2 , Bernard LÉVY 1 ,
Isabelle DEMACHY 1 , Laura BACIOU 1
1 Laboratoire de Chimie Physique - CNRS UMR 8000. Université Paris-Sud. Bât. 349-350, Campus d'Orsay. 15, avenue Jean Perrin, 91405
Orsay CEDEX France

2 Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic and Center for Biomolecules and Complex
Molecular Systems, Flemingovo nam. 2, 166 10 Prague 6, Czech Republic.

Electron transfer (ET) is one of the most common chemical reactions encountered in biochemistry, for instance along the
respiratory chain, in the photosynthetic system as well as in numerous enzymes that need to be supplied by electron to fulfil
their catalytic role.[1,2] ETs often occur over large distances (ca 1-2 nm) and are basically governed by quantum tunnelling. The
kinetics and thermodynamics characteristics of these reactions are under the control of the structure and the dynamics of the
hosting biomolecules and that span space- and temporal- scales over several orders of magnitude. Indeed while the ET event
per se occurs on the femtosecond time-scale it is conditioned by the motions of chemical bonds, protein residues, secondary
structure, protein domains and so on. A multiscale description integrating the complex nature of the biological medium is
required to understand these processes.[3]
In this presentation we will focus on flavohemoglobin (FlavoHb) which are found in yeast and in bacteria. Reactive nitrogen
species such as nitric oxide (NO.) are involved in defense strategies of living organisms against microbial infections or parasites.
[4] In turn infecting microorganisms protect themselves toward NO. by expressing NO-metabolizing enzymes, like FlavoHb. The
iron cation of the heme group needs to be preliminary reduced to the ferrous stated to be catalytically competent. This
reduction is triggered by a flavin adenine dinucleotide (FAD) prosthetic group which is localized in a distinct domain of the
protein. Measurements of the FAD to Heme ET rates have been based obtained recently in our Laboratory using time-resolved
pulse radiolysis. We will present results on the evaluation of the thermodynamic parameters of this ET reaction using atomistic
Molecular Dynamics Simulations combined with either quantum chemistry or molecular mechanics approaches.[5] The
influence of protein motions on the computed quantities will be analyzed on the 10fs-200ns time window. An analysis of the
electron transfer pathways through the aqueous interface separating the globin and the flavin domains will also be presented
highlighting the importance of protein fluctuations on the modulation of the electron tunnelling event.
[1] A. de la Lande, S. Marti, O. Parisel, V. Moliner, J. Am. Chem. Soc. 2007, 129, 11700
[2] A. de la Lande, N. babcock, J. Rezác, B. C. Sanders, D. R. Salahub, Proc. Nat. Acad. Soc. 2010, 107, 11799.
[3] A. de la Lande, N. babcock, J. Rezác, B. Lévy, B. C. Sanders, D. R. Salahub, Phys. Chem. Chem. Phys. 2012, 14, 5902.
[4] R. K. Poole, M. N. Hughe, Mol. Micro. 2000, 36, 775.
[5] E. el Hammi, C. Houée-Lévin, J. Rezác, B. Lévy, I. Demachy, L. Baciou, A de la Lande, Phys. Chem. Chem. Phys. 2012, 14, 13872.

Electron tunnelling transfer pathways between the flavin (left) and heme (right) redox cofactors within flavohemoglobins
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Structural organization of heparan sulfate at large length scale: influence of the sulfate
moieties studied by molecular dynamics simulation
Nicolas SAPAY 1 , Aline THOMAS 2
1 Institut de Recherche en Technologie et Sciences du Vivant, laboratoire de chimie et biologie des métaux (UMR 5249 CEA/CNRS/UJF), CEA
Grenoble, 17 rue des Martyrs, 38054 Grenoble CEDEX 9, France

2 Centre de Recherches sur les Macromolécules Végétales (UPR 5301 CNRS), Molecular Glycobiology group, BP 53, 38041 Grenoble CEDEX
9, France

Heparan sulfate (HS) is a linear polysaccharide belonging to the family of glycosaminoglycans (GAGs). It is ubiquitously
present in the extracellular matrix where it is covalently attached to the cell surface or matrix proteins, forming the
proteoglycans. The binding of HS to the proteins allows their accumulation at the cell surface, and thus modulates the kinetics
of physiological activation/deactivation processes. This makes HS a key factor in biological events such as wound healing, cell
adhesion, viral infection, coagulation, angiogenesis or cancer development. The molecular interactions between HS and
anti-thrombin, vascular endothelial growth factor, fibroblast growth factor, papillomavirus, cytokines, vaccinia protein, have been
studied at the atomic level. However, these studies involve small fragments of HS, up to 8 sugar units, even though HS chains
up to hundreds sugar units exist in nature. Experimental data remains scarce about the structural behavior of long HS chains
either free in solution or bound to a protein.
Like all GAGs, HS consists of repeating disaccharide units composed of hexuronic acid and hexosamine residues. In HS, the
hexuronic acid is either a β-D-glucuronic acid (GlcA) or an α-L-iduronic acid (IdoA) while the hexosamine is an α
-D-glucosamine (GlcN). In the latter steps of its biosynthesis, HS is locally deacetylated, and then N- and O-sulfated. This leads
to a heterogeneous polymer organized in highly sulfated domains of variable size and composition (S-domains) separated by
regions of low sulfation enriched in N-acetylated disaccharide units (NA-domains).
We propose a theoretical approach, based on molecular dynamics, to study the structural organization along 50 ns, of HS
chains of up to 96 sugar units, free in solution. The repeating disaccharide units were either:
- GlcA-β(1->4)-GlcNAc, corresponding to the major repeating unit in NA-domains.
- IdoA(2S)-α(1->4)-GlcN(2S, 6S), corresponding to the major repeating unit in S-domains of HS and to the major
repeating disaccharide in heparin.
Those two types of disaccharides were used to build polysaccharides containing respectively 12, 36, and 96 sugar units. The
two conformations of the iduronic acid cycle (2SO and 1C4) were also modeled, so that for each polysaccharide length, three
different systems were studied. Each polysaccharide was immersed in a cubic box of bulk water and subjected to fifty
nanoseconds of molecular dynamics using the GLYCAM-06 force field and the NAMD software.
Taken individually, the structure of the disaccharide units does not appear to be affected by the total length of the
polysaccharide. However, a higher level of organization seems to occur for the longer polysaccharides. This structural feature is
expected to be important for the concentration of soluble growth factors on the S-domains of HS.

Atomic representation of the three systems built from the disaccharide IdoA(2S)-α(1->4)-GlcN(2S, 6S), with 12, 36 and 96
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Encoding of temporal signals by the TGF-beta pathway and implications for embryonic
patterning
Benoit SORRE 1 , Aryeh WARMFLASH 1 , Ali H. BRIVANLOU 2 , Eric D. SIGGIA 1
1 Laboratory of Theoretical Condensed Matter Physics, The Rockefeller University, New York, U.S.A.
2 Laboratory of Molecular Vertebrate Embryology, The Rockefeller University, New York, U.S.A.

Genetics and biochemistry have defined the components and wiring of the signaling pathways that pattern the embryo. Many
of these pathways have the potential to behave as morphogens: in vitro experiments have clearly established that these
molecules can dictate cell fate in a concentration dependent manner. How morphogens convey positional information in a
developing embryo, where signal levels are changing with time, is less understood. Recently we showed that the evolutionarily
conserved TGF-beta pathway responds transiently and adaptively to a step in ligand stimulation. Building on our previous work,
we demonstrate here using integrated microfluidic cell culture and time-lapse microscopy that the speed of ligand presentation
has a key and previously unexpected influence on signaling outcomes. Slowly increasing the ligand concentration diminishes
the response while well-spaced pulses of ligand combine additively resulting in greater pathway output than is possible with
constant stimulation. Our results suggest that in an embryonic context, an adaptive pathway can extract positional information
as ligand spreads dynamically from a source, thereby providing an alternative to the static morphogen model. Thus the rate of
change of ligand concentration, rather than its level, is the instructive signal for patterning.
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Crystal Structure of a Bacterial Transporter in Action.
Gilles PHAN 1 , William ALLEN 1 , Andrey LEBEDEV 3 , Sebastian GEIBEL 1 , Christopher KAY 1 , Han REMAUT 2 ,
Gabriel WAKSMAN 1
1 Institute of Structural and Molecular Biology, University College London and Birkbeck College, Malet Street, London, WC1E 7HX, UK.
2 Structural & Molecular Microbiology, VIB - Vrije Universiteit Brussels, 1050 Brussels, Belgium.
3 Department of Chemistry, University of York, York, YO10 5YW, UK.

Gram-negative bacteria express different classes of adhesive surface organelles that allow them to specifically bind and infect
human cells. Among them, the chaperone-usher fibres constitute the most abundant group of bacterial cell surface appendages
and have been the most extensively studied [3,4]. Type 1 pili from the pathogenic E. coli are the archetypal representative of this
class of adhesive multisubunit fibres. During pilus assembly, subunits dock as chaperone-bound complexes to an usher
platform which catalyses their polymerisation and mediates pilus translocation across the outer membrane of the bacteria. We
report the 2.8 Å crystal structure of the usher (FimD) in its active conformation, bound to the chaperone (FimC) and adhesin
subunit (FimH) complex [1]. The structure shows the adhesin subunit inserted inside the usher 24-stranded β-barrel
translocation channel, held in place through interactions with the two C-terminal periplasmic domains of the usher (CTD1 and
CTD2). To accommodate the adhesin subunit, the usher plug domain is displaced from the barrel lumen to the periplasm,
concomitant with a dramatic conformational change in the β-barrel [1,2]. Strikingly, the displaced plug positions the N-terminal
domain of the usher (NTD) in an ideal conformation to catalyse incorporation of the next recruited chaperone:subunit complex.
Together with solution EPR (Electron Paramagnetic Resonance) distance measurement and catalytic assays, the
usher:chaperone:adhesin (FimD:FimC:FimH) crystal structure captures the first view of a membrane protein transporter in the
act of secreting its cognate substrate, giving insights into the molecular mechanism of the chaperone-usher pilus assembly and
will certainly serve as new basis for drug-design.

[1] G. Phan*, H. Remaut*, T. Wang*, W.J. Allen*, K.F. Pirker, A. Lebedev, N.S. Henderson, S. Geibel, E. Volkan, J. Yan, M.B.A. Kunze, J.S.
Pinkner, B. Ford, C.W. McKay, H. Li, S. Hultgren, D.G. Thanassi and G. Waksman, Nature 2011, 474, 49:53.
[2] H. Remaut*, C. Tang*, N.S. Henderson, J.S. Pinkner, T. Wang, S.J. Hultgren, D.G. Thanassi, G. Waksman and H. Li, Cell 2008, 16,
640-652.
[3] G. Waksman and S.J. Hultgren, Nature Review Microbiology 2009, 7, 765-767.
[4] W.J. Allen*, G. Phan* and G. Waksman, Current Opinion in Structural Biology 2012, in press.
* Co-first authors.

Cartoon representation of the FimD:FimC:FimH complex.

From molecular mechanisms to integrated life processes

Seminar abstracts
L 23

THz spectroscopy probes biomolecular hydration water dynamics : application to intrinsically
disordered proteins
Yann FICHOU 1 , Gudrun NIEHUES 2 , François-Xavier GALLAT 1 , Aude VERNET 1 , Matthias HEYDEN 4 ,
Martin BLACKLEDGE 1 , Jacques-Phillipe COLLETIER 1 , Pau BERNADO 3 , Martina HAVENTIH 2 , Martin WEIK 1
1 Institut de biologie structurale, CEA-CNRS-UJF, Grenoble, France
2 Department of physical chemistry II, Ruhr universität, Bochum, Germany
3 Centre de biochimie structurale, UM1-CNRS-INSERM, Montpellier, France
4 Department of chemistry, UC Irvine, USA

The role of water in biomolecular dynamics has attracted much interest during the past decades, and new probes are
continuously being developed to converge towards a unifying model. THz spectroscopy is a new method particularly adapted to
detect subtle changes in water network collective dynamics in the sub-ps time-scale [1]. With an appropriate model, this
technique also provides information about the extension of the hydration shells around biomolecules. Previous pieces of
reasearch on small globular proteins have shown that the water network can be dynamically perturbed up to 20 Å away from
the protein [2].
We applied this method to the intrinsically disordered protein (IDP) tau. Largely unexplored, the peculiar aspect of these
proteins mainly resides in their ability to take thousands of different conformations. Tau has especially drawn researchers'
attention for the past decade because of its role in several neurodegenerative diseases including Alzheimer's disease. Tau can
indeed aggregate into beta-sheet-structured amyloid fibers, which have deleterious effects on neurons. The role of water in
tau-tau interaction during the aggregation process is of particular interest. Neutron scattering studies revealed a tighter
dynamical coupling between tau and its first hydration layer than for folded proteins [3].
We applied THz spectroscopy to explore the capacity of the longest human isoform of tau (htau40) to influence the dynamics of
its surrounding water molecules beyond the first hydration layer. The influence of the disordered state of the protein on water
dynamics was assessed by comparing the water perturbation to that of a globular protein of the same molecular weight. This
technique allowed us not only to estimate the number of water molecules influenced by a single protein, but also how strongly
they are perturbed. We found that the extension of the hydration shell around tau is smaller than for globular proteins. These
observations confirm a different protein-water dynamical coupling of globular versus IDP.
[1] David M Leitner, Martin Gruebele, Martina Havenith ; HFSP Journal ; Vol. 2, Iss. 6, 2008
[2] Ebbinghaus S, Kim SJ, Heyden M, Yu X, Heugen U, Gruebele M, Leitner DM, Havenith M. An extended dynamical hydration shell around
proteins. Proc. Natl. Acad. Sci. USA ; Vol.104, pp 20749-20752, 2007
[3] F.-X. Gallat, A. Laganowsky, K. Wood, F. Gabel, L. van Eijck, J. Wuttke, M. Moulin, M. Härtlein, D. Eisenberg, J.-P. Colletier, G. Zaccai, M.
Weik ; Dynamical Coupling of Intrinsically Disordered Proteins and Their Hydration Water: Comparison with Folded Soluble and Membrane
Proteins ; Biophys. J. ; Vol. 103, Iss 1, pp. 129-136, 2012
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The molecular basis of force generation by the mitotic motor kinesin-5
Adeline GOULET 1 , William BEHNKE-PARKS 2 , Charles SINDELAR 3 , Jennifer MAJOR 4 , Steven ROSENFELD 4 ,
Carolyn MOORES 1
1 Institute of Structural and Molecular Biology, Birkbeck College, London, WC1E 7HX, UK
2 Department of Biology, Columbia University, New York, New York 10035
3 Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, CT 06520-8024
4 Department of Cancer Biology, Lerner Research Institute, Cleveland Clinic, Cleveland, OH 44195

The microtubule-based spindle orchestrates cell division and the balance of forces generated by microtubule motors is crucial
for accurate chromosome segregation. One of these motors is kinesin-5 (K5), which is essential for the formation of the bipolar
spindle during mitosis [1]. Its motor domain (MD), which contains nucleotide and microtubule binding sites and mechanical
elements to generate force including the C-terminal neck linker and N-terminal cover strand, has evolved distinct properties for
its spindle-based functions [2,3]. Human K5 is also a target for drugs, currently in cancer clinical trials, which allosterically inhibit
ATPase activity and arrest mitosis [4]. However, the structural adaptations of K5 MD to generate and respond to force, as cell
division proceeds, remain unknown, as does the structural basis for drug inhibition.
We calculated sub-nanometer resolution cryo-electron microscopy reconstructions of microtubule-bound human K5 before and
after nucleotide binding and combined this information with studies of the kinetics of nucleotide-induced neck linker and cover
strand movement. Our work reveals coupled, nucleotide-dependent conformational changes that explain many of this motor's
properties. We find that ATP binding induces a ratchet-like docking of the neck linker, and simultaneous, parallel docking of the
amino-terminal cover strand. Loop L5 - the binding site for allosteric inhibitors - also undergoes a dramatic reorientation when
ATP binds, suggesting that it is directly involved in controlling nucleotide binding. Our structures indicate that allosteric inhibitors
of human K5, which are being developed as anti-cancer therapeutics, bind to a motor conformation that occurs in the course of
normal function. However, due to evolutionarily defined sequence variations in L5, this conformation is not adopted by
invertebrate K5s, explaining their resistance to drug inhibition. Together, our data reveal the precision with which the molecular
mechanism of K5 motors has evolved for force generation.
[1] Ferenz N. P., Gable A., and Wadsworth P., Semin Cell Dev Biol 21, 255-259 (2010).
[2] Turner J., Anderson R., Guo J., Beraud C., Fletterick R., and Sakowicz R., J Biol Chem 276, 25496-25502 (2001).
[3] Parke C. L., Wojcik E. J., Kim S., and Worthylake D. K., J Biol Chem 285, 5859-5867 (2010).
[4] Sarli V., and Giannis A., Clin Cancer Res 14, 7583-7587 (2008).

Cryo-EM reconstructions of microtubule-bound human K5 MD before (left) and after (right) ATP binding.
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BambL - a newly identified lectin from Burkholderia ambifaria with specificity towards human
blood group epitopes
Aymeric AUDFRAY 1 , Annabelle VARROT 1 , Nathalie RUVOEN-CLOUET 2 , Jacques LE PENDU 2 , Anne IMBERTY 1
1 CERMAV-CNRS, BP 53, 38041 Grenoble CEDEX 09, France
2 IRTUN-INSERM U892, 44007 Nantes, France

Burkholderia ambifaria is a bacterium generally associated with the rhizosphere of plants where it has biocontrol effects on
other microorganisms because of its capacity to produce antifungal compounds [1]. It is also a member of the Burkholderia
cepacia complex, a group of closely related bacteria that cause lung infections in immunocompromised patients as well as in
patients with granulomatous disease or cystic fibrosis [2]. As observed for other opportunistic bacteria [3], species from the Bcc
have been reported to produce soluble lectins able to bind to glycoconjugates present in human tissues [4]. Analysis of B.
ambifaria genome identified BambL as a putative fucose-binding lectin sharing 76% of identity with RSL, a lectin found in the
phytopathogen Ralstonia solanacearum. Glycan array analysis on the recombinant protein demonstrated a strong binding to
human blood group and Lewis epitopes with a preference for Fucα1,2Gal- containing structures: H-type 2 (blood group O) and
Lewis Y. Isothermal titration calorimetry and surface plasmon resonance experiments showed a surprising micromolar affinity
for small fucosylated oligosaccharides (mono-, di or trisaccharides). Crystal structures in complex with fucose, fucosyl-lactose,
H-type 1, H-type 2 and blood group B epitopes have been solved at high resolution, showing that BambL has a trimeric β
-propeller architecture with six binding sites each located at the same face of the lectin. Binding to human salivary mucins and
tissues from individuals with different genotype demonstrated that, in a natural context, BambL is able to recognize a wide
spectrum of fucosylated epitopes, albeit with a lower affinity for biological material from non secretor individuals. This work
identified and characterized the first lectin showing a β-propeller fold in a human pathogen [5]. BambL could consequently be
the target for the development of anti-adhesive compounds.
[1] Schmidt, S., Blom, J.F., Pernthaler, J., Berg, G., Baldwin, A., Mahenthiralingam, E., Eberl, L., 2009, Environmental Microbiology 11,
1422-1437
[2] Coenye, T., E. Mahenthiralingam, D. Henry, J. J. LiPuma, S. Laevens, M. Gillis, D. P. Speert, P. Vandamme (2001). Int J Syst Evol Microbiol
51(4): 1481-90.
[3] Imberty, A. Varrot A. Curr. Opin. Struct. Biol., 2008, 18, 567-576
[4] E. Lameignere, L. Malinovská, M. Slavikova, E. Duchaud, E.P. Mitchell, A. Varrot, O. Sedo, A. Imberty & M. Wimmerová. Biochem. J, 2008,
81, 12846-12858.
[5] Audfray, A., Claudinon, J., Abounit, S., Ruvoën-Clouet, N., Larson, G., Smith, D. F., Wimmerová, M., Le Pendu, J., Römer, W., Varrot, A. &
Imberty, A., 2012, J. Biol. Chem. 287, 4335-4347.
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Reaction mechanisms of DNA photolyase
Klaus BRETTEL 1
1 Laboratoire Mécanismes Fondamentaux de la Bioénergétique. UMR 8221, CEA - iBiTec-S, CNRS, Université Paris Sud, 91191 Gif-sur-Yvette,
France.

Ultraviolet irradiation induces two major types of harmful crosslinks between adjacent pyrimidines in DNA: cyclobutane
pyrimidine dimers (CPDs) and pyrimidine(6-4)pyrimidone photoproducts (6-4PPs).
In many organisms, these lesions are repaired by photolyases [1,2], flavoproteins that require light for their catalytic action. The
repair mechanism involves electron transfer to the lesion from the photoexcited state of the fully reduced flavin cafactor FADH-,
splitting of the intra-dimer bonds and return of the excess electron to the flavin.
The presentation will focus on recent advances (including methodological ones [3-5]) from the author's and partners' labs on the
kinetics and the mechanism of CPD repair [6] and on intra-protein electron transfer for formation of the catalytically active fully
reduced FADH- state ("photoactivation") [7,8], and discuss controversial points.
An outlook will be given on the poorly understood repair of 6-4PPs.
[1] Sancar, A. (2003) Structure and function of DNA photolyase and cryptochrome blue-light photoreceptors. Chem. Rev. 103, 2203-2237.
[2] Brettel, K., and Byrdin, M. (2010) Reaction mechanisms of DNA photolyase. Curr. Opin. Struct. Biol. 20, 693-701.
[3] Byrdin, M., Villette, S., Espagne, A., Eker, A.P.M., and Brettel, K. (2008) Polarized transient absorption to resolve electron transfer between
tryptophans in DNA photolyase. J. Phys. Chem. B 112, 6866-6871.
[4] Byrdin, M., Thiagarajan, V., Villette, S., Espagne, A., and Brettel, K. (2009) Use of ruthenium dyes for subnanosecond detector fidelity
testing in real time transient absorption. Rev. Sci. Instrum. 80, 043102.
[5] Müller, P., and Brettel, K. (2012) [Ru(bpy)3]2+ as a reference in transient absorption spectroscopy: differential absorption coefficients for
formation of the long-lived 3MLCT excited state. Photochem. Photobiol. Sci. 11, 632-636.
[6] Thiagarajan, V., Byrdin, M., Eker, A.P.M, Müller, P, and Brettel, K. (2011) Kinetics of cyclobutane thymine dimer splitting by DNA photolyase
directly monitored in the UV. Proc. Natl. Acad. Sci. USA 108, 9402-9407.
[7] Aubert, C., Vos, M.H., Mathis, P., Eker, A.P.M., and Brettel, K. (2000) Intraprotein radical transfer during photoactivation of DNA photolyase.
Nature 405, 586-590.
[8] Byrdin, M., Lukacs, A., Thiagarajan, V., Eker, A.P.M., Brettel, K., and Vos, M.H. (2010) Quantum yield measurements of short-lived
photoactivation intermediates in DNA photolyase: Toward a detailed understanding of the triple tryptophan electron transfer chain. J. Phys.
Chem. A 114, 3207-3214.
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Redox Regulation of Infection and Inflammation
Ulla KNAUS 1
1 Conway Institute, University College Dublin, Dublin, Ireland

Oxidative stress is considered an important contributor to the pathophysiology of diseases, ranging from pulmonary disease to
heart disease and inflammatory bowel disease. Emerging evidence challenges this dogma and suggests the type of oxidant
generated and the overall context determines the outcome. Under the umbrella of oxidants different reactive oxygen species,
from oxygen radicals to hydrogen peroxide (H2O2), are mixed together. H2O2, a relatively mild and stable oxidant with
long-range effects is now considered a signaling molecule with surprisingly beneficial effects. These include anti-inflammatory
effects, wound healing, chemotactic activity and antibacterial action. H2O2 can be directly released by three of seven NADPH
oxidases, the only enzyme systems whose sole purpose is producing oxidants. The physiological role of these oxidases seems
to diverge from the superoxide releasing enzymes. Regulatory features of H2O2 producing NADPH oxidases and new aspects
of how H2O2 plays a role in the host immune response, how oxidases are activated in the host and the consequences will be
presented.
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PROTEIN OXIDATION RATHER THAN DNA DAMAGE MAY BE RESPONSIBLE FOR THE
SLOWING-DOWN OF DNA REPLICATION BY UVA-INDUCED ROS IN HUMAN CELLS
Evelyne SAGE 1 , Pierre-Marie GIRARD 1 , Dany GRAINDORGE 1 , Jérome GUITTON 2
1 CNRS UMR3348, Institut Curie, Université Paris-sud XI, F-91405 Orsay
2 Laboratoire de pharmaco-toxicologie, Centre Hospitalier Lyon-Sud, F-69495 Pierre-Bénite

Ultraviolet A (320-400 nm) radiation constitutes more than 90% of the UV radiation reaching Earth's surface. It contributes to
photodermatosis, skin aging, and likely to skin carcinogenesis. It has long been known that UVA radiation generates an
oxidative stress, largely constituted of singlet oxygen. During the past decades, it has been established that cyclobutane
pyrimidine dimers (CPDs) and 8-oxoguanine are the two major DNA lesions produced by UVA radiation. We have recently
shown [1,2] that exposure of fission yeast or mammalian cells to UVA radiation led to slowing down of DNA replication. It is
mediated by reactive oxygen species (ROS) and does not require a functional DNA damage checkpoint response, despite
activation of ATM, ATR, and p38 -dependent pathways. In addition, at the UVA doses used, the known UVA-induced DNA
lesions are produced at low extent. Altogether, data led us to propose that inhibition of DNA replication is due to impaired
replication machinery, rather as a consequence of UVA-induced oxidative damage to protein(s) than to DNA [2,3].
To better understand the mechanism underlying this UVA-induced slowind-down of DNA replication in human cells, we
investigated the effects of UVA on the DNA replication initiation and elongation, using DNA combing methodology, and on the
level of each intracellular dNTP, by HPLC-MS/MS analysis. Our data show a ROS-dependent decrease of replication fork
velocity and drop in dNTP level immediately post radiation. At the UVA doses used in our study, replication fork velocity and
dNTPs level return to their basal level within 2 to 4 hours post radiation. Anyhow, the kinetics of replication fork progression do
not entirely reflect the extension of the S-phase observed upon UVA irradiation. This suggests that the firing of replication
origins might also be impaired by UVA irradiation. The analysis of the density of active replication origins demonstrates that the
initiation of replication origins is largely impaired upon UVA exposure. To further explore our primary hypothesis, the integrity of
proteins involved in DNA replication is also examined.
Altogether, data show that the slowing-down of DNA replication and the impairements in replication steps fully depend on ROS,
mainly singlet oxygen, produced during irradiation, and do not rely on DNA damage. We provide evidence of modification and
oxidation of proteins involved in DNA replication and repair. Knowing that the targets of UVA-induced ROS are mainly cytosolic,
this raises the provocative idea that UVA-induced extranuclear signals triggers a replication stress ultimately contributing to
genome instability.
[1] Dardalhon et al. 2008 Cell Cycle 7(5), 611-622.
[2] Girard et al. 2008 DNA repair 7, 1500-1516.
[3] Girard et al. 2011 Journal of Physics: conference series 261, 012002 (2011) doi:10.1088/1742-6596/261/1/012002
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Kinetic analysis of the phagosomal ROS production with an improved spatial resolution.
Correlation with NOX2 assembly.
Marie ERARD 1 , Asma TLILI 2 , Sophie DUPRE 2 , Oliver NUSSE 2
1 Univ Paris-Sud, Laboratoire de Chimie Physique, CNRS UMR8000, Orsay, France
2 Univ Paris-Sud, INSERM UMR-S757, Orsay, France
Phagocytes from the immune system and in particular neutrophils developed a panel of chemical weapons that lead to the
highly efficient killing of pathogens. Among them, reactive oxygen species (ROS) are formed in large quantity from the initial
production of superoxide anions (O2°-) by NADPH oxidase (NOX2). Then, O2°- dismutates into hydrogen peroxide (H2O2) that
is rapidly transformed into hypochlorous acid (HOCl) by myeloperoxidase and hydroxyl radicals by Fenton reactions, both
species being strong oxidants. Little is known about the quantity and the timing of the ROS production in the phagosome that is
a closed and dynamic compartment difficult to investigate in live cells [1].
We developed and characterized a chemically modified fluorescent system, based on inactivated yeast labelled with the ROS
sensitive dye DCFH2, for the real-time observation of ROS production directly inside the phagosome. We characterized in
depth the chemical and photochemical properties of DCFH2-yeasts (selectivity toward ROS, pH in-sensitivity, absence of
photoreactions). In particular, the system was oxidized in vitro by H2O2 plus horseradish peroxidase but also by HOCl. The
latter produced a previously unrecognized oxidation product, spectrally different from the usual DCF [2]. After opsonisation, the
DCFH2-yeasts were efficiently internalized by phagocytic cells and their oxidation was monitored by videomicroscopy for
several minutes in a strictly NOX2-dependent manner (see Figure) [2].
To be functional, the membrane subunits of NOX2 require a close interaction with at least 4 partners: 3 cytosolic subunits p40
phox, p47phox and p67phox and a small G-protein, Rac2. The signalling pathways, the sequence, the timing of the interactions
are not fully understood. We used neutrophil-like PLB985 cells transfected with p67phox-Citrine to correlate the presence of p67
phox at the phagosome membrane with the ROS production monitored with DCFH2-yeasts. We observed that p67phox is present
on the phagosomal membrane during the entire period of ROS production, up to 45 min, depending on the opsonisation
conditions (with or without complement) [3].
In conclusion, DCFH2-yeasts are a valuable tool to investigate the kinetics and amplitude of ROS production in individual
phagosomes and its correlation with NOX2 assembly.
[1] Nusse, O. (2011) Biochemistry of the Phagosome: The Challenge to Study a Transient Organelle. The Scientific World Journal (11) 2364
[2] Tlili, A., Dupre-Crochet, S., Erard, M., Nusse, O. (2011) Kinetic analysis of phagosomal production of reactive oxygen species. Free Radical
Biology and Medicine (50) 438
[3] Tlili, A., Erard, M., Faure, M.C., Baudin, X., Piolot, T., Dupre-Crochet, S., Nusse, O. (2012) Stable accumulation of p67phox at the
phagosomal membrane and ROS production within the phagosome. Journal of Leukocyte Biology (91) 83

ROS production monitored in the phagosome with DCFH2-yeasts by videomicroscopy. A Snapshots recorded during
phagocytosis
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Photoelectron transfers and photoaddition of a ruthenium complex(II) on tryptophan.
Determination of the photoadducts structure
Virginie RAHAL 1 , Jean-Christophe GARRIGUE 1 , Patricia VICENDO 1
1 Laboratoire des IMRCP, UMR-CNRS 5623, Université Paul Sabatier, 31062 Toulouse CEDEX 09

Due to their photoredox properties, ruthenium (II) complexes can react with biological targets by different photochemical
mechanisms (type I, type II). Depending on their ligands, it will be possible to modulate their photo-reactivity. Thus when the
target is DNA, these compounds may find numerous applications such as photonucleases, alkylating agents of DNA. We
demonstrated that the trisbipyrazine ruthenium (II) complex RuII(bpz)32+, a highly photo-oxidant compound, could also react
with proteins such as the superoxide dismutase Cu / Zn via a complex mechanism involving two successive electron transfer
processes. First, the excited RuII(bpz)32+ complex is quenched reductively by Cu/Zn SOD with the production of a reduced
complex and an oxidized enzyme. The oxidation site of Cu/Zn SOD is proposed to correspond to amino acids located on the
surface of the protein. Afterward and only when this reductive electron transfer to the excited complex has produced enough
oxidized protein, another electron-transfer process can be evidenced. In this case, however, the charge-transfer process takes
place in the other direction, i.e., from the excited complex to the CuII center of the SOD with the formation of RuIII and CuI
species. This original reaction would involve an amino acid with a low redox potential, located on the surface of the protein,
such as tryptophan. To confirm this hypothesis we studied the photosensitization of tryptophan, tyrosine and of a tripeptide
glu-trp-glu by ruthenium (II) complexes. By EPR studies and flash photolysis investigations, we have shown the formation of the
transient species Ru1+ and the tryptophan radical cation upon irradiation of RuII(bpz)32+, in the presence of tryptophan and
tripeptide. RuII(bpz)32+ at the excited state, may oxidize tryptophan via an electron transfer process. The photoproducts
generated during this reaction were analyzed by mass spectrometry. This study revealed the formation of photoadducts
between the tryptophan and RuII(bpz)32+. The structures of these adducts were clearly identified and will be presented. This
result tends to prove that the formation of photoadducts [ruthenium complex-tryptophan] on the SOD might be partly
responsible of the enzyme inhibition. This study will have interesting applications in the development of new photo-activable
agents for photodynamic therapy.
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NiFe hydrogenases: Mechanism of inactivation by oxygen and optimisation of tolerance
properties
Abbas ABOU-HAMDAN 1 , Pierre-Pol LIEBGOTT 1 , Bénédicte BURLAT 1 , Oscar GUTTIEREZ-SANZ 2 , Carole BAFFERT 1 ,
Vincent FOURMOND 1 , Antonio L. DE LACEY 2 , Marc ROUSSET 1 , Bruno GUIGLIARELLI 1 , Christophe LÉGER 1 ,
Sébastien DEMENTIN 1
1 Laboratoire de Bioénergétique et Ingénierie des protéines, UMR 7281, CNRS-Aix Marseille Université, Marseille, France
2 Instituto de Catalisis y Petroleoquimica, CSIC, Madrid, Spain

NiFe hydrogenases are metallo-enzymes which catalyse the reversible conversion of hydrogen into protons and electrons at a
binuclear nickel-iron active site. Most of them are very sensitive to O2 which can limit their utilization in many biotechnological
devices. It has been demonstrated that upon exposure to O2, they convert into two species known as NiA and NiB. According
to the commonly accepted hypothesis, these species have trapped in their active site the product of a partially or completely
reduced O2 molecule[1]. By examining quantitatively the results of electrochemistry, EPR and FTIR experiments on the NiFe
hydrogenase from Desulfovibrio fructosovorans, we suggest on the contrary that the attacking O2 is not incorporated as an
active site ligand, but rather acts there as a mere electron acceptor[2].
In the other hand, we have engineered a large series of mutants of the enzyme at the level of a valine that shapes a bottleneck
in the channel that guides gases from solvent to the active site. Some of the substitutions modify the reaction of the enzyme
with O2 and a mutant compares very favorably with naturally-occurring O2-tolerant hydrogenases[3,4,5].
Our studies pave new ways towards the understanding of O2 inactivation and O2 tolerance in NiFe hydrogenases.
[1] Lamle S. et al. (2004) J Am Chem Soc. 126, 14899-909.
[2] Abou-Hamdan A. et al., (2012) Nat Chem Biol, accepted manuscript.
[3] Liebgott P.P. et al. (2010) Nat Chem Biol, 6, 63-70.
[4] Liebgott P.P. et al. (2011) J Am Chem Soc, 133, 986-997.
[5] Abou-Hamdan A. et al., (2012) Proc Natl Acad Sci USA, in revision.
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Assembly and function of the archaeal motility structure, the archaellum
Sonja-Verena ALBERS 1
1 Molecular Biology of Archaea, Max Planck Institute for terrestrial Microbiology, Karl-von-Frisch-Strasse 10, 35043 Marburg, Germany

Most archaea posses a motility structure, called the archaellum that is mainly used for swimming, but can also play a role in
adherence to surfaces. Although the archaellum functionally resembles the bacterial flagellum, its structure and assembly is
reminiscent of bacterial type IV pili.
We use the crenarchaeal archaellum of Sulfolobus acidocaldarius as a model system to understand its assembly, subunit
interactions and how it can rotate. The crenarchaeal archaellum is comprised of seven subunits: the archaellin, FlaB, the
structural subunit, FlaXFG, small monotopic membrane proteins of unknown function, FlaH, an ATP-binding protein, FlaI, the
motor ATPase and FlaJ, the only polytopic membrane protein.
We showed that FlaI forms an ATP-dependent hexamer and its N-terminus is involved in the switch between the rotation and
assembly of the filament. FlaH is a typical RecA like protein which can only bind ATP, but not hydrolyze it. Its function in motor
rotation or assembly is so far unknown. FlaX, a conserved crenarchaeal archaellum protein, formed a large ring structure with a
diameter of 22 nm and interacted with FlaH and FlaI, presumably acting as a stator like structure.
Biophysical studies like tethered motion particle analysis and optical tweezer experiments are being used to understand the
mode of rotation of the archaellum and will be presented.
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Molecular features of virus-host interactions in hyperthermophilic archaea
David PRANGISHVILI 1
1 BMGE, Départment de Microbiologie, Institut Pasteur, 25 rue du Doctour Roux, 75015 Paris, France

Viruses which infect hyperthermophilic archaea form a singular group in the viral world not related to viruses of other two
domains of life, Bacteria and Eukarya (Pina et al., 2011; Mochizuki et al., 2012). They reveal unprecedented morphological
diversity and carry genomes with the considerable majority of genes without detectable homologs in other viruses or cellular life
forms. Moreover, recent studies reveal unique features of interaction of these viruses with host cells, which I will illustrate on the
example of replication, transcription and egress mechanisms of filamentous viruses from the families Rudiviridae and
Lipothrixviridae.

[1] Pina, M., Bize, A., Forterre, P., and Prangishvili, D. (2011) The Archeoviruses. FEMS Microbiol. Rev. 35 :1035-1054.
[2] Mochizuki, T., Krupovic, M., Pehau-Arnodet, G., Sako, Y., Forterre, P., and Prangishvili, D. (2012) Archaeal virus with exceptional virion
architecture and the largest single-stranded DNA genome Proc. Natl. Acad. Sci. USA 109: 13386-13391.
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An evolutionarily conserved mechanism for the synthesis of the universal t6A tRNA
modification
Ludovic PERROCHIA 1 , Estelle CROZAT 1 , Arnaud HECKER 2 , Wenhua ZHANG 3 , Joseph BAREILLE 3 ,
Bruno COLLINET 4 , Herman VAN TILBEURGH 3 , Patrick FORTERRE 1 , Tamara BASTA 1
1 Institut de Génétique et Microbiologie, Université Paris-Sud, IFR115, UMR8621-CNRS, 91405 Orsay, France
2 Université de Lorraine, UMR 1136 INRA Université de Lorraine "Interactions Arbres/Micro-organismes", IFR 110 EFABA, Faculté des
Sciences BP 239, 54506 Vandoeuvre CEDEX, France

3 Institut de Biochimie et de Biophysique Moléculaire et Cellulaire, Université Paris-Sud, IFR115, UMR8619-CNRS, 91405 Orsay, France
4 UFR sciences de la vie, Université Pierre et Marie Curie UPMC, Sorbonne Universités, Paris, France

N6-threonylcarbamoyladenosine (t6A) is a modified nucleotide found in all tRNAs decoding ANN codons. Its role is to facilitate
codon-anticodon pairing and to prevent frameshifting during protein synthesis. Recent genetic studies demonstrated that two
universally conserved proteins, Sua5 and Kae1 and their bacterial homologs YrdC and YgjD, are necessary for the synthesis of
t6A in cells of Saccharomyces cerevisiae and Escherichia coli. In E. coli, the in vitro synthesis of t6A requires two other proteins
specific for the bacterial domain (YeaZ and YjeE). In Archaea and Eukaryotes, Kae1 is a subunit of a conserved protein
complex named KEOPS or EKC, together with Bud32, Pcc1 and Cgi121 which have no homologs in Bacteria. Since its
discovery in 2006, several studies have suggested involvement of KEOPS in diverse cellular processes such as transcriptional
regulation and telomere homeostasis.
In this study we reconstituted an in vitro system for the synthesis of t6A modified tRNAs in archaeal and eukaryotic cells by
combining purified KEOPS and Sua5 proteins from Pyrococcus abyssi and Saccharomyces cerevisiae. We provide for the first
time evidence that KEOPS together with Sua5 are necessary and sufficient for the catalysis of this reaction. We further
demonstrated binding of both cognate and non-cognate tRNA to archaeal KEOPS and detected two distinct ATP-dependent
reaction steps occurring in the course of the synthesis. Our data together with recent reconstitution of an in vitro bacterial
system indicated that t6A cannot be catalyzed by Sua5/YrdC and Kae1/YgjD alone but requires accessory proteins that are not
universal. Remarkably, we observed inter-domain complementation when bacterial, archaeal and eukaryotic proteins were
combined in vitro suggesting a conserved catalytic mechanism for the biosynthesis of t6A in nature. We are currently
investigating the role of individual KEOPS subunits in the formation of t6A modification. Preliminary results suggest that the four
proteins are necessary for the t6A synthesis. Kae1 and/or Bud32 are responsible for the ATPase activity of KEOPS which is
highly stimulated by tRNA but only when Cgi121 and Pcc1 are also present suggesting their role in tRNA binding.
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In vitro reconstitution of RNA primer removal in archaea
Ghislaine HENNEKE 1
1 Ifremer - LMEE, UMR6197 - Technopôle Brest-Iroise

Using model DNA substrates and purified recombinant proteins from Pyrococcus abyssi, we reconstituted the enzymatic
reactions involved in RNA primer elimination in vitro. In our dual-labeled system, pol D performed efficient strand displacement
DNA synthesis, generating 5'-RNA flaps which were subsequently released by Fen1, prior to ligation by Lig1. In this pathway,
the initial cleavage event by RNase HII facilitated RNA primer removal of Okazaki fragments. In addition, we have shown that
pol B was able to displace downstream DNA strands with a single ribonucleotide at the 5'-end, a product resulting from a single
cut in the RNA initiator by RNase HII. After RNA elimination, the combined activities of strand displacement DNA synthesis by
pol B and flap cleavage by Fen1 provided a nicked substrate for ligation by Lig1. The unique specificities of Okazaki fragment
maturation enzymes and replicative DNA polymerases strongly support the existence of two pathways in the resolution of RNA
fragments.
Beattie, T. R. and Bell, S. D. (2012) Coordination of multiple enzyme activities by a single PCNA in archaeal Okazaki fragment maturation.
EMBO J. 31, 1556-1567.
Le Laz, S., Le Goaziou, A., Henneke, G. (2010). Structure-specific nuclease activities of Pyrococcus abyssi RNase HII. J Bacteriol. 192,
3689-98.
Rouillon, C., Henneke, G., Flament, D., Querellou, J., and Raffin, J. P. (2007) DNA Polymerase Switching on Homotrimeric PCNA at the
Replication Fork of the Euryarchaea Pyrococcus abyssi. J Mol Biol 369, 343-55.
Henneke, G., Flament, D., Hubscher, U., Querellou, J., and Raffin, J. P. (2005) The hyperthermophilic euryarchaeota Pyrococcus abyssi likely
requires the two DNA polymerases D and B for DNA replication. J Mol Biol 350, 53-64.
Matsunaga, F., Norais, C., Forterre, P. and Myllykallio, H. (2003) Identification of short 'eukaryotic' Okazaki fragments synthesized from a
prokaryotic replication origin. EMBO Rep. 4, 154-158
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Structural and cellular dynamics of archaeal DNA repair complexes
Roxane LESTINI 1 , Sergey LAPTENOK 1 , Alessio LIGABUE 1 , Marie-Claire SCHANNE-KLEIN 1 , Mirjam CZJZEK 2 ,
Didier FLAMENT 3 , Hannu MYLLYKALLIO 1
1 Laboratoire d'Optique et Biosciences, CNRS UMR7654, INSERM U696, Ecole Polytechnique
2 Marine Plants and Biomolecules, Station Roscoff, CNRS UMR 7139, UPMC
3 Laboratoire de Microbiologie des Environnements Extrêmes, Ifremer, CNRS UMR6197,Université de Bretagne Occidentale

Many functionally specialized structure specific endonucleases are implicated in processing branched DNA structures in all
three domains of life. This is necessary as anomalous DNA structures with free 5' and/or 3' termini must be efficiently
processed by functionally specialized enzymes in order to ensure the integrity of genetic information. A trimeric proliferating cell
nuclear antigen (PCNA) found both in archaea and eukarya coordinates the action of a large number of DNA replication and
repair nucleases through formation of specific protein complexes in a cellular context. Typically, PCNA interaction partners
encode a short PCNA-interacting-protein (PIP) motif that interacts with a PCNA monomer.
We have performed a combined in silico and experimental screen to identify proteins with previously unnoticed PIP-motifs using
a hyperthermophilic euryarcheon Pyrococcus abyssi (PAB) as a model organism. This screen led to the identification of
PAB2263 (named NucS) as a novel archaeal endonuclease that strongly interacts with the replication clamp PCNA. Structural
determination of P. abyssi NucS revealed a two-domain dumbbell-like structure that does not resemble any known protein
structure. Both 3' and 5' extremities of ssDNA can be cleaved at the nuclease channel that is too narrow to accommodate
duplex DNA. Using a combination of small anglex-ray scattering and surface plasmon resonance analyses, we demonstrate the
formation of a stable complex in solution, in which one molecule of the PabNucS homodimer binds to the outside surface of the
PabPCNA homotrimer. Using fluorescence resonance energy transfer (FRET) and anisotropy measurements, PCNA is shown
to increase the binding affinity of NucS toward 5' and 3' flaps, as well as to modulate enzymatic activity. Altogether our results
indicate that the presence of a single major contact between the PabNucS and PabPCNA proteins, together with the
complex-induced DNA bending, facilitate conformational flexibility required for specific cleavage at the ss/dsDNA junctions.
Using similar approach, we also identified a specific PCNA-RNase HII complex that in archaea is implicated in removal of
misincorporated ribonucleotides from chromosomal DNA. Notably, in human cells the evolutionary conserved PCNA-RNase HII
complex is implicated in Aicardi-Goutières syndrome, an auto-inflammatory disorder that may arise from nucleic acid
byproducts generated during DNA replication. Using fluorescence spectroscopy techniques, we are currently investigating the
PabPCNA-PabRNase HII-PabNucS complex in solution.
We have also recently become interested in investigating cellular dynamics of archaeal DNA repair complexes. Towards this
goal, we have optimized Haloferax volcanii (a salt loving micro-organism) as a model system for studying the localization of
archaeal proteins in living cells using GFP fusions. Fluorescence microscopy and quantitative analyses show that fluorescent
foci of GFP-fused Hef protein (XPF/MUS81 family nuclease/helicase related to the Fanconi anemia protein FANCM) are formed
in response to aphidicoline exposure. Aphidicolin is an inhibitor of eucaryotic a DNA polymerases shown to prevent cell division
and DNA synthesis in halophilic archaea. Altogether our results indicate that Hef is recruited at specific sites in the cell in
response to replication arrest.
Meslet-Cladiere L, Norais C, Kuhn J, Briffotaux J, Sloostra JW, Ferrari E, Hubscher U, Flament D, Myllykallio H (2007) A novel proteomic
approach identifies new interaction partners for proliferating cell nuclear antigen. Journal of molecular biology 372: 1137-1148
Ren B, Kuhn J, Meslet-Cladiere L, Briffotaux J, Norais C, Lavigne R, Flament D, Ladenstein R, Myllykallio H (2009) Structure and function of a
novel endonuclease acting on branched DNA substrates. The EMBO journal 28: 2479-2489
Creze C, Ligabue A, Laurent S, Lestini R, Laptenok SP, Khun J, Vos MH, Czjzek M, Myllykallio H, Flament D (2012) Modulation of the
Pyrococcus abyssi NucS endonuclease activity by replication clamp at functional and structural levels. The Journal of biological chemistry 287:
15648-15660
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Genome-Wide Transcriptional Response of the Archaeon Thermococcus gammatolerans to
Cadmium
Arnaud LAGORCE 1 , Aude FOURCANS 1 , Murielle DUTERTRE 1 , Brice BOUYSSIERE 2 , Yvan ZIVANOVIC 1 ,
Fabrice CONFALONIERI 1
1 Université Paris Sud, UMR-CNRS 8621, Institut de Génétique et de Microbiologie, Laboratoire de Génomique des Archaea, Orsay, France.
2 Laboratoire de Chimie Analytique BioInorganique et Environnement, IPREM, UMR-CNRS 5254, Hélioparc, 2, avenue Pr. Angot, 64053 Pau,
France.

Cadmium (Cd) is a non-essential metal that causes severe toxicity even at very low concentrations and induces several cellular
dysfunctions and enhances mutagenesis and cell death [1]. While several archaea are known to live in metal-rich ecosystems,
knowledge of mechanisms underlying archaeal Cd tolerance is still poorly documented. In this work, we used as model
Thermococcus gammatolerans, an anaerobic and hyperthermophilic sulfur-reducing archaeon isolated from a deep-sea North
Pacific hydrothermal vent [2]. This strain is the most radioresistant archaeon known to date and we already sequenced the
genome and analyzed the proteome content from exponential and stationary phase cells [1]. We showed that T. gammatolerans
exhibits high resistance to cadmium, cobalt and zinc and a weaker tolerance to nickel, copper and arsenate. By Inductively
Coupled Plasma Mass Spectroscopy (ICP-MS), we observed that cells exposed to 1mM Cd exhibit a cellular Cd concentration
of 67µM. Time dependent transcriptomic analysis was performed at a non-toxic (100µM) and a toxic (1mM) Cd doses. This first
genome-wide expression profiling study of archaeal cells challenged with Cd showed that T. gammatolerans withstands
induced stress through pathways observed in both prokaryotes and eukaryotes but also through new and original strategies [4].
Altogether, 114 Cd responsive genes were revealed and a substantial subset of genes is related to metal homeostasis, drug
detoxification, re-oxidization of cofactors and ATP production. Moreover, T. gammatolerans cells challenged with 1mM Cd
promote the induction of
- several transporter/permease encoding genes, probably to detoxify the cell;
- Fe uptake to likely compensate Cd damages in iron containing proteins;
- membrane-bound hydrogenase (Mbh) and membrane-bound hydrogenlyase (Mhy2) subunits encoding genes
involved in recycling reduced cofactors and/or in proton translocation for energy production [4].
By contrast to other organisms, redox homeostasis genes appear constitutively expressed and only a few genes encoding
DNA repair proteins are regulated. Finally, we also compared using real time RT-PCR the expression of 27 Cd responsive
genes in other stress conditions (Zn, Ni, heat shock, γ-rays), and showed that the Cd transcriptional pattern is comparable to
other metal stress transcriptional responses (Cd, Zn, Ni) but not to a general stress response [4].
[1] Bertin G, Averbeck D (2006) Cadmium: cellular effects, modifications of biomolecules, modulation of DNA repair and genotoxic
consequences. Biochimie 88: 1549-1559.
[2] Jolivet E, L'Haridon S, Corre E, Forterre P, Prieur D (2003) Thermococcus gammatolerans sp. nov., a hyperthermophilic archaeon from a
deep-sea hydrothermal vent that resists ionizing radiation. Int J Syst Evol Microbiol 53: 847-851.
[3] Zivanovic Y, Armengaud J, Lagorce A, Leplat C, Guerin P, Dutertre M, Anthouard V, Forterre P, Wincker P, Confalonieri F. (2009) Genome
analysis and genome-wide proteomics of Thermococcus gammatolerans, the most radioresistant organism known amongst the Archaea.
Genome Biol 10: R70.
[4] Lagorce A, Fourçans A, Dutertre M, Bouyssiere B, Zivanovic Y, Confalonieri F (2012) Genome-Wide Transcriptional Response of the
Archaeon Thermococcus gammatolerans to Cadmium. PLoS One. 2012;7(7):e41935.
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The hyperthermophilic bacterium Aquifex aeolicus: from basic studies of the energy metabolism
to potential biotechnological developments
Marianne GUIRAL 1 , Clément AUSSIGNARGUES 1 , Alexandre CIACCAFAVA 1 , Pascale INFOSSI 1 , Marianne ILBERT 1 ,
Elisabeth LOJOU 1 , Marie-Thérèse GIUDICI-ORTICONI 1
1 Bioénergétique et Ingénierie des Protéines - CNRS / Université Aix Marseille - MARSEILLE France

Aquifex aeolicus, a highly thermophilic bacterium, grows at 85°C with molecular hydrogen as electron donor and molecular
oxygen as electron acceptor. A sulfur compound is also absolutely required for growth. Stimulated by its exceptional
physiological properties and its potential involvement in biotechnological developments, we have set out to study the energy
metabolism and the proteins involved in the bioenergetics pathways of this bacterium. We have associated tools of proteomics,
biochemistry, and physico-chemistry to characterize two high molecular weight membrane-bound protein edifices representing
two complete "respirasomes" involved in two distinct respiratory pathways. One superstructure, formed by the stable
association of a hydrogenase and a sulfur reductase, is responsible for sulfur reduction using H2 [1]. The second one is a new
supercomplex involved in oxygen respiration and contains all proteins and complexes required for the electron transfer from
H2S to O2. It contains the Sulfide quinone reductase (Sqr), the bc complex and the cytochrome c oxidase [2]. Thus two different
energy pathways (sulfur reduction and sulfur oxidation) are organized in this bacterium as supramolecular structures in the
membrane. This organization might be in line with a modification of the molecular dynamics of membrane compared to
mesophilic bacteria with the same metabolism but different organization [3]. Moreover, additional cytoplasmic enzymes involved
in sulfur compounds utilization were characterized [4-6]. Taking the advantage of the complete genome sequence of A. aeolicus
in addition to the experimental data, we propose a model for the energetic optimization of sulfur compounds in this bacterium,
integrating known and hypothesized pathways [7]. Moreover, proteins from microbes that drive near 100°C have significant
biotechnological potential. As an exemple, hydrogenase from Aquifex contrary to almost all other hydrogenases, presents O2,
CO and temperature resistances [8,9]. Taking advantage of availability and biodegradability, this enzyme thus emerges as a
valuable candidate in the replacement of the scarce platinum catalyst in biofuel cell devices. After investigations for efficient
hydrogenase immobilization onto electrodes [10-13], the first H2/O2 biofuel cell working at 70°C has been designed[14].
[1] Guiral M et al, (2005) J Biol Chem 280, 42004-42015
[2] Prunetti L et al, (2010) J Biol Chem 285, 41815-41826
[3] Peters et al. (2012) submitted
[4] Pelletier N et al, (2008) Extremophiles 12, 205-215
[5] Giuliani MC et al, (2007) FEBS J. 274, 4572-4587
[6] Aussignargues C et al, (2012) J. Biol. Chem287(24):19936-48 [7] Guiral et al (2012) AMP, in press
[8] P. Infossi et al. (2010) Int. J. Hydrogen Energy, 35, 10778
[9] ME. Pandelia et al. (2010) J. Am. Chem. Soc., 132, 6991
[10] A. Ciaccafava et al. (2010) Langmuir, 26, 18534
[11] A. Ciaccafava et al., (2011) Electrochim. Acta, 56, 3359
[12] E. Lojou, E (2011) J; ectrochim. Acta, 56,10385
[13] A. Ciaccafava et al., (2012) Angew. Chem. Int. Ed., 51953
[14] A. Ciaccafava et al. (2012) Electrochem. Com. 2325
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Biodiversity of Thermo-piezophiles and adaptation to extreme conditions prevailing in deep
sea environments
Mohamed JEBBAR 1
1 Université Bretagne Occidentale (UBO), IUEM (Institut Universitaire Européen de la mer) - UMR 6197 (CNRS-Ifremer-UBO), Technopole
Brest-Iroise, rue Dumont D'Urville, F-29280 Plouzané, France

The discovery of microorganisms belonging to the third domain of life: Archaea, able to thrive in extreme environments, have
deeply modified our vision and extended the physical and physiological limits of life on Earth. Simultaneously, the discoveries of
deep-sea hydrothermal vents, that exhibit extraordinary physical and chemical features, have contributed to redefine the
importance of chemosynthetic ecosystems on Earth.
The deep biosphere, located in the continental underground and in oceans below 1000 m in depth, could represent up to 70%
of all cells on Earth, as well as 50% of the primary production of biomass[3]. The deep biosphere environments such as
hydrothermal vents, cold seeps and deep-sea subterranean environments are important to understand the biological processes
and to decipher key evolutionary boundary conditions of life, life origin and diversification. These deep biosphere environments
are governed by a set of physico-chemical constraints and various environmental properties that make them all different.
Nevertheless, microbial communities and animals thriving in these ecosystems share many similarities suggesting that these
ecosystems might be connected. The extent and importance of deep biosphere environments only begin to be estimated, while
the deep geographical limits under the sub seafloor are not yet established. The level of knowledge is very different from one
ecosystem to another, indeed, some ecosystems are still in the exploration stage (eg deep sea sediments) whereas others, like
well studied deep-sea hydrothermal vents, have provided biological models for which it is now appropriate to decipher, at the
molecular level, mechanisms involved in maintaining and growth of microbial cells in extreme conditions.
Most of deep biosphere biotopes are oligotrophic and characterized by high hydrostatic pressures (HHP). Indeed, only some
HHP-adapted organisms, or piezophiles (from the greek piezo = to press and philo = love, piezophiles have optimal growth
rates at pressures greater than 1 atmosphere or 0.1 MPa), have been isolated to date.
Since the discovery of deep-sea hydrothermal vents, many mesophilic, thermophilic and hyperthermophilic Bacteria and
Archaea have been described. To our knowledge, only a few thermo-piezophilic organisms have been described so far:
Thermococcus barophilus, Palaeococcus ferrophilus, Marinitoga piezophila, Methanopyrus kandleri and Pyrococcus yayanosii.
P. yayanosii sp. nov., is the first obligate piezophilic hyperthermophilic archaeon isolated from a deep-sea hydrothermal vent.
T. barophilus, P. yayanosii and M. piezophila genomes have been recently completely sequenced[4,1,2], and by using selected
model proteins to characterize their structure-function in combination with genome mining and transcriptomic and proteomic
studies, we are currently comparing data among piezophilic (T. barophilus, P. yayanosii, M. piezophila) versus non piezophilic (
T. kodakaraensis, P. furiosus, M. littoralis) related species to decipher the cell adaptive mechanisms to HHP.
[1] X. Jun, L. Lupeng, X. Minjuan, P. Oger, W. Fengping, Z. Xiang, M. Jebbar and X. Xiao. (2011). Complete genome sequence of the first
obligate piezophilic hyperthermophilic archaeaon Pyrococcus yayanosii CH1. J Bacteriol. 193 : 4297-4298
[2] Lucas S, Han J, Lapidus A, Cheng JF, Goodwin LA, Pitluck S, Peters L, Mikhailova N, Teshima H, Detter JC, Han C, Tapia R, Land M,
Hauser L, Kyrpides NC, Ivanova N, Pagani I, Vannier P, Oger P, Bartlett DH, Noll KM, Woyke T, M. Jebbar. (2012). Complete Genome
Sequence of the Thermophilic, Piezophilic, Heterotrophic Bacterium Marinitoga piezophila KA3. J. Bacteriol. 194 : 5974-5975
[3] P. M. Oger and M. Jebbar. (2010).The many ways of coping with pressure. Res Microbiol. 2010. 161: 799-809.
[4] P. Vannier, V. T. Marteinsson, O. Fridjonsson O, P. Oger and M. Jebbar. (2011). Complete genome sequence of the hyperthermophilic
piezophilic, heterotrophic and carboxydotrophic archaeon Thermococcus barophilus MP. J Bacteriol. 193: 1481-1482
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Homeoviscous adaptation in the piezophilic archeon Thermococcus barophilus involves
compositional changes in core and accessory membrane lipids
Anaïs CARIO 1 , Vincent GROSSI 1 , Philippe SHAEFFER 2 , Philippe OGER 1
1 Laboratoire de Géologie de Lyon, CNRS UMR 5276, Ecole Normale Supérieure de Lyon, Université Lyon 1, 46 Allée d'Italie, 69364 Lyon
CEDEX 07 - France

2 Laboratoire de Géochimie Bioorganique, CNRS UMR 7177, Institut de Chimie de Strasbourg, Université Louis Pasteur, 67200 Strasbourg France

Biological membranes are highly sensitive to temperature and pressure, which strongly impact membrane fluidity by modifying
membrane permeability and membrane-associated functions. To adapt to T or P fluctuations, bacteria maintain optimal
membrane fluidity by altering the degree of unsaturation and the chain length of fatty acids, a mechanism named
homeoviscous adaptation. Structural differences between archaeal membrane lipids (containing glycerol ether bonds and
phytanyl chains) and bacterial analogues (containing fatty acids esterified to glycerol) raise the question of membrane fluidity
regulation in hyperthermophilic and piezophilic archaea.
Lipid membrane composition of the piezophilic archaeon Thermococcus barophilus was measured determined in sub- and
supra-optimal pressure and temperature conditions. Lipids were extracted by the Bligh and Dyer method, analyzed and
quantified by GC-FID and GC-MS or LC-MS.
Archaeol (sn-2,3-bis-O-phytanylglycerol) and caldarchaeol are the major core lipid detected in T. barophilus.
These core lipids have phosphoglycerol and phosphoinositol polar headgroups. The neutral lipids of T. barophilus consist of
series of C35 and C40 unsaturated isoprenoid hydrocarbons with a lycopane skeleton. The presence of archaeol and
caldarchaeol indicates that T. barophilus possesses a mixed monolayer-, bilayer-type membrane. According to the membrane
model of Haines (2001), the hydrocarbon chains are incorporated at the interface between the two layers where they are play a
central role in membrane rigidity and the regulation of the proton gradient across the membrane.
Under optimal P and T, T. barophilus membranes contain an archaeol/caldarchaeol ratio ca. 3. We show that variations in P or
T lead to the same compositional changes, yielding archaeol/caldarchaeol ratios of 9/1 at low T and high P and 3/2 at high T
and low P. Similarly, the unsaturation degree of the hydrocarbon chains a increased with an increase of P or decrease of T.
According to the membrane model proposed for T. barophilus, an increase of the unsaturation level of the isoprenoid together
with a decrease of the caldarchaeol proportion would lead to reduced membrane rigidity, and inversely.
We demonstrate that T. barophilus can adapt the fluidity of its membranes by changes its lipid composition, in agreement to the
homeoviscousity theory. This is the first report of homeoviscous adaptation in a piezophilic, hyperthermophilic archaeon.
Interestingly, the adaptation mechanism proposed for T. barophilus is different from that observed in other hyperthermophilic
archaeon, and constitutes the first example of homeoviscous adaptation involving the modulation of the unsaturation level of
non-core lipids of the membrane.
Haines, T.H. (2001) Progress in Lipid Research 40 (2001) 299-324
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Crystallographic structure of neuroglobin under high hydrostatic pressure
Nathalie COLLOC'H 1 , Eric GIRARD 2 , Roger FOURME 3 , Anne-Claire DHAUSSY 4 , Thierry PRANGÉ 5 ,
Béatrice VALLONE 6
1 ISTCT UMR 6301 CNRS - CEA - Université de Caen, centre Cyceron, Caen, France
2 IBS, UMR 5075 CEA-CNRS-UJF, Grenoble, France
3 Synchrotron SOLEIL, Gif-sur-Yvette, France
4 CRISTMAT, ENSICAEN, Caen, France
5 LCRB - CNRS - Université Paris Descartes - UMR 8015, Paris
6 Department of Biochemical Sciences, University of Rome, La Sapienza, Rome, Italy
Neuroglobin (Ngb) is a heme protein belonging to the globin family which is expressed in neurons. It is involved in protection of
neurons from hypoxia and is likely to be a sensor of hypoxia in cells to trigger neuroprotection. Ngb is expressed in
glioblastome, which are very aggressive malignant brain tumours, and up-regulated by hypoxia. Ngb would participate in the
defence mechanism of these aggressive cancers to survive in hypoxic environments. The structure of murine Ngb has been
determined for both the deoxy and carbonmonoxy forms, revealing the presence of a very large internal cavity which is
functional, and involved in a structural transition that takes place upon ligand binding. The internal cavity and its plasticity are
key features to Ngb function [1,2]. Ngb is especially present in brain of deep-diving mammals, which live at high pressure and
hypoxia environment. Since pressure promotes high energy mechanistic conformers [3,4], we expect by determining the
structure of Ngb under pressure to reach high-energy sub-states of Ngb in hypoxic conditions.
Diffraction data have been collected on murine Ngb crystals submitted to high pressure in a diamond anvil cell on CRISTAL
beamline at the synchrotron SOLEIL. Above 5000 bar (500 MPa), crystals were not diffracting any more, and above 4000 bar,
crystals were poorly diffracting. The analysis of the compressibility curve clearly revealed a transition around 3000 bar, with a
modification of the slope (Figure 1). Full data collections have been performed at ambient pressure, below the transition
pressure (2700 bar), and close to the transition pressure (3150 bar), at a resolution around 2Å, which allow precise comparison
between the three structures. Statistics of data collection were all of good quality, with a Rmerge around 10% and a
completeness above 97 %.
The most striking features between the three structures is the large diminution of the volume of the internal cavity behind the
heme, with a disruption of the connection between the back of the cavity (which is a putative oxygen storage) and the heme.
There is also a shift of a loop toward the heme in both high pressure structures. Residues close to the heme are destabilized by
pressure (B-factor increased by pressure) while residues on the opposite side are stabilized by pressure (B-factors decreased
by pressure). The biological meanings of all these differences are currently analysed.
[1] Vallone, Nienhaus, Brunori, Nienhaus., 2004, The structure of murine neuroglobin: novel pathways for ligand migration and binding,
Proteins, 56:85-92
[2] Vallone , Nienhaus, Matthes, Brunori, Nienhaus, 2004, The structure of carbonmonoxy neuroglobin reveals a heme-sliding mechanism for
control of ligand affinity, Proc. Natl. Acad. Sci. USA, 101:17351-17356
[3] Fourme, Girard, Kahn, Dhaussy, Ascone, 2009, Advances in high-pressure biophysics: status and prospects of macromolecular
crystallography, Ann. Rev. Biophys., 38:153-171
[4] Girard, Marchal, Perez, Finet, Kahn, Fourme, Marassio, Dhaussy, Prangé, Giffard, Dulin, Bonneté, Lange, Abraini, Mezouar, Colloc'h, 2010,
Structure-function perturbation and dissociation of tetrametic urate oxidase by high hydrostatic pressure, Biophys. J., 98:2365-2373
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Rôles des ADN-topoisomérases dans l'adaptation de Sulfolobus solfataricus aux hautes
températures
Mohea COUTURIER 1 , Florence GARNIER 2 , Marc NADAL 2
1 Equipe Régulation des ADN-topoisomérases - Université Paris-sud 11, Institut de Génétique et de Microbiologie, CNRS UMR 8621, 91405
Orsay CEDEX --- Université d'Evry Val d'Essonne, Boulevard François Mitterrand, 91025 Evry CEDEX

2 Equipe Régulation des ADN-topoisomérases - Université Paris-Sud 11, Institut de Génétique et de Microbiologie, CNRS UMR 8621, 91405
Orsay CEDEX --- Université de Versailles Saint Quentin en Yvelines, 55 avenue de Paris, 78035 Versailles

La reverse gyrase est une ADN-topoisomérase de type IA particulière. Cette enzyme, qui constitue le marqueur de la
thermophilie, doit jouer un rôle clé chez les organismes hyperthermophiles mais son rôle précis reste peu clair. Sulfolobus
solfataricus, comme la plupart des Crenarchaeota, possède deux reverse gyrases, TopR1 et TopR2. Cette duplication
conservée soulève la question des fonctions biologiques de chaque copie. Cette problématique est renforcée par le fait que
ces deux reverse gyrases sont différentes du point de vue de leur régulation transcriptionnelle [1] et de leurs propriétés
enzymatiques [2].
Afin de déterminer l'implication des deux reverse gyrases de Sulfolobus solfataricus dans la régulation de différents processus
cellulaires, nous avons comparé leurs variations quantitatives dans différentes conditions physiologiques. Ainsi, nous montrons
qu'au cours des différentes phases de croissance, la régulation de TopR1 est différente de celle de TopR2. D'autre part, en
effectuant des transferts d'une température à une autre, nous observons qu'une seule des deux reverse gyrases est impliquée
dans le contrôle homéostatique du surenroulement global de l'ADN chez Sulfolobus solfataricus. L'ensemble des résultats
obtenus au laboratoire nous permet de proposer un modèle de régulation du surenroulement de l'ADN chez les
hyperthermophiles.
[1] Garnier and Nadal, (2008) Transcriptional analysis of the two reverse gyrase encoding genes of Sulfolobus solfataricus P2 in relation to the
growth phases and temperature conditions. Extremophiles 12:799-809
[2] Bizard et al., (2011) TopR2, the second reverse gyrase of Sulfolobus solfataricus, exhibits unusual properties. J. Mol. Biol. 408:839-849
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Calcium-dependent regulation of cyclic photosynthetic electron transfer by a CAS, ANR1 and
PGRL1 complex
Dimitris PETROUTSOS 2 , Mia TERASHIMA 1 , Meike HÜDIG 1 , Irina TOLSTYGINA 1 , Kerstin TROMPELT 1 ,
Philipp GÄBELEIN 1 , Jörg KUDLA 1 , Stefan WEINL 1 , Giovanni FINAZZI 2 , Michael HIPPLER 1
1 Institute of Plant Biology and Biotechnology, University of Münster, Münster, Germany.
2 Centre National Recherche Scientifique, Unité Mixte Recherche 5168, Laboratoire Physiologie Cellulaire et Végétale, F-38054 Grenoble,
France.

Cyclic photosynthetic electron flow (CEF) is crucial to photosynthesis because it participates in the control of chloroplast energy
and redox metabolism and it is particularly induced under adverse environmental conditions. Here we report that
down-regulation of the chloroplast localized Ca2+ sensor protein CAS by an RNAi approach in C. reinhardtii results in strong
inhibition of CEF under anoxia. This inhibition is rescued by an increase in the extracellular Ca2+ concentration, inferring that
CEF is Ca2+-dependent. Furthermore, we identified a novel protein, ANR1 (anaerobic response 1) that is also required for
effective acclimation to anaerobiosis. Depletion of ANR1 by amiRNA expression mimics the CAS-depletion phenotype and
under anaerobic conditions the two proteins coexist within a large active photosystem I-cytochrome b6/f complex. Moreover we
provide evidence that CAS and ANR1 interact with each other as well as with PGRL1 in vivo. Overall our data establish a Ca2+
-dependent regulation of CEF via the combined function of ANR1, CAS and PGRL1, associated with each other in a
multi-protein complex.
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When bacteria target the host nucleus: the Listeria paradigm
Hélène BIERNE 1
1 Institut Pasteur - Unité des Interactions Bactéries-Cellules, INSERM U604, INRA USC2020

During infection pathogens subvert a variety of host cell functions to survive in body tissues and control immunity. A growing
number of studies indicate that various animal and plant pathogenic bacteria can deliver factors to the eukaryotic nucleus to
manipulate host defenses by directly interfering with transcription, chromatin-remodeling, RNA splicing or DNA replication and
repair. Such bacterial molecules entering the nucleus, termed "nucleomodulins", use diverse strategies to hijack nuclear
processes by targeting host DNA or an array of nuclear proteins. We will present one example in Listeria monocytogenes, an
intracellular bacterium that can control gene expression either indirectly, by activating signaling pathways in the cytosol of
infected cells, or directly by manipulating the chromatin-remodeling machinery in the nucleus. L. monocytogenes tightly controls
the secretion of a nucleomodulin, LntA, to manipulate the function of BAHD1, the core component of a novel
chromatin-silencing complex. The BAHD1 complex contains several proteins involved in heterochromatin formation, such as
heterochromatin protein 1 (HP1), Methyl-CpG-binding domain protein 1 (MBD1), histone deacetylases (HDAC1/2) and the
KRAB-associated protein 1 (KAP1/TRIM28). Listeria infection of epithelial cells triggers BAHD1-mediated repression of a set of
interferon-stimulated genes (ISG). When produced, LntA translocates to the nucleus and counteracts this repression. The
crystal structure of LntA and a mutational strategy identified critical residues in LntA involved in its interaction with BAHD1 and
biological effect on ISG. This work highlights a new mechanism used by a bacterium to control innate immune responses at the
chromatin level. Studying nucleomodulins provides insights into host-pathogens interactions and is an original approach to
discover regulators and target genes of chromatin-mediated epigenetic regulations.
[1] Bierne H, Cossart P. Cell Microbiol. 2012. 14(5):622-33. When bacteria target the nucleus: the emerging family of nucleomodulins.
[2]Lebreton A, Lakisic G, Job V, Fritsch L, Tham TN, Camejo A, Matteï PJ, Regnault B, Nahori MA, Cabanes D, Gautreau A, Ait-Si-Ali S,
Dessen A, Cossart P, Bierne H. Science. 2011. 11;331(6022):1319-21. A bacterial protein targets the BAHD1 chromatin complex to stimulate
type III interferon response.
[3] Bierne H, Tham TN, Batsche E, Dumay A, Leguillou M, Kernéis-Golsteyn S, Regnault B, Seeler JS, Muchardt C, Feunteun J, Cossart P.
Human BAHD1 promotes heterochromatic gene silencing. Proc Natl Acad Sci U S A. 2009. 106(33):13826-31.

Nucleomodulin LntA targets the nucleus of epithelial cells infected with L. monocytogenes.
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Structure of viral fusion glycoproteins: what can we learn from the rhabdoviruses?
Yves GAUDIN 1 , Eduard BAQUERO 1 , Aurélie ALBERTINI 1 , Cécile MÉRIGOUX 2 , Sonia LIBERSOU 1 ,
Karine MADIONA 3 , Linda BUONOCORE 4 , Stéphane ROCHE 1 , John K ROSE 4 , Ronald MELKI 3 , Jean LEPAULT 1 ,
Patrice VACHETTE 2
1 Centre de Recherche de Gif, Laboratoire de Virologie Moléculaire et Structurale, CNRS (UPR 3296), Avenue de la Terrasse, 91198, Gif sur
Yvette CEDEX, France.

2 Institut de Biochimie et Biophysique - Moléculaire et Cellulaire - Université de Paris-Sud 11, 91405, Orsay CEDEX, France.
3 Centre de Recherche de Gif, Laboratoire d'Enzymologie et de Biochimie Structurale, CNRS (UPR 3082), 91198, Gif sur Yvette CEDEX,
France.

4 Yale University School of Medicine, 310 Cedar St., New Haven, CT 06510, USA.

Entry of enveloped viruses requires fusion of viral and cellular membranes, driven by conformational changes of viral
glycoproteins. Crystal structures provide static pictures of pre- and post-fusion conformations of these proteins but the transition
pathway remains elusive. It is worth noting that for class I and class III fusion proteins, which are trimeric in both the initial and
final states, the topology of the conformational change at the viral surface precludes going from the pre-fusion to the post-fusion
counterpart without breaking the threefold symmetry, raising questions about the quaternary structure organization of the
intermediates. Here, using several biophysical techniques, including analytical ultracentrifugation, circular dichroïsm, electron
microscopy and small angle X-ray scattering, we have characterized the low-pH-induced structural transition of a soluble form
of vesicular stomatitis virus (VSV) glycoprotein G ectodomain (Gth, the fragment that was previously crystallized). While the
post-fusion trimer is the major species detected at low pH, the pre-fusion trimer is not detected in solution. Rather, at high pH,
Gth is a flexible monomer that explores a large conformational space. The monomeric population exhibits a marked
pH-dependence and adopts more elongated conformations when pH decreases. Solution studies are complemented by
electron micrographs of negatively stained viral particles in which monomeric ectodomains of G are observed at the viral
surface at both pH 7.5 and pH 6.7. All these data are consistent with a dissociation of VSV G trimers during the structural
transition. We have also determined two crystal structures corresponding to an early and a late intermediate during the
conformational change of the glycoprotein of Chandipura virus, another vesiculovirus responsible for deadly encephalopathies.
Comparison of these monomeric structures with trimeric pre- and post-fusion states of VSV G reveals several unexpected
features concerning the chronological order of the structural changes and offers a detailed pathway for the conformational
transition.
[1] Roche S, Bressanelli S, Rey FA, Gaudin Y. Crystal structure of the low-pH form of the vesicular stomatitis virus glycoprotein G. Science.
2006. 313: 187-91.
[2] Roche S, Rey FA, Gaudin Y, Bressanelli S. Structure of the prefusion form of the vesicular stomatitis virus glycoprotein G. Science. 2007.
315: 843-8.
[3] Libersou S, Albertini AA, Ouldali M, Maury V, Maheu C, Raux H, de Haas F, Roche S, Gaudin Y, Lepault J. Distinct structural
rearrangements of the VSV glycoprotein drive membrane fusion. J Cell Biol. 2010. 191: 199-210.
[4] Albertini A, Bressanelli S, Lepault J, Gaudin Y. Structure and working of viral fusion machinery. Curr Top Membr. 2011;68:49-80. Review.
[5] Albertini AA, Mérigoux C, Libersou S, Madiona K, Bressanelli S, Roche S, Lepault J, Melki R, Vachette P, Gaudin Y. Characterization of
monomeric intermediates during VSV glycoprotein structural transition. PLoS Pathog. 2012. 8: e1002556.

From molecular mechanisms to integrated life processes

Seminar abstracts
L 46

Molecular mechanisms of Streptococcus pneumoniae assembly
Lamya EL MORTAJI 1 , Carlos CONTRERAS-MARTEL 1 , Lucie BAYLE 1 , Thierry VERNET 1 , Andrea DESSEN 1 ,
Anne-Marie DI GUILMI 1
1 Institut de Biologie Moléculaire, Grenoble

Streptococcus pneumoniae causes most cases of pneumonia, otitis and meningitis in humans leading to the death of about 1.6
million people yearly. Despite vaccines and antibiotic treatments, combating pneumococcal diseases is hampered by the
replacement of vaccine serotypes and the dissemination of antibiotic resistant strains. Therefore, innovative therapeutic targets
and/or vaccine candidates must be identified and characterized such as the pili, an important virulence factor. The pilus
assembly process is common to all pilus-carrying Gram-positive bacteria and relies on the activity of the sortases enzymes that
catalyze the covalent association of pilin subunits. Despite characterization of the pilus architecture, the molecular assembly
mechanisms and the dynamics of this process still remain to be deciphered. We propose to address these questions by
combining structural biology, biochemistry, microbiology and electron microscopy approaches.
We have solved the crystal structures of the pilins RrgA and RrgB, which revealed interesting features regarding their
stabilization by novel covalent intramolecular Lys-Asn bonds and the mechanism of the major pilin RrgB polymerization [1,3]. In
vitro co-expression platform in E. coli allowed the identification of substrate specificities for each of the three sortases involved
in the pilus formation [2,3]. Some of the sortase-catalyzed covalent pilin complexes such as RrgB-RrgC and RrgA-RrgB have
been purified and characterized and structural studies are in progress. We could also isolate stable acyl-enzyme intermediate
forms, composed of a sortase covalently attached through the catalytic cysteine to a pilin substrate.
Finally, an in vivo co-expressing system in pneumococcal recipient cells is currently developed to reconstitute step-by-step the
pilus assembly.
[1] Izoré T., Contreras-Martel C., El-Mortaji L., Manzano C., Terrasse R., Vernet T., Di Guilmi A.M., Dessen A. (2010). Structure. 18(1), 106-115
[2] El Mortaji L., Terrasse R., Dessen A., Vernet T., Di Guilmi A.M. (2010) J Biol Chem. 285, 12405-12415
[3] El Mortaji L., Contreras-Martel C., Moschioni M., Ferlenghi I., Manzano C., Vernet T., Dessen A., Di Guilmi A.M. (2012a) Biochemical J. 441,
833-841.

From molecular mechanisms to integrated life processes

Seminar abstracts
L 47

Structure of a Bacterial Nanomachine: The Type 3 Secretion System Needle
Antoine LOQUET 1 , Nikolas SGOURAKIS 2 , Karin GILLER 1 , Rashmi GUPTA 3 , Jean-Philippe DEMERS 1 ,
Dietmar RIEDEL 1 , Christian GOOSMANN 4 , Christian GRIESINGER 1 , Michael KOLBE 3 , David BAKER 2 ,
Stefan BECKER 1 , Adam LANGE 1
1 Department of NMR-based Structural Biology, Max Planck Institute for Biophysical Chemistry, 37077 Göttingen, Germany
2 Department of Biochemistry, University of Washington, Seattle, WA 98195, USA
3 Department of Cellular Microbiology, Max Planck Institute for Infection Biology, 10117 Berlin, Germany
4 Core Facility Microscopy, Max Planck Institute for Infection Biology, 10117 Berlin, Germany
Protein filaments are macromolecular assemblies that play an essential role in many bacterial and cellular processes, notably in
bacterial virulence. Cryo-EM combined with crystal or solution NMR subunit structures has recently provided a powerful hybrid
approach to study such suprastructures, resulting in low- and medium-resolution models. However, such approaches can not
deliver atomic details, especially the crucial subunit-subunit interfaces, due to the limited cryo-EM resolution obtained in these
studies.
Here, we show that state-of-the-art solid-state NMR methodology [1-2] is able to reveal the supramolecular interfaces and
ultimately the complete atomic structure of a bacterial filament. Our approach is demonstrated on the Salmonella typhimurium
Type 3 Secretion System (T3SS) Needle, a filamentous assembly that mediates the injection of pathogen effector proteins to
the cytosol of host cells during bacterial infection. Using an integrated approach combining solid-state NMR, STEM, and
computational modeling, we present an atomic resolution model of the T3SS Needle [3] in its native filamentous state.
[1] Loquet et al., J. Am. Chem. Soc. 2010.
[2] Loquet et al., J. Am. Chem. Soc. 2011.
[3] Loquet et al., Nature 2012.
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The structure of Helicobacter pylori CagA and its interaction with β1 Integrin
Burcu KAPLAN-TÜRKÖZ 1 , Luisa F. JIMENEZ-SOTO 2 , Cyril DIAN 3 , Claudia ERTL 2 , Han REMAUT 4 ,
Arthur LOUCHE 1 , Tommaso TOSI 3 , Rainer HAAS 2 , Laurent TERRADOT 1
1 Centre National de la Recherche Scientifique-Ligue Contre le Cancer, ATIP Avenir Group, Institut de Biologie et Chimie des Protéines, Unité
Mixte de Recherche 5086, Université Lyon, Lyon F-69367, France

2 Max von Pettenkofer-Institut für Hygiene und Medizinische Mikrobiologie,Department of Bacteriology, Ludwig-Maximilians-Universität,
D-80336 München, Germany

3 Institut de Biologie Structurale J.P. Ebel, F-38027 Grenoble CEDEX, France
4 Structural Biology Brussels, Vrije Universiteit Brussels, 1050 Brussels, Belgium. Structural and Molecular Microbiology, Vlaams Instituut voor Biotechnologie (VIB) Department of Structural Biology, VIB, 1050 Brussels, Belgium

Helicobacter pylori strains that produce the virulence factor CagA are considered as the most virulent with increased risk of
development of gastric cancer. CagA is secreted from H. pylori via the type four-secretion system (T4SS). After translocation,
CagA localizes to the inner leaflet of plasma membrane, where it interacts with many host cell proteins and affects cellular
junctions, cell proliferation and actin-cytoskeletal rearrangements [1].
The integrin α5β1 was identified as a receptor for T4SS and CagA was shown bind β1 integrin. [2]. The exact molecular details
of CagA-β1 integrin interaction and the role of this in the translocation of CagA, if any, were not known. Here we present the
crystal structure of a 100 kDa N-terminal fragment of CagA and evidence of its direct involvement of its own translocation by
interacting with integrin β1 [3]. The structure of CagA combines four structurally different domains (D1 to D4) and represents a
novel fold. The very N-terminal domain D1 is very flexible and consists of helices and loops. The globular core is formed by an
extended single layer β-sheet (SLB) and two independent helical domains, which stabilize the SLB (D2). The C-terminus of the
structure folds into a four-helix helical bundle (D4). A long amphipathic helix (D3) connects the two domains and constitutes the
first helix of the helical bundle. This multidomain structure of CagA renders the protein capable of interacting with distinct
structural partners. We show that the SLB of CagA is the receptor-binding domain, as it specifically interacs with β1 integrin in
yeast two hybrid and in vivo competition assays. SLB inhibits CagA translocation in H. pylori cell-culture infection studies and
thus is sufficient and necessary for the interaction. Furthermore these data also show that CagA-β1 integrin interaction plays a
role in CagA translocation. Interestingly, the SLB of CagA is structurally similar to that of OspA, a protein used by Borrelia
burgdorferi to bind integrin αMβ2 [4] . Our results give structural insights on the first step of CagA translocation into host cells
and open the way for structural based drug design for efficient blocking of CagA translocation and gastric cancer.

[1] Backert, S., Tegtmeyer, N. and Selbach, M. (2010). The versatility of Helicobacter pylori CagA effector protein functions: The master key
hypothesis. Helicobacter 15, 163-76.
[2] Jimenez-Soto, L.F. et al. (2009). Helicobacter pylori type IV secretion apparatus exploits beta1 integrin in a novel RGD-independent manner.
PLoS Pathog 5, e1000684.
[3] Kaplan-Turkoz, B. et al. (2012). Structural insights into Helicobacter pylori oncoprotein CagA interaction with beta1 integrin. Proc Natl Acad
Sci U S A 109, 14640-5.
[4] Garcia, R.C., Murgia, R. and Cinco, M. (2005). Complement receptor 3 binds the Borrelia burgdorferi outer surface proteins OspA and OspB
in an iC3b-independent manner. Infect Immun 73, 6138-42.
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Structure and functional analysis of the RNA- and phosphoprotein-binding domain of the
respiratory syncytial virus transcription co-factor M2-1
Marie-Lise BLONDOT 2 , Safa LASSOUED 2 , Virginie DUBOSCLARD 2 , Jenna FIX 2 , François BONTEMS 1 ,
Jean-François ELEOUET 2 , Christina SIZUN 1
1 Institut de Chimie des Substances Naturelles, CNRS UPR 2301, avenue de la Terrasse, 91190 Gif-sur-Yvette, France
2 Virologie et Immunologie Moléculaires, INRA UR 892, Domaine de Vilvert, 78350 Jouy-en-Josas, France

Premature termination of transcription by the RNA-dependent RNA polymerase (RdRp) complex of respiratory syncytial virus
(RSV) is prevented by the M2-1 protein, a modular RNA-binding protein that also interacts with the viral phosphoprotein (P), the
main RdRp cofactor in RSV. Using NMR, we solved the 3D structure of the domain responsible for P- and RNA-binding,
M2-1[58-177], and identified the residues of M2-1 located at the interfaces. We found that they are in close proximity,
accounting for competitive binding previously observed in vitro. Based on the NMR interaction data, point mutations were
designed
1) to assess the binding properties to P and RNA in vitro,
2) to probe the functional implications of these mutations for the transcription activity of the RSV RdRp by a minigenome
system and
3) to localize full-length M2-1 in cells containing cytoplasmic inclusions formed by RSV-P and the nucleoprotein, since these
inclusion bodies have been postulated to be sites of viral RNA synthesis by analogy with rhabdoviruses.
Our results suggest that both binding to RNA and to P is critical for the transcriptional antitermination function of M2-1, but that
the two can be uncoupled. Moreover, whereas the role of the interaction with P seems to be primarily to recruit M2-1 to the
nucleocapsid, we have shown by NMR that M2-1[58-177] preferentially binds A-rich RNA sequences, indicating that M2-1 might
stabilize the transcription complex by association with the 3' ends of mRNA transcripts rather than with genomic RNA. Finally
we have shown that the M2-1 core domain is structurally homologous to the functionally similar C-terminal domain of Ebola
virus VP30 despite low sequence identity. This adds a new piece of evidence to the phylogenetic proximity of pneumoviruses
and filoviruses that is also reflected in a similar domain organization with an N-terminal zinc finger followed by an
oligomerization domain and a globular C-terminal domain. Structural investigation of these domains in RSV is presently carried
out with the aim of understanding the involvement of M2-1 in a more complex interaction network comprising still other viral
protein partners like the RSV matrix protein.
[1] Tran TL, Castagne N, Dubosclard V, Noinville S, Koch E, Moudjou M, Henry C,Bernard J, Yeo RP & Eleouet JF. J Virol 83(13) pp 6363-74
(2009)
[2] Blondot ML, Dubosclard V, Fix J, Lassoued S, Aumont-Nicaise M, Bontems F, Eleouet JF & Sizun C. PLoS Pathog 8(5):e1002734 (2012)

Cellular localization of M2-1 mutants impaired for P- or RNA-binding by immunofluorescence microscopy
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About the contribution of Alan Turing to biology
Gilles CHARVIN 1
1 IGBMC - 1, rue Laurent Fries, 67400, Illkirch - France

Alan Turing worked from 1952 until his death in 1954 on mathematical biology, specifically morphogenesis. He published one
paper on the subject called The Chemical Basis of Morphogenesis in 1952, putting forth the Turing hypothesis of pattern
formation. His central interest in the field was understanding Fibonacci phyllotaxis, the existence of Fibonacci numbers in plant
structures. He used reaction-diffusion equations which are central to the field of pattern formation. Later papers went
unpublished until 1992 when Collected Works of A.M. Turing was published. His contribution is considered a seminal piece of
work in this field.
From Wikipedia, the free encyclopedia

A complete and working replica of a bombe at the National Codes Centre at Bletchley Park
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Brain development needs sugar: A view on the role of (poly)sialo-glycotopes
Rita GERARDY-SCHAHN 1
1 Institute of Cellular Chemistry, Hannover Medical School, Hannover, Germany - -

The homopolymer of alpha-2,8-linked polysialic acid (polySia) provides a unique posttranslational modification predominantly
added to the neural cell adhesion molecule, NCAM. Using genetic mouse models with altered polySia expression, we
demonstrated that polySia exerts an essential function for creating cellular plasticity during mouse ontogeny. Null mutations in
the two polysialyltransferases leading to complete absence of polySia confer a lethal phenotype with specific defects of major
brain fibre tracts. The phenotype is rescued by additional deletion of NCAM, thus demonstrating that the major function of
polySia is to fine tune NCAM interactions during formation of neural connectivity.
More recently, a second enzyme in the sialylation pathway ST3Gal-III (β-galactoside-α2,3-sialyltransferase-III) has been
implicated in human brain development and the acquisition of higher cognitive functions. Whole genome analyses were carried
out in consanguineous families with members exhibiting either mild non-syndromic autosomal recessive intellectual disability or
severe age-dependent epileptic encephalopathic syndrome (West Syndrom). In both studies ST3GAL3 was found to be point
mutated. Independent on the phenotypic manifestation, mutations observed in ST3Gal-III caused functional loss of the protein
in cell- and biochemical test systems. The implication that (poly)sialoglycotopes have in brain development and function will be
discussed in the forthcoming meeting.
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Unraveling and modulating the action of assembly chaperones
Françoise OCHSENBEIN 1
1 CEA Saclay, IBITEC-S, UMR 8221, 91191 Gif sur Yvette CEDEX

Molecular chaperones have been traditionally thought to assist the folding of newly synthesized and stress-denatured
polypeptide chains. Recent works revealed the existence of specific molecular chaperones favoring the assembly of folded
subunits into large molecular complexes. Dedicated chaperones were discovered regulating the assembly of the nucleosome
and the proteasome [1]. Assembly chaperones associate with one or a few subunits, promote their integration but do not belong
themselves to the final complex. They are not only supposed to control the specific recognition between subunits, but also to
play a role in synchronizing the assembly steps and in preventing cytotoxic aggregates.
Using an integrated approach combining NMR, crystallography, ITC, biochemistry and genetics, we unraveled the molecular
action mode of two major chaperones, the proteasome chaperone Hsm3 (High Spontaneous Mutability 3) [2] and the histone
chaperone Asf1 (Anti-Silencing Function 1) [3-6].
We show that Hsm3
- act as a match maker stabilizing an important assembly sub-complex of the proteasome and
- prevents its premature association with the catalytic core.
In contrast, the histone chaperone Asf1 (Anti-Silencing Function 1) acts as a buffer for free histones and favor their interactions
with various chromatin associated factors, thus regulating histone assembly and post-transcriptional modifications of histones in
different DNA metabolisms: DNA replication, transcription and repair. The central function of the Asf1 chaperone opens
appealing perspectives for the development of promising anti-cancer drugs targeting its interaction with histones.
[1] Ellis TIBS 2006, 31, 394-401
[2] Barrault et al. Ochsenbein, PNAS 2012, 109, E1001-10
[3] Jiao et al. Ochsenbein, PNAS 2012, 109, 2866-71
[4] Agez et al. Ochsenbein Structure 2007, 15, 191-199
[5] Mousson, Ochsenbein, Mann, Chromosoma 2007, 116, 79-93
[6] Mousson et al. Ochsenbein, PNAS 2005, 102, 5975-5980
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Cellular iron homeostasis in leukemia: experimental and modeling approaches
Emmanuel POURCELOT 1 , Nicolas MOBILIA 3 , Alexandre DONZE 4 , Fiona LOUIS 2 , Oded MALER 5 , Pascal MOSSUZ 1 ,
Eric FANCHON 3 , Jean-Marc MOULIS 2
1 Laboratoire d'Hématologie, Institut de Biologie et Pathologie, CHU Albert Michallon, TIMC-Imag, Equipe TheREx,CNRS-UJF UMR 5525,
38043 Grenoble - France

2
3
4
5

Institut de Recherches en Technologies et Sciences pour le Vivant, CEA, CNRS-UJF UMR 4952, 38054 Grenoble - France
TIMC-Imag,Equipe BCM, CNRS-UJF UMR 5525, 38043 Grenoble - France
EECS Department, University of California Berkeley, CA 94720 Berkeley - USA
VERIMAG - UJF, UMR 5104, 38610 Gières - France

Introduction and aim:
Use of iron resources and variations of the redox balance are processes involved in cell proliferation and differentiation. They
participate to normal hematopoiesis and their disturbance may have an oncogenic role. Hematological neoplasia such as acute
myeloid leukemia (AML) provide clinical evidence of this link between iron regulation, handling of redox active components, and
malignancy, yet, it is not clear how changes of these parameters may favor proliferation of leukemic clones detrimental to
differentiation [1]. Iron and redox homeostasis are grounded on a series of molecular events belonging to several metabolic and
regulatory networks. Our project aims at describing the complex interactions among the networks influencing iron and redox
homeostasis in leukemic cells with new integrated data and modeling tools, to provide a global view of the functional
differences between normal and pathological hematopoiesis.
Results:
As a starting point for the purpose, the core network of cellular iron regulation, organized around the Iron Regulatory Proteins
(IRP), has been characterized by a combination of gene expression data and measurements of regulatory efficiency toward
most mRNA targets of this system in the KG1 and K562 cell lines. Interestingly, these two different leukemic models display
similar transcriptomic profiles and in cellulo regulatory efficiency of the IRP, which implies that maturation-impeded proliferating
cells share a common biological background for the systems under consideration. Hence, the most salient molecular
components of the cellular models have been combined in a generic theoretical model in which relevant parameters were
formalized from available knowledge. From the starting steady state, optimized with the interval solver RealPaver [2] and
corresponding to proliferating cells, the cellular dynamic response to iron deprivation, which was previously shown to contribute
to differentiation in some AML, has been studied [3].The evolution of the targets of the IRP system has been monitored, and the
relevant parameter region has been identified in the theoretical model through a temporal logic formalism using the Breach
software [4]. New properties of the models of hematopoietic cells have been evidenced [3].
Conclusion and perspectives:
The core system of cellular iron homeostasis has been further characterized and modeled for the first time in two models of
leukemic cells. The implemented approach has already shown its potential to reveal unknown behaviors of these cells; it will be
used to generate more realistic and complex models of hematopoietic cells which will be validated with data obtained on
primary cells.
[1] Abdel-Wahab O. and Levine R. L., Metabolism and the leukemic stem cell. JEM, 2010; 207:677-680.
[2] Granvilliers L. and Benhamou E., Algorithm 852: RealPaver: an interval solver using constraint satisfaction techniques. ACM Transactions
on Mathematical Software, 2006; 32(1): 138-156.
[3] Mobilia N., Donzé A., Moulis J.M. and Fanchon E., A model of the cellular iron homeostasis network using semi-formal methods for
parameter space exploration. EPTCS 2012; 92: 42-47. http://dx.doi.org/10.4204/EPTCS.92.4
[4] Donzé A., Fanchon E., Gattepaille L.M. and al., Robustness Analysis and Behavior Discrimination in Enzymatic Reaction Networks. PLoS
ONE, 2011; 6(9): e24246.
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Temporal control of Vitamin D receptor [VDR] mediated signaling in mice expressing a
structure-based point-mutated VDR
Tiphaine HUET 1 , Laverny GILLES 1 , Fabrice CIESIELSKI 1 , Ferdinand MOLNAR 1 , Daniel METZGER 1 , Dino MORAS 1 ,
Natacha ROCHEL 1
1 IGBMC - 1,rue Laurent Fries - BP 10412 - 67404 Illkirch CEDEX

Vitamin D Nuclear Receptor (VDR) exerts pleiotropic effects through binding to its cognate ligand calcitriol, the active form of
Vitamin D (VitD). As calcitriol-induced therapeutical benefits are restricted by its hypercalcemic activity, a large number of VitD
analogs were synthesized, but their residual calcemic activity limits their use. To provide further insight into VitD signaling, we
generated, based on structural data, a point mutated VDR (hVDRLeu309His, VDRgem) that does not bind calcitriol at
physiological concentrations, but is selectively activated by synthetic calcitriol analogs of the gemini ligand family. Crystal
structures of VDRgem unveil the molecular mechanism of ligand discrimination. Moreover, mutant mice expressing VDRgem
exhibit typical features of VitD and VDR deficiency. Gemini ligands, but not calcitriol, induce VDRgem transcriptional activity
and normalize their serum calcium levels. Temporal control of VDR-mediated signaling in this mouse model opens new
avenues to decipher VitD signaling pathways in vivo, and thus to identify VitD analogs with reduced calcemic effect and
cell/promoter selectivity.

From molecular mechanisms to integrated life processes

Seminar abstracts
L 55

Recognition mechanism between a molybdoenzyme and its dedicated chaperone revealed by
EPR spectroscopy and ion mobility mass spectrometry
Valérie BELLE 1 , Magali LORENZI 1 , Elisabetta MILEO 1 , Guillaume GERBAUD 1 , Léa SYLVI 2 , Frédéric HALGAND 3 ,
Axel MAGALON 2 , Bruno GUIGLIARELLI 1
1 Laboratoire de Bioénergétique et Ingénierie des Protéines, CNRS and Aix-Marseille Univ. UMR7281, Marseille
2 Laboratoire de Chimie Bactérienne, CNRS and Aix-Marseille Univ. UMR7283, Marseille
3 Plate-forme Protéomique Biogenouest, IRSET - Inserm U1085, Rennes

Molecular recognition mechanisms between proteins are essential in many biological processes. These mechanisms are
associated to the dynamics of proteins consisting in their abilities to undergo structural changes. In this context, we are
interested in chaperone proteins dedicated to the folding and assembly of metalloproteins. NarJ from E. coli was taken as a
model of such dedicated chaperone, being involved in the biogenesis of the membrane-bound nitrate reductase complex
NarGHI, a molybdenum-iron containing metalloprotein. NarJ coordinates several maturation events interacting at two different
sites of the catalytic subunit NarG [1]: at its N-terminus to prevent membrane anchoring of an immature complex and at a
second site to control sequential insertion of both an iron-sulfur cluster and the molybdenum cofactor [2,3]. Previous NMR
studies focussed on the association of NarJ with the N-terminus of NarG did not provide a detailed picture of the
conformational dynamics while revealing the existence a global flexibility of the chaperone [4].
In order to go further in the structural description of NarJ chaperone upon binding the N-terminus of the NarG metalloprotein
partner, the combination of two techniques ie site-directed spin labeling followed by EPR spectroscopy and ion mobility mass
spectrometry was used. By the study of singly spin-labeled proteins, the location of the binding site as a conserved elongated
hydrophobic groove was clearly identified. Moreover, doubly spin-labeled proteins studied by pulsed double electron-electron
resonance (DEER) techniques revealed a large and composite distribution of inter-label distances that evolves into a single
preexisting one upon complex formation. Additionally, ion mobility mass spectrometry experiments fully support these findings
by revealing the existence of several conformers in equilibrium through the distinction of different drift time curves and the
selection of one of them upon complex formation.
Taken together these results provide further evidence for structural flexibility of a dedicated chaperone and suggest that the
recognition mechanism and binding to metalloproteins is governed by a conformational selection mechanism.

[1] A. Vergnes, J. Pommier, R. Toci, F. Blasco, G. Giordano, A. Magalon, J. Biol. Chem. 2006; 281, 2170.
[2] P. Lanciano, A. Savoyant, S. Grimaldi, A. Magalon, B. Guigliarelli, P. Bertrand, J Phys Chem B. 2007; 111, 13632.
[3] P. Lanciano, A. Vergnes, S. Grimaldi, B. Guigliarelli, A. Magalon, J Biol Chem. 2007; 282, 17468. [4] S. Zakian, D. Lafitte, A. Vergnes, C.
Pimentel, C. Sebban-Kreuzer, et al. FEBS J. 2010; 277, 1886.

Inter-label distance measurements from DEER experiments

From molecular mechanisms to integrated life processes

Seminar abstracts
L 56

Structure and modes of action of a new lantibiotic peptide on bacterial membrane models: an
approach with nuclear magnetic spectroscopies and optical imageries
Benoît ODAERT 1 , Jeannot TOUPE 1 , Ahmed BOUHSS 4 , Philippe BRESSOLLIER 2 , Jean-Marie SCHMITTER 3 ,
Jacques GALLAY 4 , Maria URDACI 2 , Erick DUFOURC 1
1 Institut de Chimie et de Biologie des Membranes et Nanoobjets (CBMN), UMR 5248, Bâtiment 14 bis, CNRS - Université de Bordeaux 1 Institut Polytechnique de Bordeaux, allée Saint-Hilaire, 33600 Pessac, France.
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5

Ecole Nationale d'Ingénieurs des Travaux Agricoles (ENITA) de Bordeaux, 1 cours du général de Gaulle, 33175 Gradignan, France.
Centre de Génomique Fonctionnelle de Bordeaux (CGFB), Université de Bordeaux II Ségalen, 146 rue Léo Saignat, 33076 Bordeaux, France.
Institut de Biochimie et Biophysique Moléculaire et Cellulaire (IBBMC), UMR 8619 CNRS, Université Paris-Sud 11, Orsay, France.
The Institute of Biomembranes (IB), Bijvoet Center for Biomolecular Research, Faculty of Science, Utrecht University, Padualaan, Utrecht, The
Netherlands.

The emergence of "super-bacteria" ultra-resistant to antibiotics urges us to find new drugs for combating the coming-back of
infectious diseases. Natural AntiMicrobial Peptides (AMPs) may constitute templates for rational drug design.
We study Clausin, a recently discovered peptide produced by Bacillus Clausii, highly active against Staphylococcus Aureus. By
combining Mass and NMR spectroscopies, we showed that Clausin is a new lantibiotic, partly homolog to Nisin which is known
to block bacterial cell wall formation through binding to bactoprenol lipids [1]. Fluorescence with dansylated-Lipid II (LII) and ITC
with Undecaprenyl PyroPhosphate (UPP) showed sub-nanomolar stoichiometric complex formation with Clausin [2].
We have elucidated the NMR structure of Clausin in several membrane mimicking media. Solid State NMR spectroscopy with
bacterial mimicking membrane models showed slight change of the dynamics for the polar head group (31P), but none for the
core (2H). Therefore, Clausin adsorbs by itself to the membrane surface due to its hydrophobic nature.
Solid State NMR spectroscopy showed a drastic ordering for the membrane core (2H) with bactoprenol UPP in the presence of
Clausin, suggesting cluster formation due to peptide insertion. Ellipsometry microscopy imaging allowed us to confirm this
hypothesis. Epifluorescence with dansylated-LII allowed us to see fiber formation of the bactoprenol lipids in the presence of
Clausin. These results support the view that short lantibiotics block cell division by sequestering bactoprenol lipids through
peptide-lipid domain formation [3].
[1] Chatterje C, Van der Donk, WA. (2005). Chem. Rev., 105,633-683.
[2] Bouhss A, Al-Dabbagh B, Vincent M, Odaert B, Aumont-Nicaire M, Bressollier P, Desmadril M, Mengin-Lecreulx D, Urdaci MC, Gallay J
(2009). Biophys J, 97, 1-8.
[3] Hasper HE, Kramer NE, Smith JL, Hillman JD, Zachariah C, Kuipers OP, de Kruijf B, Breukink, E. (2006). Science, 313, 1636-37.

Summary of the different action modes of the lantibiotic peptide Clausin through binding to bactoprenol lipids (LII, UPP)

From molecular mechanisms to integrated life processes

Seminar abstracts
L 57

AFSI : Association pour les Femmes en Science et en Ingénierie
María-Luz CARDENAS 1
1 --- Coordinatrice de l'AFSI --- Biooénergétique et Ingénierie des Protéines - Institut de Microbiologie de la Méditerranée, 31, Chemin
Joseph-Aiguier - 13402 Marseille CEDEX 20

Progressivement, dans les deux dernières décennies une prise de conscience des institutions politiques et scientifiques a
émergé sur la faible présence de femmes dans des postes à haute responsabilité et de prise de décisions en science. Ainsi,
pour attirer l'attention sur ce fait, aux Etats-Unis en 1999 un Rapport du MIT (Massachusetts Institute of Technology) a été
publié, et il a été suivi par le Rapport ETAN (disponible comme fichier PDF) de la Commission Européenne dans l'année 2000,
et puis par plusieurs autres (voir section rapports). Dans ces rapports, on peut trouver des données de la faible représentation
des femmes dans le monde académique, et des analyses sur des critères scientifiques des possibles causes de cette
exclusion, ainsi que les possibles mesures politiques qui pourraient corriger et prévenir le problème.
Au niveau du domaine scientifique de la SFBBM, des organisations comme EMBO et FEBS se sont déjà intéressées au
problème et elles ont agi. Ainsi en 2001 FEBS a crée un groupe de Travail "WISE" (Women in Science), dont sa "Chair" fait
partie du Comité Exécutif de la FEBS. Son objectif est de faciliter la prise de conscience du problème, et d'encourager la
promotion de l'égalité des sexes en science dans les actions des Sociétés qui font partie de la FEBS, et dans les institutions
académiques des pays représentés. Dans cet esprit la SFBBM a instauré comme Axe Transversal depuis 2010 l'AFSI
(Association pour les Femmes en Science et en Ingénierie), un groupe de réflexion qui a pour objet de promouvoir la pleine
intégration des femmes dans la recherche et la vie académique, comme présenté dans Regard sur la biochimie (No de
Décembre 2010, page 2, colonne droite) : fichier PDF : voir la page 2.
L'AFSI est destinée à contribuer au débat, au niveau européen, et aider à identifier et promouvoir de jeunes femmes
scientifiques de grande qualité. Une des raisons pour lesquelles les femmes sont souvent reléguées à un deuxième plan est
qu'elles ont des difficultés à faire partie des réseaux d'influence. L'AFSI pourrait contribuer à mettre en place ce type de réseau.
Un système de recherche qui veut Ãªtre compétitif ne peut pas ignorer les femmes.
SUGGESTION aux Organisateurs de Réunions Scientifiques : si vous êtes à la recherche des femmes conférencières
brillantes contacter des membres de l'AFSI pour obtenir des suggestions de noms.
Site Web : http://bip.cnrs-mrs.fr/bip10/afsi.html
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Origin of variability in cell fate in single aging yeast cells
Steffen FEHRMANN 1 , Camille PAOLETTI 1 , Youlian GOULEV 1 , Grégory APOU 1 , Andrei UNGUREANU 1 ,
Hugo AGUILANIU 2 , Gilles CHARVIN 1
1 IGBMC - 1, rue Laurent Fries, 67400, Illkirch - France
2 LBMC, ENS Lyon - 46, Allée d'Italie, 69364 Lyon CEDEX 07

Budding yeast has a limited replicative lifespan, i.e. single mother cells can undergo a limited number of divisions before dying.
Over the last twenty years, some fundamental mechanisms controlling longevity in yeast were shown to play similar roles in
higher eukaryotes. Therefore, yeast has emerged as a widely used model to study the determinism of cellular senescence.
A striking feature of survival assays in yeast is the large variability observed in the age of death in an isogenic population. It is
very unclear whether this variability is due to the large number of potentially deleterious factors arising upon aging, or
alternatively reflects the intrinsically stochastic nature of the process that governs the transition to cell senescence.
To address this question, we have developed a microfluidics-based single assay to monitor the successive divisions of single
dividing yeast cells from birth to death under the microscope. Using this device, we have observed that aging cells experience
aberrant cell division cycles, suggesting a global loss in cell cycle control. Based on quantitative analysis of fluorescent
markers, we have identified several scenarios leading to cell death. Our data reveal that a large fraction of cells loose
mitochondrial DNA long before dying, followed by an upregulation of the stress response machinery. Overall, our single cell
approach suggest that aging, rather than being a gradual process, may occur through a sequence of discrete stochastic steps.
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Annexin-A5 two-dimensional arrays promote cell membrane repair
Anthony BOUTER 1 , Nicolas ARRAUD 1 , Céline GOUNOU 1 , Yali WAN 1 , Alain BRISSON 1
1 Group Molecular Imaging and NanoBioTechnology, UMR-CNRS 5248, University of Bordeaux, Allée Geoffroy Saint-Hilaire, 33600 Pessac,
France

Eukaryotic cells possess an universal repair machinery that ensures rapid resealing of plasma membrane disruptions [1].
Normal cells are able to repair these ruptures rapidly, while failure to membrane resealing leads to cell death and may
contribute to the development of degenerative diseases, such as muscular dystrophies. According to current models of cell
membrane repair, membrane resealing is an active process that requires extracellular Ca2+, intracellular vesicles and a step of
Ca2+-dependent exocytosis [2,3]. Besides Ca2+ and cytoplasmic vesicles, other components of the repair machinery start being
identified [4], yet the exact mechanism remains to be elucidated.
Annexin-A5 (AnxA5) is the prototype member of the annexin proteins superfamily, which share the properties of binding to
negatively charged phospholipids in the presence of Ca2+ ions [5]. AnxA5 is unique in its properties of 2D assembly into 2D
ordered arrays on lipid membranes upon Ca2+ activation, as demonstrated by electron crystallography and AFM of
membrane-bound 2D crystals [6-8]. We investigated whether AnxA5 and its 2D arrays played a role in membrane repair by
comparing the responses to membrane injury of AnxA5-expressing and AnxA5-deficient perivascular cells. We found that
AnxA5 facilitates membrane repair, while AnxA5 mutants that lack the ability of forming 2D arrays were unable to promote
membrane repair [9]. In conclusion, AnxA5 promotes membrane repair through the formation of ordered 2D arrays at the sites
of membrane rupture.
[1] McNeil, P.L. & Steinhardt, R.A. Annu. Rev. Cell Dev. Biol 19, 697-731 (2003).
[2] Steinhardt, R.A., Bi, G. & Alderton, J.M. Science 263, 390-393 (1994).
[3] Bi, G.Q., Alderton, J.M. & Steinhardt, R.A. J. Cell Biol 131, 1747-1758 (1995).
[4] Bansal, D. et al. Nature 423, 168-172 (2003).
[5] Gerke, V., Creutz, C.E. & Moss, S.E. Nat. Rev. Mol. Cell Biol 6, 449-461 (2005).
[6] F. Oling, W. Bergsma-Schutter & A. Brisson. J. Struct. Biol. 133, 55-63 (2001).
[7] Reviakine, I., Bergsma-Schutter & Brisson, A. J. Struct. Biol 121, 356-361 (1998).
[8] Tait, J.F., Gibson, D.F. & Smith, C. Anal. Biochem 329, 112-119 (2004).
[9] Bouter, A. et al. Nature Communications DOI 10.1038/ncomms1270 (2011).

From molecular mechanisms to integrated life processes

Seminar abstracts
L 60

Femtosecond fluorescence spectroscopic studies of nucleic acid excited state dynamics
Thomas GUSTAVSSON 1 , Akos BANYASZ 1 , Ignacio VAYA 1 , Roberto IMPROTA 2 , Dimitra MARKOVITSI 1
1 Laboratoire Francis Perrin, CEA/DSM/IRAMIS/SPAM - CNRS URA 2453 - CEA/Saclay, 91191 Gif-sur-Yvette - France
2 Istituto Biostrutture e Bioimmagini-CNR Via Mezzocannone 16, I-80134 Napoli - Italy
In textbooks, DNA is characterized as "non-fluorescent" at room-temperature, but this is only the consequence of extremely
efficient non-radiative deactivation channels affecting the directly photo-excited state. In spite of these quenching processes,
absorption of ultraviolet light by DNA is known to trigger chemical reactions eventually leading to carcinogenic mutations. For
this reason it is crucial to understand the nature of the photo-excited states in DNA as well as the non-radiative processes
involved in the fluorescence quenching. To this aim, we have developed a fluorescence spectrometer based on the
upconversion technique providing a time-resolution of about 100 femtoseconds. With this apparatus we have performed a
series of systematic studies of the monomeric DNA/RNA bases as well as model helices having a well-defined sequence and
base number.
The natural DNA/RNA bases are characterized by fluorescence lifetimes shorter than 1 ps, which they can be strongly
modulated by chemical substitution of the base and by the solvent[1]. In the light of high-level quantum chemistry calculations
these new/our experimental data have led to the picture that the fluorescent and the ground states are coupled via conical
intersections allowing a rapid return of the excited state population to the ground state. Typical fluorescence decays of the
chemically altered base 5-fluorouracil in CH3CN, PrOH and H2O are shown in the figure below (left).
In the helices, the situation is more complex and a wide distribution of fluorescence lifetimes is observed, depending on the size
and the sequence[2]. Excitation energy transfer, involving Franck-Condon excited states delocalized over several bases, takes
place on the femtosecond time-scale, while contributions from long-lived weakly emitting states extend to much longer
timescales. Typical fluorescence decays of three model helices; (dGdC)n*(dGdC)n, (dAdT)n*(dAdT)n and (dA)n*(dT)n; in
aqueous buffer solution are shown in the figure below (right).
[1] T. Gustavsson, et al., J. Phys. Chem. Letts., 1 (2010) 2025.
[2] D. Markovitsi, et al., J. Phys. Chem. Letts., 1 (2010) 3271.

Fluorescence decays recorded at 330 nm after excitation at 267 nm
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Dynamics of a bacterial multidrug ABC transporter in the inward and outward facing
conformations
Shahid MEHMOOD 1 , Carmen DOMENE 2 , Jean-Michel JAULT 1 , Eric FOREST 1
1 Institut de Biologie Structurale, CEA, CNRS, Université Joseph Fourier, Grenoble, France
2 Department of Chemistry, University of Oxford, United Kingdom

To shed light on structural modifications that might occur during the mechanism of ABC transporters, we used a
hydrogen/deuterium exchange (HDX) approach coupled to mass spectrometry (MS). We revealed how different domains and
sub-domains of an ABC transporter are affected in the resting versus the closed states.
HDX has been widely used on soluble proteins to probe the accessibility of backbone amides, thus highlighting secondary
structure modifications at the peptide level1. It involves incubation in a deuterated buffer of a protein in different forms or in
presence and absence of its partner, to exchange some amide hydrogens with deuterium. After trapping the exchanged
deuteriums and proteolysis of the protein, the mass of the different peptides are measured using MS. For membrane proteins,
this approach is only beginning to emerge, but its usefulness has been demonstrated, e.g. to pinpoint the conformational
changes associated with the binding of ligands, agonists or antagonists, to the beta-2-adrenergic receptor GPCR2. Given the
importance of membrane proteins in the living world (i.e. one-third of proteins in each organism and about two-thirds of current
medical targets), our results emphasize the benefit of using HDX to address fundamental issues about the functioning of these
proteins in general.
Here, it gave us access to the dynamics of BmrA, a bacterial multidrug ABC transporter homologous to two related bacterial
transporters, MsbA and Sav1866, and to the murine P-glycoprotein. The results obtained extend our vision of the functioning
mechanism of ABC exporters, and complement the snapshots of the catalytic cycle acquired from high-resolution
three-dimensional structures. In particular, it showed for the first time that the two intracellular domains (ICDs) of BmrA behave
quite differently depending on the conformational state considered. As opposed to the closed state, ICD2 and to a lower extent
ICD1 become highly exchangeable in the resting state. Therefore, this reveals a much greater flexibility of these two
sub-domains than what was foreseen from the known three-dimensional structures of related ABC transporters3.

[1] Engen, J. R. (2009). Analysis of Protein Conformation and Dynamics by Hydrogen/Deuterium Exchange MS. Anal. Chem. 81, 7870-7875.
[2] West, G. M., Chien, E. Y. T., Katritch, V., Gatchalian, J., Chalmers, M. J., Stevens, R. C. & Griffin, P. R. (2011). Ligand-Dependent
Perturbation of the Conformational Ensemble for the GPCR beta(2) Adrenergic Receptor Revealed by HDX. Structure 19, 1424-1432.
[3] Mehmood, S., Domene, C., Forest, E. & Jault, J.-M. (2012). Dynamics of a bacterial multidrug ABC transporter in the inward and outward
facing conformations. Proc. Natl. Acad. Sci. USA 109, 10832-10836.

HDX of peptides using BmrA 3-D models in the open conformation (left side) or in the closed conformation (right side).
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Structural Roles of the Procollagen C-propeptides in Health and Disease
Jean-Marie BOURHIS 1 , Sandrine VADON-LE GOFF 1 , Natacha MARIANO 1 , Hassnae AFRACHE 1 , Yuguang ZHAO 2 ,
Karl HARLOS 2 , Jean-Yves EXPOSITO 1 , Nicole THIELENS 3 , Yvonne JONES 2 , Catherine MOALI 1 ,
Nushin AGHAJARI 4 , David HULMES 1
1 IBCP FRE3310, CNRS/University of Lyon 1, Lyon, France
2 Wellcome Trust Centre for Human Genetics, University of Oxford, UK
3 Institut de Biologie Structurale, UMR 5075 CNRS-CEA-Université Joseph Fourier , Grenoble, France
4 IBCP UMR5086, CNRS/University of Lyon 1, Lyon, France

The C-propeptides of fibrillar procollagens play crucial roles in tissue homeostasis and remodeling by controlling both the
intracellular assembly of procollagen molecules and the extracellular assembly of collagen fibrils. Mutations in the
C-propeptides affecting intracellular molecular assembly are associated with several, often lethal, genetic disorders affecting
bone, cartilage, blood vessels and skin. In addition, proteolytic cleavage of the C-propeptides, generally carried out by the
BMP-1/tolloid-like proteinases (BTPs), is the rate limiting step in extracellular fibril assembly. Excess fibril deposition is
associated with several different types of fibrosis, leading causes of mortality and morbidity worldwide. Here we report the first
crystal structure of a C-propeptide domain, from human procollagen III. The trimeric form has the overall shape of a flower,
consisting of a stalk, a base and three petals. The structure reveals an exquisite structural mechanism by which different
genetic types of procollagen form trimeric molecules each with the correct chain composition. It also gives insights into the why
some types of procollagen are homotrimers while others are heterotrimers. In addition, when mapped on to the structure, the
data show striking correlations between the sites of numerous disease-related missense mutations in different C-propeptide
domains and the degree of phenotype severity. Concerning the role of the C-propeptides in fibril formation, procollagen
C-proteinase enhancers (PCPEs) are extracellular proteins that specifically increase the activity of BTPs, by up to 20-fold,
during C-terminal processing of fibrillar procollagens. While the detailed mechanism of action of PCPEs remains to be
elucidated, this is known to require strong binding of PCPEs to procollagen. We have recently shown that PCPE-1 binds
exclusively, via its CUB1CUB2 region, to the procollagen III C-propeptide region (CPIII). We also report here the low-resolution
structure of the CPIII/CUB1CUB2 complex, determined by small angle X-ray scattering, showing CUB1CUB2 to bind to the
stalk/base region of CPIII. Together with site-directed mutagenesis and kinetic analysis, these data give the first detailed
insights into how PCPEs bind the procollagen molecule and activate BTPs. The results have broad implications for the
understanding of genetic disorders of connective tissues and also for new therapeutic approaches against fibrosis.
Vadon-Le Goff, S. et al (2011), J. Biol. Chem. 286, 38932-38938. Bourhis, J.M. et al (2012) Nature Struct. Mol. Biol., in press

Three-dimensional structure of the trimeric form of the C-propeptides of human procollagen. Each of the three strands is
represented in a different colour. © Bourhis et al. This image is available at the CNRS photothèque
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Thermodynamics of HIV-1 Reverse Transcriptase in action discloses the mechanism of action
of non-nucleoside inhibitors
Guillaume BEC 1 , Benoit MEYER 1 , Jessica STEGER 2 , Philippe WOLFF 1 , Dominique BURNOUF 1 , Ronald MICURA 2 ,
Philippe DUMAS 1 , Eric ENNIFAR 1
1 Architecture et Réactivité des ARN, CNRS/Université de Strasbourg, Institut de Biologie Moléculaire et Cellulaire, 15 rue René Descartes,
67084 Strasbourg, France

2 Institute of Organic Chemistry, Center for Molecular Biosciences Innsbruck (CMBI), University of Innsbruck, 6020 Innsbruck, Austria

HIV-1 reverse transcriptase (RT) is a heterodimeric enzyme that converts the genomic viral RNA into proviral DNA. Despite
intensive studies by enzymatic and structural approaches, direct thermodynamic data regarding RT interactions are still lacking.
Here we investigated by ITC microcalorimetry the binding of RT to various substrates, including NNRTIs, DNA primer-template,
RNA hybrid required for the initiation step and dNTPs. Elongation of a DNA primer-template could be followed step by step
directly in the ITC cell using successive additions of dNTP or ddNTP substrates, thus providing insights into thermodynamic of
RT polymerization. We show that binding of dNTP provides a significant amount of free-energy change required for catalysis.
Using the kinITC (kinetic ITC) approach recently developed in our group [1], a detailed thermodynamic and kinetics analysis of
interactions between RT with non-nucleoside inhibitors (NNRTIs) nevirapine and efavirenz led us to a complete re-interpretation
of the mechanism of inhibition of NNRTIs. We show that binding of NNRTI to the RT leads to the formation of two distinct
RT-DNA-NNRTI complexes that are not able to bind the incoming dNTP substrate. In contradiction with the currently-accepted
model, our data clearly demonstrate that NNRTI inhibitors interfere with incoming nucleotide binding rather than blocking the
polymerization chemical reaction. We also show that the binding of NNRTI to the RT-DNA complex is extremely slow and that
NNRTI are not able to bind a ternary RT-DNA-incoming dNTP complex. As a consequence, a polymerizing elongation complex
might be little susceptible to inhibition and RT should be targeted in vivo by NNRTIs as a free protein or during the initiation step.
[1] Burnouf D, Ennifar E, Guedich S, Puffer B, Hoffmann G, Bec G, Disdier F, Baltzinger M & Dumas P (2012). kinITC: a new method for
obtaining joint thermodynamic and kinetic data by Isothermal Titration Calorimetry. JACS 134(1):559-65.
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Asymmetries in heterodimeric ABC transporters
Markus A SEEGER 1
1 Department of Biochemistry, University of Zurich

ATP binding cassette (ABC) transporters export a wide variety of molecules across cell membranes by alternating between an
outward- and an inward-facing conformation for which they require the energy of ATP binding and hydrolysis at the nucleotide
binding domains (NBDs). They play a major role in the active extrusion of drugs out of bacterial or tumour cells, which causes
severe problems in the treatment of bacterial infections and chemotherapy. We recently solved the 2.9 Å crystal structure of
TM287/288 from Thermatoga maritima, which represents the first X-ray structure of a heterodimeric ABC transporter of the
exporter type. TM287/288 exhibits a large inward-facing cavity at the transmembrane domains (TMDs) and in contrast to
previous studies, we found that the NBDs only partially separate and remain in contact via an interface involving highly
conserved structural motifs that connect the two ATP hydrolysis sites. One catalytic site of our transporter deviates from the
consensus sequence in the same positions as the eukaryotic homologues CFTR, whose failure leads to cystic fibrosis and
TAP1/2, a key component of the cellular immune system is found to be occupied by a nucleotide. The consensus ATPase site
appears to be distorted and is not capable of nucleotide binding when TM287/288 adopts its inward-facing state. By comparing
our structure with outward-facing ABC transporter homologues and based on biochemical analyses, large conformational
movements appear to be needed to transport substrates across the membrane.
Hohl, M., Briand, C., Grütter, MG. & Seeger, MA. Crystal structure of a herterodimeric ABC transporter in its inward-facing conformation. Nat.
Struct. Mol. Biol 19, 395-402 (2012).

TM287/288 viewed along the membrane plane
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Membrane curvature-induced sorting of transmembrane proteins
Sophie AIMON 1 , Gil TOOMBES 3 , Alice BERTHAUD 1 , Andrew CALLAN-JONES 1 , Patricia BASSEREAU 1
1 Physico-Chimie Curie, Institut Curie, Paris, France
2 Laboratoire Charles Coulomb, Université Montpellier II, France
3 Porter Neuroscience Research Center, NIH, Bethesda, USA
The targeting of transmembrane proteins to specific cellular regions is essential for proper cell function. It depends upon both
enrichment in trafficking vesicles, and lateral redistribution upon delivery to the plasma membrane or organelle of interest.
Extensive work has been done to identify specific protein/protein interactions, active processes governing protein targeting as
well as the contribution of hydrophobic mismatch. However, membranes such as transport intermediates, the dendrites of
neurons or primary cilia can be highly curved, with curvature radii of tens of nanometers. Thus, the matching of protein shape
to the underlying membrane curvature may also provide a targeting mechanism that was not demonstrated yet.
We have used a quantitative in-vitro assay to demonstrate that membrane curvature can strongly affect the lateral distribution
of transmembrane proteins. We consider two proteins: a voltage-gated potassium channel, KvAP[1], and Aquaporin AQP0. The
redistribution of these two proteins between flat and highly curved membranes is strikingly different. Our model system
consisted of purified, fluorescently-labeled, proteins reconstituted into Giant Unilamellar Vesicles (GUV) with a typical diameter
of ~10 µm. Using micromanipulation techniques, we pulled membrane nanotubes from GUVs and measured the protein
concentration via quantitative confocal fluorescence microscopy while varying the nanotube radii from 100 nm to 7nm[2] (Fig.
1A).
We observe strong curvature-induced sorting of KvAP; up to a 10-fold enrichment of KvAP is measured on the tube compared
to that of the GUV (Fig. 1B). This sorting is measured as a function of tube radius and protein density on the GUV. In addition,
FRAP measurements on the nanotube confirm that proteins can freely diffuse between the quasi-flat GUV membrane and the
highly curved membrane tube. Thus, the membrane nanotube neck does not act as a diffusion barrier. In contrast, no
curvature-induced sorting of AQP0 has been observed.
The markedly different sorting of these two transmembrane proteins can be understood in terms of a theoretical model of the
protein-imposed spontaneous membrane curvature. Thus, these measurements of curvature-induced sorting provide
supra-molecular scale information about the shape of membrane-embedded proteins, which is usually not accessible using
crystallographic methods.
In conclusion, our work shows a new sorting mechanism based on the shape of transmembrane proteins. Consequently, cells
can sort proteins based on matching of their shape and the local membrane curvature; otherwise, active means or interactions
with other cell constituents are necessary to efficiently create and maintain protein spatial inhomogeneities.
[1] Aimon S, et al. (2011) Functional reconstitution of a voltage-gated potassium channel in giant unilamellar vesicles. PLoS ONE 6:e25529.
[2] Sorre B, et al. (2012) Nature of curvature-coupling of amphiphysin with membranes depends on its bound density. Proc Natl Acad Sci USA
109:173-178.

Protein distribution between GUV and nanotube. A: Scheme of the set-up used to pull nanotube from GUV. B: Strong
enrichment in KvAP (green) in the tube as compared to the lipids (red))
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The Hedgehog receptor Patched has a cholesterol and multidrug transport activity
Isabelle MUS-VETEAU 1 , Michel BIDET 2 , Hélène GUIZOUARN 2 , Patrick MARTIN 2
1 Université de Nice - Sophia Antipolis, IPMC, CNRS UMR 7275, 660 Route des Lucioles, 06560 Valbonne, France
2 Université de Nice - Sophia Antipolis, IBV, CNRS UMR 7277, Parc Valrose, Bat. Recherche Sciences Naturelles, 06108 Nice CEDEX 2,
France

Hedgehog (Hh) signaling plays a crucial role in growth and patterning during embryonic development, but also in stem cell
maintenance and tissue regeneration in adults. Aberrant Hh pathway activation is involved in the development of many tumors,
and one of the most affected Hh signaling steps found in these tumors is the regulation of the signaling receptor Smoothened
by the Hh receptor Patched. We recently showed that the Hh receptor Patched contributed to cholesterol efflux from cells, and
we proposed that this activity could be responsible for the inhibition of the re-localization of Smoothened in the plasma
membrane, which is necessary for Hh signaling activation [1]. Recent studies have reported a correlation between Hh signaling
and chemoresistance. Patched is an Hh signaling target gene that is over-expressed in many cancer cells. Patched is an
integral membrane protein with 12-transmembrane segments that presents similarities in topology and sequence with the
resistance-nodulation-division (RND) family of prokaryotic permeases, which transport a large variety of molecules, and with the
Niemann-Pick C1 protein (NPC1), which functions as a cholesterol transporter but also as a multidrug permease. Our last
results showed that Patched participates to drug efflux and multidrug resistance, and suggested that Patched contributes to
chemotherapy resistance of cancer cells [2]. These recent results provide new insight into the function of the Hh receptor
Patched.
[1] Bidet, M., Joubert, O., Lacombe, B., Ciantar, M., Nehmé, R., Mollat, P., Brétillon, L., Faure, H., Bittman, R., Ruat, M., and Mus-Veteau, I.
(2011) The hedgehog receptor patched is involved in cholesterol transport. PLoS One 6, e23834.
[2] Bidet M., Tomico A., Martin P., Guizouarn H., Mollat P. and Mus-Veteau I., The Hedgehog receptor Patched has a multidrug transport
activity and contributes to chemotherapy resistance, Mol. Cancer Res. In press.
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X-ray crystal structure of a KirBac potassium channel in the open state highlights a
mechanism of channel opening
Rita DE ZORZI 1 , Ludovic BANNWARTH 2 , William NICHOLSON 1 , Catherine VÉNIEN-BRYAN 2
1 Department of Biochemistry, University of Oxford, Oxford, UK
2 Institut de Minéralogie et de Physique des Milieux Condensés, CNRS, UPMC, UMR 7590, 75252 Paris CEDEX 05 - France

Inwardly-rectifying potassium (Kir) channels regulate membrane electrical excitability and K+ transport in many cell types where
they control such diverse processes as heart rate, vascular tone, insulin secretion and salt/fluid balance. Their physiological
importance is highlighted by the fact that genetically inherited defects in Kir channels are responsible for a wide-range of
channelopathies. To elucidate how channel function becomes defective in the disease state requires a detailed understanding
of channel structure in both the open and closed states. Here for the first time, we report the structure of a KirBac potassium
channel with an open bundle crossing indicating a mechanism of channel gating determined by X-ray crystallography at 3Å
resolution. In this model, the rotational twist of the cytoplasmic domain is coupled to opening of the bundle-crossing gate via a
network of inter- and intra-subunit interactions [1]. In addition, we have also used EM analysis of 2D crystals of the same Kir
channel trapped in an open state and compared these results with the 3D structure.
Intriguingly, the projection maps from the EM experiments suggest a larger opening of the pore in the 2D crystal form compared
to that observed in the 3D crystal structure. The organization of these two crystal forms is different and suggests that the 2D
crystals may permit stabilisation of an open state structure that is not compatible with 3D crystallisation. These results not only
have major implications for our understanding of the open state structure of the Kir channel, but more importantly they
demonstrate the general utility and importance of methods such as electron microscopy and 2D crystallography for the study of
membrane protein structure.
The above results were obtained using the mutant KirBac3.1 S129R in order to stabilise Kirbac in the open state. We are now
investigating the influence of various mutations on the 3D structure of this channel. These mutants are related to particular
disease.
[1] Bavro VN, De Zorzi R, Schmidt MR, Muniz JR, Zubcevic L, Sansom MS, Vénien-Bryan C, Tucker SJ (2012) Structure of a KirBac potassium
channel with an open bundle crossing indicates a mechanism of channel gating Nature Structural & Molecular Biology 7, 158-163.
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Membrane dynamic organization of HIV co-receptors analyzed by Single Particle Tracking at
the surface of lymphocytes
Pascal PREIRA 1 , Patrice MASCALCHI 1 , Bernard LAGANE 2 , Fernando ARENZANA 2 , Fabrice DUMAS 1 ,
Laurence SALOME 1
1 Institut de Pharmacologie et Biologie Structurale UPS/CNRS UMR 5089, Toulouse, France
2 Unité de Pathogénie Virale Moléculaire, Institut Pasteur, INSERM U819, Paris, France

The early steps of HIV infection require the sequential interaction of multiple receptors at the plasma membrane of the host cell.
After the interaction of a gp120 virus envelop protein with a CD4 receptor present at the cell surface, the same gp120 virus
protein bind to co-receptors, either CCR5 or CXCR4 for R5- and X4-virus, respectively. A conformational change of the gp41
viral protein ensues leading to the fusion of the viral envelop with the membrane of the host cell.
With a view to elucidate the role of the dynamic organization of the HIV co-receptors in the infection process, we analyzed the
diffusion of CD4 and CCR5 receptors by Single Particle Tracking at the surface of T lymphocytes using Quantum Dots
functionalized with antibodies recognizing the native receptors. We investigated the influence on receptors diffusion of the
temperature, the addition of gp120 and the binding of Maraviroc, an antagonist ligand of CCR5 used as a therapeutic agent.
The results shed light on the mechanistics of this process. Further work is now in progress to explain the predominance of R5
viruses in the early stages of the HIV infection.
Single Particle Tracking reveals two distinct environments for CD4 receptors at the surface of living T lymphocytes - Mascalchi P., Lamort A. S.,
Salomé L and Dumas F. Biochem. Biophys. Res. Comm. 417, 409-413 (2012)
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First step of phage infection: biochemical and structural characterisation of the FhuA-pb5
complex
Ali FLAYHAN 1 , Mohamed CHAMI 2 , Mathilde LETHIER 1 , Frank GABEL 1 , Rudi LURZ 3 , Grégory DURAND 1 ,
Maïté PATERNOSTRE 4 , Frank WIEN 5 , Pascale BOULANGER 6 , Christine EBEL 1 , Cécile BREYTON 1
1 Institut de Biologie Structurale, Grenoble, France
2 C-CINA, Basel, Switzerland
3 Max Planck Institute for Molecular Biology, Berlin, Germany
4 iBiTec, CEA Saclay, France
5 SOLEIL, France
6 IBBMC, Orsay, France

The Siphoviridae phage T5 binds irreversibly the outer membrane iron-ferrichrome transporter FhuA of E. coli by means of pb5,
its Receptor Binding Protein (RBP), located at the distal end of the phage tail. This interaction is the signal to phage infection,
inducing capsid opening, perforation of the bacterial envelope and the formation of a channel allowing the viral DNA into the
cell. pb5 conformational changes are most probably the key for the transmission of the FhuA-binding information to the rest of
the phage. We have studied the complex formed by pb5 and FhuA by a variety of biophysical and biochemical techniques. We
show that unlike RBPs of known structures, pb5 probably folds as a unique domain fulfilling both functions of binding to the host
receptor and interaction with the rest of the phage. Upon binding to FhuA, pb5 undergoes conformational changes. We have
further used Small Angle Neutron Scattering in a very elegant way, in association with new fluorinated surfactants, to visualise
the conformational changes specifically undergone by pb5 when interacting with FhuA.
A Flayhan, F Wien, M Paternostre, P Boulanger and C Breyton (2012) "New insights into pb5, the receptor binding protein of bacteriophage T5,
and its interaction with its Escherichia coli receptor FhuA". Biochimie 94, 1982-9 C Breyton et al., manuscript in preparation.
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The crystal structure of GCP4 and the role of gamma-tubulin complexes in microtubule
formation
Valérie GUILLET 1 , Martine KNIBIEHLER 2 , Lynn GREGORY-PAURON 1 , Marie-Hélène REMY 2 , Cécile CHEMIN 2 ,
Brigitte RAYNAUD-MESSINA 2 , Cécile BON 1 , Justin M. KOLLMAN 3 , David A. AGARD 3 , Andreas MERDES 2 ,
Lionel MOUREY 1
1 Institut de Pharmacologie et de Biologie Structurale, CNRS - Université de Toulouse, F-31077 Toulouse, France
2 Centre de Recherche en Pharmacologie - Santé, CNRS - Pierre Fabre, 31400 Toulouse, France
3 Department of Biochemistry and Biophysics, Howard Hughes Medical Institute, University of California, San Francisco, USA

Microtubules are polarized polymers that permit directional transport of molecules in the cell. During cell division, they form a
bipolar apparatus, the spindle, which allows equal separation of the genetic material, packaged into chromosomes, by moving
half of the chromosomes to one pole, and the other half to the opposite pole. Most microtubules during cell division are
generated at specialized organelles, the centrosomes. The surface of centrosomes is covered by multi-protein complexes
containing gamma-tubulin, a protein related to the microtubule constituents alpha- and beta-tubulin. Gamma-tubulin is
organized in ring shaped structures that act as templates for the assembly of alpha- and beta-tubulin, thereby creating seeds
for the polymerisation of the microtubule polymers [1]. To function correctly, gamma-tubulin in all eukaryotic organisms needs to
associate with additional proteins of the superfamily of gamma-tubulin complex proteins, shortly termed GCPs. The GCPs are
indeed responsible for the correct orientation of gamma-tubulin in the ring structure, and without GCPs, cells are unable to
divide and die. Five different GCPs are found in human cells, of which the smallest one, GCP4, has been crystallized. The
resolution of the atomic structure of the protein revealed that GCP4 is the prototype of all GCPs [2]. Combination of the GCP4
crystal structure with electron microscopic data obtained on a gamma-tubulin complex [3] suggests a new model of microtubule
nucleation by a ring complex of laterally associated GCPs that bind gamma-tubulin to their carboxy-terminal protein domain [2,4].

[1] Raynaud-Messina & Merdes, Curr. Opin. Cell. Biol. 2007, 19, 24-30.
[2] Guillet et al, Nat. Struct. Mol. Biol. 2011, 18, 915-19.
[3] Kollman et al, Nature 2010, 466, 879-82.
[4] Kollman et al, Nat. Rev. Mol. Cell. Biol. 2011, 12, 709-21.
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Protein Motions: a Small-Angle X-ray Scattering Perspective
Pau BERNADÓ 1
1 Centre de Biochimie Structurale. (CBS) - INSERM U1054, CNRS UMR 5048, Université de Montpellier 1 and 2 - 29, rue de Navacelles 34090 Montpellier

In recent years Small-Angle X-ray Scattering (SAXS) has been added to the toolbox to study biomolecular dynamics. SAXS is
extremely sensitive to the overall size and shape of particles in solution and has therefore been widely used to derive
low-resolution structures and to validate molecular models of proteins and biomolecular complexes. When multiple
conformations are present in solution, the resulting SAXS curve derives from a population average for all of them, thereby
probing the conformational plasticity of the molecule. Ensemble strategies have been developed for the extraction of valuable
molecular dynamics information from averaged SAXS data. These approaches require assumptions about the overall molecular
architecture and are therefore not completely model-independent. Limitation originating from the intrinsic low-resolution nature
of SAXS data can be compensated by integrating complementary structural information derived from other high-resolution
techniques such as X-ray crystallography and NMR.
Examples of how SAXS has been applied to study structural rearrangements in globular and intrinsically disordered proteins
will be presented. In these examples SAXS is complemented with other structural and computational biology methods. This
synergy between experimental and theoretical approaches provides structural and dynamic information that goes beyond the
sum of the individual techniques.
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Single-Molecule Spectroscopy: a new approach to study photoprotection
Cristian ILIOAIA 1 , Tjaart P.J. KRÜGER 2 , Matthew P. JOHNSON 3 , Alexander V. RUBAN 3 , Bruno ROBERT 1 ,
Rienk VAN GRODELLE 2
1 Institut de Biologie et de Technologie de Saclay, CEA, UMR 8221 CNRS, Université Paris Sud, CEA Saclay 91191 Gif sur Yvette, France
2 Department of Physics and Astronomy, Faculty of Sciences, VU University Amsterdam, De Boelelaan 1081, 1081 HV Amsterdam, The
Netherlands

3 School of Biological and Chemical Sciences, Queen Mary University of London, Mile End Road, London, E1 4NS, United Kingdom

In biochemistry, cell biology and in biology in general, understanding how processes are regulated is of supreme importance. In
plants one of the most widely-studied and remarkable regulatory processes occurs in the light-harvesting pigment-protein
complexes (LHCs) of the chloroplast thylakoid membrane. It has been shown that LHCs can rapidly open up a pathway through
which the light energy, rather than being collected for photosynthesis, is efficiently dissipated as heat, providing the vital
process of protecting plants from the potentially lethal effects of excess sunlight [1,2]. In order to gain new insights into this
process we have used single-molecule spectroscopy, an approach which, by eliminating the obscuring effects of ensemble
techniques, allows exploration of the nature of the molecular processes that underlie these proposed functional changes in
LHCs. The results revealed that LHC has an intrinsic disorder that enables the protein to access numerous energetically quite
similar substates of its energy landscape, with some of those substates having very different emission properties, so conferring
very different function [3,4]. It was shown that plants exploit and control this disorder by creating specific local environments
which stabilise different substates to provide a highly sensitive and effective regulatory mechanism [5,6,7]. Since such disorder is
common in protein systems, it is likely that it is exploited in a similar way in other biologically important processes.
[1] Horton, P., A. V. Ruban, and R. G. Walters. 1996. Annu. Rev. Plant Physiol Plant Mol. Biol. 47:655-684.
[2] Ruban, A. V., R. Berera, C. Ilioaia, I. H. M. van Stokkum, J. T. M. Kennis, A. A. Pascal, H. van Amerongen, B. Robert, P. Horton, and R. van
Grondelle. 2007. Nature. 450:575-578.
[3] Krüger, T. P. J., V. I. Novoderezhkin, C. Ilioaia, and R. van Grondelle. 2010. Biophys. J. 98:3093-3101.
[4] Krüger, T. P. J., E. Wientjes, R. Croce, and R. van Grondelle. 2011. Proc. Natl. Acad. Sci. USA.108:13516-13521.
[5] Krüger, T. P. J., C. Ilioaia, and R. van Grondelle. 2011. J. Phys. Chem. B. 115:5071-5082.
[6] Krüger, T. P. J., C. Ilioaia, L. Valkunas, and R. van Grondelle. 2011. J. Phys. Chem. B.115:5083-5095.
[7] Krüger, T. P. J., C.Ilioaia, M. P. Johnson, A. V. Ruban, E. Papagiannakis, P. Horton, R. van Grondelle. Biophys. J. 2012, 102, 2669-2676.
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Modulation of protein-protein interactions by the phosphorylation code of the neuronal protein
tau
Isabelle LANDRIEU 1 , Caroline SMET-NOCCA 1 , Haoling QI 1 , Guy LIPPENS 1
1 UMR8576-CNRS, North of France University, Villeneuve d'Ascq, France

We are focusing on the deciphering of the complex phosphorylation code of Tau and its implication in Alzheimer Disease. We
combine in vitro enzymatic reactions with recombinant kinases to phosphorylate the neuronal Tau protein, and Nuclear
Magnetic Resonance spectroscopy to unravel the resulting phosphorylation pattern. Beyond the analytical capacity, this
approach is followed by functional assays with the same samples to characterize protein-protein interactions (PPI) depending
on specific phosphorylation patterns of Tau. We have shown for example that Tau interaction with ApoE is specifically
dependent on prior phosphorylation by GSK3beta or that interaction with 14-3-3 depends on PKA phosphorylation. Some of
these phospho-specific PPI will in turn regulate further post-transcriptional modifications of Tau, such as the interaction with the
phospho-dependent prolyl cis/trans isomerase Pin1 that modulates Tau dephosphorylation by the PP2A phosphatase. In
addition to deciphering the complex biology of Tau, this methodology can also be used to characterize the phospho-epitopes
recognized by monoclonal antibodies.
Amniai, L., Barbier, P., Sillen, A., Wieruszeski, J. M., Peyrot, V., Lippens, G. & Landrieu, I. (2009). Alzheimer disease specific phosphoepitopes
of Tau interferewith assembly of tubulin but not binding to microtubules. FASEB J 23, 1146-52.
Leroy, A., Landrieu, I., Huvent, I., Legrand, D., Codeville, B., Wieruszeski, J. M. & Lippens, G. (2010). Spectroscopic studies of GSK3{beta}
phosphorylation of the neuronal tau protein and its interaction with the N-terminal domain of apolipoprotein E. J Biol Chem 285, 33435-44.
Landrieu, I., Smet-Nocca, C., Amniai, L., Louis, J. V., Wieruszeski, J. M., Goris, J., Janssens, V. & Lippens, G. (2011). Molecular implication of
PP2A and Pin1 in the Alzheimer's disease specific hyperphosphorylation of Tau. Plos One 6, e21521.
Amniai, L., Lippens, G. & Landrieu, I. (2011). Characterization of the AT180 epitope of phosphorylated Tau protein by a combined nuclear
magnetic resonance and fluorescence spectroscopy approach. Biochem Biophys Res Commun 412, 743-6.
Sibille N, Huvent I, Fauquant C, Verdegem D, Amniai L, Leroy A, Wieruszeski JM, Lippens G, Landrieu I. (2011) Structural characterization by
nuclear magnetic resonance of the impact of phosphorylation in the proline-rich region of the disordered Tau protein. Proteins. 2011 Sep 30
Epub ahead of print
Lippens G, Amniai L, Wieruszeski JM, Sillen A, Leroy A, Landrieu I. (2012) Towards understanding the phosphorylation code of tau. Biochem
Soc Trans. 40, 698-703.

2D NMR spectrum (in red) of Tau phosphorylated with rat brain extract
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Allosteric regulation by phosphorylation in nuclear receptor proteins: molecular dynamics
study of the Retinoic Acid Receptor alpha
Yassmine CHEBARO 1 , Ismail AMAL 1 , Cécile ROCHETTE-EGLY 1 , Natacha ROCHEL 1 , Roland H. STOTE 1 ,
Annick DEJAEGERE 1
1 Département de Biologie Structurale Intégrative, Institut de Génétique et de Biologie Moléculaire et Cellulaire, Illkirch, France

Retinoic acid (RA) is a ligand of the retinoid acid receptors (RAR α, β and µ), multi-domains proteins with a central DNA-binding
domain (DBD) linked to a C-terminal Ligand-binding domain (LBD). Recent studies indicated that RA activates p38MAPK in
several cell lines such as fibroblasts, mammary breast tumor cells and leukemia cells [1,2]. Subsequently, p38MAPK activates a
downstream kinase, MSK1 [1] that phosphorylates the residue Serine 369 LBD of RARα, leading to the binding of cyclin H and
subsequent phosphorylation of the N-terminal domain by cdk7. This cascade controls the recruitment of RAR/TFIIH complexes
to response elements and targets genes activation. A major challenge is to understand the interplay between phosphorylation
of LBD-RARα and how changes in structure and dynamics manifest themselves downstream.
We performed molecular dynamics simulations of phosphorylated and unphosphorylated LBD-RARα. The simulations show
only small localized structural changes of RARα upon phosphorylation of Serine 369 with respect to the unphosphorylated
form. However, there is a change in the dynamical behavior affecting regions distant from the phosphorylation site, in particular
loop 8-9, which is the binding site of cyclin H. This loop is over 30 Å from Ser369, the site of phosphorylation. These results are
in agreement with previous observations [3]. The molecular details afforded by these new molecular simulations allow us to
better understand the mechanism of allosteric communication related to phosphorylation in nuclear receptor proteins.
[1] Bruck N, Vitoux D, Ferry C, Duong V, Bauer A, deThé H, Rochette-Egly C,A coordinated phosphorylation cascade initiated by
p38MAPK/MSK1 directs RARalpha to target promoters. EMBO J. 2009, 28:34-47.
[2] Gianni N, Bauer A, Garattini E, Chambon P, Rochette-Egly C, Phosphorylation by p38MAPK and recruitment of SUG-1 are required for
RA-induced RAR gamma degradation and transactivation. EMBO J. 2002, 21:3760-9.
[3] Samarut E, Amal I, Markov GV, Stote R, Dejaegere A, Laudet V, Rochette-Egly C, Evolution of nuclear retinoic acid receptor alpha (RARα)
phosphorylation sites. Serine gain provides fine-tuned regulation. Mol Biol Evol 2011, 28:2125-37.
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How scarce sequence elements control the function of single β-thymosin/WH2 domains in
actin assembly
Carine VAN HEIJENOORT 1 , François-Xavier CANTRELLE 1 , Dominique DIDRY 2 , Clotilde HUSSON 2 , Célia DEVILLE 1 ,
Pierre ROBLIN 3 , Javier PEREZ 3 , Eric GUITTET 1 , Marie-France CARLIER 2 , Louis RENAULT 2
1 Laboratoire de Chimie et Biologie Structurales, FRC 3115 ICSN-CNRS, 91198 Gif-sur-Yvette, France
2 Cytoskeleton Dynamics and Motility, FRC 3115 LEBS-CNRS, 91198 Gif-sur-Yvette, France
3 3 Synchrotron SOLEIL, BP 48 Saint Aubin, 91192 Gif-sur-Yvette, France

β-thymosin (βT) and WH2 domains are widespread, intrinsically disordered, proteins that fold up-on binding actin. They display
significant sequence variability associated to versatile regulations of actin assembly in motile processes [1]. Here we reveal the
structural basis by which, in their basic 1:1 stoichiometric complexes with actin, they either inhibit assembly by sequestering
actin mon-omers (Thymosin-β4), or enhance motility by directing polarized filament assembly (Ciboulot βT or WASP/WAVE
WH2 domains).
We combined mutational, functional, and structural analysis by X-ray crystallography, SAXS and NMR on Thymosin-β4,
Ciboulot and the WH2 domain of WASP-interacting protein (WIP). Functionally different βT/WH2 domains do not target
alternative actin binding sites but rather differ by alternative dynamics of their C-terminal half interactions with G-actin pointed
face. The interaction dynamics largely depends on the strength of electrostatic interactions of a single residue along their
sequence [2]. The results open perspectives for elucidating the functions of βT/WH2 domains in other modular proteins and
enlighten how intrinsic structural disorder can lead to a novel mode of functional versatility.
[1] Husson et al., Ann. N. Y. Acad. Sci. 2010, 1194:44-52
[2] Cantrelle et al., EMBO Journal 2012, 31:1000-1013
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RNA regulatory networks in Staphylococcus aureus
Isabelle CALDELARI 1 , Pierre FECHTER 1 , Efthimia LIOLIOU 1 , Cédric ROMILLY 1 , Sandrine BOISSET 2 ,
Thomas GEISSMANN 2 , Jorg VOGEL 3 , François VANDENESCH 2 , Pascale ROMBY 1
1 Architecture et Réactivité de l'ARN-CNRS, Université de Strasbourg, IBMC, F-67084 Strasbourg, France
2 INSERM E0230, Université de Lyon I, F-69008 Lyon, France
3 Institute of Molecular Infection Biology, University of Würzburg, Germany

Staphylococcus aureus is a remarkable versatile pathogen, able to cause a wide spectrum of human diseases, and is one of
the main causes of community as well as hospital-acquired infections. The contribution of regulatory RNAs in the establishment
of virulence in this pathogen is increasingly appreciated. Our previous data emphasize the multitude of regulatory steps
affected by RNAIII in establishing a network of S. aureus virulence factors. We show that RNAIII and the endoribonuclease III
coordinately repress the expression of numerous mRNAs that encode the transcriptional repressor of toxins, several virulence
factors acting early in the infection process, and several enzymes involved in peptidoglycan metabolism. The repressor activity
of RNAIII involves the formation of RNA-mRNA duplexes that results in the inhibition of translation initiation and concomitantly
triggers endoribonuclease III attack. Identification of the RNA targets of the endoribonuclease III further illustrates the multiple
functions of the enzyme in the regulation of RNA metabolism [1]. Besides RNAIII, we also demonstrated that the S. aureus
genome likely encodes a high diversity of RNAs including cis-acting regulatory regions of mRNAs, antisense RNAs, and small
non-coding RNAs. We will illustrate how some of these novel non-coding RNAs have direct consequences on metabolism,
biofilm formation and stress responses.
[1] Lioliou E, Sharma CM, Caldelari I, Helfer AC, Fechter P, Vandenesch F, Vogel J, Romby P. PLoS Genet. 2012 8(6):e1002782.
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RNA-based Regulation Elements
Jörg RINNENTHAL 1 , Hannah STEINERT 1 , Dominik WAGNER 1 , Anke REINING 1 , Boris FÜRTIG 1 , Janina BUCK 1 ,
Anna WACKER 1 , Senada NOSINOVIC 1 , Thorsten MARQUARDSEN 2 , Harald SCHWALBE 1
1 Institute for Organic Chemistry and Chemical Biology, Center for Biomolecular Magnetic Resonance, Goethe-University Frankfurt,
Max-von-Laue-Str. 7, D-60438 Frankfurt

2 Bruker Biospin, Rheinstetten, Germany.

In the recent past, the importance of RNA-based regulation has become increasingly recognized. Regulation is based on
structural transitions of RNA modules located in the 5' untranslated region of mRNA. The regulation mechanism act on the level
of transcription as well as translation. Riboswitches sense changes in the concentration of small molecule metabolites while
RNA thermometers respond to temperature changes. In this contribution, we will present recent work on understanding of the
coupling of binding or of melting into allosteric structural transitions.
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Contrôle-qualité des ARN eucaryotes par le complexe Dom34-Hbs1
Julien HENRI 1 , Marc GRAILLE 2 , Antonia VAN DEN ELZEN 4 , Noureddine LAZAR 3 , Maria Eugenia GAS 4 ,
Dominique DURAND 3 , François LACROUTE 5 , Magali NICAISE 3 , Herman VAN TILBEURGH 3 , Bertrand SÉRAPHIN 4
1 Sloan-Kettering Institute, Structural Biology department, Lima laboratory; New York, USA
2 Ecole Polytechnique, laboratoire de Biochimie; Palaiseau
3 Institut de Biochimie et Biophysique Moléculaire et Cellulaire, Université Paris-Sud; Orsay
4 Institut de Génétique et de Biologie Moléculaire et Cellulaire; Illkirch
5 Centre de Génétique Moléculaire; Gif-sur-Yvette

Le complexe Dom34-Hbs1 intervient lorsque les ribosomes sont bloqués en cours d'élongation en l'absence de codon stop
dans le site de décodage. Son activité aboutit à la dégradation de la molécule d'ARN responsable du blocage, soit les ARN
messagers dans les voies NGD (pour no-go decay) et NSD (pour non-stop decay) soit l'ARN ribosomique 18S immature ou
non-fonctionnel dans la voie NRD (non-functional rRNA decay). J'ai déterminé la structure cristallographique de la protéine
Hbs1 sous sa forme apo et complexée au GDP et montré qu'elle présente les caractéristiques d'une GTPase de la traduction.
Après identification des résidus impliqués dans la fixation du nucléotide nous avons confirmé leur importance pour les voies
NGD et NRD. En utilisant la structure de la protéine Dom34 préalablement décrite nous avons construit un modèle du
complexe Dom34-Hbs1 validé par des expériences de diffusion des rayons X en solution. En mutant les résidus à l'interface
entre Dom34 et Hbs1 nous avons montré que l'interaction est nécessaire pour la NGD mais non pour la NRD, révélant de
façon inattendue que ces deux voies sont mécanistiquement distinctes.

A. Structure cristallographique de Hbs1 (PDBid #3P26). B. Vue rapprochée du site de fixation du GTP.
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Structure of the full-length hepatitis C virus IRES in solution
Julien PÉRARD 1 , Cédric LEYRAT 1 , Florence BAUDIN 2 , Emmanuel DROUET 1 , Marc JAMIN 1
1 UMI 3265 UJF-EMBL-CNRS, Unit of Virus Host-Cell Interactions, 6 rue Jules Horowitz, 38042 Grenoble CEDEX 9, France.
2 European Molecular Biology Laboratory (EMBL), Meyerhofstrasse 1, 69117 Heidelberg, Germany

Hepatitis C virus (HCV) chronically infects over 170 million people worldwide and kills more than 350,000 people every year. Its
positive-strand RNA genome serves as a template for synthesis of a single precursor polypeptide that is subsequently
processed by viral and cellular proteases. The initiation of protein synthesis by the host-cell translation machinery occurs by a
cap-independent mechanism. The 5'-untranslated region of the HCV genome contains an internal ribosome entry site (IRES)
encompassing nucleotides 40 to 341, that allows the assembly of a functional ribosome and the synthesis of the polyprotein.
The HCV IRES is a large RNA molecule that consists of three structural domains forming two long stem loops (domains II and
III) and a spur (domain IV). The molecule contains two regions of tertiary fold, the IIIabc four-way junction and the IIIef/IV
pseudoknot, and adopts a defined ion-dependent fold under physiological conditions, although it does not form a compact,
globular structure. Atomic structures of different fragments of this RNA have been determined, but the presence of several
hairpin loops and regions predicted to be single-stranded confers dynamic flexibility to the entire IRES molecule that has so far
hampered its structure determination by X-ray crystallography or electron microscopy. Currently, the only structural
characterization of the entire molecule is limited to cryo-electron microscopy reconstructions of the IRES bound to different
partners. Because the IRES is essential for viral replication and its sequence is well conserved among all HCV genotypes, its
structure may represent a novel target for drug design. Using small-angle X-ray scattering experiments and molecular dynamics
simulations, we demonstrate that the isolated full-length HCV IRES is an articulated molecule in which rigid structural elements
are connected by flexible joints, and we present the first atomic model of its structure in the form of an ensemble of exchanging
conformers. These results led to the identification of key motions in the molecule that may be related to the biological functions
of the IRES. We will discuss these results in the context of a scenario in which these conformational changes participate in the
formation of the initiation complex.
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The RNA-Binding Region of Human TRBP Interacts with Micro-RNA precursors via Two
Independent Domains
Matthieu BENOIT 1 , Christine EBEL 1 , Lionel IMBERT 1 , Julien PERARD 2 , Andrés PALENCIA 2 ,
Jérôme BOISBOUVIER 1 , Michael PLEVIN 1
1 CEA, CNRS, Université Joseph Fourier, Institut de Biologie Structurale Jean-Pierre Ebel, Grenoble, France
2 European Molecular Biology Laboratory, Grenoble Outstation, Grenoble, France. Université Joseph Fourier, CNRS, Unit of Virus Host-Cell
Interactions, Grenoble, France

Micro-RNAs (miRNA) are small non-coding RNAs that regulate gene expression through RNA interference (RNAi). Human
miRNAs are generated via a series of enzymatic processing steps. The precursor miRNA (pre-miRNA) is recognized and
cleaved by a complex containing the RNase III enzyme, Dicer, and several non-catalytic accessory proteins. HIV TAR element
binding protein (TRBP) is a constituent of the Dicer complex which augments complex stability and potentially functions in
substrate recognition and product transfer to the RNA-induced silencing complex (RISC). Here we have analyzed the
interaction between the RNA-binding region of TRBP and the oncogenic human miRNA, miR-155, at different points in the
miRNA biogenesis pathway. We show that the region of TRBP that binds miRNA precursors comprises two independent
double-stranded RNA binding domains (dsRBDs) connected by a 60 residues flexible linker. No evidence of contact between
the two dsRBDs was observed either in the apo form or in the RNA-bound state. The RNA-binding region of TRBP interacts
non-cooperatively with pre-miR-155 and the related Dicer product miR-155/miR-155* and can form a complex with two protein
molecules per RNA. Finally, we determined that the RNA-binding region of TRBP interacts with pre-miR-155 and
miR-155/miR-155* via the same binding surface and with similar affinity, suggesting that the RNA binding region of TRBP could
function before and after processing of pre-miRNAs by Dicer.
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Molecular mechanisms governing the selective packaging of HIV-1 genomic RNA
Serena BERNACCHI 1 , Ekram WASSIM 1 , Marcel HIJNEN 2 , Johnson MAC 2 , Redmon SMYTH 1 ,
Jean-Cristophe PAILLART 1 , Roland MARQUET 1
1 Architecture et Réactivité de l'ARN, Université de Strasbourg, CNRS, IBMC, 15 rue René Descartes, 67084 Strasbourg, France.
2 Centre for Virology, Burnet Institute, 85 Commercial Road, Melbourne, Victoria 3004, Australia.

Packaging of the HIV-1 genomic RNA (gRNA) within viral particles is a highly regulated and selective process that leads to
preferential selection of gRNA from cellular medium containing a large excess of cellular RNAs and spliced viral RNAs.
Selective gRNA packaging relies on interactions between the Pr55gag viral precursor and regions of viral RNA called Psi
located in its 5'-untranslated region (5'-UTR) and/or the beginning of gag gene. Moreover, HIV-1 viral RNA is packaged as a
homodimer associated close to its 5'-terminus via short palindromic sequence called SL1or DIS (Dimerisation Initiaton Site). In
this context, our goal is to identify precisely the minimal signals on the HIV-1 gRNA which are required for specific binding of
Pr55gag in order to understand the molecular mechanisms that govern the selection and the packaging of the viral RNA.
We first characterised Pr55gag binding parameters using a panel of different HIV-1 spliced and unspliced RNA fragments by
combing fluorescence spectroscopy, dynamic light scattering and biochemical approaches. Our results revealed that Pr55gag
exhibits a higher binding affinity for gRNA than for viral spliced species. Further analysis of Pr55gag binding to short RNA
fragments corresponding to the minimal wild-type or mutant packaging signal (stem loop SL1 to SL4) revealed the crucial role
of SL1 and SL2 as specific binding sites for Pr55gag. In good agreement with these results, extensive footprinting experiments
enabled us to precisely identify Pr55gag binding sites on the gRNA which corresponded to SL1 and SL2 sequences. However,
these specific binding sites were found to be masked in the viral spliced RNA, as well as in mutant gRNA lacking sequences
downstream of SL4. This suggests binding sites occlusion by a long distance interaction involving regions upstream of SL1. In
this frame, our preliminary results show the importance of an alternative long range interaction that might involve sequences
upstream of SL1 and downstream of SL4 in order to promote optimal exposure of these sites in gRNA. This might explain the
preferential packaging of gRNA over the spliced RNA species that also harbour a functional SL1 in their first common exon.
Taken together our results strongly suggest that SL1 is a specific recognition signal for Pr55gag to select HIV-1 viral RNA
leading to its packaging within viral particles. Understanding the mechanisms of selection of the HIV-1 gRNA could be used to
develop new strategies for creation of new antiretroviral treatments to inhibit viral infection.

Secondary structure of the 5'-terminal region and mechanism for dimerisation of the HIV-1 viral RNA.
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Grenoble Sciences
Jean BORNAREL 1
1 Grenoble Sciences - UJF Bâtiment B Phitem - 230, rue de la Physique - BP53 - 38041 GRENOBLE CEDEX - France

Grenoble Sciences est un dispositif de conseil, expertise et labellisation au service des scientifiques français. Unique en son
genre, il est reconnu nationalement pour la qualité pédagogique et scientifique de ses ouvrages.
Son originalité se traduit par une expertise à deux niveaux (plusieurs centaines de scientifiques y contribuent), une optimisation
ainsi qu'un soutien technique aux projets sélectionnés.
Dans le contexte de mutation de l'édition scientifique, l'expertise de Grenoble Sciences permet de prévoir les évolutions à venir.
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Light-gated ion channels and pumps as optogenetic tools in neuroscience and cell biology
Ernst BAMBERG 1
1 Department of Biophysical Chemistry, Max-Planck -Institute of Biophysics, Frankfurt, Germany

Microbial Rhodopsins are widely used in these days as optogenetic tools in neuro and cell biology. We were able to show that
rhodopsins from the unicellar alga Chlamydomonas reinhardtii with the 7 transmembrane helix motif act as light-gated ion
channels, which we named channelrhodopsins(ChR1,2). Together with the light driven Cl- pump Halorhodopsin ChR2 is used
for the non-invasive manipulation of excitable cells and living animals by light with high temporal resolution and more important
with extremely high spatial resolution The functional and structural description of this new class of ion channels is given
(electrophysiology, noise analysis ,flash photolysis and 2D crystallography). New tools with increased spatial resolution and
extremely enhanced light sensitivity in neurons are presented. Based on our recent results a perspective for new optogenetic
constructs and their application in neurobiology and cell biology is given.
Literature:
Nagel et al. (2002) Science 296 2395-2398
Nagel et al. (2003) Proc Natl Acad Sci USA 100 13940-13945
Nagel et al. (2005) Current Biology 15 2279-2284
Zhang et al (2007) Nature 446 633-639
Bamann et. al. (2007) J. Mol. Biol. 375 686-694
Feldbauer, K. et.al. (2009). Proc Natl Acad Sci USA 106 12317-12322
Bamann, C. et. al. (2010). Biochemistry 49, 267-278 14
Mueller et al( 2011) J. Mol. Biol. 414,86-95 (2011)
Yonehara et al.(2011) Nature 469, 407-410 (2011)
Kleinlogel, S. et.al.( 2011). Nature Neuroscience 14 513-51
Kleinlogel S. et al. (2011) Nature Methods 8 1083-1087
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Minimal engineering of cyan fluorescent proteins to achieve near-ultimate performances in live
cell FRET imaging
Fabienne MEROLA 1 , Hélène PASQUIER 1 , Asma FREDJ 1 , Dahdjim-Benoît BETOLNGAR 1 , Pierre VINCENT 2 ,
Marie ERARD 1
1 Laboratoire de Chimie Physique, UMR 8000, CNRS et Université Paris Sud, Orsay, France
2 Neurobiology of adaptative processes, UMR 7102, CNRS et Université Pierre et Marie Curie, Paris, France

Cyan fluorescent proteins (CFP) derived from Aequorea victoria GFP are the most widely used FRET donors in genetically
encoded biosensors for biochemical imaging of the living cell. Their weak and complex fluorescence emission has been a
major bottleneck in the development of sensitive and quantitative analyses, until cyan variants with near-ultimate photophysical
performances were recently engineered (1-3). However, due to the use of large scale mutagenesis techniques, these new
variants are extensively remodeled, and the exact role of the introduced mutations remains mostly unclear.
We show that only two critical mutations are able to confer equivalent performances on the original ECFP form. This minimally
engineered CFP, which we call Aquamarine, equals and outperforms in some respects the best recently published cyan
variants (QY= 89%, τf = 4.1 ns). The protein shows an almost pure single exponential fluorescence decay, an outstanding
stability in the acid pH range (pK1/2 = 3.3), as well as undetectable photoswitching reactions. Aquamarine gives efficient and
bright expression in mammalian cell lines, with a single exponential intracellular fluorescence lifetime mostly insensitive to the
fusion or the subcellular location of the protein. Aquamarine can directly replace usual cyan FRET donors without changes in
the spectral detection conditions. Reappraisal of published crystallographic structures provides also interesting clues on the role
of each two mutations in the photophysical transformation of Aquamarine.
To conclude, the stepwise development and validation of Aquamarine for biological imaging [4, 5] allows us today :
(i) to propose a simple and general method for the improvement, through a maximum of two rounds of single point
mutagenesis, of any plasmid incorporating ECFP, Cerulean or other widely distributed CFP variants;
(ii) to set a more robust basis for the further amelioration or evolution of CFP towards new functions;
(iii) to provide a mechanistic interpretation of the improvements brought, shedding new light on the general
structure-photophysics relationships of GFPs.
[1] Goedhart et al, (2010) Nat Methods 7, 137-139.
[2] Markwardt et al, (2011) PLoS One 6, e17896.
[3] Goedhart et al, (2012) Nat Commun 3, doi: 10.1038.
[4] Fredj et al (2012) PLoS ONE accepted.
[5] Erard et al submitted
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Isomerization in the Cyan Fluorescent Protein family
Asma FREDJ 1 , Marie ERARD 1 , Yasmina BOUSMAH 1 , Pascal PERNOT 1 , Fabienne MEROLA 1 , Hélène PASQUIER 1
1 Laboratoire de Chimie Physique, UMR8000 CNRS, Université Paris Sud 11, Bat 349 Centre Universitaire, 91405 Orsay

Highlighted by the 2008 Nobel Prize in chemistry, Green Fluorescent Protein from the jellyfish Aequoria victoria (GFPav), its
many colored variants and its homologues from Anthozoa species, have become versatile tools, extensively used in pure and
applied biological and biomedical research to monitor cellular events. They have allowed the understanding at the molecular,
tissue and organism levels of a wide variety of biological processes. Many of these applications rely on the Förster-type
resonant energy transfer (FRET) mechanism, where a non radiative dipole-dipole interaction leads to changes in the
fluorescence properties of a donor fluorophore in the presence of a nearby acceptor molecule. Fluorescent Proteins (FPs) can
also be used directly as local optical sensors, due to their intrinsic sensitivity to many physicochemical environmental
parameters. In all these applications, a sound knowledge of FP's photophysics and its dependence on the specific cellular and
imaging conditions is necessary for a quantitative analysis of the fluorescence signals in living cells.
We are focussed on the Cyan Fluorescent Protein (ECFP: GFPav- F64L, S65T, Y66W, N146T, M153T, V163A) a derivatives of
the Aequoria Victoria Green Fluorescent Protein carrying an indole-based chromophore. ECFP is one of the mostly used donor
in the FRET and FLIM-FRET experiments despite several disadvantages such as complex photophysical properties and a high
environmental sensitivity[1]. These drawbacks had been recently countered by the design of several ECFP mutants exhibiting
near-ultimate photo physical performances[2,3,4,5]. Even so, only limited knowledge and understanding are provided in literature
on the processes driving the photophysics as well as on the pH-induced processes in the ECFP family[6]. Here, we paid special
attention on the pH-induced isomerization of the indole-based chromophore which has until now been observed only in
Cerulean. We have studied the effect of the residue 148 on the isomerization process and its kinetic. Surprisingly, we have
shown that it controls the protein conformation or the chromophore configuration. The spectral and temporal characteristics of
the isomerized forms were determined. The possibility of chromophore isomerization in ECFP will be discussed.
[1] A. Villoing et al., Biochemistry 47 (47), 12483 (2008).
[2] J. Goedhart et al., Nat. Methods 7, 137 (2010).
[3] J. Goedhart et al., Nat. Commun 3, 751 (2012)
[4] Markwardt, M. et al., PloS One. 6, e17896 (2011). [5] Erard, M. et al, Mol Biosyst, submitted.
[6] Fredj, A. et al, PloS One, accepted.

Time-dependant absorption spectra of Cerulean following a pH jump from 7.4 to 5.
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Role of oxygen in photobleaching of GFP type proteins
Martin BYRDIN 1 , Chenxi DUAN 1 , Virgile ADAM 1 , Dominique BOURGEOIS 1
1 Pixel Team, Institut de Biologie Structurale Jean-Pierre Ebel, CEA/CNRS/UJF, 41, rue Jules Horowitz and Institut de Recherches en
Technologies et Sciences pour le Vivant, LPCV, CNRS/CEA/INRA/UJF, Grenoble, France

It is one of the acclaimed advantages of GFP-type fluorescent proteins ("GFPs") that for becoming fluorescent they do not need
any external cofactor, except oxygen. The latter being abundantly available in most tissues, the requirement of O2 for
maturation is not a severe limitation and GFPs have become a versatile marking tool in biological imaging.
At the same time, the unavoidable presence of oxygen is also a permanent source of problems, photo-oxidation being a main
cause of the relatively rapid loss of performance of GFPs in microscopy due to bleaching (during fluorescence) or fatigue
(during switching). Concomitantly, the requirement of oxygen for chromophore maturation complicates studies of GFP behavior
under controlled anaerobiosis[1].
From a structural point of view, the problem of GFP sensibility to photo-oxidation might, on a first glance, seem astonishing.
The GFP chromophore being tightly shielded from the solvent by the surrounding protein barrel, should, if anything, be better
protected than, e.g., an exposed organic dye. A possible explanation would be the protein functioning as an oxygen trap,
leading to an increased local concentration, possibly relevant to optimized maturation.
At a second glance, at the level of the chromophore's phenolic hydroxyl, the protein barrel is distorted, the first half of strand 7
(residues 144-148) not forming a regular beta structure and thus interrupting the "sheet", leaving a hole for oxygen accessibility.
Numerous mutations have targeted this area (including the neighboring strands 8 and 10) in attempts to further loosen the
chromophore protection and thus improve maturation rates (e.g. turbo-GFP)[2-4].
From a photochemical point of view, reaction of the chromophore with oxygen will lead to an oxidized chromophore and a
highly reactive oxygen species (ROS)[5]. Most GFPs being organized as oligomers, little diffusion is required for these ROS to
attain neighboring chromophors where they might cause further damage. Interestingly, findings on their effects are quite
diverse; H2O2 being reported as relatively inert, O2- as being reactive towards some chromophores but not to others and OH°
attacking mainly the protein scaffold[6,7].The time course of GFP photobleaching is often highly non-exponential, (partly)
reversible rapid initial phases being followed by slower phase(s) of (mostly) irreversible character. In order to understand such
photobleaching kinetics, it is necessary to disentangle events that are directly triggered by light absorption and those that are
limited by reactant migration. To this aim, we combine in this presentation GFP immobilization on PVA gel (sufficient to prevent
chromophore diffusion but not hindering diffusion of small molecules, such as ROS) with spatio-temporal modeling.
[1] Kiseleva YV, Mishin AS, Bogdanov AM, Labas YA & Lukyanov KA (2008) Rus. J.Bioorg.Chem. 34:638-41.
[2] Evdokimov AG, et al. (2006) Structural basis for the fast maturation of Arthropoda green fluorescent protein. Embo Reports 7(10):1006-1012.
[3] Jimenez-Banzo A, et al. (2010) Singlet oxygen photosensitisation by GFP mutants: oxygen accessibility to the chromophore. Photochemical
& Photobiological Sciences 9:1336-1341.
[4] Tansila N, Tantimongcolwat T, Isarankura-Na-Ayudhya C, Nantasenamat C, & Prachayasittikul V (2007) Rational design of analyte channels
of the green fluorescent protein for biosensor applications. International Journal of Biological Sciences 3(7):463-470.
[5] Bulina ME, et al. (2006) A genetically encoded photosensitizer. Nat Biotech 24(1):95-99.
[6] Tsourkas A, Newton G, Perez JM, Basilion JP, & Weissleder R (2005) Detection of Peroxidase/H2O2-Mediated Oxidation with Enhanced
Yellow Fluorescent Protein. Anal. Chem. 77(9):2862-2867.
[7] Alvarez L, et al. (2010) Are the Fluorescent Properties of the Cyan Fluorescent Protein Sensitive to Conditions of Oxidative Stress?
Photochem. Photobiol. 86(1):55-61.
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A conformational basis for the histone code. A polyamine-dependent helix-to-coil transition of
the histone N tails in the nucleosome and its implication in cancer therapy at the epigenetic level
Joseph PARELLO 1 , Jean-Louis BANÈRES 2 , Aimée MARTIN 2 , Michel LAGUERRE 3 , Keya BANDYOPADHYAY 4 ,
Ming ZHAO 4 , Ruth A. GJERSET 4
1 Department of Pharmacology, Vanderbilt University School of Medicine, 467 Robinson Research Building, 2200 Pierce Avenue, Nashville, TN
37232-6600, USA

2 Institut des Biomolécules Max Mousseron (IBMM), Equipe de Pharmacologie Moléculaire des RCPGs, UMR 5247 CNRS - Universités
Montpellier I & II, Faculté de Pharmacie, 15 Av. Ch. Flahault, BP 14491, F-34093 Montpellier Cedex 5, France

3 Institut européen de chimie et biologie, 2, rue Robert Escarpit, 33607 Pessac, France
4 Torrey Pines Institute for Molecular Studies, 3550 General Atomics Court, San Diego CA 92121, USA
Based on X-ray crystallographic evidence there is the consensus that the 8 N tails of the core histones in the nucleosome core
particle (NCP) are not conformationally defined and protrude out of the particle. In contrast a circular dichroism (CD) study of
NCP isolated in solution (at low ionic strength) showed that the N tails of histones H3 and H4 include a large proportion of
helical residues [1]. A 3D-model of NCP with its two H4 N tails (as helical segments) is presented (Figure); the helical N tails are
positioned within two symmetrical minor grooves of the nucleosomal DNA [2]. Using CD with NCP we have found that the
helical content associated with the N tails is lost upon addition of spermidine (Spd) at a molar ratio [Spd]/[DNA-P] of 0.3.
Similarly, the helical content of the N-tails is lost upon addition of Mn2+ at a [metal]/[DNA-P] ratio ~ 2.5, consistent with the
crystallographic evidence, which was obtained at high Mn2+ concentration (75 mM) with no helices present.
Under in vitro conditions histone acetyltransferase (HAT)-catalyzed transfer of acetyl groups from acetyl-CoA onto selective
lysyl residues of the histone N tails is dependent on polyamine concentration with an optimal transfer, in the case of Spd, at an
input ratio [Spd]/[DNA-P] in the 0.4-0.6 range [3]. It thus appears that an optimal acetylation occurs in vitro when the histone N
tails adopt an extended (non helical) conformation. We hypothesized that during the cell cycle the variation of the polyamine
content is crucial for regulating the efficiency of the HAT-mediated post-translational modification of chromatin (in the case of
the Spd content a marked increase - by a 2-fold factor - is observed during the progression of the G1 phase before DNA
replication in synchronized CHO fibroblasts). We have examined cultured human lung cancer cells treated in a concomitant
manner by selective HAT inhibitors [4] and inhibitors of polyamine biosynthesis (DFMO), as well as by novel inhibitors of
spermidine uptake. We observe a remarkable synergy between these agents at inhibiting cell growth while such effects are not
observed with the compounds taken individually. The rationale of our studies in a cellular context would be that upon lowering
the concentration of polyamines beyond a critical level the histone N tails in chromatin will adopt their helical (non-permissive)
conformational state (see figure) thus interfering with the efficiency of histone acetylation which is finally suppressed through
the action of the HAT inhibitors.
Altogether our results suggest that there is a well-defined polyamine-dependent conformational component (helix-to-coil
transition) to the regulation of the acetylation of the histone N tails by the HATs in chromatin. This conclusion likely accounts for
our observation of a strong synergy between the inhibition of the polyamine metabolism and the inhibition of the HATs thus
opening new avenues in cancer therapy [5].
[1] The N tails of histones H3 and H4 adopt a highly structured conformation in the nucleosome. Banères JL, Martin A, Parello J, J. Mol. Biol.
1997, 273, 503-8.
[2] Evidence indicating proximity in the nucleosome between the histone H4 N termini and the globular domain of histone H1. Banères JL,
Essalouh L, Jariel-Encontre I, Mesnier O, Garrod S, Parello J, J. Mol. Biol. 1994, 243, 48-59.
[3] Effect of cations on the acetylation of chromatin in vitro. Dod B, Kervabon A, Parello J, Eur. J. Biochem. 1982, 121, 401-405.
[4] Spermidinyl-CoA-based HAT inhibitors block DNA repair and provide cancer-specific chemo- and radiosensitization. Bandyopadhyay K,
Banères JL, Martin A, Blonski C, Parello J, Gjerset RA, Cell Cycle 2009, 8, 2779-88.
[5] Selective sensitization of cancer cells to DNA damage by a HAT inhibitor. Chen CC, Tyler J, Cell Cycle 2009, 8, 2867.

Tentative model for the location of the N tails of histone H4 in the nucleosome based on the NCP crystal structure.
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Genopept : a fast generator for soluble peptides
Stéphane TÉLETCHÉA 1 , Julien REY 2 , Verena STRESING 1 , Soizic HERVOUET 1 , Pierre TUFFÉRY 2 ,
Dominique HEYMANN 1
1 INSERM, UMR 957, Université de Nantes, Nantes Atlantique Universités, Centre Hospitalier Universitaire, Laboratoire de Physiopathologie de
la Résorption Osseuse et Thérapie des Tumeurs Osseuses Primitives (LPRO), Nantes, F-44035 France

2 INSERM, U973, MTi, Université Paris Diderot, Sorbonne Paris Cité, RPBS, F-75205 Paris, France

The discovery of new potentially therapeutic drugs is becoming more and more limited by side-effects or cost. In order to
enhance the bio-compatibility of new drugs, one can derive small peptides from existing biological protein sequences of the
target binding partners, or can design de novo peptides directed against a specific region of interest. As peptide length
increases, it becomes rapidly impossible to screen all sequence combinations since each position can be occupied by any of
the 20 natural amino acids. Experimental systems such as phage libraries are also not sufficient for screening exhaustively a
very massive collection of different peptides. Even when good peptide candidates are detected using these approaches, their
further validation in in vitro and in vivo models can be limited or prevented by the poor solubility of the newly discovered
peptides.
To address these experimental constraints, we designed an algorithm implemented in the genopept web server to generate
multiple peptides of desired size with a high degree of confidence for solubility in most common aqueous solvents used in cell
culture (PBS, water). This tool first creates a series of peptides of desired length and filters them according to their solubility
potential. Once the required amount of peptides is obtained, each peptide sequence is converted into three-dimensional
coordinates in a format suitable for most docking software. A typical library consisting of a million of peptides can be generated
within one day on an average workstation. The high solubility prediction accuracy was estimated on a library made of in house
peptides and of peptides gathered from various databases. Genopept web server is based on an existing mobyle portal and will
be accessible soon to the community. The peptide collection is enriched by additional descriptors for further filtering in in silico
predictions.
Since the combinatorial peptide space prohibits an extensive search for peptide-based computer-aided drug design studies and
further experimental validations, we designed and implemented the genopept web server. This new tool is able to restrict the
peptide docking search to a more limited set of peptides suitable for further experimental validation. We expect this solubility
predictor to become as useful as the ADMET tools already available in other software dedicated to chemically derived drugs.
Benyamini, H., and Frielder, A. 2010. Future Med. Chem. 2(6):989-1003.
Doig, A.J. 2008. Stability and design of alpha-helical peptides. Prog Mol Biol Transl Sci. 83:1-52.
Satyanarayanajois, S.D., and Hill, R.A. 2011. Future Med. Sci. 3(14):1765-1786.
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Prophage maintenance in bacterial genomes
Rachid MENOUNI 1 , Mireille ANSALDI 1
1 Laboratoire de Chimie Bactérienne-UMR7283

Bacteriophages are the most abundant biological entities in the biosphere. A majority of them are temperate phages that are
able to integrate their genome into the host and replicate passively in a lysogenic state. Lysogeny frequently leads to the
acquisition of new properties for the bacterial host. Our results suggest that lysogeny maintenance of a class of prophages, that
all share an unusual genetic organization of the recombination module, is controlled by the transcription termination factor Rho,
recently described as a negative regulator of genes acquired by horizontal transfer. We used different mRNA quantification
assays, such as qT-PCR and smFISH, to demonstrate that Rho directly controls the expression of a gene essential for excisive
recombination. We also Our results thus suggest that Rho is not only involved in horizontally acquired gene silencing but also in
prophage maintenance, which can be seen as a deliberate intention of the host to keep conserve prophage genes.

3D structure of the TorI RDF and HK620 phage particules.Credits : M. Ansaldi @ LCB.Artistic credits : J. Puvirajesinghe
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Identification of posttranslational modifications of Interleukin enhancer binding factor 3 (Ilf3)
and Nuclear Factor 90 (NF90)
Aurélie FRADIN 1 , Gilles CLODIC 2 , Gérard BOLBACH 2 , Jean-Christophe LARCHER 1 , Sandrine CASTELLA 1
1 Laboratoire de Biologie du Développement, UMR 7622 UPMC-CNRS, Université Pierre et Marie Curie, 9, quai Saint Bernard, 75252 Paris
CEDEX 05, France

2 Plateforme de Spectrométrie de masse et protéomique, Institut de Biologie Intégrative IFR83, Université Pierre et Marie Curie, 7 quai Saint
Bernard, 75252 Paris CEDEX 05, France

Proteins heterogeneity is a key mechanism for diversifying and/or regulating their subcellular localization and cellular functions.
Polymorphism is generated mainly by two independent mechanisms, alternative splicing and posttranslational modifications. Ilf3
and NF90 are ubiquitous proteins generated by alternative splicing from the ILF3 gene that provides each protein with a long
and identical N-terminal domain of 701 residues and a specific C-terminal domain of 210 and 15 residues, respectively[1,2].
Moreover, the alternative splicing of exon 3, encoding a sequence of 13 amino acids, generates for each protein a long and
short isoforms[3]. Analysis of endogenous proteins by subcellular fractionation and study of GFP-tagged proteins localization
showed that this motif acts as a nucleolar localization signal[4]. Therefore, they exhibit a large polymorphism due to their
posttranscriptional but also posttranslational modifications. Ilf3 and NF90 functions remain unclear, although they have been
described as RNA binding proteins but have been implicated in a large-scale cellular phenomena (mRNA stabilization,
transcription regulation, enzymatic activities regulation, cell cycle, ...).
In order to better understand the posttranslational heterogeneity of Ilf3 and NF90, we have studied their chemical modifications
using immunoprecipitation assay and mass spectrometry analysis. This study highlights two types of Ilf3 and NF90
posttranslational modifications.
The first, yet described[5], is the dimethylation by protein-arginine methyltransferase I (PRMT I) of arginine #609/622 (short/long
isoforms) localized in a consensus RGG motif. This dimethylation is found in Ilf3 and NF90 endogenous proteins but in different
proportions. Indeed, whereas Ilf3 is mostly dimethylated on this arginine, NF90 is four times less. These results are in
agreement with literature data and those previously obtained in our laboratory by in vitro approaches. The function of this
posttranslational modification is to regulate their interaction with their nucleic acid or protein partners or to regulate their
biological activity[6]. Moreover, a recent analysis showed a yet described phosphorylation on serine #482/495[7] in the two
proteins. This remains to be confirmed by complementary experiments with an enrichment of phosphopeptides to facilitate
mass spectrometry assay.
The last posttranslational modifications highlighted is an hydrolysis of the initiating methionine followed by an acetylation of the
newly N-terminal residue. The role of this modification, only found at this time on Ilf3 long isoforms, remains unknown but may
be related to the stability of proteins depending of the nature of the N-terminal residues[8].
[1] Duchange N., Pidoux J., Camus E. and Sauvaget D. (2000), Gene 261, 345-353.
[2] Saunders L.R., Perkins D.J., Balachandran S., Michaels R., Ford R., Mayeda A. and Barber G.N. (2001), J. Biol. Chem. 276, 32300-32312.
[3] Viranaicken W., Gasmi L., Chauvin C., Denoulet P. and Larcher J.-C. (2006), Genomics 88, 622-632.
[4] Viranaicken W., Gasmi L., Chaumet A., Durieux C., Georget V., Denoulet P. and Larcher J.-C. (2011), PLoS One 6, e22296.
[5] Tang J., Kao P.N. and Herschman H.R. (2000), J. Biol. Chem. 275, 19866-19876.
[6] Bedford M.T. and Clarke S.G. (2009), Mol. Cell 33, 1-13.
[7] Smith N.L. and Miskimins W.K. (2011), Cell Prolif. 44, 147-155.
[8] Tasaki T., Sriram S.M., Park S.P. and Kwon Y.T. (2012), Annu. Rev. Biochem. 81, 261-289.
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Structure-Function comparison of two isoenzymes VKORC1 and VKORC1-L1
Benjamin MATAGRIN 1 , Abdessalem HAMMED 1 , Virginie LATTARD 1 , Etienne BENOIT 1
1 USC 1233 INRA/VetAgro Sup - Campus Véterinaire de Lyon

Vitamin K is essential for the carboxylation of vitamin K dependent proteins (VKDP). It is involved in many biological
mechanisms such as coagulation, calcification and signalisation. Because food intake is not sufficient, vitamin K has to be
recycled. This process is ensured in liver by the vitamin K epoxide reductase (VKOR) activity. In 2004, this activity was
described to be catalysed by the VKORC1 enzyme, target of the vitamin K antagonists. Recently, a paralogue enzyme
(VKORC1L1) has been discovered and appears to be also able to catalyse the VKOR activity. Compare to VKORC1,
VKORC1L1 appears 30 times more resistant.
To the author knowledge, the catalytic and inhibition mechanism of the VKOR activity has not been established yet. In order to
determine the structural determinants involved in the catalytic mechanism and the inhibition process, we focused our attention
on the strictly conserved amino acid residues in VKORC1 sequences and/or in VKORC1L1 sequences (Cys-43, Cys-51,
Lys/Tyr-129, Asp/Glu-130 and Tyr-139). All these residues are localised near the proposed catalytic site (Cys132XXCys135).
Recombinant wild type and mutated proteins were expressed in Pichia pastoris. To evaluate the consequences of the
introduced mutations on the interaction of the enzyme with its substrate or inhibitor, the enzymatic parameters for all the
mutants tested were established.
This study confirmed that the CXXC motif is the catalytic site for VKORC1, but also for VKORC1L1. Moreover, the amino acid
in position 130 (Asp for VKORC1, Glu for VKORC1L1) appears essential for the catalysis. Moreover, mutation of this amino
acid in VKORC1L1 leads to a more sensitive enzyme to vitamin K antagonists, suggesting the involvement of this specific
residue in the resistance of VKORC1L1 to vitamin K antagonists. Mutations of Tyr-139 in VKORC1 and in VKORC1L1 lead to
enzyme very resistant to vitamin K antagonists, suggesting the involvement of Tyr-139 in the interaction with the inhibitor in
VKORC1 and in VKORC1L1. In VKORC1, the amino acid in position 129 is involved in catalysis while in VKORC1L1 it is
involved in resistance.
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Suite informatique pour les analyses biostatistiques en protéomique clinique
Valentin BOUQUET 1 , Pierre NAUBOURG 2 , Caroline TRUNTZER 3 , Véronique DUPIERRIS 4 , Christophe BRULEY 4 ,
Isabelle VERGELY 1
1 ASA - Advanced Solutions Accelerator, 199 rue de l'Oppidum, 34170 Castelnau le Lez, France
2 Laboratoire LE2I - UMR CNRS 6303, Allée Alain Savary, 21000 Dijon, France
3 CLIPP - Clinical and Innovation Proteomic Platform, 1 rue Professeur Marion, BP 77980, 21079 Dijon, France
4 CEA Grenoble, iRTSV/BGE/EDyP, 17, rue des Martyrs, 38054 Grenoble CEDEX 09

L'objectif des analyses biostatistiques en protéomique clinique est d'identifier des biomarqueurs diagnostiques ou
prognostiques. Ces études biostatistiques portent à la fois sur des données clinico-biologiques de patients et des données
protéomiques issues de l'analyse de prélèvements réalisés chez ces patients. Une collaboration s'est mise en place entre la
plateforme protéomique CLIPP, le laboratoire LE2I, le Laboratoire EDyP et la société ASA - Advanced Solutions Accelerator
pour concevoir un pipeline applicatif dédié à la recherche de biomarqueurs à partir de prélèvements analysés par spectrométrie
de masse.
Le logiciel Open Source ePims*, conçu par le Laboratoire EDyP, permet de gérer les analyses en spectrométrie de masse. Des
logiciels complémentaires, basés sur les mêmes technologies de développement, ont été mis au point pour ainsi permettre de
gérer, tracer et optimiser tout le processus d'analyse: données cliniques des patients, informations sur les prélèvements,
données de spectrométrie de masse et protocoles statistiques. La suite logicielle se compose de 3 applications qui
communiquent entre elles: eClims, ePims et eP-Stat.
Le logiciel eClims, développé au LE2I, intervient au début du processus en prenant en charge les données des cliniciens
collaborant avec la plateforme CLIPP et les Centres de Ressources Biologiques (CRB): informations patients, prélèvements et
échantillons. eClims garantit la complétude et la cohérence des données grâce à l'application d'une ontologie relative au
domaine de la protéomique clinique.
Les échantillons enregistrés dans eClims sont automatiquement répertoriés dans le logiciel ePims. Ce dernier trace les
traitements pré-analytiques, le passage des échantillons sur les instruments de mesure, la sauvegarde et l'organisation des
acquisitions en spectrométrie de masse.
Le logiciel eP-Stat, développé par ASA, se charge de prétraiter les acquisitions stockées dans ePims et d'extraire d'eClims et
d'ePims les données relatives à des groupes de patients d'intérêts pour les soumettre à divers processus statistiques.
La suite bioinformatique conçue est donc un atout pour la recherche de biomarqueurs puisqu'elle traite à la fois les données
clinico-biologiques normalisées, les analyses en spectrométrie de masse et les études biostatistiques complexes.
* marque déposée du CEA.
Mots clés: base de données, bioinformatique, biomarqueurs, biostatistique, protéomique clinique, spectrométrie de masse
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Unravelling the role of Sl-ARF4, a tomato auxin response factor, in fruit development using
reverse genetic approaches.
Maha SAGAR 3 , Christian CHERVIN 1 , Isabelle MILA 1 , Mohamed BENICHOU 3 , Yves GIBON 4 , Benoît BIAIS 4 ,
Mondher BOUZAYEN 1 , Mohamed ZOUINE 1
1 University of Toulouse, INPT, Laboratory of Genomics and Biotechnology of Fruit, Avenue de l'Agrobiopole BP 32607, Castanet-Tolosan
F-31326, France

2 INRA, UMR990 Génomique et Biotechnologie des Fruits, Chemin de Borde Rouge, Castanet-Tolosan, F-31326, France
3 Université Cadi Ayyad, faculté des sciences Semlalia, Laboratoire des Sciences des Aliments, Avenue Prince Moulay Abdellah, B.P. 511 40000 - Marrakech, Maroc

4 INRA, UMR 1332 Biologie du Fruit et Pathologie, F-33883 Villenave d'Ornon, France
5 Univ. Bordeaux, UMR 1332 Biologie du Fruit et Pathologie, F-33883 Villenave d'Ornon, France

The phytohormone auxin controls various developmental processes, including apical dominance, tropisms, vascular patterning
and fruit set. To understand auxin regulation of fruit development the tomato plant which is a reference species for Solanaceae
and fleshy fruit plants is a good model of study. Auxin signaling is a linear transduction pathway leading to the activation of
Auxin Response Factor (ARF) reported to promote the auxin-dependent gene transcription underlying plant responses to this
hormone. The expression pattern of Sl-ARF4, a gene encoding an ARF in the tomato (Solanum lycopersicum), suggests its
potential role in fruit development. Quantitative PCR analysis revealed increased Sl-ARF4 transcript levels in flowers and young
fruit followed by a dramatic decline at the onset of fruit ripening. Tomato transgenic plants under-expressing the Sl-ARF4 gene
revealed multiple phenotypes related to vegetative and reproductive growth. Silencing of Sl-ARF4 result in dark-green immature
fruit, upward curling leaves and higher sugar content in mature fruit. Metabolomics analysis revealed that the higher amounts of
soluble sugars in ripening fruits result in high starch content in immature fruits. In line with the increased sugar content,
Sl-ARF4 down-regulated fruit display an enhanced chlorophyll content and photochemical efficiency consistent with the idea
that fruit photosynthetic activity accounts for the elevated starch levels. Altogether, the data uncover the new roles for ARFs
during the development of fleshy fruits and hence, and provide new insight on the link between auxin signaling, chloroplastic
activity and sugar metabolism in developing fruit.
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Unraveling the Plastidial Calmodulin-Binding Proteome: From a Large-Scale Approach to
Single Proteins Caracterization
Elisa DELL'AGLIO 1 , Cécile GIUSTINI 1 , Daniel SALVI 1 , Sabine BRUGIÈRE 2 , Faustine DELPIERRE 1 , Myriam FERRO 2 ,
Gilles CURIEN 1 , Norbert ROLLAND 1
1 Laboratoire de Physiologie Cellulaire & Végétale UMR5168 CNRS-CEA-INRA-Université Joseph Fourier, 17 Rue des Martyrs, 38054
Grenoble CEDEX 09 France

2 Laboratoire d'Etude de la Dynamique des Protéomes, CEA-Grenoble, DSV, iRTSV, Université Joseph Fourier, INSERM, U880, F-38054
Grenoble CEDEX 9, France

Calcium (Ca2+)-mediated signaling in plants is known to be involved in a variety of physiological and environmental changes.
Chloroplasts do not escape from these regulatory mechanisms. Indeed, a key photosynthetic enzyme such as NAD kinase has
been identified as a Ca2+/Calmodulin (CaM) activated protein[5]. Ca2+/CaM is also believed to mediate chloroplast protein
import via the CaM binding to Tic32, a component of the protein import machinery[2]. More recently, the CAS protein, a putative
thylakoidal Ca2+ sensor, has been associated with stomatal closure and pathogen resistance [3,6].
In attempt to get a broader picture of plastidial Ca2+/CaM regulated proteins, a large-scale proteomic approach was designed.
Chloroplast subfractions (stroma, thylakoids and envelope) were loaded on CaM-sepharose affinity column in presence of Ca2+
. Bound proteins were subsequently eluted by an excess of EGTA and were identified by mass spectrometry. A list of 183
putative new plastidial CaM partners was obtained. These proteins are implicated in a broad array of functions, such as
photosynthesis, sugar metabolism, protein folding and assembly, or amino acid biosynthesis.
A subset of 20 candidates was selected for further validation. Proteins were expressed in E. coli and tested for they ability to
interact with CaM in an overlay assay performed with Arabidopsis CaM1 tagged with Horseradish peroxidase. 14 out of 20
proteins gave a positive result, although the intensity of the signal was quite different among candidates and often stronger than
that of the positive control, NADK2. Some proteins surprisingly gave also a positive signal in presence of an excess of EGTA.
However, many signals tended to disappear if the incubation time was reduced from 2 hours to 10 minutes, by lowering the
concentration of CaM or by changing the experimental set up.
To overcome this variability and get more quantitative data on the interaction we measured changes of CaM1-Alexa
fluorescence anisotropy upon incubation with each candidate in presence of Ca2+ or EGTA. In some cases, the same kind of
assay was also performed with native Arabidopsis CaM1 and the predicted TaMra labeled CaM-binding peptide of single
candidates. Dissociation constants appeared to be quite different, ranging to several µM to few nM and sometimes the
formation of the complex was not instantaneous but required several minutes. In some cases the Kd obtained for the interaction
of native proteins with CaM were quite higher if compared to the isolated CaM binding peptide, raising questions about the
protein conformational state of the protein upon binding to CaM.
In conclusion, notwithstanding the potential of proteomic approaches in discovering new CaM partners[1,4], a careful
quantitative analysis of the binding affinity on a one-by-one scale is essential before estimating the in vivo relevance of
protein/protein interactions.
[1]Berggård, T., Arrigoni, G., Olsson O., Fex M., Linse S. and James P. (2006), Journal of Proteome Research, 5, 669-687
[2] Chigri, F., Hörmann, F., Stamp, A., Stammers, D. K., Bölter, B., Soll, J. and Vothknecht, U. C. (2006), PNAS, 103, 16051-6.
[3] Nomura H., Komori T., Uemura S., Kanda Y., Shimotani K., Nakai K., Furuichi T., Takebayashi K., Sugimoto T., Sano S., Suwastika I N.,
Fukusaki E., Yoshioka H., Nakahira Y., and Shiina T. (2012), Nat Commun, 3, 926-936
[4] Popescu, S. C., Popescu, G. V., Bachan, S., Zhang, Z., Seay, M., Gerstein, M. and Snyder, M. (2007), PNAS, 104, 4730-4735.
[5] Turner, W. L., Waller, J. C., Vanderbeld, B. and Snedden, W. A. (2004), Plant Physiology, 135, 1243-1255.
[6] Wang W.H., Yi X.Q., Han A.D., Liu T.W., Chen J., Wu F.H. et al (2012), J Exp Bot, 63, 177-90
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Structural studies of protein-protein interactions implicated in C/D snoRNP biogenesis
Xavier MANIVAL 1 , Régis BACK 1 , Cyril DOMINGUEZ 2 , Benjamin ROTHE 1 , Claude BOBO 1 , Solange MORERA 3 ,
Philippe MEYER 3 , Bruno CHARPENTIER 1 , Christiane BRANLANT 1 , Frédéric H.-T. ALLAIN 1
1 AREMS (ARN, RNP, structure-fonction-maturation, Enzymologie Moléculaire et Structurale), UMR 7214 CNRS-UL, Bâtiment Biopôle, Faculté
de médecine, 9 Avenue de la Forêt de Haye, BP184, 54506 Vandoeuvre-lès-Nancy CEDEX, France

2 IMB (Institute of Molecular Biology and Biophysics), ETH, Zurich, Suisse
3 LEBS (Laboratoire d'Enzymologie et Biochimie Structurales) UPR CNRS 3082, Bât. 34, 91198 Gif-sur-Yvette CEDEX, France

Several essential cellular activities, like translation, splicing, ribosome biogenesis and telomere replication, need the activity of
non-coding RNPs. The biogenesis of eukaryotic C/D box snoRNPs, which are involved in pre-rRNA maturation
(post-transcriptional ribose methylation and endo-nucleolytic cleavages), is a complex pathway involving numerous cellular
factors. The ubiquitous Hsp90 chaperone participates both to snoRNP and RNA polymerase assembly through its interaction
with the R2TP complex. Yeast R2TP includes proteins Tah1, Pih1, Rvb1, and Rvb2. Tah1 links R2TP to Hsp90. Using a high
throughput co-expression approach, we identified a network of interactions between RNP core proteins and the assembly
factors. In collaboration with the F. Allain team (ETH Zurich), we established high resolution structures of free Tah1 and Tah1
bound to the Hsp90 C-terminal peptide by NMR. In the free and bound state, the Tah1p TPR domain is folded, while its
C-terminal domain is unfolded. Tah1p has the shortest TPR described up to now: two TPR motifs and a capping helix C. In
addition to a TPR solvating/stabilizing role, helix C is essential for recognition of the Hsp90 704EMEEVD709 C-terminal motif.
Indeed, two of its residues are involved in formation of a carboxylate clamp interacting with D709 in Hsp90. In addition, residue
Tyr82 establishes a π/S-CH3 interaction with M705, generating a 310 helix in the backbone of the Hsp90 peptide. By 2-hybrid
assays and NMR titrations, we confirmed the functional role of helix C and found that the unstructured Tah1 C-domain is
sufficient to bind the Pih1 C-ter domain.
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Molecular modeling of hydrogenase enzymes for biofuel cell design
Francesco OTERI 1 , Anne DE POULPIQUET 2 , Alexandre CIACCAFAVA 3 , Elisabeth LOJOU 2 , Marc BAADEN 1
1 Laboratoire de Biochimie Théorique, CNRS, UPR9080, Univ Paris Diderot, Sorbonne Paris Cité, 13 rue Pierre et Marie Curie, 75005, Paris,
France.

2 Unité de Bioénergétique et Ingénierie des Protéines, Institut de Microbiologie de la Méditerranée - CNRS, 31 Chemin Aiguier, 13009,
Marseille, France

Within the BioPac project[1], we aim to understand the molecular details of hydrogenase function in order to design and improve
next generation biofuel cells. Hydrogenases are key enzymes for the enzymatic conversion of molecular hydrogen into protons
and electrons, representing a promising replacement of chemical catalysts in fuel cell devices.
To obtain a working biofuel cell, we have been studying the Aquifex Aeolicus (Aa) hydrogenase enzyme because of its
resistance to oxygen and carbon monoxyde. Moreover, the presence of a putative transmembrane helix and protein-DDM
interaction represent two challenging features to efficiently immobilize the protein on the electrode surface[2].
Using classical molecular dynamics simulations in explicit solvent, we compare the properties of the enzyme from Desulfovibrio
fructosovorans, a much studied bacterium, with the one from Aa. We focus mainly on surface properties with the aim to
optimize immobilisation on an electrode surface. We also analyze differences among both enzymes as they might provide
insight into the origin of oxygen resistance. Moreover, REFT[3] simulations have been used to address both the DDM-protein
interaction and the transmembrane helix conformational landscape.
In the experimental counterpart of the project, a first working fuel cell prototype was realized yielding 300 µW cm-2 power[4].
Insights on the interaction between hydrogenase model and electrode will drive the experimental design of an improved
electrode increasing the efficiency of the association and hence of electron transfer.
[1] http://www.lojou.fr/biopac/?page=./common/generic.php&titre=summary
[2] A. Ciaccafava et al., Angewandte Chemie, 2012, 51(4), pp 953-956.
[3] S.L.C. Moors et al., J. Chem. Theory Comput., 2011, 7 (1), pp 231-237.
[4] A. Ciaccafava et al., Electrochemistry Communications, 2012, (23) pp 25-28.
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Synthèse et Caractérisation Spectroscopique et Structurale du Polymère de Coordination
(18-couronne-6) (tetraphenylporphyrinato)zinc(II)
Zouhour DENDEN 1 , Mohamed Salah BELKHIRIA 1 , Jean-Claude DARAN 1 , Habib NASRI 1
1 Laboratoire de Physico-chimie des matériaux, Faculté des Sciences de Monastir, Université de Monastir Avenue de l'environnement, 5019
Monastir, Tunisia,

2 Laboratoire de chimie de coordination, CNRS UPR 8241, 205 Route de Norbonne, 31077 Toulouse, Cedex 04, France

L'intérêt suscité par l'étude des porphyrines de zinc provient de leur rôle très important dans les systèmes biologiques. On a
commencé depuis plus d'une dizaine d'années à utiliser certains dérivés porphyriniques de zinc dans la préparation de cristaux
liquides utilisables dans les dispositifs d'affichages et dans la fabrication de cellules solaires.
Un nouveau complexe porphyrinique de Zn(II) a été synthétisé et caractérisé par spectroscopie UV-visible, IR, RMN 1H et
RMN 13C. Il s'agit d'un polymère de coordination (18-couronne-6)(tétraphénylporphrine)zinc(II) de formule [ZnII(TPP)(18-C-6)].
Ce composé a été caractérisé aussi par diffraction des RX sur monocristal où il cristallise dans le système triclinique (groupe
d'espace P-1) dont les paramètres de maille sont : a = 10.2170(3) Å, b = 11.1190(4) Å, c = 11.8243(3) Å, α = 104.384(3)° β =
105.912(3)° et η = 108.096(3)° Les valeurs finales de facteurs de véracité sont : R1 = 0,0321 pour 3885 réflexions avec Fo > 4σ
(Fo), wR2 = 0,0983 et S = 1,139 pour la totalité des réflexions. Cette étude cristallographique montre que le cation Zn2+ est lié
d'une part aux quatre atomes d'azotes pyrroliques (la porphyrine TPP est dans le plan ((b),c) et d'autre part à deux couronnes
(18-C-6) par l'intermédiaire d'un atome d'oxygène de chaque molécule 18-C-6. La distance Zn-O(18-C-6) = 2.582 (1) Å. On
obtient un complexe de Zn(II) polynucléaire de formule générale [ZnII(TPP)(18-C-6)]n dans lequel la couronne (18-C-6) joue un
rôle d'un ligand pontant. Les chaines de polymères se développent dans le plan (b,c) parallèlement à l'axe b. Ces polymères
sont liés ensemble par de faibles liaisons de Van Der Waals.

Ortep diagram of the [Zn(TPP)(18-C-6)2] complex.
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Theory of Single Molecule Experiments in the Overstretching Force Regime
Fabrizio CLERI 1 , Stefano GIORDANO 1 , Fabio MANCA 2 , Pier Luca PALLA 1 , Luciano COLOMBO 2
1 Institut d'Electronique, Microelectronique et Nanotechnologie, CNRS UMR 8520, Université de Lille I, 59652 Villeneuve d'Ascq, France
2 Dipartimento di Fisica, Università di Cagliari, 09042 Monserrato, Italy
We present a statistical mechanics analysis of the finite-size elasticity of biopolymers, providing a robust theoretical
interpretation of the so-called 'overstretching regime' observed in AFM or optical tweezer pulling experiments on single
molecules. The long chain molecules are here described in terms of the internal dynamics of a linear (non-branched) sequence
of N two-state systems, undergoing a conformational transformation described by a double-well potential energy function. For
the sake of argument we call 'folded' and 'unfolded' the two conformations; however the transformation occurs, more generally,
between two principal local minima of the domain free-energy hypersurface (e.g., for DNA such a transformation could equally
represent either the B-S conformational transformation, or the melting transition).
We firstly develop a theoretical model describing experiments at constant applied force (a realization of Gibbs ensemble
statistics), and we show that the conformational change must in this case occur simultaneously for all the domains at a given
threshold force.
On the other hand, experiments performed at constant-displacement are a realization of the Helmholtz ensemble of statistical
mechanics. In our previous work [1], we showed that the outcome of the two types of experiment converge in the
thermodynamic limit of infinite chain length. In practice, real experiments always fall inbetween these two ideal extremes.
Therefore, here we focus on the intermediate cases described by finite values of the kc/k ratio, k and kc being the equivalent
spring constant (i.e., stiffness) of the domain and of the pulling instrument (AFM, optical tweezer, etc.), respectively.
We demonstrate by means of Monte Carlo simulations that the typical 'sawtooth' pattern [2], observed for the unfolding of large
protein domains (such as the Ig units in titin), and the 'plateau' or kink [3,4], observed in the overstretching of DNA and
polysaccharides (e.g. dextran), have a common origin in the size-dependence of the polymer response to the external force,
the 'plateau' shape being attained in the limit of large N for fixed kc/k (Fig. 1 left). On the same grounds, at a fixed number N of
domains, the transition from the 'plateau' to the 'sawtooth' response is recovered for increasing values of kc/k (Fig. 1 right).
Notably, such a behavior of the force-extension curves is universal with respect to the specification of any additional
experimental parameters, such as chemical, structural or mechanical constants of the domains.

[1] F. Manca et al., J. Chem. Phys. 136, 154906 (2012)
[2] M. Rief et al., Science 276 1109 (1997).
[3] M. Rief et al., Science 275, 28 (1997)
[4] S. M. Smith, Y. Cui, C. Bustamante, Science 271 795 (1996)

Monte Carlo force-extension curves at T=293 K: (left) decreasing kc/k and fixed N; (right) increasing N and fixed kc/k
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Structural analyses of β-bulges.
Pierrick CRAVEUR 1 , Joseph AGNEL PRAVEEN 2 , Joseph REBEHMED 1 , Alexandre G. DE BREVERN 1
1 INSERM, UMR_S665, Dynamique des Structures et des Macromolécules Biologiques (DSIMB), Université Paris Diderot, Sorbonne Paris Cité,
INTS, GR-Ex Laboratoire d'exellence, 6, rue Alexandre Cabanel, 75739, Paris, CEDEX 15, France

2 NCBS, Tata institute of Fundamental Research, UAS, GKVK Campus, Bellary Road, Bangalore 560 065, India

β-sheets are the most important repetitive structure with the α-helices. They are maintained by regular main-chain hydrogen
bond patterns. These patterns are quite repetitive. β-sheet's irregularities is named β-bulge; it is defined as a region between
two consecutive β-type hydrogen bonds, which includes two to four residues on one strand opposite to a single residue (called
residue X) on the other-strand [1]. They were classified in five different types [2]. Its formation disrupts the classical alternation of
side chain direction, and impacts the directionality of β-strands [2]. They seem implicated in protein-protein interactions [3] and
were, in particular, described as negative design to avoid β-strand aggregation into fibrillar structures in the case of several
neurodegenerative pathologies [4].
Previous analyses are based on a limited number of protein structures or one specific family, as WD40-repeat proteins [5].
These studies proposed that they were quite conserved during evolution. In this work we analyze the β-bulge distribution and
their conservation in terms of local protein structures and amino acid conservation. For this purpose, we use an extensive
updated structural. Protein domains have been taken from ASTRAL [6]. β-bulges were assigned using PROMOTIF [7]. The
structural conservation of β-bulges was analyzed after protein superimposition with iPBA [8]. Hence, we analyzed 70 times more β
-bulges than previous studies. More than two β-bulges are found on average per protein, and more than three concerning the
all-β SCOP folds.
Thus we analyzed their amino-acid composition highlighting novel amino acid preferences in regards to the previous studies [2].
These amino-acid preferences depends on the β-bulge type, residues type (residue X or not) and β-sheet/coil localization.
Using Protein Blocks [9], i.e., local structure preferences, and β-sheet/coil localization, β-bulges were studied and the preferred
positions at the N- and C-terminus of β-strand were emphasized. Through the 950,793 structural superimpositions computed,
our results show that no particular conservation of β-bulges was observed in structural homologues. Even in many cases, β
-bulges observed in a protein are not found in its structural homologues. Studying the β-bulges conservation by performing
molecular dynamics simulations may explain the stable and instable characteristics of β-bulges.
[1] Richardson, Getzoff, Richardson, Proc Natl Acad Sci U S A, 1978.
[2] Chan, Hutchinson, Harris, Thornton, Protein Sci, 1993.
[3] Shortle, Sondek, Cur Op in Biotechnology, 1995.
[4] Richardson, Richardson, Proc. Natl. Acad. Sci. U.S.A., 2002.
[5] Wu, Wang, Zhuo, Jiang, Wu, PLos ONE, 2012.
[6] Chandonia, Hon, Walker, Lo Conte, Koehl, Levitt, Brenner, Nucleic Acid Res., 2004.
[7] Hutchinson, Thornton, Protein Sci, 1996.
[8] Gelly, Joseph, Srinivasan, de Brevern, Nucleic Acid Res, 2011.
[9] Joseph et al. Biophys Rev., 2010.

From molecular mechanisms to integrated life processes

Poster abstracts
P 304

Sequence, structure and function relationship of Baeyer-Villiger monooxygenases : insights
for a better classification
Joseph REBEHMED 1 , Véronique ALPHAND 2 , Véronique DE BERARDINIS 3 , Alexandre G. DE BREVERN 1
1 DSIMB, INSERM, UMR_S 665, Université Paris Diderot, Sorbonne Paris Cité, INTS, Paris 75015, France
2 iSm2, UMR CNRS 7313, Université Aix-Marseille, Marseille, France
3 LCAB, Genoscope, CEA Evry, France

Oxygenation reactions are key role reactions found in most of the living organisms[1]. One particular reaction, of great
importance for organic chemistry, is the Baeyer-Villiger oxidation in which a ketone is oxidized into an ester. It can be
performed via biocatalysis by a family of proteins called Baeyer-Villiger Monooxygenase (BVMO). This bio-reaction showed a
number of aspects that are better than its chemical version; it does not induce the use of potentially harmful reagents (green
chemistry) and displays better enantio- and regio- selectivity [2]. And because of all these features, pharmaceutical and
perfumes companies start to show an interest.
In this work, we analyzed the available x-ray structures of current BVMOs. The structures revealed a two-domain architecture,
with FAD-binding and NADPH-binding domains. The active site is found in a cleft at the domain interface. Their flexibility was
examined first by Normal mode analyses and molecular dynamics simulations followed by principal component analyses. The
obtained results were in agreement showing a global opening and closure movement of the two domains. Amino acids residues
playing important roles in the interaction between the enzyme and its corresponding ligand and cofactors were also highlighted.
In parallel, we looked for related sequences in the UniRef90 database with BLAST using the well known type I BVMOs protein
sequence as query. Around 125 new sequences were identified as new putative BVMOs respecting our defined criteria of an
E-value smaller than e-10 and a sequence identity with the query higher than 50%. Multiple sequence alignments were carried
out on the selected sequences to study the conservation of structurally and/or functionally important amino acids during
evolution. Type I BVMO signature motif was found to be conserved in 91% of the sequences, as well as amino acids at the
vicinity of the FAD and NADPH cofactors (G 46, D 49, etc ...) after projection of the scores on the 3D structure of the enzyme.
Residues at the enzyme binding site were less conserved than the previous ones which can explain the enzyme selectivity and
specificity for different ligands. in silico structural models were obtained by comparative modeling and threading techniques for
the new BVMOs that showed interesting experimental activities. All these combined studies, will allow us in the future to
discuss a better classification of the BVMO family based of the sequence, structure and/or function.
[1] W.J.H. Van Berkel, N.M. Kamerbeek and M.W. Fraaije, Flavoprotein monooxygenase, a diverse class of oxidative biocatalysts. Journal of
Biotechnology, 124:670-689, 2006.
[2] V. Alphand and R. Wohlgemuth, Applications of Baeyer-Villiger Monooxygenases in Organic Synthesis. Current Organic Chemistry,
14:1928-1965, 2010.
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Inquiring protein thermostability: Is resistance to temperature stress a rigidity/flexibility
trade-off?
Maria KALIMERI 1 , Simone MELCHIONNA 2 , Fabio STERPONE 1
1 Univ. Paris Diderot, Sorbonne Paris Cité, Laboratoire de Biochimie Théorique, UPR 9080 CNRS, Paris, France.
2 CNR-IPCF, Consiglio Nazionale delle Ricerche, Rome, Italy

Understanding how proteins maintain a stable fold in different thermodynamic conditions and how their motion at different
length and time scales correlates to biological functions are of principal importance in biophysics.
Here we are interested in a special class of proteins: the thermophiles. These proteins can resist thermal stress being able to
function at temperatures as high as 100 degrees Celsius. The molecular origin of such special stability is still unknown and is
extremely appealing for technological applications.
A key question is whether or not thermal resistance of thermophilic proteins is caused by a special rigidity of the protein matrix
as assumed by common belief.
In this work, we are studying the behavior of two homologous hyperthermophilic and mesophilic proteins via molecular
dynamics simulations at different temperatures and at timescales that reach up to hundrends of nanoseconds. A
multidisciplinary conformational analysis on the resulting trajectories, seems to support the idea that thermostability is induced
by a very interesting partition of flexible and rigid parts along the protein matrix and points out, to that end, the crucial role of
electrostatic interactions.
[1] A. D. Jr. MacKerell, B. Brooks, C. L. III Brooks, L. Nilsson, B. Roux, Y. Won & M. Karplus [1998], "CHARMM: The Energy Function and Its
Parameterization with an Overview of the Program", The Encyclopedia of Computational Chemistry, 1, 271-277.
[2] L. Maragliano, G. Cottone, L. Cordone & G. Ciccotti [2004], "Atomic Mean-Square Displacements in Proteins by Molecular Dynamics: A
Case for Analysis of Variance", Biophys. J., 86(5), 2765-2772.
[3] M. Marchi [2003], "Compressibility of Cavities and Biological Water from Voronoi Volumes in Hydrated Proteins, J. Phys. Chem. B, 107(27),
6598-6602.
[4] G. N. Somero [1978], "Temperature Adaptation of Enzymes: Biological Optimization Through Structure-Function Compromises", Annu. Rev.
Ecol. Syst., 9, 1-29.
[5] H. Song, M. R. Parsons, S. Rowsell, G. Leonard & S. E. Phillips [1999], "Crystal structure of intact elongation factor EF-Tu from Escherichia
coli in GDP conformation at 2.05 A resolution", J. Mol. Biol., 285, 1245-1256.
[6] F. Sterpone and S. Melchionna [2012], "Thermophilic proteins: insight and perspective from in silico experiments", Chem. Soc. Rev., 41,
1665-1676.
[7] L. Vitagliano, A. Ruggiero, M. Masullo, P. Cantiello, P. Arcari, & A. Zagari [2004], "The crystal structure of Sulfolobus solfataricus elongation
factor 1alpha in complex with magnesium and GDP", Biochemistry, 43, 6630-6636.
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Assessing the Stability of Protein Complexes within Large Assemblies
Tom DREYFUS 1 , Valérie DOYE 2 , Frédéric CAZALS 1
1 INRIA Sophia-Antipolis - Méditerranée, Algorithms-Biology-Structure
2 Inst. Jacques Monod, UMR 7592, Univ. Paris Diderot
Structural genomics projects exploiting Tandem Affinity Purification (TAP) or similar data have revealed remarkable features of
proteomes[5]. While these insights are essentially of combinatorial nature---selected proteins are known to interact within a
complex, leveraging this information requires building three dimensional models of these complexes. Such an endeavour has
recently been completed for the Nuclear Pore Complex (NPC), for which plausible reconstructions have been computed from
different experimental data, including TAP data [7]. Yet, a full synergy between TAP data and the reconstruction is not at play
for two reasons. First, the models built are qualitative. Second, the reconstruction does not elucidate the precise connexion
between the model and TAP data. In particular, deciding whether proteins seen in a TAP experiment correspond to a single
complex or a mixture of complexes within the NPC is not addressed.
This talk will present a method addressing these limitations.
First, we shall introduce toleranced models to inherently model uncertain shapes. A toleranced model is a one-parameter family
of shapes (a continuum of geometries) representing an uncertain shape, which can be used to investigate stable complexes
amidst the continuum [3].
Second, for models reconstructed from TAP data, we shall explain how toleranced models and their built-in geometric statistics
can be used to infer stable contacts, and also to investigate protein complexes associated to specific protein types [1,2].
Illustrations will be provided on NPC models derived from the density maps presented in [6,7], and discussed in the context of
the latest experimental data [1,2,4].
[1] T. Dreyfus and V. Doye and F. Cazals. Probing a Continuum of Macro-molecular Assembly Models with Graph Templates of
Sub-complexes. Submitted, 2012
[2] T. Dreyfus and V. Doye and F. Cazals. Assessing the Reconstruction of Macro-molecular Assemblies with Toleranced Models. Proteins,
80(9), 2012 - http://cgal.inria.fr/abs/voratom/
[3] F. Cazals and T. Dreyfus. Multi-scale Geometric Modeling of Ambiguous Shapes with Toleranced Balls and Compoundly Weighted
alpha-shapes. Symposium on Geometry Processing, 2010 - http://hal.inria.fr/inria-00497688/en
[4][Fer12] J. Fernandez-Martinez et al. Structure--function mapping of a heptameric module in the nuclear pore complex - The Journal of Cell
Biology, 2012
[5] A-C. Gavin et al. Proteome survey reveals modularity of the yeast cell machinery - Nature, 440, 2006
[6] F. Alber and Al Determining the Architectures of Macromolecular Assemblies - Nature, 450, 2007
[7] F. Alber and Al - The Molecular Architecture of the Nuclear Pore Complex Nature, 450, 2007

Investigating the sub-complex involving the 16 copies of the Y-complex, which form the scaffold of the Nuclear Pore Comp
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Coarse-grained Simulations as a Bridge to Solve Atomic Structures of Dystrophin Essential
Fragments from SAXS Envelopes
Olivier DELALANDE 1 , Emeline POLLET 1 , Angélique CHÉRON 1 , Jean-François HUBERT 1 , Mirjam CZJZEK 2 ,
Elisabeth LE RUMEUR 1
1 Institut de Génétique et Développement (IGDR), Université de Rennes 1 - CS 34317 - 35043 Rennes CEDEX, France
2 Station biologique de Roscoff UMR CNRS-UPMC 7139, Place Georges Teissier, 29680 Roscoff, France

Dystrophin is a large (427kDa) filamentous protein whose absence or dysfunction is related to Duchenne or Becker muscular
dystrophies. It contributes to the sarcolemma preservation during the muscle contraction-relaxation cycles. Dystrophin interacts
with many partners, such as F-actin of the muscular cell cytoskeleton, nNOS and phospholipids. Its main region is a central
domain of 24 spectrin-like repeats (R1 to R24), each of them constituting a three-helix coiled-coil fold. Its dynamics and
repetitive structural pattern does not allow X-ray crystallography or NMR studies and so make difficult the atomic structure
determination of dystrophin. Small Angle X-ray Scattering (SAXS) provides information about the shape and the size of
biological macromolecules in solution, but does not give precise atomic coordinates. We here present a method coupling
SAXS and CG MD applied to the atomic structure determination of two regions of dystrophin central domain R1-3, a lipid
binding domain and R11-15, an actin binding domain. SAXS acquisitions were performed at SOLEIL on dystrophin fragments
and first analysed by ATSAS. Homology models were obtained using I-Tasser and then converted in models at a
coarse-grained resolution. Molecular dynamics simulations were computed and analysed with the Gromacs program.
From SAXS and CG MD data, we constituted a set of experimental or theoretical structures. We used two empirical strategies
to compare experimental and theoretical results. First, MD simulations allow conformational space exploration to generate
rational structures that could correspond to the best SAXS envelopes. We compared
- three dimensional particle distributions defining molecular volumes and
- radial distribution functions from the two SAXS and CG MD structural sets.
Secondly, geometrical strategy was designed to allow a rapid fit of CG structures on SAXS shapes. It constituted a preliminary
test before carrying out interactive flexible fitting developments.
Best representative conformers obtained from MD clustering analysis represented 21.2% and 16.1% of the trajectories
computed for R1-3 and R11-15, respectively. Oligomer analysis provided similar best contributions of the scattering curves
related to the best SAXS envelopes. These low-resolution structures obtained by experimental and theoretical studies
established that dystrophin fragments are highly flexible, with potential local bending occurring through the succession of some
repeats. For both fragments, a dogleg-shape structure was resolved underlining that conformational changes could happen in
order for the repeats to accommodate direct contacts with membrane lipids for R1-3 or the F-actin filament for R11-15.

Best low resolution structures provided by CG clustering and SAXS envelopes for R-1 and R11-15 regions
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Molecular modeling of membrane protein complexes: case of G protein coupled receptors
associated to the potassium channel Kir6.2
Nicolas SAPAY 1 , Argel ESTRADA-MONDRAGON 2 , Christophe MOREAU 2 , Michel VIVAUDOU 2 , Serge CROUZY 1
1 CEA Grenoble, Institut de Recherche en Technologie et Sciences du Vivant, - laboratoire de chimie et biologie des métaux (UMR 5249
CEA/CNRS/UJF), 17, rue des Martyrs, 38054 Grenoble cedex 09, France

2 Institut de Biologie Structurale (UMR 5075 CEA/CNRS/UJF), Channels Group, 41, rue Jules Horowitz, 38027 Grenoble, France -

Transmembrane proteins can assemble to form homo- and heteromeric complexes. Determining the structure of these
complexes at the atomic scale remains a daunting challenge. Although crystallographic studies have yielded insights on the
structures of some homomeric complexes, such as ion channels and a few GPCRs, structural information of membrane
proteins is mostly limited to their monomeric state.
Computational approaches can be an attractive solution to rebuild membrane complexes from monomer units at the atomic
scale. The few existing protein-protein docking methods have not been developed specifically for membrane proteins and often
require a first guess of the expected protein-protein interface. We have developed a docking protocol in order to address those
two issues. The protocol systematically tests all possible configurations between 2 proteins and ranks the results as a function
of the intermolecular energy as calculated by the CHARMM19 force field combined with the EEF1 solvation model. Our protocol
was able to reproduce correctly the dimeric structure of the µ-opioid receptor. It was then applied to the chemokine receptor
CXCR4 but the best docking model did not fit the crystal structure of the dimer in this case. Because other studies suspect the
crystal structure of the CXCR4 dimer to be biologically irrelevant, as the C-terminal α-helix is not structured as for all other
crystallized GPCRs, our modeling results reinforce this hypothesis.
Finally, the docking protocol was tested on the potassium channel Kir6.2 coupled to different GPCRs. Those chimeric
constructs constitute a new generation of extremely sensitive molecular biosensors [1]. They are expected to become a
powerful tool to miniaturize the screening of therapeutic molecules. However, the protein engineering necessary to construct
them is extremely difficult because it remains largely empirical. Our modeling results provide some hypotheses about the
molecular mechanism of these biosensors which will be helpful to guide their development.
[1] Moreau, C.J., Dupuis, J.P., Revilloud, J., Arumugam, K. and Vivaudou, M., Coupling ion channels to receptors for biomolecule sensing.
Nature Nanotechnology, 2008. 3(10): p. 620-625.

Comparison of the crystal structure and our docking model of the µ-opioid receptor dimer.
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Binding Patches of Protein Complexes: Flexibility, Specificity, Stability
Noël MALOD-DOGNIN 1 , Achin BANSAL 1 , Frédéric CAZALS 1
1 INRIA Sophia-Antipolis - Méditerranée, Algorithms-Biology-Structure

Modeling the binding patches of a protein complex is a key endeavor to foster our understanding of protein - protein
interactions [5], but also to enhance scoring functions for docking [2]. This talk will present novel results for several key
properties of binding patches, namely their flexibility, specificity, and stability (affinity constants) [1].
More precisely, let the patch of a partner in a protein complex be the collection of atoms accounting for the interaction. To
improve our understanding of the structure-function relationship, we present a patch model decoupling the topological and
geometric properties. While the geometry is classically encoded by the atomic positions, the topology is recorded in a graph
encoding the relative position of concentric shells partitioning the interface atoms. The topological - geometric duality provides
the basis of a generic dynamic programming based algorithm comparing patches at the shell level, which may favor topological
or geometric features.
On the biological side, we address four questions, using 249 co-crystallized heterodimers organized in biological families. First,
we dissect the morphology of binding patches, and show that Nature enjoyed the topological and geometric degrees of freedom
independently while retaining a finite set of qualitatively distinct topological signatures.
Second, we argue that our shell-based comparison is effective to perform atomic-level comparisons, and show that topological
similarity is a less stringent than geometric similarity. We also use the topological versus geometric duality to exhibit topo-rigid
patches, whose topology (but not geometry) remains stable upon docking.
Third, we use our comparison algorithms to infer specificity related information amidst a database of complexes. Finally, we
exhibit a descriptor outperforming its contenders to predict the binding affinities of the recently assembled binding affinity
benchmark. [3].
The softwares developed with this work are available from http://team.inria.fr/abs/vorpatch_compatch
[1] N. Malod-Dognin and A. Bansal and F. Cazals. Characterizing the Morphology of Protein Binding Patches - Proteins, 2012, in press
[2] Feliu, E. and Oliva, B. How different from random are docking predictions when ranked by scoring functions? - Proteins, 78(16), 2010
[3] P.L. Kastritis and I.H. Moal and H. Hwang and Z. Weng and P.A. Bates and A. Bonvin and J. Janin. A structure-based benchmark for
protein-protein binding affinity - Protein Science, 20, 2011
[4] B. Bouvier and R. Grunberg and M. Nilges and F. Cazals. Shelling the {V}oronoi interface of protein-protein complexes reveals patterns of
residue conservation, dynamics and composition - Proteins, 76(3), 2009
[5] P. Chakrabarti and J. Janin. Dissecting protein-protein recognition sites - Proteins, 47 (3), 2002

Flexibility of a binding patch upon docking (left: bound, right: bound): rigid, topologically-rigid, and flexible cases
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Alternative Splicing and Protein Structures
Jean-Christophe GELLY 1 , Hsuan-Yu LIN 2 , Trees-Juen CHUANG 3 , Feng-hi CHEN 2 , Alexandre G. DE BREVERN 1
1 INSERM, UMR S 665, Dynamique des Structures et Interactions des Macromolécules Biologiques (DSIMB), Université Paris Diderot,
Sorbonne Paris Cité, INTS, GR-Ex, Laboratoire d'Excellence 75015 Paris, France

2 Institute of Population Health Sciences, National Health Research Institutes, Department of Biological Science and Technology, National
Chiao-Tung University, Hsinchu, 300 Taiwan -

3 Genomics Research Center, Academia Sinica, Taiwan -

Correct folding of a protein into its native 3D structure is critical for function. The molecular mechanism responsible for protein
folding is not fully understood and remains a fundamental problem in biological sciences. Thus protein structure analysis is
critical to apprehend the complex organization of protein structure. We have proposed a novel approach - protein peeling (PP) to divide 3D structures into small structural units, termed proteins units (PUs) [1,2]. PUs are a new level for better describe
protein structure architecture, smaller than the well described structural domains. A PU corresponds to a protein sequence
fragment with a high number of intra-unit contacts between residues and few between them [3]. Using PP, we have shown that
unstructured N- or C-terminus segments were observed in half of the protein structures [4].
Alternative splicing (AS) of messenger RNAs is a major mechanism of increasing proteome diversity in complex organisms.
Different AS transcript isoforms may be translated into peptide sequences of significantly different lengths and amino acid
compositions. One important question then is how AS is constrained by protein structural requirements while peptide
sequences may be significantly changed in AS events. To date, only a small number of protein isoform structures (fewer than
10) can be found in PDB [5]. Effects of AS on 3D protein structures and the related selective constraints remain underexplored.
We address this issue by examining whether the intactness of 3D protein structural units, PUs, tends to be preserved in AS
events in human. We show that PUs tend to occur in constitutively spliced exons (CSEs) and to overlap constitutive exon
boundaries. Furthermore, when PUs are located at the boundaries between two alternatively spliced exons (ASEs), these
neighboring ASEs tend to co-occur in different transcript isoforms. In addition, such PU-spanned ASE pairs tend to have a
higher frequency of being included in transcript isoforms. ASE regions that overlap with PUs also have lower
nonsynonymous-to-synonymous substitution rate ratios than those that do not overlap with PUs, indicating stronger negative
selection pressure in PU-overlapped ASE regions. PUs have protein domain- and structural orderness-independent effects on
mRNA splicing. Overall, our results suggest that fine-scale protein structural requirements have significant influences on the
splicing patterns of human mRNAs [6].
[1,2] Gelly, de Brevern, Hazout, Bioinformatics, 2006; Gelly, Etchebest, Hazout, de Brevern, Nucl Acid Res, 2006.
[3] Gelly, de Brevern, Bioinformatics, 2011.
[4] Faure, Bornot, de Brevern, Biochimie, 2009.
[5] Stetefeld, Ruegg, Trends Biochem Sci, 2005.
[6] Gelly, Lin, Chuang, Chen, de Brevern, Genome Biol Evol, 2012.
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Allelochemicals Effect from Euphorbia guyoniana Boiss. & Reut. and Their Potential Uses as
natural herbicides
Nasrine SALHI 1 , Salama M. EL-DARIER 2 , M.El-Taher HALILAT 1
1 Université Kasdi Merbah Ouargla - Laboratoire de Bio-ressources sahariennes : préservation et valorisation, Faculté des Sciences de la
Nature et de la Vie et des Sciences de la Terre et de l'Univers, Ouargla, 30 000, Algérie

The aim of the present study was to investigate the potential allelopathic effects of Euphorbia guyoniana Boiss. & Reut. (donor
species) aqueous extract on germination efficiency of two weeds (Bromus tectorum and Melilotus indica) and one crop species
(Triticum aestivum) under laboratory conditions. The germination efficiency, plumule and radicle length of Bromus was
completely inhibited at the highest concentration of aqueous extracts of the donor species level (10%). the two recipient
species exerted weak measures as affected by the highest concentration level of all donors. This inhibition was markedly in
obvious Bromus tectorum than in Melilotus indica indicating that Bromus tectorum is more sensitive to all of tested donors,
while the Melilotus indica is more adapted to the aqueous extract than the Bromus tectorum.
[1] E. L. Rice, Allelopathy.2nd Edn. Academic Press New York, 1984.
[2] J.V. Lovett, M.Y. Ryuntyu In "Allelopathy: Basic and Applied Aspects" Edited by S.J.H. Rizvi, V.Rizvi 1992.
[3] S. J. H. Rizvi, V.Rizvi, Allelopathy: basic and applied aspects. Chapman and Hall, London. (1992). pp. 480.
[4] Inderjit, K.I. Keating, Allelopathy: principles, procedures, processes, and promises for biological control. Advances in Agronomy 1999.67,
141-231.
[5] L.A. Weston, Utilization of allelopathy for weed management in agroecosystems. Agronomy Journal 1996, 88, 860-866
[6] L.R. Scrivanti, M.P Zunino, J.A. Zygadlo, Tagetes minuta and Schinus areira essential oils as allelopathic agents. Biochemical Systematic
and Ecology, 2003. 31,563-572.
[7] K.L. Zzet , Y. Yusuf Allelopathic Effects of Plants Extracts Against seed Germination of some Weeds .Asian Journal of Plant Sciences 2004,
3(4), 472-475.
[8] S.S Narwal,Allelopathy in crop production. Scientific Publishers Jodhpur (India) p.2881994
[9] S.Tehmina, A.Phil.H.David, B.Rukhsana,Allelopathic potential of Helianthus annuus L.
sunflower as naturalherbicide, http//www.regional.org.au/au/allelopathy/2005/2/7/2252_anjum.htm
[10] D.Lin, E.Tsuzuki, , Y.Sugimoto, Y.Dong, , M.Matsuo, H.Terao, Assessment of dwarf lilyturf (Ophiopogon japonicus K.) dried powders for
weed control in transplanted rice. Crop Prot. 2003, 22 (2), 431-435.
[11] D.Lin, E.Tsuzuki, , Y.Sugimoto, , Y.Dong, , M.Matsuo, H.Terao,. Elementary Identification and biological activities of phenolic
allelochemicals from dwarf lilyturf plant (Ophiopogon japonicus K.) against two weeds of paddy rice field. Plant Prod. Sci. 2004, 7 (3) 260-265.
[12] Y.Fujii, M.Furukawa, Y.Hayakawa, K.Sugawara, T.Shibuya,Survey of Japanese medicinal plants for the detection of allelopathic properties.
Weed Resrarch 1991,36, 36-42.
[13] Y.Fujii, S.S.Parvez, M.M.Parvez,Y.Ohmae, , O.Iida, Screening of 239 medicinal plant species for allelopathic activity using the sandwich
method. Weed Biology and Management 2003, 3, 233-241.
[14 ]Daizy R.; B. K. Manpreet; P. S. Harminder and K. K. Ravinder Phytotoxicity of a medicinal plant, Anisomeles indica, against Phalarisminor
and its potential use as natural herbicide in wheat fields. Crop Protection, 2007.Volume 26, Issue 7, Pp. 948-952.
[15] Rice, E.L Allelopathy. Academic Press, New York, NY. pp.353. . (1974).
[16] Qasem, J. R.. Allelopathic effects of selected medicinal plants on Amaranthus retroflexus and Chenopodium murale. Allelopathy Journal
2002,10(2):105-122.
[17] El-Darier, S.M. Allelopathic effects of Eucalyptus rostrata on growth, nutrient uptake and metabolic accumulation of Vicia faba L. and Zea
mays L.. Pakistan Journal of Biological Sciences 2002 ,5 (1): 6-11.
[18] Chun-Mei, H.; P. Kai-Wen; W. Ning; W. Jin-Chuang and L.Wei. Allelopathic effect of ginger on seed germination and seedling growth of
soybean and chive. 2008.
[19] Salhi, N., El-Darier ,S. M. and Halilat M. T Allelopathic Effect of some Medicinal Plants on Germination of two Dominant Weeds in
Algeria. Advances in Environmental Biology, 2011,5(2): 443-446.
[20] Ahmed, A.A., Gherraf, N., El-Bassuony, A.A., Rhouati, S., Gad, M.H., Ohta, S., Hirata, S.. Guyonianin A and B, two polyester diterpenes
from Algerian Euphorbia guyoniana. Natural Product Communications .2006,4, 273-279.
[21] Fiorentino, A., D'Abrosca, B., Pacifico, S., Izzo, A., Letizia, M., Esposito A. and Monaco, P. Potential allelopathic effect of neo-clerodane
diterpenes from Teucrium chamaedrys (L.) on stenomediterranean and weed cosmopolitan species. Biochemical Systematics and Ecology
2009, 37 :349-353
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A dual strategy to cope with high light in Chlamydomonas reinhardtii
Guillaume ALLORENT 1 , Ryutaro TOKUTSU 2 , Thomas ROACH 3 , Anja KRIEGER-LISZKAY 3 , Jun MINAGAWA 2 ,
Giovanni FINAZZI 1
1 Laboratoire de Physiologie Cellulaire et Végétale, CEA Grenoble, Grenoble, France.
2 Division of Environmental Photobiology, National Institute for Basic Biology, Okazaki, Japan.
3 Commissariat à l'Energie Atomique et Energies Alternatives Saclay, iBiTec-S, CNRS, Gif-sur-Yvette, France.

Absorption of light in excess to the capacity for photosynthetic electron transport is damaging to photosynthetic organisms. To
avoid photodamage, plants develop nonphotochemical quenching (NPQ). This term comprises at least two major processes:
state transitions (qT), the change in the relative antenna sizes of photosystem II and I and qE, the increased thermal dissipation
triggered by lumen acidification. To investigate the respective roles of qE and qT in photoprotection, a mutant (npq4 stt7-9) was
generated in Chlamydomonas reinhardtii by crossing the state transition deficient mutant (stt7-9) with a strain having a largely
reduced qE capacity (npq4). The comparative phenotypic analysis of WT, single mutants and the double mutant reveals that
both state transitions and qE are required to counteract photodamage in this alga. qE and transition to state 2 are induced by
high light, and the double mutant presents an increased photosensitivity with respect to the single mutants and WT. We
conclude that besides qE, state transitions play a photoprotective role during the early phase of high light acclimation of the
cells, most likely by decreasing H2O2 production. The relative photoprotective benefits related to thermal dissipation of excess
light and/or to the physical displacement of antennas from PSII are discussed.
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Recovering from light stress in diatoms: kinetics and mechanisms
Martine BERTRAND 1 , Karel ROHACEK 3 , Brigitte MOREAU 2 , Annick MORANT-MANCEAU 2 , Benoît SCHOEFS 2
1 Le Cnam - SITI - CASER - MST - Microorganisms, Metals and Toxicity, BP 324, 50103 Cherbourg CEDEX, France
2 Mer, Molécules, Santé, EA 2160, LUNAM Université, Faculté des Sciences et Techniques, Université du Maine, Avenue Olivier Messiaen,
72085 Le Mans CEDEX 9, France

3 Biology Centre AS CR, p.r.i., IPMB, Branisovska 31, CZ-37005 Ceske Budejovice, Czech Republic

More than 70% of Earth is covered by oceans in which diatoms represent the major group of microalgae [1]. Diatoms play
crucial roles in several biogeochemical cycles as well as in the food web as primary producers [2-4]. Along days and seasons,
diatoms experience fluctuations of light intensity due to turbulent water movements [5]. Upon exposure to high-light, the
overexcitation of the photosynthetic apparatus results in the formation of ROS. To cope with, diatoms have developed
mechanisms to tune the balance between energy utilisation and dissipation, including dynamic dissipation of the absorbed
energy into heat, known as the nonphotochemical quenching of the chlorophyll fluorescence [6-7]. The main mechanism
involved in the nonphotochemical quenching is the xanthophyll cycle [8-9]. This cycle consists in the reversible deepoxidation of
diadinoxanthin to diatoxanthin. The deepoxidation is catalysed by a lumen-localized deepoxidase of which activity is Δ
pH-dependent [7,9]. A deeper knowledge in the functioning of the nonphotochemical quenching is necessary to understand
diatom physiology and ecology as the intensity of the nonphotochemical quenching has been recently taken as a functional trait
of the diversity of algae [7]. This contribution deals with the analysis of the nonphotochemical quenching (qN, not NPQ) and the
insight in the mechanisms involved in. qN was triggered by illuminating the algae with white light (1000 µmol-1 s-1 m-2) during
7 min. After this light period, the algae were kept in the dark and the actual qN value was probed using saturating flashes.
In this contribution, results of an original method of nonlinear regression analysis of the qN relaxation kinetics [11] are
presented. Using this method, three components have been identified in Phaeodactylum tricornutm (Fig. 3). The fast (s
time-range) and slow (h time-range) components can be fitted with monoexponential curves whereas the intermediated
component (min time-range) could only be fitted with a sigmoidal curve. The identification of the main mechanisms on which
each phase relies was determined using metabolic inhibitors. NH4Cl, which cancels the ΔpH completely suppressed the
intermediate component, demonstrating that this component is due to the ΔpH-buildup. The diadinoxanthin deepoxidation being
dependent on lumen acidification, no diatoxanthin formation was expected with NH4Cl. Pigment quantification revealed that it
was the case. To determine if the ΔpH is the only mechanism involved in the intermediate component, algae were treated with
DTT, an inhibitor of the diadinoxanthin deepoxidation [10]. The treatment resulted in the absence of diatoxanthin formation and
in a reduction of the magnitude of the intermediate component, demonstrating the involvement of both mechanisms in qN.
Simultaneously, the magnitude of the fast component increased similarly suggesting that the xanthophyll cycle is mostly
involved in. A participation of the ΔpH cannot be completely excluded as the half-time of this component is much longer in the
presence of NH4Cl than with DTT. In contrast, DTT but not NH4Cl affects the slow component.
As conclusion, using the metabolic inhibitors we herein revealed that the three components are linked with the ΔpH and/or the
xanthophyll cycle activity.
[1] Round, F.E.; Crawford, R.M.; Mann, D.G. The diatoms: Biology and Morphology of the Genera. Cambridge University Press: London, UK,
1990.
[2] Field, C.B.; Behrenfeld, M.J.; Randerson, J.T.; Falkowski, P. Primary production of the biosphere: interacting terrestrial and oceanic
components. Science 1988, 281, 237-240.
[3] Smetacek, V.A. Diatoms and the ocean carbon cycle. Protist 1999, 150, 25-32.
[4] Raven, J.A.; Waite, A.M. The evolution of silicification in diatoms: inescapable sinking and sinking as escape? New Phytol. 2004, 162, 45-61.
[5] MacIntyre, H.L.; Kana, T.M.; Geider, R.J. The effect of water motion on short-term rates of photosynthesis by marine phytoplankton. Trends
Plant. Sci. 2000, 5, 12-17.
[6] Rohácek, K.; Soukupová, J.; Barták, M. Chlorophyll fluorescence: A wonderful tool to study plant physiology and plant stress. In Plant Cell
Compartments - Selected Topics. Schoefs, B., Ed.; Research Signpost: Kerala, India, 2008; p 41.
[7] Goss, R.; Jakob, T. Regulation and function of xanthophyll cycle-dependent photoprotection in algae. Photosynth. Res. 2010, 106, 103-122.
[8] Moulin, P.; Lemoine, Y.; Schoefs B. Modifications of the carotenoid metabolism in plastids: a response to stress conditions. In: Handbook of
Plant and Crop Stress (Edt: Pessarakli, M.), 3rd Edition; 2010; pp. 407-433. CRC Press
[9] Bertrand M (2010) Carotenoid biosynthesis in diatoms. Photosynth. Res. 2010, 106, 86-102.
[10] Bertrand, M.; Schoefs, B.; Siffel, P.; Rohacek, K.; Molnar, I. Cadmium inhibits epoxidation of diatoxanthin to diadinoxanthin in the
xanthophyll cycle of the marine diatom Phaeodactylum tricornutum. FEBS Lett. 2001, 508, 153-156.
[11] Rohácek, K. Method for resolution and quantification of components of the non-photochemical quenching (qN)
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Effet de différents mécanismes d'activation de p47phox sur l'assemblage de la NADPH
Oxydase
Gilda KARIMI 1 , Chantal HOUEE-LEVIN 1 , Laura BACIOU 1 , Frank WIEN 2 , Tania BIZOUARN 1
1 Laboratoire de Chimie Physique, UMR8000, CNRS-Université Paris Sud-Orsay, France
2 Synchrotron SOLEIL, l'Orme des Merisiers, Gif sur Yvette, France

La NADPH oxydase de phagocytes est un élément important du système immunitaire inné puisqu'elle participe à la destruction
des pathogènes en produisant une forte concentration d'anion superoxyde dans le phagosome. Ce complexe est constitué de
quatre sous-unités cytosolique (p40phox; p47phox; p67phox et Rac) et de deux sous-unités membranaires (gp91phox et p22phox)
formant le flavocytochrome b558. Son activation fait intervenir des processus complexes mettant en jeu des changements
d'interaction entre protéines. Cela permet un assemblage de l'ensemble des sous-unités autorisant le transfert d'électrons du
NADPH au dioxygène pour former l'anion superoxyde au niveau du flavocytochrome.
Afin de mieux comprendre ces processus, nous étudions l'assemblage du complexe dans un système in vitro ("cell free"). Nous
nous intéressons plus particulièrement au rôle de p47phox sous sa forme inactive, ou active, cette dernière étant produite
principalement in vivo par des événements de phosphorylation.
Nous avons étudié l'assemblage sur le flavocytochrome de p67phox et p47phox soit phosphorylées par des protéines kinases,
soit mutée sur des sites de phosphorylation (Serine en Aspartate). Enfin, nous avons aussi étudié l'effet de l'acide
arachidonique, activateur indispensable de l'enzyme, sur le processus d'assemblage de l'enzyme. L'ensemble de nos études
cinétiques ainsi que les changements de structure associés, mesurés par dichroïsme circulaire dans le UV (Synchrotron Soleil,
ligne DISCO) ont permis de proposer un schéma mécanistique.
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Factors modulating the photochemistry of isolated DNA in aqueous solution
Thierry DOUKI 1 , Stéphane MOURET 1 , Dimitra MARKOVITISI 2 , Akos BANYASZ 2
1 Laboratoire « Lésions des Acides Nucléiques », Université Joseph Fourier - Grenoble 1 / CEA / Institut Nanoscience et Cryogénie / SCIB,
UMR-E3, Grenoble France

2 CNRS, IRAMIS, SPAM, Laboratoire Francis Perrin, URA 2453, 91191 Gif-sur-Yvette, France
Solar UV radiation is a powerful mutagenic agent at the origin of skin cancers. This is largely explained by the ability of UV at
damaging DNA. The most frequent types of DNA photoproducts arise from dimerisation reactions between two adjacent
pyrimidine bases (thymine T and/or cytosine C). Two main classes of damage are produced: the cyclobutane pyrimidine dimers
(CPDs) and the pyrimidine (6-4) pyrimidone photoproducts (64PPs); and these photoproducts can be produced either at TT,
CT, TC or CC sequences.
In the recent years, we applied HPLC-mass spectrometry approaches to accurately describe the distribution of these different
photoproducts in isolated and cellular DNA. The present poster will focus on basic photochemical data obtained with naked
DNA in aqueous solution. Several types of UV radiation were used. Emphasis was placed on the effects of UVC (200-280 nm)
that is the most efficiently absorbed by DNA. Yet, UVC is not present in solar radiation and UVB (280-320 nm) is the actual UV
range responsible for the vast majority of pyrimidine dimers. In regular B-form DNA exposed to UVC or UVB, the four different
bipyrimidine sequences exhibit different photoreactivity. In addition, the ratio between the yields of CPD and 64PP depends on
the bipyrimidine site. We also observed the formation of CPDs in isolated DNA exposed to UVA radiation. This photoreaction is
poorly efficient but explains observations made in cells and skin. It is likely of biological relevance because UVA represents
more than 95% of solar UV.
We also investigated the influence of other parameters on the UV photochemistry of isolated DNA. Destabilization of the duplex
by either increased temperature or low ionic strength resulted in changes in overall yield of photoproducts, variations in the
CPDs to 64PPs ratio, and formation of unusual diastereoisomers. Another key parameter was the composition of DNA in base
pairs. As could have been expected, irradiation of DNA with large G:C content led to the formation of less TT photoproducts but
increased CC damage. Interestingly, CC CPD could be produced in larger yield than TT CPD, although this last photoproduct is
considered as the hallmark of UV-induced DNA damage. Altogether, these examples illustrate the complexity of DNA
photochemistry and the modulation associated with a large number of parameters. These results also show the interest of
quantitative and specific assays like HPLC-MS/MS for the study of DNA damaging processes.
[1] T. Douki (2006) Effect of denaturation on the photochemistry of pyrimidine bases in isolated DNA. J. Photochem. Photobiol. B: Biol. 82,
45-52.
[2] T. Douki (2006) Low ionic strength reduces cytosine photoreactivity in UVC-irradiated isolated DNA. Photochem. Photobiol. Sci. 5,
1045-1051.
[3] S. Matallana-Surget, J. A. Meador, F. Joux & T. Douki (2008) Effect of the GC content of DNA on the distribution of UVB-induced
bipyrimidine photoproducts. Photochem. Photobiol. Sci. 7, 794-801.
[4] S. Mouret, C. Philippe, J. Gracia-Chantegrel, A. Banyasz, S. Karpati, D. Markovitsi & T. Douki (2010) UVA-induced cyclobutane pyrimidine
dimers in DNA: a direct photochemical mechanism? Org. Biomolec. Chem, 8, 1706-1711.

Structure of TT dimeric photoproducts
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Probing Delicate Biological Photoreactions by "Classical" Transient Absorption Spectroscopy
- Extended to Sub-nanosecond Timescales
Pavel MÜLLER 1 , Martin BYRDIN 2 , Viruthachalam THIAGARAJAN 3 , Klaus BRETTEL 1
1 UMR 8221, CEA - IBITECS, CNRS, Université Paris Sud, France
2 IBS, CEA, CNRS, UJF, Grenoble, France
3 INL, Braga, Portugal
Transient absorption spectroscopy is a powerful tool to study photoreactions on time scales ranging from femtoseconds to
seconds. Typically, processes slower than ~10 ns are probed by a classical method, based on real-time (continuous) recording
of the absorption changes due to photoreactions induced by an excitation pulse that is shorter than the time constant of the
studied process. The time resolution of conventional setups is usually limited by the detection system. Processes occurring on
femto- and pico-second time scales have to be examined by more sophisticated "pump-probe" techniques, using a single
ultra-short laser pulse both to excite and to probe the sample. The laser beam is split into two beams, the first of which excites
the sample and the second, delayed via an optical delay-line, serves to probe the same sample volume. In general, the
recorded data are very noisy and an extensive signal accumulation is necessary to extract the reaction kinetics. The large
number of laser shots (typically >105) may cause deterioration of sensitive samples. Last but not least, the mechanical change
of the optical path length places high demands on precision with respect to beam alignment - the longer the delay path, the
more difficult it is to focus the beam (each nanosecond corresponds to ~30 cm longer delay path) and assure constant energy
and shape of the excitation pulse. This is, indeed, very challenging, especially for delays longer than a few hundred ps. It is
therefore of interest to extend the classical method as far as possible.
Here we report on a newly developed[1] real-time transient absorption setup with ~300 ps time resolution and high sensitivity.
The improved time resolution is assured by a detection system based on a photodiode with 200 ps risetime, and low-noise
sources of monitoring light: cw-lasers with stable outputs at 9 discrete wavelengths covering the visible, as well as the UV light
regions (+ 1 tunable laser in the red). The setup can resolve absorption changes as small as a few mOD in a single-flash
experiment. Sensitive samples are protected also against excessive monitoring light by a combined system of shutters,
attenuation filters and a beam chopper.
The setup has been tested using [Ru(bpy)3]2+ as a standard to produce reliable fast-rising step-like absorption change signals
[1] and, more recently, it has been successfully applied to resolve the kinetics of a process involved in an enzymatic DNA repair,
namely the splitting of a common DNA-lesion (the cyclobutane thymine dimer, CPD) by a photoactivated DNA photolyase[2],
which occurs in the "critical" time window between 200 ps and 2 ns. In this study, [Ru(bpy)3]2+ also proved to be an excellent
reference for the determination of the quantum yield of CPD splitting. Since we believe that a wider use of this
well-characterized[3] complex would be beneficial for quantification and comparability of the experiments across different setups
and different labs, we would also like to encourage other scientists to use [Ru(bpy)3]2+ in their future transient absorption
studies on time scales from picoseconds to hundreds of nanoseconds.
[1] Byrdin M., Thiagarajan V., Villette S., Espagne A. and Brettel K., Use of ruthenium dyes for subnanosecond detector fidelity testing in real
time transient absorption. Rev. Sci. Instrum. 2009, 80, 043102-1-5.
[2] Thiagarajan V., Byrdin M., Eker A., Müller P. and Brettel K. Kinetics of cyclobutane thymine dimer splitting by DNA photolyase directly
monitored in the UV. Proc. Natl. Acad. Sci. USA. 2011, 108, 23, 9402-07.
[3] Müller P. and Brettel K. [Ru(bpy)3]2+ as a Reference in Transient Absorption Spectroscopy: Differential Absorption Coefficients for Formation
of the Long-Lived 3MLCT Excited State. Photochem. Photobiol. Sci. 2012, 11, 632-636.
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Deciphering the role of large ATP-independent peptidase complexes in extremophilic Archaea.
Alexandre APPOLAIRE 1 , Simonetta GRIBALDO 2 , M. Asùn DÙRA 1 , Eva ROSENBAUM 1 , Vincent MARTY 1 ,
Frédéric VEILLEUX 1 , Eric GIRARD 1 , Frank GABEL 1 , Guiseppe ZACCAI 1 , Bruno FRANZETTI 1
1 Extremophiles and Large Molecular Assemblies group. Institut de Biologie Strucurale (IBS) CNRS UMR 5075, Grenoble, France
2 Institut Pasteur, Unité Biologie Moleculare du Gene chez les Extremophiles, Departement de Microbiologie, 25-28 rue du Dr Roux 75724 Paris
CEDEX 15, France

Proteolysis is a very key function in the cell. It participate in numerous biological processes, it controls proteins and
polypeptides breakdown for metabolic, protein quality control and regulatory purposes. Although cytosolic proteolysis is carried
out predominantly by the proteasome, other large aminopeptidases exits and plays key role.
Extremophilic organisms has to bear with very dynamical environment, that may causes high and rapid variations in salt
concentration, temperature, pressure, etc. Under these kind of environmental stress, the metabolic adaptation and protein
quality control is essential. A proteomic study of cells extract from an halophilic organism under stress led to the discovery of
several self-compartmentalized peptidases, including a 12-subunits tetrahedral shaped complex called TET [2].
The phylogenetic analysis revealed that the TET system is conserved in the three domains of Life. It also allowed us to specify
the evolutionary history of this ancient class of enzymes and their relationships with another large ATP-independent peptidase
complex call Tricorn (TRI) (In preparation). Interestingly the genomes of hyperthermophilic euryarchaeota contain up to four
TET-like protein.
We have characterized the TET aminopeptidases using the hyperthermophilic Archeae Pyrococcus horikoshii as model.
Structural studies combining X-ray cristallography and cryo-EM of PhTET1 revealed that the particle assemble itself to build up
a unique kind of self-compartmentalized peptides processing machine [3,4].
The structural and enzymatic characterizations of the different PhTET aminopeptidases showed that they formed an integrated
peptide destruction system [1]. I will present recent results showing that the TET particle are activated upon oligomerisation.
Preliminary in vivo data suggest that this may represent a way to regulate proteolysis under limiting growth conditions.

[1] Dura, M. A., Rosenbaum, E., Gabel, F., & Franzetti, B. (2009). The structural and biochemical characterizations of a novel TET peptidase
complex from Pyrococcus horikoshii reveal an integrated peptide degradation system in hyperthermophilic Archaea. Molecular Microbiology,
72(March), 26-40. doi:10.1111/j.1365-2958.2009.06600.x
[2] Franzetti, B., Schoehn, G., Hernandez, J.-F., Jaquinod, M., Ruigrok, R. W. H., & Zaccai, G. (2002). Tetrahedral aminopeptidase: a novel
large protease complex from archaea. The EMBO journal, 21(9), 2132-8. doi:10.1093/emboj/21.9.2132
[3] Schoehn, G., Vellieux, F. M. D., Asunción Durá, M., Receveur-Bréchot, V., Fabry, C. M. S., Ruigrok, R. W. H., Ebel, C., et al. (2006). An
archaeal peptidase assembles into two different quaternary structures: A tetrahedron and a giant octahedron. The Journal of biological
chemistry, 281(47), 36327-37. doi:10.1074/jbc.M604417200
[4] Talon, R., Kahn, R., Durá, M. A., Maury, O., Vellieux, F. M. D., Franzetti, B., & Girard, E. (2011). Using lanthanoid complexes to phase large
macromolecular assemblies. Journal of synchrotron radiation, 18(1), 74-8. doi:10.1107/S0909049510036824

Organization of the PhTET3 complex. On the left, the complex is viewed down a twofold symmetry axis.
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Archaeal beta - CASP ribonucleases of the strictly conserved aCPSF1 family are authentic
orthologs of eukaryal Cleavage and Polyadenylation Specificity Factor 73
Béatrice CLOUET-D'ORVAL 1 , Duy Khanh PHUNG 1 , Dana RINALDI 1 , Petra S. LANGENDIJK-GENEVAUX 1 ,
Yves QUENTIN 1 , Agamemnon CARPOUSIS 1
1 LMGM CNRS - UMR5100, Université de Toulouse - UPS

Bacterial RNase J and eukaryal CPSF-73 are members of the beta-CASP family of ribonucleases involved in mRNA processing
and degradation. Here we report an in-depth phylogenomic analysis that delineates archaeal RNase J (aRNase J) and archaeal
CPSF (aCPSF) as distinct orthologous groups and establishes their repartition in 110 archaeal genomes. The aCPSF1
subgroup, which has been inherited vertically and is strictly conserved, is characterized by an N-terminal extension with two KH
domains and a C-terminal motif involved in dimerization of the holoenzyme. Pab-aCPSF1 (P. abyss homolog) has an
endoribonucleolytic activity that preferentially cleaves at single stranded CA dinucleotides and a 5' to 3' exoribonucleolytic
activity that acts on 5' monophosphate substrates. These activities are the same as described for the eukaryotic cleavage and
polyadenylation factor, CPSF-73. The N-terminal KH domains are important for endoribonucleolytic cleavage at certain specific
sites and the formation of stable high molecular weight ribonucleoprotein complexes. Dimerization of Pab-aCPSF is important
for exoribonucleolytic activity and RNA binding. Altogether, our results suggest that aCPSF1 performs an essential function and
that an enzyme with similar activities was present in the last common ancestor of Archaea and Eukarya.
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Extensive Protein Post-Translational Modifications of the Mre11 Complex in the
Hyperthermophilic Archaeon Sulfolobus acidocaldarius
Adrienne KISH 1 , Christiane ELIE 1
1 Institut de Génétique et Microbiologie - Université Paris-Sud 11

Archaea such as the hyperthermophilic Sulfolobus acidocaldarius have been shown to resist high levels of exposure to ionizing
radiation, which results in the formation of extensive DNA double stranded breaks (DSBs). These organisms efficiently and
rapidly repairs DNA DSBs using some DNA repair proteins homologous to those found in the Eukarya, including the key Mre11
complex. This complex is responsible for many of the central steps in DNA DSB detection, signalling, and repair pathway
selection. In the Eukarya, the signalling of DNA DSBs for the recruitment of other DNA repair proteins as well as cell cycle
arrest is done using protein post-translational modifications. While protein post-translational modifications have been observed
in the Archaea, none have been previously identified for the Mre11 complex.
We have identified a novel set of extensive post-translational modifications for the Mre11 complex proteins (Mre11 and Rad50)
present in the acidophilic, hyperthermophilic archaeon S. acidocaldarius. The large number of modifications detected for both
Mre11 and Rad50 has not been previously published for any protein from the Archaea or the Eukarya. These modification are
specific to the Mre11 complex, and not a general feature of the S. acidocaldarius proteome. The presence of such a large
number of post-translational modifications under basal conditions prior to the induction of DNA DSBs suggests a role in protein
stability.
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Real-Time NMR Studies of Biological NanoMachines Self-Assembling
Rime KERFAH 1 , Pavel MACEK 1 , Carlos AMERO 2 , Jérôme BOISBOUVIER 1
1 Structural Biology Institute, CNRS/ CEA /UJF - 41, rue Jules Horowitz, 38027 GRENOBLE, France.
2 Centro Investigaciones Quimicas, Av. Universidad 1001, CP 62210 Cuernavaca, Mexico

The study of the assembling, structural and functional properties of biomolecular nanomachines remains a considerable
practical challenge. The sheer size of these nanoparticles, the complexity of the structural rearrangements, all present an array
of logistical problems. Even if X-ray crystallography or cryo-EM methods can provide static pictures of the system, kinetic data
are necessary for a full, atomic resolution understanding of the mode of action
NMR spectroscopy o ers 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 on the second
to minute time-scale. We have recently established that, with a combination of innovative isotope labelling schemes and
optimized NMR spectroscopy, similar real-time NMR studies can also be applied to macromolecular assemblies with size up to
1 MDa. We have developed several new strategies for the production of perdeuterated proteins with specific [1H,13C]- labelling
of isoleucine 2 (Ayala Chem. Comm. 2012) or alanine - methyl groups (Ayala J. Biomol. NMR 2009), or stereo-specific labelling of
prochiral-methyl groups (Gans Angew. Chemie 2010). As these labelling approaches are entirely co-compatible, protein samples can
be prepared with multiple combinations of methyl labelling patterns. This approach has enabled the acquisition of high quality
2D [1H,13C]-methyl spectra of 500 kDa protein assemblies in less than one second (Amero JACS 2009). By combining these
sensitivity- optimised labelling protocols and automated molecular approaches (Amero J. Biomol. NMR 2011) we have been able to
develop a robust and systematic strategy for the rapid and cost-e ective resonance assignment of every labelled methyl group
in such large protein assembly.
The combination of such techniques allows us to simultaneously investigate in an atomic- and time-resolved manner the
folding, self-assembling and structural rearrangement processes occurring in biological nanoparticles. In this
presentation application to the study of the self-assembling of a 468 kDa machinery will be presented. Combination of
Sofast-Methyl-TROSY with advanced methyl labelling allowed us to monitor the kinetics of the formation of native particle and
to deteclved manner the folding, self-assembling and structural rearrangement processes occurring in biological nanoparticles.
In this presentation application to the study of the self-assembling of a 468 kDa machinery will be presented. Combination of
Sofast-Methyl-TROSY with advanced methyl labelling allowed us to monitor the kinetics of the formation of native particle and
to detect transitory oligomerisation intert transitory oligomerisation intermediates directly by NMR.
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Study of subcomplexes, one way to reveal role of KEOPS proteins in synthesis of an essential
tRNA modification
Dorian GUETTA 1 , Ludovic PERROCHIA 1 , Estelle CROZAT 1 , Patrick FORTERRE 1 , Tamara BASTA 1
1 Laboratoire de Biologie Moléculaire du Gène chez les Extrêmophile - IGM - Bât 409 Université Paris-Sud 11 - 91405 Orsay CEDEX

t6A (N6-threonylcarbamoyladenosine) is a modified nucleoside found in all tRNAs decoding ANN codons in all modern cells
and in mitochondria. Its role is to facilitate codon-anticodon pairing and to prevent frameshifting during protein synthesis [1,2].
Universal distribution of t6A and its important role in fidelity of translation suggest that modification was already present in the
last universal cellular ancestor (LUCA).
We recently demonstrated that in Archaea and Eukarya KEOPS complex (Kinase Endopeptidase and Other Proteins of Small
size) together with Sua5 catalyze the synthesis of t6A modification of tRNA in vitro. KEOPS is composed of four proteins: Kae1
which has weak ATPase activity, Bud32 an atypical small RIO-type protein kinase and Cgi121 and Pcc1 that do not have
recognizable catalytic domains [3,4,5]. We showed that the universally distributed proteins Sua5 and Kae1 alone can not
catalyze the formation of t6A modification indicating that the remaining proteins of the KEOPS complex or only some of them
are necessary for the synthesis of t6A modification. The aim of this study is to determine the role of individual KEOPS subunits
in the formation of t6A modification. To this end we heterologously expressed and purified Kae1, Cgi121 and several binary and
ternary complexes of KEOPS from Pyrococcus abyssi and tested their ATPase activity and t6A synthesis activity. Our results
suggest that the four proteins are necessary for the t6A synthesis. Kae1 and Bud32 are responsible for the basal ATPase
activity of KEOPS. This activity is highly stimulated by tRNA but only when Cgi121 and Pcc1 are also present suggesting their
role in tRNA binding.
[1] Weissenbach J, Grosjean H., Eur J Biochem. 1981 May;116(1):207-13
[2] Stuart JW, Gdaniec Z, Guenther R, Marszalek M, Sochacka E, Malkiewicz A, Agris PF., Biochemistry. 2000 Nov 7;39(44):13396-404.
[3] Downey M, Houlsworth R, Maringele L, Rollie A, Brehme M, Galicia S, Guillard S, Partington M, Zubko MK, Krogan NJ,Emili A, Greenblatt
JF, Harrington L, Lydall D, Durocher D., Cell. 2006 Mar 24;124(6):1155-68.
[4] Kisseleva-Romanova E, Lopreiato R, Baudin-Baillieu A, Rousselle JC, Ilan L, Hofmann K, Namane A, Mann C, Libri D., EMBO J. 2006 Aug
9;25(15):3576-85.
[5] Hecker A, Leulliot N, Gadelle D, Graille M, Justome A, Dorlet P, Brochier C, Quevillon-Cheruel S, Le Cam E, van Tilbeurgh H, Forterre P.,
Nucleic Acids Res.2007;35(18):6042-51.
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Study of molecular determinants for substrate turn over during RNA:Ψ-synthase catalyzed by
archaeal box H/ACA sRNP enzymes
Anne-Sophie TILLAULT 1 , Jean-Baptiste FOURMANN 1 , Magali BLAUD 1 , Christine LOEGLER 1 ,
Christiane BRANLANT 1 , Bruno CHARPENTIER 1
1 Laboratoire AREMS, UMR 7214 Université de Lorraine - CNRS, Bâtiment Biopôle, Campus Santé - Faculté de Médecine, 9, avenue de la
Forêt de Haye, BP 184, 54505 Vandoeuvre-lès-Nancy CEDEX - France

In addition of the four classical nucleotides (A, U, C and G), RNAs contain several covalent modifications formed
post-transcriptionnally. The pseudouridine (Ψ), an isomer of the uridine (U), is the most common modified ribonucleotide found
in non-coding RNAs (tRNAs, rRNAs, UsnRNAs). This residue is present in all kingdoms of life and is important for the structure
and function of the RNAs. In Bacteria, U to Ψ conversion is exclusively catalyzed by mono-polypeptide RNA:Ψ-synthases,
which both recognize and modify the RNA without co factors. In Archaea and Eukarya, the reaction is performed by
ribonucleoprotein particles (RNP) enzymes, i.e. H/ACA sRNP and H/ACA snoRNP, respectively. Each RNA-protein complex is
formed by association to a unique H/ACA RNA of a common RNA:Ψ-synthase (aCBF5 in Archaea) and three evolutionary
conserved core proteins (the ribosomal protein L7Ae, aNOPO10 and aGAR1 in Archaea). The RNA component functions as a
guide that base-pairs with a target RNA to define the position to be modified by the RNA:Ψ-synthase activity.
Active archaeal H/ACA sRNP can be reconstituted by use of purified recombinant proteins and in vitro transcribed RNA[1,2].
Crystallographic structure of a fully assembled H/ACA sRNP free or in association with a target RNA was recently established
[3,4]. This has opened the possibility for research on structure-function relationships for the various components of the particles.
The detail molecular bases for enzyme turn over remains an unresolved question.
Protein aGAR1 has been proposed to interact with a large loop called "the β 7/β 10 thumb" of the aCBF5 enzyme which can be
found in an open or closed state depending on the presence or absence of RNA substrate. In this study, we show that aGAR1
is not necessary for the release of the modified product, but improve strongly its turn over in the RNP enzyme. We show that
apparition of the Ψ is a prerequisite for product release but requires presence of protruding sequences in the substrate RNA
when it is base-paired with the guide RNA.
We tested the importance of several amino acids of the aCBF5 protein for enzyme activity, specificity and substrate turn over.
Our results show that the amino acid R151 which belongs to the β 7/β 10 thumb plays a role for a correct positioning of the
substrate RNA into the enzyme's cleft site. Amino acid Y179, which is a part of a β sheet of the aCBF5 active site, is important
pour the entry and the release of the RNA substrate. Moreover, we show that it participates to the selection and discrimination
of the RNA substrate.
[1] Charpentier, B., S. Muller, and C. Branlant, Reconstitution of archaeal H/ACA small ribonucleoprotein complexes active in
pseudouridylation. Nucleic Acids Res, 2005. 33(10): p. 3133-44.
[2] Baker, D.L., et al., RNA-guided RNA modification: functional organization of the archaeal H/ACA RNP. Genes Dev, 2005. 19(10): p. 1238-48.
[3] Duan, J., et al., Structural mechanism of substrate RNA recruitment in H/ACA RNA-guided pseudouridine synthase. Mol Cell, 2009. 34(4): p.
427-39.
[4] Liang, B., et al., Structure of a functional ribonucleoprotein pseudouridine synthase bound to a substrate RNA. Nat Struct Mol Biol, 2009.
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Molecular basis of piezophilic adaptation
Louise LASSALLE 1 , Marie TROVASLET 2 , Anne-claire DHAUSSY 3 , Dominique MADERN 1 , Bruno FRANZETTI 1 ,
Eric GIRARD 1
1 ELMA, Institut de Biologie Structurale, Grenoble
2 Centre de recherches du service de santé des armées, Grenoble
3 Cristallographie, Cristallographie et Sciences des Matériaux, Caen

Around 70 % of the biosphere lies at depths below 1000 m. The recent exploration of the deep-sea reveals a large microbial
biodiversity and the existence of obligate piezo-hyperthermophilic organism such Pyrococcus yayanosii[1]. This recent findings
suggest the existence of specific adaptations with respect to high pressure. In this context our objective is to demonstrate the
existence of specific enzymatic and/or structural adaptation to high pressure.
For this, we are studying different models enzymes, malate dehydrogenase and glyoxylate reductase, arising from organism
that have been isolated at different pressures. These enzymes are studied by combining high-pressure enzymatic studies,
structure comparison and high pressure X ray crystallography. First results on enzymes of Pyrococcus furious / Pyrococcus
yayanosii and Chloroflexus aurantiacus / Thermaerobacter marianensis will be presented. These data suggest that enzymes
from deep-sea organisms are indeed adapted to function optimally under high pressure.
[1] Xiang Zeng, Jean-Louis Birrien, Yves Fouquet, Georgy Cherkashov, Mohamed Jebbar, Joël Querellou, Philippe Oger, Marie-Anne
Cambon-Bonavita, Xiang Xiao and Daniel Prieur. Pyrococcus CH1, an obligate piezophilic hyperthermophile: extending the upper
pressure-temperature limits for life. (2009). The ISME journal. 3 :873-876.
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The consequence of the sequence of amino acid on protein hydration dynamics
Obaidur RAHAMAN 1 , Simone MELCHIONNA 2 , Damien LAAGE 3 , Fabio STERPONE 1
1 Laboratoire de Biochimie Théorique, CNRS, UPR9080, Univ Paris Diderot, Sorbonne Paris Cité, 13, rue Pierre et Marie Curie, 75005, Paris,
France.

2 CNR-IPCF, Consiglio Nazionale delle Ricerche, P.le A. Moro 2, 00185, Rome, Italy.
3 Ecole Normale Supérieure, UMR ENS-CNRS-UPMC 8640, 24, rue Lhomond, 75005 Paris, France.

Hydration dynamics plays a crucial role in the folding and thermal stability of proteins. We used molecular dynamics simulation
to investigate the water dynamics at the surface of two homologous proteins with different thermal stabilities, the mesophilic
(Escherichia coli) and hyperthermophilic (Sulfolobus solfataricus) variants of the G domain of the Elongation Factor-Tu. We
estimated the survival probability, characteristic time for rotation and diffusive translation of water in the hydration shell of the
folded and the unfolded protein. The variations of these quantities with different temperatures are monitored. The results
suggest that the retardation factor of water dynamic at the surface of the folded protein as compared to that of the bulk water is
nearly independent of the protein composition. The retardation of water dynamics is reduced by a factor of two in the unfolded
protein. The reorientation of water molecule can be satisfactorily described by an Extended Jump Model[1] (EJM) which states
that water reorientation has two components, a jump from one HB acceptor to another one and a molecular or frame
reorientation between two successive jumps. It has been demonstrated that the main contribution to water reorientation comes
from the HB exchange.[2] The HB exchange in turn depend on two different factors. The first one is a topological factor
(transition state excluded volume effect, TSEV) caused by the partial hindrance of a new water HB partner approach by the
volume occupied by the solute. The second effect accounts for the different energetic of the HB formed by water with
HB-acceptor sites in the solute (transition state hydrogen-bond effect, TSHB). We used EJM to decompose all the components
of the retardation factor. The results indicate that the TSEV is the dominant perturbation factor over TSHB. This is in
accordance with the fact that the amino acids that strongly decelerate the water dynamics by accepting hydrogen bonds
(hydrogen bond acceptor) do not significantly vary in composition between the two proteins. Although the average water
dynamics is almost insensitive to the protein composition, further investigation about the behavior and energetic of structural
water molecules can be beneficial in establishing the role of hydration in thermostability.

[1] D. Laage and J. T. Hynes, Science, 2006, 311, 832-5.
[2] F. Sterpone, G. Stirnemann and D. Laage, J Am Chem Soc, 2012, 134, 4116-4119.
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Pressure adaptation or reminded pressure?
Matteo COLOMBO 1 , Eva ROSENBAUM 1 , Mylène FERRUIT 1 , Eric GIRARD 1 , Bruno FRANZETTI 1
1 Institut de Biologie Structurale J.P. Ebel, UMR5075 CNRS-CEA-UJF, 41 Rue Jules Horowitz, F-38027 Grenoble, France.

Tetrahedral aminopeptidases (TETs) are self-compartmentalized metalloproteases that were recently characterized as an
accessory proteolytic machine capable to process peptides with length up to 20 amino acids[1]. Three main TETs were firstly
isolated from the deep-sea archaeal Pyrococcus Horikoshii, displaying non-redundant activity (phTET1= aspartyl
aminopeptidase, phTET2= leucine aminopeptidase and phTET3= lysil aminopeptidase) but sharing the same dodecameric
architecture in which the building block is a dimer. In order to understand the molecular basis of the high-pressure adaptation of
phTET3 we perform biochemical and structural characterization of the homologue and phylogenetically related TET3 from the
shallow archaea Pyrococcus Furiosus (pfTET3). Surprisingly, enzymatic assays performed on pfTET3 and phTET3 under a
range of pressure (0-300 MPa) and temperature (20-90 °C) showed that pfTET3 optimum activity occurred at a higher pressure
compared to phTET3. Protein sequences alignment revealed that two amino acids close to the active site are not conserved
between phTET3-pfTET3 (G211A and V217I). A phTET3 double mutant (G211A and V217I) was produced and its
high-pressure enzymatic activity resulted improved. The X-ray crystal structure of pfTET3 at 3.2 Å was determined ab initio.
The catalytic pocket of pfTET3 displays a smaller volume compared to the one of phTET3. These results reinforce the concept
that pocket size affects protein pressure resistance.
[1] Franzetti, B., Schoehn, G., Hernandez, J.-F., Jaquinod, M., Ruigrok, R. W. H., & Zaccai, G. (2002). Tetrahedral aminopeptidase: a novel
large protease complex from archaea. The EMBO journal, 21(9), 2132-8. doi:10.1093/emboj/21.9.2132
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Insight into structural evolution of halophilic proteins: allosteric regulation of conformational
stability by "Dynamicaly Driven" ion-binding sites.
Romain TALON 1 , Eric GIRARD 1 , Bruno FRANZETTI 1 , Dominique MADERN 1
1 Extremophilic and Large Molecular Assemblies Team, Institut of Structural Biology (IBS) 41, rue Jules Horowitz, 38042 Grenoble CEDEX,
France

The presentation will show recent comparative studies between malate dehydrogenase orthologs from extreme halophilic
Archaea. Despite a high level of sequence identity, they display very different properties in term of stability and activity
depending on the salt concentration. The effect of amino acid substitutions in each enzyme will be analyzed in the light of their
respective crystallographic structure. The data strongly support the existence of a new stabilization mechanism which is
controlled by "dynamically driven" ion-binding sites.
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Aberrant exonuclease activity by Pyrococcus abyssi family B DNA polymerase
Tom KILLELEA 1 , Ghislaine HENNEKE 1
1 Laboratoire de Microbiologie des Environnements Extrêmes, UMR 6197 - IFREMER - Centre de Brest, PLOUZANE
The family B DNA polymerases from the archaea, exemplified by Pyrococcus abyssi family B DNA polymerase (Pab Pol B), are
known to possess two distinct activities. 5' - 3' template directed extension of a DNA primer and 3' - 5' exonuclease
proof-reading, which are carried out by the polymerase and exonuclease (exo) domains, respectively. In vitro analysis has
established that the exo activity of the polymerase can operate on both single stranded and primer-template DNA, with the
former resulting in an excision of nucleotides and production of DNA strands with reduced length (minimum product of
approximately 10 nucleotides). Through experimental analysis we have shown that following conventional exo mediated
shortening of single stranded DNA a previously unknown activity is initiated. This hitherto unknown activity does not cause any
further size decrease of the oligonucleotide, but rather results in an exponential increase in product size, with aberrant products
eventually eclipsing the pre-exo starting substrate in size. Exonuclease assays have shown that the aberrant activity is the
result of a metal mediated catalytic reaction, orchestrated by the exo domain of the polymerase. Comparative analysis against
a range of alternative polymerases highlights that aberrant product formation is prevalent amongst the archaeal family B DNA
polymerases and other DNA polymerases that retain the 3' - 5' exo domain. However, further in depth analysis is required to
determine if the aberrant product formation is the result of an activity that partakes in a physiologically relevant pathway.
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A pseudosporulation adaptation of Halabacterium salinarum in response to prolonged salt
deprivation
Pierre VAUCLARE 1 , Vincent MARTY 1 , Daphna FENEL 2 , Benoit GALLET 2 , Guy SCHOEHN 2 , Bruno FRANZETTI 1
1 Groupe ELMA. Institut de Biologie Structurale. Grenoble. France.
2 Groupe MEM. Institut de Biologie Structurale. Grenoble. France.

Halobacterium salinarum is considered as the most extreme halophile organism. This archaea flourishes in salt concentrations
higher than 4M of NaCl. To maintain an osmotic balance, H. salinarum accumulate in its cytoplasm a multi-molar concentration
of KCl close to the saturation; a concentration which is deleterious for conventional proteins stability. To preserve the solubility
and the structural stability of enzymes in this high-salt environment, halophilic proteins undergo a specific adaptation. It is in
part achieved by increasing the negative surface charges of the proteins. However, this high density of acidic residues at the
protein surfaces contributes to low salt instability. This may explicit why a hyposaline condition is deleterious for H. salinarum
growth. Suprisingly, if haloarchaea are progressively exposed to a low concentration of NaCl, H. salinarum survived, but
profound cells morphological modifications occurred. Indeed, below 2M of NaCl, rod-shaped morphology of H. salinarum was
gradually converted to small spherical pseudo-spore. These stressed cells did not growth and tend to settle in the bottom of the
flask. Moreover, we observed the emergence of adhesive properties. All these structural modifications imply profound
modifications of the archaeal wall components. Notably, high molecular weight membrane proteins in which we found
glycoproteins involve in the S-layer structure have disappeared. But, the most impressive adaptation occurs in the analysis of
the cytoplasmic proteome. Indeed, at low salinity condition, only seven major proteins were detected by SDS-PAGE. This
strong redesign of the proteins profile occurs between 2-1.5 M of NaCl and correlate with the structural modification of the cell.
These results led essentially to say that in concentrations less than 2M of salt, halophilic proteins probably suffer irreversible
denaturation which inactivates their biological functions. These results also indicate that a significant proteolytic activity occurs
between 2-1.5 M of NaCl. The identification of the seven proteins will provide an explanation of their physiological functions.
Future studies will consist in the analyzing the cytosolic composition and the regulatory mechanism responsible for the deep
proteome modifications.
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Nanodiscs as a tool for structural studies of membrane proteins
Yann HUON DE KERMADEC 1 , Céline JUILLAN-BINARD 1 , Jonathan SARWAN 1 , Jean-Michel JAULT 1 ,
Dieter WILLBOLD 2 , Stéphanie RAVAUD 1 , Eva PEBAY-PEYROULA 1
1 Institut de Biologie Structurale - UMR5075 CEA-CNRS-Univ. J. Fourier - 41, rue Jules Horowitz - F-38027 Grenoble CEDEX 1, France
2 Institute of Structural Biology (INB-2) - Forschungszentrum Jülich - 52425 Jülich, Germany

Self-assembled proteolipid particles, termed nanodiscs, consist of lipid molecules arranged as a bilayer and apolipoprotein, a
recombinant membrane scaffold protein (MSP) that encircle the lipid patch. This nanodisc technology is a top-notch model
membrane system for structural, biophysical and pharmacological characterization of integral membrane proteins. It provides a
soluble detergent-free environment for the investigation of incorporated proteins. Further advantages are the variability of lipid
constitution and the accessibility of the incorporated protein from both sides of the membrane.
The production of nanodiscs have been set up and optimized in the laboratory with the aim to insert various membrane
transporters from either detergent solubilized samples or directly during the in vitro synthesis of the proteins. The objective is to
explore the accessibility of these systems to protein crystallography and electron microscopy in order to investigate their
three-dimensional structure and interactions with other proteins and drugs in a closest-to-native environment. First results
obtained on ABC transporters and on the mitochondrial ADP/ATP carrier will be presented.
Self-assembly of single integral membrane proteins into soluble nanoscale phospholipid bilayers, Bayburt and all, 2003.
Applications of Phospholipid Bilayer Nanodiscs in the Study of Membranes and Membrane Proteins, Nath and al, 2007.
Three-dimensional structure of the anthrax toxin pore inserted into lipid nanodiscs and lipid vesicles, Katayama and all, 2009.
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Beyond Saffman-Delbruck: a new regime for 2D-diffusion of membrane proteins in supported
lipid bilayer
Frédéric HARB 1 , Bernard TINLAND 1
1 CINaM, CNRS, Aix-Marseille Université, UMR 7325, 13288, Marseille, France
Membrane proteins are attracting great interest, since they constitute 30% of the mammalian cell proteome and govern
numerous functions like ion transport into or out of the membrane. It is known that the role of membrane proteins is governed
by several factors like lipid composition, temperature, protein-lipid or/and protein-protein interactions, etc... For that, one way to
understand cell mechanisms is to look at membrane protein dynamics and more particularly protein diffusion in cell. In this
respect, a lot of work has been done, either directly on cells or on various artificial biomimetic systems[1,2].
Due to the complex composition of the membrane in vivo, measurements are sometimes difficult to interpret, which is why
biomimetic systems have proved valuable. However, these systems are sometimes difficult to prepare, i.e., it involves several
manipulations like proteoliposome formation, dehydration-rehydration, vesicle fusion, etc... In other words, the gain in simplicity
working with a model system can be offset by the complexity of its preparation.
Here we describe a simple, basic yet well-controlled biomimetic system that was built by self-inserting α-hemolysin into a pure
DMPC bilayer, itself supported on a glass plate, deposited using a Langmuir Blodgett balance. One advantage of this system is
that its biomimetism can be easily increased, without complicating the building procedure, by mixing lipids, adding cholesterol,
coating the substrate and thereby tuning the interactions among the different components.
As result in this system, we observed true diffusion behaviour, with no immobile fraction. We found two situations:
- when incubation is shorter than 15 hours, the protein inserts as a heptameric pore and diffuses roughly three
times more slowly than its host lipidic bilayer;
- incubation longer than 15 hours leads to the formation of larger complexes which diffuse more slowly.
Our results indicate that, while Saffman-Delbruck adequately describes the diffusion coefficient D for small radii, D of the
inclusions varies as 1/R2 for the size range explored in this study (fig.1) (as described also by Guigas et al in their simulation
study[3]). Additionally, in the presence of inserted proteins, the gel-to-fluid transition of the supported bilayer and a temperature
shift in the gel-to-fluid transition are observed [4].
[1] Knol, J. et al. J. Biol. Chem. 1996. 271: 15358 - 15366.
[2] Ramadurai, S. et al. J. Am. Chem. Soc. 2009. 131: 12650 - 12656.
[3] Guigas, G. et al. Biophys. J. 2008. 95: L25 - L27
[4] Harb, F.et al. EPJE. 2012. Submitted

Fits of diffusion coefficient as a function of the radius of the objects using different theoretical models at 30,5°C.
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Prion-like Shadoo protein and its interaction with lipid membranes
Qiaojing LI 1 , Danica CIRIC 2 , Charles-Adrien RICHARD 1 , Stéphane BIACCHESI 1 , Christophe CHEVALIER 1 ,
Céline HENRY 2 , Mohammed MOUDJOU 1 , Nathalie DAUDE 4 , David WESTAWAY 4 , Human REZAEI 1 , Jasmina VIDIC 1
1 Virologie et Immunologie Moléculaires - INRA, Jouy en Josas, France
2 Protein Structure and Biochemistry - INRA, Jouy en Josas, France
3 Department of Ecology, Institute for Biological Research "Sinisa Stankovic", University of Belgrade, 11000 Belgrade, Serbia
4 Centre for Prion and Protein Folding Diseases, University of Alberta, Canada

Prion diseases are fatal neurodegenerative disorders that include bovine spongiform encephalopathy in cattle, scrapie in
sheep, and variant Creutzfeld-Jacob disease in human. They are associated with aggregation of the prion protein (PrP) into the
oligomers and amyloid fibers. Prior to aggregate PrP undergoes conformational changes from its normal cellular isoform (PrPC)
into an abnormal scrapie isoform (PrPSc). Although PrP seems to be the major agent in prion pathologies, it is not still clear
whether other biomolecules might also be essential to infectivity. Firstly, it is thought that PrPC has to be partial unfolded prior
to undergo the conformational transition, which is potentially assisted by accessory molecules. Secondly, conversion from PrPC
to PrPSc is thought to take place at plasma membrane or on endosomes/lysosomes which suggests that some membrane
lipids may be involved in the conversion of PrP.
In addition to PrP, the Prion protein family contains Shadoo protein, which can also aggregate to amyloidal fibers. The
physiological role of Shadoo is unknown. To gain insight into the role of Shadoo in Prion diseases, we have studied interactions
of Shadoo with cellular membrane models and checked for its ability to make amyloidal fibers. Tryptophan fluorescent spectra
of Shadoo have markedly changed upon protein incubations with negatively charged liposomes (PC) but non with liposomes of
neutral net charge (PC). Presence of PS liposomes caused a shift of Shadoo emission maximum to shorter wavelength and
decreased fluorescence intensity, suggesting the insertion of Shadoo into the lipidic bilayer. ThT staining showed that Shadoo
forms amyloid assemblies upon incubation with PS liposomes. Moreover, upon Shadoo binding liposomes may aggregate
and/or fragmented depending on the vesicle net charge. Overall obtained results suggest a potentially important role of
protein-membrane interactions in modulating conformational changes of Shadoo protein that induce protein aggregation and
accumulation on the membrane surface.
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Rôle de la phospholipase D au cours de la minéralisation dans les conditions physiologiques
et pathologiques.
Dina ABDALLAH 2 , Eva HAMADE 2 , Bassam BADRAN 2 , Saida MEBAREK 1 , René BUCHET 1
1 Institut de Chimie et Biochimie Moléculaires et Supramoléculaires, CNRS, Université de Lyon, UMR 5246, Insa de Lyon, Université Lyon 1 et
CPE - 69622 Villeurbanne - France

2 Faculté des Sciences, Unité de Signalisation Cellulaire et d'Immunologie Moléculaire - Université Libanaise, Beyrouth, Liban

Les calcifications pathologiques des tissus mous telles que, la calcification du cartilage observé chez les patients dans la phase
finale de l'arthrose, la calcification des tendons et des ligaments chez les patients atteints de la spondylarthrite ankylosante, la
calcification vasculaire sont caractérisées par le dépôt d'hydroxyapaptite (HA) induit par les vésicules matricielles (VMs) au
moins dans l'étape initiale. Au cours des conditions pathologiques, les cellules des tissus mous dont les cellules musculaires
lisses sont capables de minéraliser, ayant des caractéristiques très similaires aux chondrocytes et aux ostéoblastes[1]. Elles
sont capables de produire des VMs et du collagène. Notre stratégie de recherche est basée sur la similitude des mécanismes
de minéralisation selon les conditions physiologiques et pathologiques. Le métabolisme lipidique joue un rôle important dans la
différenciation des cellules osseuses suggérant l'implication des phospholipases dans la différenciation. Parmi les
phospholipases, la PLD est une enzyme qui hydrolyse majoritairement la phosphatidylcholine formant l'acide phosphatidique
second messager impliqué dans diverses fonctions[2]. Nous cherchons à définir le rôle de cette voie au cours de la
minéralisation. Nous avons choisit une lignée de cellules d'origine humaine Saos-2 pour mimer les ostéoblastes et la
minéralisation selon les conditions physiologiques. Ces cellules, en présence d'acide ascorbique et de β-glycérophosphate sont
capables de minéraliser et de produire des VMs, elles présentent une forte activité phosphatase alcaline. Nous avons identifié
dans ces cellules la présence des deux isoformes de PLD : PLD1 et PLD2. De plus, nous avons observé une augmentation de
l'expression de ces deux isoformes (RT-QPCR, western blot) dés le 5éme jour de différenciation des Saos-2 mais une
diminution de leurs expressions pendant les jours suivants. Ceci suggère que PLD pourrait intervenir seulement au début de la
minéralisation. Afin de mettre en évidence le rôle de la PLD dans le processus de minéralisation, nous ferons varier le niveau
d'expression des deux isoformes de PLD et observerons leurs effets sur la maturation et la différenciation des cellules Saos-2
(transfection, SiRNA...). L'identification de la voie de signalisation initiée par une PLD au cours de la minéralisation permettra
de déterminer une cible thérapeutique et de développer des inhibiteurs pour le traitement des calcifications pathologiques.
[1] Shao, J. S., Cai, J. and Towler, D. A. (2006) Molecular mechanisms of vascular calcification: lessons learned from the aorta. Arterioscler
Thromb Vasc Biol. 26, 1423-1430.
[2] Gomez-Cambronero, J. (2010) New concepts in phospholipase D signaling in inflammation and cancer. ScientificWorldJournal. 10,
1356-1369.
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Molecular basis for genetic diseases ascribed to mutations of the mitochondrial ADP/ATP
carrier
Stéphanie RAVAUD 1 , Axel BIDON-CHANAL 2 , Iulia BLESNEAC 1 , Paul MACHILLOT 1 , Céline JUILLAN-BINARD 1 ,
François DEHEZ 2 , Christophe CHIPOT 2 , Eva PEBAY-PEYROULA 1
1 Institut de Biologie Structurale - UMR5075 CEA-CNRS-Univ. J. Fourier - 41, rue Jules Horowitz - F-38027 Grenoble CEDEX 1, France
2 Nancy Université, UMR CNRS /UHP 7565 BP239, 54506 Vandoeuvre-lès-Nancy CEDEX, France

The mitochondrial ADP/ATP carrier (AAC) is a prominent actor in the energetic regulation of the cell, importing ADP into the
mitochondria and exporting ATP toward the cytoplasm [1-3]. Severe genetic diseases have been ascribed to deficiencies of this
membrane protein. We have characterized for the first time the molecular impact of six pathological mutations that have been
pinpointed for ophthalmoplegia and myopathies [4]. In vivo functional assays combined synergistically with molecular-dynamics
simulations have been carried out to identify the associated molecular mechanisms and the structural basis of the mutations.
Throwing a bridge between the pathologies and their molecular origins, these results pave the way to explore novel,
well-adapted therapeutic strategies.
[1] Pebay-Peyroula E., Dahout-Gonzalez, C., Kahn, R., Trezeguet, V., Lauquin, G.J. and Brandolin, G. (2003) Structure of mitochondrial
ADP/ATP carrier in complex with carboxyatractyloside. Nature, 426, 39-44
[2] Nury, H., Dahout-Gonzalez, C., Trezeguet, V., Lauquin, G.J., Brandolin, G., and Pebay-Peyroula, E. (2006). Relations between structure
and function of the mitochondrial ADP/ATP carrier.Annu. Rev. Biochem. 75, 713-741.
[3] Dehez F., Pebay-Peyroula E. and Chipot C. (2008) Binding of ADP in the mitochondrial ADP/ATP carrier is driven by an electrostatic funnel.
JACS 130, 12725-12733
[4] Ravaud S., Bidon-Chanal A., Blesneac I., Machillot P., Juillan-Binard C., Dehez F., Chipot C. and Pebay-Peyroula E. (2012) Impaired
transport of nucleotides in a mitochondrial carrier explains severe human genetic diseases, ACS Chem Biol 20, 1164-1169
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Modulation of the NADPH oxydase activity by the membrane properties
Hager SOUABNI 1 , Aymen EZZINE 1 , Mariano OSTUNI 1 , Chantal HOUÉE 1 , Frank WIEN 2 , Tania BIZOUARN 1 ,
Laura BACIOU 1
1 Laboratoire de Chimie Physique, UMR8000, Université Paris Sud 11, Orsay
2 Synchrotron SOLEIL, l'Orme des Merisiers, Gif sur Yvette, France

The NADPH-oxidase complex plays beneficial or detrimental role in the inflammatory and degenerative diseases. It is tightly
regulated in order to modulate the production of superoxide radicals. The enzymatic complex is activated by the translocation of
four cytosolic proteins to the membrane component, the so-called flavocytochrome b558 (Cytb558). Cytb558 is the catalytic
core of the NADPH-oxidase that generates superoxide anions from the reduction of molecular oxygen using reducing
equivalent provided by NADPH. Cytb558 consists of two membrane subunits and binds all the electron carriers (FAD and two
hemes). Recently we successfully produced the recombinant Cytb558 in a yeast expression system. Since different protein
engineering strategies have been explored to overexpress the heterologous proteins. Our aim is to understand the functioning
of this dynamic membrane-bound electron-transferring enzyme by studying its functional and structural properties in a cell-free
system (in vitro). We combined protein localization and maturation analysis with enzyme activities to obtain information on the
stability of the heterodimer as function of membrane properties. The membrane state (yeast membrane organelles; fatty acid
isomerisation; radical effects..) was correlated to the capacity of NADPH oxidase to produce superoxide. Our data give
evidences that the membrane has a direct effect on NADPH oxidase activity.
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Lactococcus lactis, an alternative system for functional expression of membrane proteins
Annie FRELET-BARRAND 3 , Sylvain BOUTIGNY 1 , Lucas MOYET 1 , Aurélien DENIAUD 2 , Florent BERNAUDAT 2 ,
Daniel SALVI 1 , Daphne BERNY-SEIGNEURIN 1 , Eva PEBAY-PEYROULA 2 , Norbert ROLLAND 1 , Sana BAKARI 3 ,
Francois ANDRÉ 3 , Marcel DELAFORGE 3
1 CEA, iRTSV/LPCV, Grenoble - France
2 IBS, Grenoble - France
3 CEA Saclay, iBiTec-S/SB2SM UMR 8221/LSOD, Gif-sur-Yvette

In spite of the functional and biotechnological importance of membrane proteins, their study remains difficult because of their
hydrophobicity and their low abundance in the cells. Moreover, in the well known heterologous systems, these proteins are
often produced at very weak rates, toxic and/or not correctly folded up. Lactococcus lactis, Gram-positive lactic bacterium,
traditionally used in food fermentation, are now largely used in biotechnology for the production on a large scale of prokaryotic
and eukaryotic proteins [1,3,4,5,6]. The expression of 20 membrane proteins was tested in this bacterium, proteins which could
not be produced in sufficient quantities by using traditional systems of expression. With this intention, a strategy of cloning in
the vector of expression of L. lactis, pNZ8148, compatible with the Gateway entry vectors has been preliminary established.
Thus, L. lactis proved to be an alternative system of expression for membrane proteins. First, all the proteins of Arabidopsis
thaliana tested could be produced on levels compatible with biochemical analyses. Processes of solubilization and purification
could also be developed and several proteins were active [2,4,5,6]. Moreover, since last year, some human proteins could be
expressed and active in this system [7, unpublished data]. Finally, these data suggest that L. lactis would be an attractive system for
an effective and functional production of difficult membrane proteins.
[1] Bernaudat F, Frelet-Barrand A, Pochon N, Dementin S, Hivin P, Boutigny S, Rioux JB, Salvi D, Seigneurin-Berny D, Richaud P, Joyard J,
Pignol D, Sabaty M, Desnos T, Pebay-Peyroula E, Darrouzet E, Vernet T, Rolland N (2011) Heterologous expression of membrane proteins:
choosing the appropriate host. PLoS One 6:e29191.
[2] Catty P, Boutigny S, Miras R, Joyard J, Rolland N, Seigneurin-Berny D (2011) Biochemical characterization of AtHMA6/PAA1, a chloroplast
envelope Cu(I)-ATPase. J Biol Chem 286:36188-97.
[3] Frelet-Barrand A, Boutigny S, Kunji ER, Rolland N. (2010a) Membrane protein expression in Lactococcus lactis. Methods Mol Biol.
601:67-85.
[4] Frelet-Barrand A, Boutigny S, Moyet L, Deniaud A, Seigneurin-Berny D, Salvi D, Bernaudat F, Richaud P, Pebay-Peyroula E, Joyard J,
Rolland N. (2010b) Lactococcus lactis, an alternative system for functional expression of peripheral and intrinsic Arabidopsis membrane
proteins. PLoS One 5:e8746.
[5] Kunji ER, Slotboom DJ, Poolman B. (2003) Lactococcus lactis as host for overproduction of functional membrane proteins. Biochim.
Biophys. Acta 1610:97-108.
[6] Monné M, Chan KW, Slotboom DJ, Kunji ER. (2005) Functional expression of eukaryotic membrane proteins in Lactococcus lactis. Protein
Sci. 14:3048-56.
[7] Steen A, Wiederhold E, Gandhi T, Breitling R and Slotboom DJ (2011) Physiological Adaptation of the Bacterium Lactococcus lactis in
Response to the Production of Human CFTR. Mol Cell Proteom. 10.1074/mcp.M000052-MCP200-2.
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Structural characterisation of highly specific membrane protein-lipid interactions involved in
trafficking. A novel regulatory mechanism in membrane dynamics?
Patricia KEMAYO KOUMKOUA 1 , Christopher AISENBREY 1 , Evgeniy SALNIKOV 1 , Burkhard BECHINGER 1
1 RMN et Biophysique des membranes - CNRS - UMR 7177 - Strasbourg, France
2 Vesicular Transport, Protein-Lipid Interactions, Lipidomics - Biochemistry Center (BZH), Heidelberg University - Im Neuenheimer Feld 328 69120 Heidelberg

Cells membranes are complex systems composed of variety of lipids that interacts with proteins to trigger cellular function. The
delivery of these lipids to the right compartment is crucial for cells to work efficiently. The coat protein (COP) complex that coats
vesicles is involved in transport of lipids and proteins in the early stages of the secretory pathway.
Recently, a highly specific interaction has been found between p24 protein-an adundant transmembrane protein of COPI
vesicles- and a sphingomyelin specie (C18:0) [1]. Such highly specific interactions have been reported for protein-protein and
protein-nucleic acid interactions to be involved in regulation of cell functions. Therefore, we decided to focus on the study of this
protein-lipid interaction.
To characterize this specific interaction, the transmembrane domain of this p24 protein was synthetized chemically or
expressed in bacterial system, and investigated by solid state NMR in presence of sphingomyelin. Based on structural data, we
will ultimately propose a model of this p24-sphingomyelin interaction in order to get insights into the function.
[1] Contreras and Ernst et al, Nature, 481, 525-529; 10742, (2012)
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Verrouillage conformationnel des domaines catalytiques de la NADPH cytochrome P450
réductase par pontage covalent
Fataneh FATEMI 1 , Denis POMPON 2 , Ewen LESCOP 1 , Eric GUITTET 1 , Gilles TRUAN 2
1 Laboratoire de Chimie et de Biologie Structurales(LCBS), Institut de chimie des Substances Naturelles, UPR 2301, CNRS, Gif-sur-Yvette
2 Laboratoire d'Ingénierie des Systèmes Biologiques et des Procédés (LISBP), INSA - DGBA 135, avenue de Rangueil, F-31077 Toulouse

La NADPH cytochrome P450 réductase (CPR) est une flavoprotéine multidomaine appartenant à la famille des réductases à
diflavines. La CPR est un composant essentiel du système redox des cytochromes P450 microsomaux. La CPR est formée de
deux domaines catalytiques, chacun contenant un cofacteur FAD ou FMN. Ces domaines sont reliés par un domaine de
connexion, de fonction inconnue et par un linker court et flexible. Le domaine FAD reçoit deux électrons du NADPH et les
transfère un par un au domaine FMN, qui, à son tour, les transfère à l'hème de l'accepteur final. Deux arrangements très
différents des domaines de la CPR ont été déterminés: une conformation fermée (FAD et FMN proches, compatible avec les
transferts électroniques internes) et une conformation ouverte (FAD et FMN éloignés, compatible avec le transfert vers
l'accepteur). Ces différentes conformations suggèrent l'existence d'une réorganisation structurale et d'un mouvement des
domaines de la CPR lors des cycles catalytiques. Afin de caractériser les équilibres conformationnels de la CPR et d'identifier
le rôle des mouvements dans le contrôle du cycle catalytique, nous avons voulu contrôler de degré d'ouverture de la CPR et
d'en caractériser l'influence sur les caractéristiques physicochimiques, potentiel redox et les différentes vitesses de transfert
d'électrons (interne ou externe) de l'enzyme. Pour ce faire, nous avons développé une nouvelle technique basée sur le pontage
covalent des domaines catalytiques par des adaptateurs chimiques sur les cystéines de surface. Nous avons synthétisé deux
adaptateurs chimiques ayant des longueurs différentes. Nous avons donc étudié l'effet de ces adaptateurs chimiques sur le
cycle catalytique de l'enzyme, via la mesure de l'activité de transfert d'électron vers le cytochrome c. Nous avons observé qu'en
présence de l'adaptateur chimique FF40, l'activité catalytique de l'enzyme est réduite. Par ailleurs, la diminution de l'efficacité
de transfert d'électron au cytochrome C dépend de la concentration de l'adaptateur chimique. Les conséquences de ces
résultats sur la dynamique conformationelle de l'enzyme seront discutées.
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Tracing the closing of a Ligand-Gated ion channel in atomic detail
Samuel MURAIL 1 , Igor VOROBYOV 2 , Marc BAADEN 1 , Toby ALLEN 2 , Erik LINDAHL 3
1 Laboratoire de Biochimie Théorique, CNRS, UPR9080, Univ Paris Diderot, Sorbonne Paris Cité, 13 rue Pierre et Marie Curie, 75005, Paris,
France.

2 Department of Chemistry, University of California, Davis. One Shields Avenue, Davis, CA, 95616, USA. --- Health Innovations Research
Institute and School of Applied Sciences, RMIT University, GPO Box 2476V, Melbourne, Victoria 3001, Australia

3 Department of Theoretical Physics & Swedish eScience Research Center, Royal Institute of Technology, Stockholm, Sweden --- Center for
Biomembrane Research, Department of Biochemistry & Biophysics, Stockholm University, Stockholm, Sweden

The Cys-loop receptors superfamily has a prominent role in the neuronal system by mediating fast signal transduction across
synapses. Over the last few years, several structures of eukaryotic ligand-gated ion channels (LGIC) and bacterial homologues
have been solved. While these structures are believed to represent both open and closed states, the transition mechanism
between different states is unknown. Understanding this transition is crucial as potentiating molecules such as anesthetics and
alcohols are believed to affect transition barriers or the relative free energy of states [1,2]. To investigate this mechanism, we
have performed extensive microsecond scale molecular dynamics simulations on the Gloeobacter violaceus pentameric LGIC
(GLIC). This channel is a prokaryotic homologue and since the publication of its structure in the open state two years ago it has
been extensively used as a model. Most members of the LGIC family are activated by various neutransmitters (acetylcholine,
serotonin, glycine and GABA), whereas GLIC's agonist has not been identified. While GLIC is closed at neutral pH, an increase
in proton concentration induces an opening of the channel. We followed the conformational dynamics of GLIC at neutral and
acidic pH, running a total of 23 µs all-atom MD simulations. Several closing events were observed on the microsecond scale.
Simulations propose a detailed succession of events leading from an open to a closed pore:
- Extra-cellular domain (ECD) reorganization,
- rotation and twist of M2 helices,
- followed by pore dehydration, and a slow relaxation of the whole structure.

[1] Murail, S., et al., Microsecond simulations indicate that ethanol binds between subunits and could stabilize an open-state model of a glycine
receptor. Biophysical Journal, 2011. 100(7): p. 1642-50.
[2] Murail S, et al. Molecular mechanism for the dual alcohol modulation of Cys-loop receptors. PLoS Computational Biology. Under Press.
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In vitro expression of deuterated human mitochondrial ADP/ATP transporter solubilized in a
fluorinated surfactant
Mathilde LETHIER 1 , Céline JULLIAN-BINARD 1 , Lionel IMBERT 1 , Grégory DURAND 2 , Eva PEBAY-PEYROULA 1 ,
Stéphanie RAVAUD 1 , Christine EBEL 1
1 IBS Grenoble
2 Université d'Avignon

The mitochondrial carriers play a crucial role in importing and exporting in a very specific manner, the substrates or products of
all metabolic reactions that occur within mitochondria. Impairing the function of these proteins leads to severe diseases. The
structure of the ADP/ATP carrier (bovine AAC) was solved in 2003 at IBS[1], which opens the way to several hypotheses
concerning substrate binding and transport mechanism. The project concerns the human AAC. Our aim is to use Small Angle
Neutron Scattering (SANS) to determine the protein association state and get insights into the general conformation and
conformation changes with different inhibitors. The protocol chosen according to Breyton et al. (manuscript in preparation)
requires deuterated proteins solubilized in a fluorinated surfactant, the F6-DigluM[2], and very homogeneous samples. We have
experimented cell free (CF) expression system, which provides a very interesting alternative to cell-based systems, since it
avoids many problems such as toxicity or necessity for the transportation of the synthesized protein to the membrane.
It uses an efficient coupled transcription and translation reaction to produce high yields of full-length functional proteins. It
allows the easy screening of experimental conditions and the production of specific labelled proteins by only adding labelled
amino acids. It avoids the time and material consuming surfactant exchange steps, a bottleneck since fluorinated surfactants
are non commercial products. We will describe the production, purification and characterisation of deuterated human AAC
solubilised in F6-DigluM.
[1] Pebay Peyroula et al. 2003 Nature.
[2] Abla et al. 2012 J Fluor Chem.
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Interplay between heme, quinone and cardiolipin in the electron and proton transfer in
respiratory nitrate reductase complex
Bruno GUIGLIARELLI 1 , Rodrigo ARIAS-CARTIN 2 , Pascal LANCIANO 1 , Sevdalina LYUBENOVA 3 ,
Buckhard ENDEWARD 3 , Thomas PRISNER 3 , Pascal ARNOUX 4 , Axel MAGALON 2 , Stéphane GRIMALDI 1
1 Unité de Bioénergétique et Ingénierie des Protéines,BIP-UMR 7281, CNRS et Aix-Marseille Université, 31 chemin Joseph Aiguier, Marseille,
France.

2 Laboratoire de Chimie Bactérienne, LCB, CNRS et Aix-Marseille Université, Marseille, France
3 Institut für Physikalische und Theoretische Chemie, J. W. Goethe Universität, Frankfurt, Germany
4 Laboratoire de Bioénergétique Cellulaire,LBC-IBEB, CEA-Cadarache, France

Nitrate reductase A (NarGHI) from Escherichia coli is a respiratory complex which couples the anaerobic reduction of nitrate to
membrane-bound quinone oxidation enabling the energetic coupling between transmembrane electron and proton transfers. By
combining EPR spectroscopy and site-directed mutagenesis, we have shown that a mena-semiquinone (MSQ) radical
intermediate can be highly stabilized in the close vicinity of the heme bD in the NarI membrane subunit [1].
A multifrequency HYSCORE study was directly performed on NarGHI-enriched membrane vesicles. 14N and 15N hyperfine
coupling analysis shows a peculiar binding mode of MSQ through H-bond with the N(delta) atom of the heme bD axial His66
ligand [1]. Moreover, high-resolution pulsed EPR methods in combination with 1H2O/2H2O exchange experiments reveal an
unusual single sided hydrogen bonding of the semiquinone to the heme axial histidine ligand [2].
In addition, we showed that an anionic cardiolipin is tightly associated to the enzyme and is essential for its functionality. The
reinterpretation of X-ray diffraction data enabled us to identify a specific binding site of cardiolipin in the close proximity of heme
bD. This binding leads to structural adjustments of the heme bD and of the adjacent quinol substrate binding site. This provides
the first molecular basis to understand the interplay of quinone, heme and phospholipids in the activation of a bacterial
respiratory complex [3].
[1] R. Arias Cartin, P. Lanciano, S. Lyubenova, B. Endeward, T. Prisner, A. Magalon , B. Guigliarelli, S. Grimaldi - J. Am.Chem. Soc.2010,
132, 5942-43.
[2] S. Grimaldi, R. Arias-Cartin, P. Lanciano, S. Lyubnova, R. Szenes, B.Endeward, T.F. Prisner, B. Guigliarelli, A. Magalon, A, J. Biol. Chem.
2012; 287, 4662.
[3] R. Arias-Cartin, S. Grimaldi, J. Pommier, P.Lanciano, C.Schaefer, P. Arnoux, G. Giordano, B. Guigliarelli, A. Magalon, Proc.Natl.Acad.Sci. U
S A. 2011; 108, 7781.

Organization of cardiolipin, heme and menaquinone in membrane-bound nitrate reductase
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Exploring new approaches for the molecular study of GPCRs: application to chemokine
receptors.
Corinne VIVES 1 , Lina SIAUCIUNAITE 1 , Antoine PICCIOCCHI 1 , Rabia SADIR 2 , Christophe MOREAU 3 ,
Michel VIVAUDOU 2 , Franck FIESCHI 1
1 Equipe Membrane et Immunité - Groupe Membrane et Pathogène - Institut de Biologie Structurale - 41, rue Jules Horowitz 38027 GRENOBLE
2 Groupe SAGAG - Institut de Biologie Structurale - 41, rue Jules Horowitz 38027 GRENOBLE
3 Groupe Channel - Institut de Biologie Structurale - 41, rue Jules Horowitz 38027 GRENOBLE

Chemokine receptors are RCPG family members that play a crucial role in the regulation of cell migration in the context of
immune surveillance, inflammation and development. Amongst them, CCR5 and CXCR4 are, besides, specifically implicated in
cancer metastasis and HIV-1 infection. We have developed an over-expression system of those two GPCRs. The production
approach consists in targeting the proteins towards E.coli inclusion bodies via a N-terminus fusion strategy. After purification
under denaturing conditions, the GPCRs are refolded using original surfactants: the amphipoles. The functionality of the
receptors is then evaluated by Surface Plasmon Resonance using their chemokine ligands (RANTES for CCR5 and SDF1α for
CXCR4). The very promising results that we have obtained open the way to "in solution" studies of the receptor and the
receptor/chemokine complex in order to investigate the receptor dimerisation and the complex stoechiometry.
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Expression, purification and preliminary crystallographic studies of MGD1, the major
galactolipid synthase in Arabidopsis
Joana ROCHA 1 , Magali AUDRY 1 , Gaëlle PESCE 1 , Maryse A. BLOCK 2 , Eric MARÉCHAL 2 , Christelle BRETON 1
1 CERMAV-CNRS, University of Grenoble 1, Grenoble, France
2 LPCV, UMR 5168 CNRS-CEA-INRA-UJF, Grenoble, France

Galactolipids, such as monogalactosyldiacylglycerol (MGDG) and digalactosyldiacylglycerol (DGDG), are a unique lipid class
ubiquitously found in photosynthetic organisms, from cyanobacteria to land plants. MGDG and DGDG account for ~50% and
25% of membrane lipids in plant chloroplasts, respectively, and are essential to the biogenesis of plastids and photosynthetic
machinery.
MGDG synthase is the enzyme responsible for MGDG synthesis. It transfers the sugar moiety from the UDP-galactose donor to
a diacylglycerol (DAG) acceptor molecule. The newly formed MGDG serves as the acceptor substrate for a second enzyme DGDG synthase - that adds a second galactose residue to generate DGDG. In Arabidopsis thaliana, a multigenic family of
three MGDG synthases (MGD1, 2 and 3) has been identified, with MGD1 being the most active, abundant and essential for
thylakoid expansion.
Interestingly, the presence of galactolipids, although likely to contain a different hydrophobic moiety, has also been reported in
pathogens in the Apicomplexa phylum causing major human threats, such as Plasmodium falciparum (Malaria) and
Toxoplasma gondii (Toxoplasmosis). These pathogens possess a non-photosynthetic plastid (apicoplast) inherited from a
secondary endosymbiotic event. However, despite biochemical demonstration of galactolipid synthase activities in
Apicomplexa, no gene(s) could be identified in the parasite genomes to date.
MGDG synthases are therefore, potential targets for the development of new chemical probes with herbicidal properties and
possible antiparasitic action, with applications in agriculture and medical fields. The knowledge of their three-dimensional
structure is essential to this purpose. We conducted structure-function studies on Arabidopsis galactolipid synthases, focusing
on MGD1, the major enzyme of MGDG synthesis. Previous attempts to express plant MGDs in E. coli showed that 99% of the
recombinant proteins accumulated in inclusion bodies. Much effort has been put into the development of an efficient
heterologous expression system to overproduce the enzyme and to set up a purification scheme, and very recently, major
improvements have been obtained. In the present work, we report the cloning, expression, purification, crystallization and
preliminary crystallographic studies of MGD1, the major galactolipid synthase from A. thaliana.
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De la molécule, vers l'enzyme et vers la cellule : Développement d'inhibiteurs de la
phosphatase alcaline non spécifique du tissu pour prévenir les calcifications vasculaires
associées à l'insuffisance rénale
Julien DEBRAY 1 , Lei CHANG 1 , Stephane PELLET-ROSTAING 1 , Do LE DUY 1 , René BUCHET 1 , David MAGNE 1 ,
Marc LEMAIRE 1 , Florence POPOWYCZ 1 , Saida MEBAREK 1
1 Institut de Chimie et Biochimie Moléculaires et Supramoléculaires UMR CNRS 5246, Université de Lyon, Insa de Lyon, Université Lyon 1 et
CPE 69622 Villeurbanne. -

L'insuffisance rénale chronique (IRC) est associée à de nombreux défauts métaboliques et du système endocrinien
comprenant un métabolisme perturbé de l'homéostasie du calcium et du phosphate ainsi qu'un syndrome inflammatoire. Les
patients qui souffrent d'insuffisance rénale chronique (IRC) développent des calcifications vasculaires. Actuellement, il existe
quelques stratégies thérapeutiques qui ciblent le traitement des calcifications vasculaires chez les patients atteints d'IRC tels
que la vitamine K2 les agents chélateurs de calcium et de phosphate. Cependant aucun de ces médicaments ne procurent une
complète prévention des des calcifications vasculaires et par conséquent, il y a un besoin urgent pour le développement et la
mise au point d'un traitement alternatif. Selon les conditions physiologiques, le pyrophosphate inorganique (PPi) est sécrété par
les cellules musculaires lisses (CMLs) afin de prévenir les calcifications vasculaires, mais les niveaux de PPi sont inversement
corrélés avec les calcifications vasculaires chez les patients atteints d'IRC[1]. La diminution du PPi et la progression des
calcifications sont dues à l'activité de la phosphatase alcaline non-spécifique du tissu (TNAP) dans les CMLs[2]. L'inhibition de
la TNAP pour préserver le PPi apparaît donc comme une solution possible. Cependant, l'inhibiteur de la TNAP le plus puissant
connu à ce jour, le lévamisole, est trop faible pour être utilisé in vivo[5]. Dans ce contexte, nous avons entrepris de développer
de nouveaux inhibiteurs de la TNAP. Un criblage de plusieurs centaines de molécules a permis d'identifier plusieurs dérivés
(benzo-) thiophènes inhibiteurs de la TNAP[6,7]. Nous avons ensuite synthétisé et caractérisé une deuxième génération de
dérivés benzothiophènes, 4 molécules dont les IC50, les Ki ainsi que les propriétés de solubilité ont été déterminés[68]. Des
mesures de cinétiques enzymatiques nous ont montré que les molécules sont des inhibiteurs incompétitifs et qu'ils sont
spécifiques de la TNAP (aucun effet sur la phosphatase alcaline intestinale ou placentaire). De plus, ces inhibiteurs empêchent
la minéralisation des ostéoblastes (SAOS-2 et MG-63) suggérant que l'inhibition de la TNAP pourrait ralentir les calcifications
ectopiques.
[1] O'Neill, WC ; Sigrist, MK; McIntyre CW. Nephrol Dial Transplant. 2010.
[2] Lomashvili, KA; Garg, P; Narisawa, S; et al. Kidney Int. 2008.
[3] O'Neill, WC; Lomashvili, KA; Malluche, HH; Faugere, MC; Riser, BL. Kidney Int. 2011.
[4] Riser, BL; Barreto, FC; Rezg, R; et al. Nephrol Dial Transplant. 2011.
[5] Lomashvili, KA; Garg, P; Narisawa, S; Millan, JL; O'Neill, WC. Kidney Int. 2008.
[6] Li, Bioorg Med Chem 2009;
[7] Chang, Bioorg Med Chem.Lett. 2011.
[8] Brevet FR1058542 19/10/2010.
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Régulation des gènes de synthèse des acides gras en fonction de la croissance chez les
bactéries
Laetitia MY 1 , Emmanuelle BOUVERET 1
1 LISM, CNRS, Aix-Marseille Université - 31, chemin Joseph Aiguier - 13009 Marseille

La biosynthèse et la dégradation des acides gras sont deux voies métaboliques très bien décrites chez les bactéries, en
particulier dans la bactérie modèle Escherichia coli. En revanche, les mécanismes de régulation de l'expression de tous les
gènes impliqués sont peu connus, et plus diversifiés. Chez E. coli, deux types de mécanismes concourent à réguler de façon
coordonnée ces deux voix opposées, en fonction de la disponibilité en acides gras dans l'environnement et en fonction du taux
de croissance. Le répresseur transcriptionnel FadR contrôle l'expression des gènes de dégradation, en fonction de la
disponibilité en acides gras dans le milieu. Mais ce régulateur est également un activateur de l'expression des gènes
spécifiquement impliqués dans la synthèse des acides gras insaturés. De plus, l'activité des enzymes de synthèse des acides
gras et l'expression des gènes correspondant sont inhibées lors de l'arrêt de croissance, tandis que la voie de dégradation est
activée. Ces régulations nécessitent la mise en place de la réponse stringente, contrôlée par le régulateur global ppGpp [4].
Nous avons montré que FadR est également un activateur des trois gènes fabHDG, qui codent pour des protéines centrales du
cycle de synthèse des acides gras. Ainsi, FadR contrôle de façon globale le métabolisme des acides gras en fonction de la
disponibilité en acides gras dans le milieu. De plus, nous avons montré que l'expression de fadR est elle même inhibée par le
ppGpp, ce qui provoque une diminution de la quantité de FadR en phase stationnaire. L'arrêt coordonné de la synthèse des
acides gras dépend donc non seulement de l'inhibition des enzymes de synthèse par le ppGpp, mais également de l'inhibition
de l'expression des gènes par le ppGpp, à la fois directement et indirectement via la diminution de la quantité d'activateur FadR.
Le métabolisme des acides gras joue un rôle central dans les relations entre les bactéries et leur environnement et avec leur
hôte dans le cas des bactéries pathogènes. De nombreux résultats récents mettent en lumière le rôle de ce métabolisme dans
la mise en place de la virulence et dans la détection de signaux de stress. Si le métabolisme des acides gras est régulé en
fonction des conditions extérieures, à l'inverse nous avons montré précédemment que des signaux de stress peuvent être
générés au sein de ce métbaolisme [1,2,3]. Nous souhaitons donc maintenant comprendre ces relations complexes entre le
contrôle de la croissance, le métabolisme des acides gras et la réponse au stress et plus particulièrement la réponse stringente.
[1] Battesti A. and Bouveret E. (2006) Acyl Carrier Protein/SpoT interaction, the switch linking the stringent response to fatty acid metabolism.
Molecular Microbiology. 62, 1048-1063
[2] Battesti, A., & Bouveret, E. (2009) Bacteria possessing two RelA/SpoT-like proteins have Evolved a specific stringent response involving the
ACP-SpoT interaction. Journal of Bacteriology. 191, 616-624
[3] Angelini S., My, L., and Bouveret E. (2012) Disrupting the Acyl Carrier Protein/SpoT interaction in vivo : Identification of ACP residues
involved in the interaction and consequence on growth. PLoSone. 7(4): e36111
[4] Bouveret E. and Battesti A. (2010) The stringent response. in Bacterial Stress Responses Second edition. Ed. Gisela Storz and Regine
Hengge.
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Structural and functional characterisation of neolectin with controlled valency
Julie ARNAUD 1 , Aymeric AUDFRAY 1 , Julie CLAUDINON 2 , Annabelle VARROT 1 , Winfried RÖMER 2 ,
Anne IMBERTY 1
1 CERMAV-CNRS, BP 53, 38041 Grenoble CEDEX 09, France
2 BIOSS - Centre for Biological Signalling Studies, 79104 Freiburg, Germany

The ability of lectins to specifically recognize glycoconjugates on the surface of cells makes them a useful tool in biomedical
diagnosis associated with change of glycosylation (inflammation, cancer...). Also, lectins are useful research tools for studying
membrane trafficking since lectin-glycosphingolipid interactions can lead to membrane bending and endocytosis[1]. However,
only a limited number of lectins are available, limiting their use in biotechnology and research.
RSL is a fucose-binding lectin from the bacterium Ralstonia solanacearum that adopts a b-propeller fold formed by trimer
association and presenting six binding sites[2]. RSL has been chosen as the paradigm for designing neolectins since it is easy
to produce, has a high affinity for fucose and present six symmetrical binding sites. Alteration of the symmetry of the b-propeller
architecture is used to produce neoRSLs (nRSLs) with controlled valency in order to improve diversity in the development of
technological tools and to understand the endocytosis mechanism. Several mutants have been produced in order to modify the
valency of RSL. The R17A neo-RSL stochiometry has been reduced to three residues per b-propeller, while the affinity for
monosaccharides is not altered.
Characterization of the binding property of R17A neo-RSL to fucose by surface plasmon resonance spectroscopy shows only
limited variations in the kinetic parameters compared to wild type RSL. However, when the neolectin is tested on HeLa cells, it
shows slower kinetics of endocytosis, demonstrating a strong effect of the degree of multivalency on membrane dynamics and
internalization.
[1] Römer, W., Berland, L., Chambon, V., Gaus, K., Windschiegl, B., Tenza, D., Aly, M.R., Fraisier, V., Florent, J.C., Perrais, D., Lamaze, C.,
Raposo, G., Steinem, C., Sens, P., Bassereau, P., Johannes, L., 2007, Nature 450, 670-675.
[2] Kostlánová, N., Mitchell, E.P., Lortat-Jacob, H., Oscarson, S., Lahmann, M., Gilboa-Garber, N., Chambat, G., Wimmerová, M., Imberty, A.,
2005, J. Biol. Chem., 280, 27839-27849.
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Platform High pressure
Louise LASSALLE 1 , Marie TROVASLET 2 , Dominique MADERN 1 , Judith PETERS 3 , Bruno FRANZETTI 1 ,
Eric GIRARD 1
1 Institut de Biologie Structurale - Grenoble
2 Institut de Recherche Biomédicale des Armées - Grenoble
3 CRG IN13 - Institut Laue Langevin - Grenoble

The poster presents the IBS High-pressure platform that allows activity measurement under high pressure and structure
determination by high-pressure x-ray crystallography [1]. This platform brings together a spectrophotometer UV-Visible, a
fluorimeter with a pressure range 1 to 300 MPa and a diamond anvil cell that allow structural studies up to 2 GPa. Different
examples of what can be done with this platform will be presented [2,3].
[1] Fourme R, Girard E, Kahn R, Dhaussy AC, Ascone I. Advances in high-pressure biophysics: status and prospects of macromolecular
crystallography. (2009). Annu Rev Biophys. 38 :153-71.
[2] Rosenbaum, E.; Gabel, F.; Durá, M. A.; Finet, S.; Cléry-Barraud, C.; Masson, P.; Franzetti, B. Effects of hydrostatic pressure on the
quaternary structure and enzymatic activity of a large peptidase complex from Pyrococcus horikoshii. (2012) Arch Biochem Biophys. 517,
104-110.
[3] Girard, E.; Marchal, S.; Perez, J.; Finet, S.; Kahn, R.; Fourme, R.; Marassio, G.; Dhaussy, A.-C.; Prangé, T.; Giffard, M.; Dulin, F.; Bonneté,
F.; Lange, R.; Abraini, J. H.; Mezouar, M.; Colloc'h, N. Structure-function perturbation and dissociation of tetrameric urate oxidase by high
hydrostatic pressure. (2010) Biophys J. 98, 2365-2373.
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Fluorescence detection in analytical ultracentrifugation
Aline LE ROY 1 , Kai WANG 1 , Virginia GUILLON 1 , Mathilde LETHIER 1 , Cecile BREYTON 1 , Christine EBEL 1
1 Institut de Biologie Structurale CEA-CNRS-UJF - 41, rue Jules Horowitz, 38027 Grenoble

Analytical ultracentrifugation (AUC) studies macromolecules in solution that are subjected to a centrifugal field. Sedimentation
velocity (SV) experiments combine the separation of the macromolecules and the analysis of their transportation in view of a
rigorous thermodynamics. SV allows assessing sample homogeneity and is particularly suitable for studying the interactions of
soluble or biological macromolecules.
We recently acquired a fluorescence detection system (Aviv) that can be used on an analytical ultracentrifuge already equipped
with absorbance and interference optics (Beckman XLI).
We will present the possibilities and limits related to the use of the fluorescence detector, and some preliminary results on the
characterisation of the association state of viral GFP-labelled proteins in crude extracts and evidence of complex formation with
an unlabelled membrane protein.
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Kinked helices in protein structure and function
Joseph PARELLO 1 , Leonardo LENOCI 1
1 Department of Pharmacology, Vanderbilt University School of Medicine, 467 Robinson Research Building, 2200 Pierce Avenue, Nashville, TN
37232-6600, USA

Based on a previous report on the topology of the alpha-helices in a globular protein[1] we devised a computer program that
allows an unambiguous analysis of the protein 3D-structures in the PDB in order to identify kinked topologies either at the N(N-kink) or C- (C-kink) termini, or in the median region (M-kink) of their helices. The procedure underlies a so-called d3/d4 plot,
in which the distances d3 = d(Oi-Ni+3) and d4= d(Oi-Ni+4) are plotted versus the residue number i, in the amino acid sequence,
from which the kinked helix topology is selectively inferred. On a d3/d4 plot the regular alpha-helices are visualized as "flat
valleys" with d3 and d4 in the 3-3.2 Å range (with usually d3 > d4). A kinked helix is then visualized as a spike encompassing
2-3 residues in the "flat valley" profile: see the characteristic d3/d4 plot of bovine rhodopsin (PDB file: 1U19) with its 7
transmembrane helices (Figure). Using a first set of PDB structures (28,469), up to 5,934 M-kinks were observed with water
molecules closely interacting (hydrated M-kinks or hM-kinks as part of hydrogen bond networks). 806 of the hM-kinks show a
characteristic positioning of a "central" water molecule (labeled canonical hM-kinks) closely related to the hydration features of
a peptide model in the gas phase[2]. Hypothetically, it can be envisaged that the water contacts (hydrogen bonds) with the helix
are responsible for the conserved geometrical features of the kink.
In relation to their possible biological function our study considered the case of the kinked helices in two families of proteins:
- rhodopsin and the GPCRs in general;
- hemoglobins (with their unliganded T and liganded R conformations).
In the latter the d3/d4 plots offered a new insight at the level of helix B in the beta1 chain of the tetrameric assembly of human
hemoglobin with an hN-kink present in the R2-state (PDB file: 1BBB) and absent in the T-state (PDB file: 1A3N) thus
modulating the position of Leu28 (helix B) in the vicinity of the heme.
Our analysis based on the d3/d4 plots presently relies on more than 60,000 X-ray protein structures with similar statistics as
with the initial set of 28,469 structures (see above). Finally, the analysis needs to be extended to the entire PDB with more than
85,000 structures reported so far.
[1] Roquet F, Declercq JP, Tinant B, Rambaud J and Parello J (1992) Crystal structure of the unique parvalbumin component from muscle of
the leopard shark (Triakis semifasciata). The first X-ray study of an alpha-parvalbumin. J Mol Biol 223(3):705-720.
[2] Mons M, Dimicoli I, Tardivel B, Piuzzi F, Robertson EG and Simons JP (2001) Energetics of the gas phase hydrates of trans-formanilide: A
microscopic approach to the hydration sites of the peptide bond. Journal of Physical Chemistry A 105(6):969-973.

Characteristic d3/d4 plot of a GPCR (rhodopsin): the symbol * indicates a kinked helix
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Structure à basse résolution de la machine de réplication de l'ADN du virus de la vaccine
Céleste SÈLE 1 , Frank GABEL 2 , Irina GUTSCHE 1 , Ivan IVANOV 1 , Wim BURMEISTER 1 , Frédéric ISÉNI 3 ,
Nicolas TARBOURIECH 1
1 UJF - Grenoble 1 / EMBL / CNRS UMI 3265 - Unit for Virus Host-Cell Interactions, 6 rue Jules Horowitz, 38000 Grenoble, France
2 Institut de Biologie Structurale-Jean-Pierre Ebel CEA-CNRS-UJF, 41 rue Jules Horowitz, 38027 Grenoble CEDEX, France
3 Institut de Recherche Biomédicale des Armées (IRBA), 24 avenue des Maquis du Grésivaudan, BP 87, 38702 La Tronche, France

Le virus de la variole était la cause d'épidémies avec une importante mortalité qui ont marqués l'histoire de l'humanité. Due à
une campagne de vaccination à l'échelle mondiale ce virus a été éradique en 1979 mais il reste le danger d'une utilisation
comme arme de bioterrorisme et l'introduction potentielle d'un poxvirus à partir d'un réservoir animal. La structure du génome
des poxvirus avec un ADN double brin linéaire codant pour le génome du virus qui est circularisé aux extrémités est unique. La
machine de réplication virale semble donc être une cible thérapeutique de premier choix pour un traitement antiviral mais pour
l'instant il manque toute information structurale.
En utilisant le virus de la vaccine, ces mécanismes peuvent être étudiés car l'identité de séquence avec le virus de la variole
est plus de 97 % au niveau des protéines de réplication.
Nous avons étudié 4 protéines essentielles de la machine de réplication : la polymérase E9, le facteur de processivité A20,
l'uracil-ADN-glycosylase D4 et l'hélicase-primase D5. Ces protéines ont pu être exprimées dans le système baculovirus cellules d'insectes et les caractéristiques biophysiques ont pu être étudiées pour les protéines individuelles ou des complexes
de protéines. Le facteur de processivité formé par A20 et D4 se lie avec une haute affinité à la polymérase E9. Des enveloppes
moléculaires pour E9, A20D4 and A20D4E9 ont pu être obtenus par diffusion des rayons x aux petits angles (SAXS). Elles
montrent la séparation de 150 Å entre les sites actifs de la polymérase et le site de liaison à l'ADN de D4. En microscopie
électronique nous avons observé la même symétrie d'ordre 6 pour D5 que celle observée pour d'autres hélicases de la famille
SF3. En combinant tous ces résultats un modèle de la machine de réplication a été obtenu qui favorise un mécanisme de
"rolling circle" pour la réplication des poxvirus par rapport aux mécanismes basés sur une réplication commençant au niveau
d'une brèche dans l'ADN proposés anciennement.

Schéma et modèle du complexe de réplication des poxvirus
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Pig kidney fructose-1,6-bisphosphatase revisited: mixed-subunit oligomers and
tryptophan-containing mutants show two different classes of substrate binding sites
María-Luz CARDENAS 1 , Joel L. ASENJO 2 , Cristián A. DROPPLEMANN 2 , Juan G. CARCAMO 2 , Ilona I CONCHA 2 ,
Alejandro J. YANEZ 2 , Athel CORNISH-BOWDEN 1 , Juan C. SLEBE 2
1 BIP, IMM, CNRS-AMU, 31 chemin Joseph-Aiguier, B.P. 71, 13402 Marseille CEDEX 20, France
2 Instituto de Bioquímica y Microbiología, Universidad Austral de Chile, Valdivia, Chile

Fructose 1,6-bisphosphatase, an important regulatory enzyme in gluconeogenesis, is a homotetramer that does not contain
tryptophan. It has long been known that enzymes isolated from different sources are substrate-inhibited, but the mechanism of
the inhibition has remained obscure. Three types of experiment were used to shed light on this: [1] fluorescence studies with
mutants in which phenylalanine residues were replaced by tryptophan; [2] exchange of subunits between wild-type and
Glu-tagged oligomers; [3] kinetic measurements over a very wide range of substrate concentrations and subjected to detailed
statistical analysis. The overall results indicate that two different classes of catalytic sites exist that differ greatly in their affinity
for substrate. The substrate inhibition results from the binding of fructose 1,6-bisphosphate to the low-affinity sites.
Acknowledgements:
[1] FONDECYT 1090740 (JCS);
[2] Fellowship MECESUP AUS0006 (JLA);
[3] MECESUP AUS0704-AUS0807 (MLC, ACB).
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Control of the opening/closing equilibrium of the flavinic domains of the human NADPH
cytochrome P450 reductase
Gilles TRUAN 1 , Fataneh FATEMI 2 , Oriane FRANCES 2 , Ewen LESCOP 2 , Javier PÉREZ 3
1 Laboratoire d'Ingénierie des Systèmes Biologiques et des Procédés, INSA Toulouse, UMR 5504, 135 Av. de Rangueil, 31077 TOULOUSE
CEDEX 04

2 Institut de Chimie des Substances Naturelles, 1 Av. de la Terrasse, 91198 GIF-SUR-YVETTE CEDEX
3 Synchrotron Soleil, L'Orme des Merisiers Saint-Aubin - BP 48 91192 GIF-SUR-YVETTE CEDEX
NADPH cytochrome P450 (CPR) is a multi-domain flavoprotein that belongs to a family of diflavine reductases. CPR is the
principal partner of cytochrome P450 and contains two flavin-binding domains. Two electrons from NADPH are transferred to
the FAD flavin and electrons are then sequentially transferred to the FMN and finally to the final acceptor. Previously
determined CPR crystal structure have evidenced a compact and closed domain organization, with a short interflavin distance
(4Å), a distance coherent with the fast internal electron transfer from FAD to the FMN but in complete disagreement with the
external electron transfer from FMN to the acceptors. Therefore, the requirement for internal domain flexibility during the
catalytic cycle was postulated several years ago, yet no direct demonstration was provided of this phenomenon. The existence
of alternative conformations of the CPR was demonstrated starting in 2009 using several techniques such as X-ray
crystallography, NMR, SAXS and FRET. Experimental conditions such as cofactors, redox potential, aiming at mimicking
different catalytic steps were shown to strongly influence the conformational equilibria. However, the high resolution description
of the alternative conformation(s) and the timescale for the probable interconversion exchange rate, proposed to be the
reaction rate-limiting step, are still lacking.
In order to deepen our understanding of the CPR catalytic cycle, we initiated the NMR and SAXS study of this 70kDa
multidomain protein in its oxidized state. The NMR spectra obtained at 950 MHz were of excellent quality for such a large
protein and about 60% of the protein sequence could be assigned. Based on 15N relaxation and 1H-15N RDC data we showed
that the oxidized CPR exists in one predominant conformation compatible with the closed conformation observed in the
crystalline state, and alternative conformations, if exist, do not exceed ~5% in population. We also performed a set of SAXS
experiments in various biological conditions. In parallel, a set of kinetic experiments were performed to ascertain the validity of
the obtained SAXS data. We will present our latest obtained results describing the factors controlling the equilibrium between
the closed and open forms of CPR.

Putative movement of the FMN domain
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De Novo Peptide Design of Novel RANK Antagonists: Theoretical Predictions and Experimental
Validation
Stéphane TÉLETCHÉA 1 , Verena STRESING 1 , Soizic HERVOUET 1 , Marie-Françoise HEYMANN 1 , Gildas BERTHO 2 ,
Céline CHARRIER 1 , Kosei ANDO 1 , Dominique HEYMANN 1
1 LUNAM Université, Université de Nantes, INSERM UMR 957, Laboratory of the - Physiopathology of Bone Resorption and Therapy of Primary
Bone Tumors, Equipe - labellisée LIGUE 2012, 1 rue Gaston Veil, 44035 Nantes CEDEX 1, France

2 CNRS UMR8601, Université Paris Descartes, Sorbone Paris Cité, Paris, F-75006, France

Receptor activator of nuclear factor-κB (RANK) and RANK ligand play a pivotal role in bone metabolism, and selective targeting
of RANK signaling has become a promising therapeutic strategy in the management of osteolytic diseases.
Existing antibody-based therapies and novel inhibitors currently in development were designed to target the ligand, rather than
the membrane receptor expressed on osteoclast precursors. We describe here a novel structure-based approach to designing
small peptides able to specifically target membrane RANK.
Contrary to inhibitory peptides that have been developed so far, the sequences of these novel peptide inhibitors were not
derived from the known receptor or ligand amino-acid sequences, but were generated from a random library of soluble peptides
and screened for potential receptor affinity and in vitro activity.
A peptide generated with this method was further characterized for its biological activity in vitro and in vivo and served as a lead
compound for the generation of a new series of inhibitors based on the original peptide sequence. Our results could provide an
effective and affordable alternative for the treatment of bone resorptive disease.
Theoleyre, S. et al. The molecular triad OPG/RANK/RANKL: involvement in the orchestration of pathophysiological bone remodeling. Cytokine
Growth Factor Rev. 15, 457-475 (2004).
Liu, C. et al. Structural and Functional Insights of RANKL-RANK Interaction and Signaling. J. Immunol. 184, 6910-6919 (2010).
Heymann, D. Anti-RANKL therapy for bone tumours: Basic, pre-clinical and clinicalevidences. J. Bone Oncol. 1, 2-11 (2012).

Structure-based design of small peptides inhibiting RANK: the peptide binding region is represented in yellow surface, the
receptor amino acids in interaction with the peptide are indicated.
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Characterizing the role of weakly polar hydrogen bonds in proteins
Michael PLEVIN 1
1 Biomolecular NMR group, CEA/CNRS/UJF, Institut de Biologie Structurale, 41, rue Jules Horowitz, Grenoble, France

The folding and function of proteins are dependent on a multitude of intramolecular interactions of varying strengths, including
salt bridges, hydrogen bonds, and van der Waals contacts. Canonical hydrogen bonds (X-H ··· Y, where X and Y are
electronegatives atom such as O or N) are a well-discussed and prominent contributor to protein tertiary structure and function.
In addition to these classical interactions a variety of non-classical hydrogen bonds exist in proteins involving, amongst others,
C-H donor groups or pi-system acceptor groups. Though weaker than classical H-bonds, non-classical interactions have been
predicted to make important contributions to protein structure and function. XH/pi interactions occur between the pi-electrons of
aromatic amino acids or peptide acceptor groups and N-H, O-H, S-H or C-H donor groups. A selection of examples of NMR
studies of XH/pi interactions will be presented, including the first direct detection of these interactions in proteins via weak
scalar (J) couplings [1], as well as biophysical evidence for the functional contribution of a conserved XH/pi interaction in a
family of microtubule binding proteins [2].
[1] Plevin MJ, Bryce DL, Boisbouvier J. (2010) Direct detection of CH/pi interactions in proteins. Nat Chem. 2, 466-71.
[2] Plevin MJ, Hayashi I, Ikura M. (2008) Characterization of a conserved "threonine clasp" in CAP-Gly domains: role of a functionally critical
OH/pi interaction in protein recognition. J Am Chem Soc. 130, 14918-9.
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Macrocomplexes tune protein structure and function in Photosynthesis
Bruno ROBERT 1 , Cristian ILIOAIA 1 , Roberta CROCE 2
1 Departement of Bioenergetics, Structural Biology and Mechanisms - Institute of Biology and Technology of Saclay
2 Department of Physics and Astronomy - Faculty of Sciences, VU University Amsterdam

The main light-harvesting pigment-protein (LHCs) of the chloroplast thylakoid membrane can switch between two different
conformations, one in which they efficiently collect the energy from the incoming photons, and the other where they as
efficiently dissipate this energy [1]. This mechanism is believed to control precisely the amount of excitation energy present in
the photosynthetic membrane, and protects plants against photo-oxidative stress [2].
In vivo, LHCs are embedded in large macrocomplexes, comprising the proteins of photosystem II and the so-called minor
antenna. Using partially dissociated macrocomplexes, we have studied the conformation of LHCs when interacting with its
partner proteins. We show that the protein-protein interactions in these macrocomplexes tune the LHC structure, and bring their
conformation slightly towards the energy-quenching one. From the analysis of their structure, the fluorescence lifetime of LHCs
in macrocomplexes can be predicted to be shorter than that of LHCs isolated, about 2 ns (vs 4 ns for isolated LHCs). This is
precisely the LHC lifetime in these complexes. Formation of macrocomplexes in the photosynthetic membrane thus tunes both
the structure and the function of LHC proteins.
[1] Pascal AA, Liu ZF, Broess K, van Oort, B, van Amerongen H, Wang C, Horton P, Robert B, Chang W and Ruban A (2005) Nature
436:134-137.
[2] Ruban AV, Berera R, Ilioaia C, van Stokkum IHM, Kennis JTM, Pascal AA, van Amerongen H, Robert B, Horton P, van Grondelle R (2007)
Nature:450, 575-579.
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An improved mutagenesis-driven strategy for NMR spectra assignment of supramolecular
assemblies
Elodie CRUBLET 1 , Rime KERFAH 1 , Carlos AMERO 2 , Pavel MACEK 1 , Guillaume MAS 1 ,
Marjolaine NOIRCLERC-SAVOYE 1 , Thierry VERNET 1 , Jérôme BOISBOUVIER 1
1 Institut de Biologie Structurale, 41, rue Jules Horowitz, 38027 Grenoble, France
2 Centro Investigaciones Quimicas, Av. Universidad 1001, 62210 Cuernavaca, Mexico

Resonances assignment is a critical step for NMR study of structure, dynamic and interactions of supramolecular proteins
(>100 KDa). In the case of oligomeric systems, "divide-and-conquer strategy", where the peaks assignment of the smaller
subunits is transferred to the full size protein complexes, has been successfully used (Sprangers et al., 2007). However, such
approach seems to be laborious, requires a considerable amount of trials and, in many cases, may not even be applicable to
the target protein. Recently, we have shown that the use of sensitivity-optimized NMR experiments together with automated
site-directed mutagenesis of perdeuterated and specific-methyl groups labelled proteins represent a very promising alternative
to deal with this bottleneck (Amero et al., 2011). Indeed, site-directed mutagenesis "turns off" individually each methyl group signal,
providing its identification. Here, we describe an improved protocol for small-scale parallel protein expression and purification,
enabling the reduction of sample preparation time by 3. Improvement of both media culture composition and NMR techniques
enables to work with small culture volumes (~5ml). Finally, this protocol will be applied to the assignment of methyl groups of
two multimeric nanomachines complexes of 0,5 and 1 MDa.
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Caractérisation structurale de l'enveloppe nucléaire interne.
Isaline HERRADA 1 , Benjamin BOURGEOIS 1 , Bernard GILQUIN 1 , Sophie ZINN-JUSTIN 1
1 Laboratoire de Biologie Structurale et Radiobiologie, CEA Saclay.

L'enveloppe nucléaire interne, composée de lamines et d'autres protéines ancrées à la membrane nucléaire (Emerine, MAN1,
SUN1/2), est impliquée dans la structure du noyau et l'organisation spatio-temporelle du génome. Des études récentes
suggèrent l'implication de cette membrane nucléaire interne dans la régulation de voies de signalisation essentielles pour
l'homéostasie cellulaire[1].
Les lamines sont les protéines majoritaires de cette enveloppe nucléaire interne. Les lamines de type B sont ancrées à la
membrane nucléaire interne alors que les lamines de type A subissent un processus de maturation leur faisant perdre leur
ancrage membranaire. Cependant, toutes les lamines sont principalement localisées entre la membrane nucléaire et la
chromatine. Elles y forment un réseau de filaments intermédiaires dont l'organisation structurale n'est pas bien caractérisée.
Des mutations dans ces lamines causent de nombreuses pathologies humaines telles que des myopathies, lipodystrophies et
leucodystrophies[1]. Cependant, aucune structure tridimensionnelle impliquant ces lamines n'a été élucidée jusqu'à aujourd'hui.
Le LBSR (Laboratoire de Biologie Structurale et Radiobiologie) travaille depuis une dizaine d'années sur la caractérisation
structurale des protéines de l'enveloppe nucléaire interne cf par ex.[2, 3, 4] . Mon projet de thèse est centré sur la caractérisation
structurale du réseau d'interaction impliquant les lamines de type B. Je décrirai comment, en exprimant les lamines et ses
partenaires par fragment et à partir de gènes de synthèse, j'ai identifié des interactions directes entre les lamines et leurs
partenaires à l'enveloppe nucléaire et j'ai caractérisé ces interactions par plusieurs méthodes biophysiques.

[1] Dauer WT, Worman HJ. The nuclear envelope as a signaling node in development and disease. Dev Cell. 2009 Nov;17(5):626-38. Review
[2] Krimm I, Ostlund C, Gilquin B, Couprie J, Hossenlopp P, Mornon JP, Bonne G, Courvalin JC, Worman HJ, Zinn-Justin S. The Ig-like
structure of the C-terminal domain of lamin A/C, mutated in muscular dystrophies, cardiomyopathy, and partial lipodystrophy. Structure. 2002
Jun;10(6):811-23.
[3] Caputo S, Couprie J, Duband-Goulet I, Kondé E, Lin F, Braud S, Gondry M, Gilquin B, Worman HJ, Zinn-Justin S. The carboxyl-terminal
nucleoplasmic region of MAN1 exhibits a DNA binding winged helix domain. J Biol Chem. 2006 Jun 30;281(26):18208-15. Epub 2006 Apr 28.
[4] Kondé E, Bourgeois B, Tellier-Lebegue C, Wu W, Pérez J, Caputo S, Attanda W, Gasparini S, Charbonnier JB, Gilquin B, Worman HJ,
Zinn-Justin S. Structural analysis of the Smad2-MAN1 interaction that regulates transforming growth factor-β signaling at the inner nuclear
membrane. Biochemistry. 2010 Sep 21;49(37):8020-32.
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Thermodynamics and kinetics analysis of the interaction between the PDZ1 domain of MAGI-1
and an 11-residue peptide derived from the E6 oncoprotein of HPV
Juan RAMIREZ 1 , Yves NOMINÉ 1 , Andrew ATKINSON 2 , Gilles TRAVÉ 1 , Bruno KIEFFER 2
1 Equipe Oncoprotéine, Institut de Recherche de l'Ecole de Biotechnologie de Strasbourg (IREBS), Université de Strasbourg, CNRS UMR 7242,
Illkirch France

2 Département de Biologie Structurale Intégrative, IGBMC, Université de Strasbourg, CNRS UMR 7104, INSERM U964, Illkirch, France

PDZ (Postsynaptic density-95, Disks large, Zonula occludens-1) domains are small, protein-protein interaction modules found
in cytoplasmic proteins involved in signaling pathways, control of cell growth, cell polarity, cell adhesion and subcellular
transport. They often recognize their targets by binding to C-terminal part of proteins that contain a specific linear recognition
motif. It was found that the perturbation of these interactions by oncogenic proteins is leading to cancers. For instance, the E6
oncoprotein from "high risk" Human Papilloma Virus (HPV), which is responsible for the development of cervical cancer,
contains a motif recognized by several PDZ domains.
In order to understand the molecular basis of the recognition between PDZ domains and these motifs, a biophysical study of
the interaction between the second PDZ domain of MAGI-1 (MAGI-1 PDZ1) and viral peptides derived from HPV E6 was
undertaken using NMR and ITC. We solved the three-dimensional solution structure of the MAGI-1 PDZ1 domain alone and
bound to a peptide derived from the C-terminus of HPV16 E6 (Charbonnier et al., J. Mol. Biol., 2011). While the peptide binding did not
significantly affect the structure of the domain, 15N heteronuclear relaxation experiments revealed major changes of backbone
dynamics in the C-terminal flanking region of the PDZ1 domain, indicating a disorder-to-order transition upon binding. In order
to assess the contribution of this transition to the binding energy, Isothermal Titration Calorimetry (ITC) experiments were
undertaken at various temperatures. It was found that the peptide / PDZ1 domain interaction leads to a large negative value of
the heat capacity change. Such a large value is usually associated with folding phenomena and has not yet been observed for
any other PDZ system. Mutagenesis of both the upstream region of the E6 PDZ binding motif and the C-terminal tail of the PDZ
domain revealed the role of these peripheral regions in the fine-tuning of the binding affinity. In particular, we showed that
increasing the mobility of the C-terminal domain of the PDZ domain resulted in a three-fold decrease of the heat capacity
change which correlated with a two-fold decrease of the binding constant. These results enlighten the putative role of PDZ
domain flanking regions and their dynamical properties in the molecular recognition process.
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SpoIIIE mechanism of directional translocation involves target search coupled to allosteric
motor activation
Diego CATTONI 1 , Osvaldo CHARA 2 , Cédric GODEFROY 1 , Emmanuel MARGEAT 1 , Sonia TRIGUEROS 3 ,
Pierre-Emmanuel MILHIET 1 , Marcelo NOLLMANN 1
1 Centre de Biochimie Structurale, CNRS UMR5048, INSERM U554, Université de Montpellier I & II, 29 rue de Navacelles, 34090 Montpellier,
France

2 Center for Information Services and High Performance Computing, Technische Universität Dresden, Nöthnitzerstr 46, 01069 Dresden,
Germany.

3 Department of Physics, University of Oxford, Parks Road, Oxford, OX1 3PU, UK

SpoIIIE/FtsK are membrane-anchored, ATP-fueled, directional motors responsible for chromosomal segregation in bacteria.
Directionality in these motors is governed by interactions between specialized sequence-recognition modules (SpoIIIE-η/FtsK-η
) and highly-skewed chromosomal sequences (SRS/KOPS). Using a novel combination of bulk and single-molecule methods
we dissect the series of steps required for SRS localization and motor activation. First, we demonstrate that SpoIIIE/DNA
association kinetics are sequence-independent with binding specificity being uniquely determined by dissociation. Next, we
show by single-molecule and modeling methods that hexameric SpoIIIE binds DNA non-specifically and finds SRS by an
ATP-independent target search mechanism, with ensuing oligomerization and binding of SpoIIIE-η to SRS triggering allosteric
motor activation. We propose a new model that provides an entirely novel interpretation of previous observations for the origin
of SRS/KOPS-directed translocation by SpoIIIE/FtsK.
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Proteins need it wet. Don't they?
François-Xavier GALLAT 1 , Martin WEIK 1
1 Institut de Biologie Structurale CEA-CNRS-UJF, Grenoble, France

As molecular workhorses, proteins fulfill a multitude of tasks that keep the complex machinery in biological cells alive. Soluble
proteins bath in water and the layer of hydration covering their surfaces is esteemed crucial for biological activity [1]. Do proteins
really need it wet? In order to answer this question, we investigated nano-hybrids of polymer-coated myoglobin that contain
neither water nor any other solvent. Yet, these nano-hybrids surprisingly display biological activity. By examining deuterium
labeled hybrids with neutron scattering, we revealed that the polymer coating exhibits similar flexibility than does hydration
water, thus allowing the proteins they wrap to undergo motions necessary for biological activity [2]. These results highlight the
potential for polymer-protein hybrids in that they show that the polymer coating can functionally and dynamically substitute for
water or any other solvent and generate a new species that may be able to function in anhydrous environments, such as those
frequently encountered in industry.
These pieces of research are the fruit of collaborations with colleagues whose names appear in references 1 and 2. We are
deeply indebted to them.
[1] Gallat F-X, Laganowski A, Wood K, Gabel F, van Eijck L, Wuttke J, Moulin M, Härtlein M, Eisenberg D, Colletier J-P, Zaccai G, Weik M
(2012) Dynamical coupling of intrinsically disordered proteins and their hydration water: comparison with folded soluble and membrane
proteins. Biophys J 103: 129-136
[2] Gallat FX, Brogan AP, Fichou Y, McGrath N, Moulin M, Hartlein M, Combet J, Wuttke J, Mann S, Zaccai G, Jackson CJ, Perriman AW, Weik
M (2012) A polymer surfactant corona dynamically replaces water in solvent-free protein liquids and ensures macromolecular flexibility and
activity. J Am Chem Soc 134: 13168-13171

From molecular mechanisms to integrated life processes

Poster abstracts
P 815

Characterization of Protein Oligomerization Intermediates Using NMR
Rime KERFAH 1 , Pavel MACEK 1 , Elodie CRUBLET 1 , Carlos AMERO 2 , Jérôme BOISBOUVIER 1
1 Institut de Biologie Structurale, 41, rue Jules Horowitz, 38027 Grenoble, France
2 Centro Investigaciones Quimicas, Av. Universidad 1001, CP 62210 Cuernavaca, Mexico

A signicant fraction of cell protein pool are symmetrical oligomeric complexes with two or more subunits. Large multimeric
assemblies are selected for their morphological or functional abilities which can be hardly performed by their monomeric
counterparts. The self-assembly process is still not well understood in protein biophysics due to the limited ability to
experimentally observe and manipulate the assembly reactions.
NMR spectroscopy offers near unique ability to monitor structural and dynamic events simultaneously at atomic resolution and
in real-time. Historically the application of NMR spectroscopy to describe the kinetics of given process was limited to the small
molecules and proteins at minutes to hours time scales. The use of optimized fast-NMR acquisition methods allowed us to
apply the stopped-flow techniques with rapid in situ mixing to study the transient kinetics of processes with half-lifes on seconds
time scales. The application of such method to study the pathway of protein quaternary structure formation in real time is
demonstrated in this presentation.
In this project we applied the combination of stopped-flow Sofast-Methyl-TROSY (Amero JACS 2009) with advanced methyl
labeling in perdeuterated background (Ayala J. Biomol. NMR 2009, Gans Angew. Chemie 2010) to address the problem of the large
oligomeric complexes self-assembly. The latter methodology along with standard biophysical techniques (light scattering,
analytical ultracentrifugation, electron microscopy) is applied to study oligomerization kinetic path of 468 KDa dodecameric
particle of tetrahedral aminopeptidase 2 from Pyrococcus horikoshii (TET2). Such combination of techniques allowed us to
successfully monitor the kinetics of native TET2 particle formation along with detection of transient intermediates by NMR
spectroscopy.
Amero et. al. JACS 2009
Ayala et. al. J. Biomol. NMR 2009
Gans et. al. Angew. Chemie 2010
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Structural dynamics of single metabotropic glutamate receptors dimers
Linnea OLOFSSON 1 , Etienne DOUMAZANE 2 , Jurriaan ZWEIER 3 , Eric TRINQUET 3 , Jean-Philippe PIN 2 ,
Philippe RONDARD 2 , Emmanuel MARGEAT 1
1 Centre de Biochimie Structurale, UMR 5048 CNRS, U1054 INSERM, Université de Montpellier, France
2 Institut de Génomique Fonctionnelle, UMR 5203 CNRS, U 661 INSERM, Université de Montpellier, France
3 Cisbio Bioassays, Bagnols-sur-Cèze, France

Metabotropic glutamate receptors (mGluR) are members of the class C G-protein Coupled Receptors (GPCR) family. They are
activated by glutamate, the major excitatory neurotransmitter in the central nervous system. They are homodimeric multidomain
proteins stabilized by a disulfide bridge. Each subunit is composed of an extracellular domain (ECD) that binds orthosteric
ligands such as glutamate, and a heptahelical transmembrane domain (7TM) common to all GPCRs and responsible for
G-protein activation. A major re-orientation of the two ECDs within the dimer appears necessary for receptor activation upon
agonist binding.
We have established a method allowing the purification of mGluR2 ECD dimers, fused at their N-terminus with Snap-tags that
can be covalently labeled with organic fluoropohores. We then used single molecule Förster Resonance Energy Transfer
(smFRET) to measure the conformational changes associated with the binding of agonists, antagonists or partial agonists to
these dimers. We succeeded in monitoring for the first time the activation of a GPCR using single molecule FRET, and
demonstrate as expected from crystallographic and ensemble studies, that agonist binding promotes an increase in distance
between the N-terminus of the receptors, as compared to the conformation observed in the presence of antagonist. Then, using
a combination of single-molecule FRET, time-resolved anisotropy and lifetime measurements, we could monitor the
conformational changes associated with the binding of these various ligands with a nanosecond time-resolution. This allowed
us to investigate the mode of action of partial agonists, that instead of stabilizing an alternate conformation, appear to influence
the rate constants of the transitions between the active and inactive states.

Detection of ligand-induced conformational changes of the mGluR2 dimer using single molecule FRET
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Case Study: Alternative Splicing Next Gen Sequencing data analysis of Schizophrenia Patients
Reveals Altered Synaptic Vesicular Transport in Post-Mortem Cerebellum*
Valérie NEDBAL 1
1 JMP Pharmaceutical - Technical Manager - SAS Institute GmbH, In der Neckarhelle 162, D-69118 Heidelberg, Germany

Schizophrenia (SCZ) is a common, disabling mental illness with high heritability but complex, poorly understood genetic
etiology. As the first phase of a genomic convergence analysis of SCZ, we generated 16.7 billion nucleotides of short read,
shotgun sequences of cDNA from post-mortem cerebellar cortices of 14 patients and six, matched controls. A rigorous analysis
pipeline was developed for analysis of digital gene expression studies. The sequence reads were aligned to some 33,000
transcripts in each sample, which in turn were used to generate digital gene expression values. Using JMP Genomics of SAS,
we have performed quality control and mixed model analysis, and will present results in a few genes of interest.
It revealed that Golgi apparatus, vesicular transport, membrane association, Zinc binding and regulation of transcription were
overrepresented among differentially expressed genes. Twenty three genes with altered expression and involvement in
presynaptic vesicular transport, Golgi function and GABAergic neurotransmission define a unifying molecular hypothesis for
dysfunction in cerebellar cortex in SCZ.
*Work

in association with the National Center for Genome Resources (NCGR) in Santa Fe (USA).

Citation: Mudge J, Miller NA, Khrebtukova I, Lindquist IE, May GD, et al. (2008) Genomic Convergence Analysis of Schizophrenia: mRNA
Sequencing Reveals Altered Synaptic Vesicular Transport in Post-Mortem Cerebellum. PLoS ONE 3(11): e3625.
doi:10.1371/journal.pone.0003625
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Presentation of the IBS Isotopic Labelling Platform for NMR
Isabel AYALA 1 , Jérôme BOISBOUVIER 1
1 Biomolecular NMR Spectroscopy Group - Institut de Biologie Structurale Jean-Pierre Ebel, CEA/CNRS/UJF - 41, rue Jules Horowitz - 38027
Grenoble CEDEX 1 - France -

The isotope labelling platform of the IBS is devoted to the large scale production of proteins uniformly or specifically enriched in
stable isotopes (15N, 13C and 2H) for biomolecular NMR spectroscopy studies. The platform is offering access to innovative
labelling schemes[1-5], developed locally on the platform by the IBS NMR group. The platform benefits from extensive scientific
contacts with the IBS high field NMR Spectroscopy and Cell-Free platforms.
Users have access to the facility for large scale expression of labelled proteins in E.coli, under the supervision of a qualified
platform engineer. Dedicated bench, optimized protocols and adequate isotopically labelled materials are available to users for
the following services:
- Feasibility studies and adaptation of protein over-expression in perdeuterated media.
15 13 2
13 1
- Large scale over-expression of [ N, C, H]-proteins, and C H3]-methyl specifically labelled proteins in highly
(>98%) perdeuterated protein background.
- Training in large scale production of isotopically labelled proteins (practical experience in protein biochemistry is
required).
- Development of innovative labelling scheme (collaboration only).
The isotope labelling Platform is part of Grenoble Partnership for Structural Biology[6] and Instruct organization[7]. The Platform
is open to all national and international users from academia and industry.
[1] Selective isotopic unlabeling of proteins using metabolic precursors: application to NMR assignment of intrinsically disordered proteins.
Rasia RM et al. ChemBioChem 13(5):732-9 (2012).
[2] An Optimized Isotopic Labelling Strategy of Isoleucine-γ2 Methyl Groups for solution NMR Study of High Molecular Weight Proteins. Ayala I
et al. Chem. Comm. 48,1434-1436 (2012).
[3] A Systematic Mutagenesis-driven Strategy for Site-Resolved NMR Studies of Supramolecular Assemblies. Amero et al. J. J. Biomol NMR.
50, 229-236 (2011).
[4] Stereospecific isotopic labeling of methyl groups for NMR spectroscopic studies of high-molecular-weight proteins. Gans P et al. Angew
Chem Int Ed Engl. 49:1958-62 (2010)
[5] An efficient protocol for the complete incorporation of methyl-protonated alanine in perdeuterated protein. Ayala I et al. J Biomol NMR.
43:111-9 (2009).
[6] http://www.psb-grenoble.eu/spip.php?rubrique27
[7] http://www.structuralbiology.eu/resources/platforms/instruct-centre-france-2/isotopic-labelling-nmr
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Structural basis of the photobleaching mechanism in a phototransformable fluorescent protein
Chenxi DUAN 1 , Virgile ADAM 1 , Martin BYRDIN 1 , Dominique BOURGEOIS 1
1 Pixel Team, Institut de Biologie Structurale Jean-Pierre Ebel, CEA/CNRS/UJF, 41 rue Jules Horowitz et Institut de Recherches en
Technologies et Sciences pour le Vivant, LPCV, CNRS/CEA/INRA/UJF, Grenoble, France

The discovery of phototransformable FPs (PTFPs) from Anthozoa species, thanks to their photophysical properties, has
opened a large field in biological fluorescence imaging, especially super-resolution imaging. One of the PTFPs' sub-groups
consists of photoswitchable fluorescent proteins (PSFPs), which can be reversibly switched between nonfluorescent and
fluorescent states. The PSFPs are used in many techniques, including reversible data storage, photochromic FRET, and
super-resolution microscopy such as PALM (Photoactivated localization microscopy), RESOLFT (REversible Saturable OpticaL
Fluorescence Transitions) and SIM (structured illumination microscopy) approaches. Photobleaching is the permanent loss of
the fluorescence-emitting capacity under illumination, which is a common phenomenon among the fluorescent molecules.
Photobleaching has a large impact on the microscopy image quality, notably on super-resolution imaging. Photoswitchable
fluorescent proteins have a tendency to lose performance with every switching cycle, a process referred to as "photofatigue".
Our interest of study is focused on the photobleaching/photofatigue mechanisms of PSFPs.
IrisFP is the first fluorescent protein which combines both the photoswitching and photoconvertion properties[1,2], and is well
studied in our laboratory. We wish to reveal the conformational changes within the "fatigued" IrisFP molecule by using optical
spectroscopic and crystallographic techniques. By using our super-resolution microscope setup, we were able to photofatigue a
part of an IrisFP crystal at room temperature while another part was left intact (left figure). We collected diffraction datas of
these two parts and then we computed a difference electron density map (Fobsfatigue-Fobsgreen) by subtracting the electron
density map of photofatigued IrisFP from that of green IrisFP at a resolution of 1.9 Å (right figure). The difference density map
shows a tilt of the chromophore and a decarboxylation of Glutamate 212, which are considered as the key events during
photobleaching/photofatigue. Furthermore, upon photofatigue at room temperature, the environment around the chromophore
gets more disorded. These results can help us to better understand the photobleaching mechanism underlying this PSFT, and
eventually to rationally design variants with improved photophisical behavior.
[1] Adam, V., Lelimousin, M., Boehme, S., Desfonds, G., Nienhaus, K., Field, M. J., Wiedenmann, J., McSweeney, S., Nienhaus, G. U., and
Bourgeois, D. (2008) Structural characterization of IrisFP, an optical highlighter undergoingmultiple photo-induced transformations, Proc Natl
Acad Sci U S A 105, 18343-18348.
[2] Adam, V., Carpentier, P., Violot, S., Lelimousin, M., Darnault, C., Nienhaus, G. U., and Bourgeois, D. (2009) Structural basis of
X-ray-induced transient photobleaching in a photoactivatable green fluorescent protein, Journal of the American Chemical Society 131,
18063-18065.
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NADPH Oxidase family : From putative assignments to functionnal and structural evidences
Christine HAJJAR 1 , Antoine PICCIOCCHI 1 , Sylvain BEAUMEL 2 , Celine JUILLAN-BINARD 2 ,
Isabelle PETIT-HARTLEIN 1 , Michel THÉPAULT 1 , Corrine VIVES 1 , Marie-José STASIA 2 , Jérôme DUPUY 1 ,
Franck FIESCHI 1
1 Laboratoire de protéines membranaires - Institut de Biologie Structurale - Grenoble
2 Centre Diagnostic et Recherche Granulomatose septique CGD, CHU - Grenoble

NOX family NADPH Oxidases, are transmembrane proteins that play crucial roles in a variety of biological processes such as
host defense during phagocytosis, signal transduction, and hormone synthesis. The disregulation of these enzymes, lead to
pathological such as diabetes, cardiovascular diseases and the Chronic granulomatous disease (CGD) which is an inherited
disorder of phagocytic cells, that results from an inability of phagocytes to produce bactericidal superoxide anions (O2-).
The NADPH Oxidase enzyme is a multicomponent complex that transport electrons across biological membranes, from
NADPH as electron donor to a final acceptor, the oxygen. This electron transfer involves a flavin adenine dinucleotide (FAD)
and two assymetrical hemes and thus results in the redution of oxygen to produce superoxide.
Nox family includes seven isoforms: NOX1, NOX2, NOX3, NOX4, NOX5, DUOX1 and DUOX 2 that differ in their tissue
distribution. These isoforms share structural characteristics such as six transmembrane helices; an NADPH binding domain, a
FAD binding domain, and four highly conserved heme binding histidines. Human Nox2 is the most studied isoform, and yet,
much of what is known about the activity, the topography and the structure of the NOX isoforms is deduced from indirect data
and hence derives from putative assignments. Structural and functional evidences are essential to understand the electron
transfer mechanism.
The aim of our work is to understand at the molecular level, the mechanism of action of a Nox enzyme. To do this, a part of my
project consists in a structural and functional study of human Nox2. A sequence analysis through multiple sequence alignments
of all Nox isoforms, lead us to identify strictly conserved residues in the whole Nox family. Among these residues, and based on
a structural model of Nox2, we identified some of them as being potentially important in the electron donor recognition and
specificity, the NADPH. These residues are arginine 356, and arginine 513 in the NADPH binding site. Characterization of such
binding site, can provide valuable information for Nox2 inhibition.
In order to investigate the role of theses residues, we approached employing site-directed mutagenesis in the X-CGD PLB-985
cell model, which is a myeloid derived cell strain. The selected residues were mutated in Nox2, and the effect of these
mutations on the expression level, and the oxidase activity was studied. Preliminary data will be provided.
Further studies of the effect of these mutations on the molecular assembly of the NADPH oxidase complex are to come. This
site directed mutagenesis approach, carried in parallel with structural approaches in our lab, could provide interesting data
concerning the functionality on Nox enzymes, and thus the mechanism of electron transfer across the membrane.
[1] Nauseef, W.M., Biological roles for the NOX family NADPH oxidases. J Biol Chem, 2008. 283(25): p. 16961-5.
[2] Sumimoto, H., Structure, regulation and evolution of Nox-family NADPH oxidases that produce reactive oxygen species. FEBS J, 2008.
275(13): p. 3249-77.
[3] Bedard, K. and K.H. Krause, The NOX family of ROS-generating NADPH oxidases: physiology and pathophysiology. Physiol Rev, 2007.
87(1): p. 245-313.
[4] Krause, K.H., Tissue distribution and putative physiological function of NOX family NADPH oxidases. Jpn J Infect Dis, 2004. 57(5): p. S28-9.
[5] Geiszt, M., NADPH oxidases: new kids on the block. Cardiovasc Res, 2006. 71(2): p. 289-99.
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Proteomic analysis of Interleukin enhancer binding factor 3 (Ilf3) and Nuclear Factor 90 (NF90)
interactome
Alexandre CHAUMET 1 , Laïla GASMI 1 , Aurélie FRADIN 1 , Gilles CLODIC 2 , Gérard BOLBACH 2 , Robert POULHE 1 ,
Jean-Christophe LARCHER 1 , Sandrine CASTELLA 1
1 Laboratoire de Biologie du Développement, UMR 7622 UPMC-CNRS, Université Pierre et Marie Curie, 9 quai Saint Bernard, 75252 Paris
CEDEX 05, France

2 Plateforme de Spectrométrie de masse et protéomique, Institut de Biologie Intégrative IFR83, Université Pierre et Marie Curie, 7 quai Saint
Bernard, 75252 Paris CEDEX 05, France

One of the key requirements to understand protein functions is to investigate protein-protein interactions as well as
posttranslational modifications required for activity regulation, subcellular localization and diversification of proteins activities.
We previously characterized two related proteins, Ilf3 (Interleukin enhancer binding factor 3) and NF90 (Nuclear Factor 90) that
bind tau mRNA [1] in its axonal targeting element sequence [2]. Ilf3 and NF90 are two ubiquitous proteins generated by
alternative splicing that provides each protein with a long and identical N-terminal domain of 701 amino acids and a specific
C-terminal domain of 210 and 15 amino acids, respectively. An additional 5' alternative splicing generates two forms of both
proteins, long and short isoforms, that differ by the presence of a 13 residue motif at the N-terminal end [3] that acts as a
nucleolar localization signal [4]. Ilf3 and NF90 polymorphism is also due to posttranslational modifications (arginine methylation
and phosphorylations), generating at least 20 isoforms immunodetected after bidimensional electrophoresis, 12 for Ilf3 and 8
for NF90 [1,4].
Their high degree of polymorphism could explain the various cellular functions described for both proteins. Underlining the
importance of these proteins in cells, knockout of the mouse ILF3 gene leads to skeletal muscle weakness, respiratory failure
and perinatal death [5]. Ilf3 and NF90 have been described to be RNA binding proteins that stabilize mRNA or regulate their
translation. Both proteins can bind viral particles to modulate their localization, replication and/or translation. Since both proteins
are found in nuclear and cytoplasmic fractions [1,4] they may feed a shuttle between these two compartments [6]. Ilf3 and NF90
have also been described to interact with proteins to regulate enzymatic activities, transcription, cell cycle or RNA processing.
In order to better understand the functions of Ilf3 and NF90, we have investigated their protein partners by an affinity
chromatography approach. We have identified eight partners of Ilf3/NF90, six of which are new partners and interact with their
double-stranded RNA binding motifs: hnRNP A/B, hnRNP A2, hnRNP A3, hnRNP D, hnRNP Q and PSF [7]. These hnRNP are
known to be implicated in mRNA stabilization, transport and/or translation regulation whereas PSF is a splicing factor.
Furthermore, Ilf3, NF90 and most of their identified partners have been shown to be present in large complexes. Altogether,
these data suggest an implication of Ilf3 and NF90 in mRNA metabolism. This work allows to establish a link between Ilf3 and
NF90 functions, as RNA binding proteins, and their interacting partners implicated in these functions. However, other
previously-described partners are involved in several other mechanisms, suggesting that the involvement of Ilf3 and NF90 in
RNA metabolism might be related to much larger cellular phenomena.
[1] Larcher J.-C., Gasmi L., Viranaicken W., Eddé B., Bernard R., Ginzburg I. and Denoulet P. (2004), FASEB J. 18, 1761-1763.
[2] Behar L., Marx R., Sadot E., Barg J. and Ginzburg I. (1995), Int. J. Dev. Neurosci. 13, 113-127.
[3] Viranaicken W., Gasmi L., Chauvin C., Denoulet P. and Larcher J.-C. (2006), Genomics 88, 622-632.
[4] Viranaicken W., Gasmi L., Chaumet A., Durieux C., Georget V., Denoulet P. and Larcher J.-C. (2011), PLoS One 6, e22296.
[5] Shi L., Zhao G., Qiu D., Godfrey W.R., Vogel H., Rando T.A., Hu H.and Kao P.N. (2005), J. Biol. Chem. 280, 18981-18989.
[6] Brownawell A.M. and Macara I.G. (2002), J. Cell Biol. 156, 53-64.
[7] Chaumet A., Castella S., Gasmi L., Clodic G., Bolbach G., Poulhe R., Denoulet P. and Larcher J.-C. (2012), in revision.

Ilf3 and NF90 interactome (green: yet known partners; red: unknown partners)
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Structural and functionnal studies of the HIV-1 preintegration complex nuclear import.
Aurélie SCHAETZEL 1 , Nicolas LÉVY 1 , Karine PRADEAU-AUBRETON 1 , Sylvia EILER 1 , Corinne CRUCIFIX 1 ,
Stéphane EMILIANI 2 , Yves MELY 3 , Dino MORAS 1 , Patrick SCHULTZ 1 , Marc RUFF 1
1 Integrated Structural Biology, IGBMC, Illkirch - France
2 Institut Cochin, Paris - France
3 Faculté de Pharmacie, Illkirch - France

Integration of the human immunodeficiency virus type 1 (HIV-1) cDNA into the human genome is catalyzed by the viral
integrase protein (IN) which is a key protein for HIV infection. It is present in the preintegration complex (PIC). PIC is a large
nucleoprotein complex of variable component and size which is formed after reverse transcription. The complex is transported
to the nucleus through nuclear pore. Integrase is required for reverse transcription, PIC migration along microtubules, transfer
to the nucleus, chromatin targeting and integration.
At present, PIC's spatial organization and way of functioning are not well known. The main objective of Marc Ruff's group is to
characterize temporally and structurally PIC's complex. A cryo-EM structure at 14 Å resolution of the HIV-1 integrase in
complex with the lens epithelium-derived growth factor (LEDGF) has been solved in presence and absence of DNA[1]. Recently
we solve a cryo-EM structure of the ternary complex of HIV-1 Integrase, LEDGF, the integrase binding domain of the integrase
interactor 1 protein (INI1) and viral DNA (18 Å resolution).
In this context, I am focusing on the complex with Transportin-SR2 involved in the PIC nucleus import. We characterized one
stable complex: IN / VBP1 / Transportin-SR2. The preparation of the different construct, the optimization of the production of
the individual proteins, in vitro complex reconstitution as well as preliminary data on the cryo-EM structure will be presented.
[1] Michel, F., Crucifix, C., Granger, F., Eiler, S., Mouscadet, J.F., Korolev, S., Agapkina, J., Ziganshin, R., Gottikh , M., Nazabal, A., Emiliani,
S., Benarous, R., Moras, D., Schultz, P. and Ruff, M. (2009). Structural basis for HIV-1 DNA integration in the human genome, role of the
LEDGF/P75 cofactor. EMBO J., 28, 980-991.
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Suppressor of Fused is an elongated, metal binding protein
Amira JABRANI 1 , Yasmine GHARBI 1 , Marie-Hélène LE DU 2 , Valérie BIOU 1
1 Laboratoire de Biologie Physico-Chimique des Protéines Membranaires (LBPCPM) - UMR 7099 CNRS/Univ. Paris Diderot P7 - Institut de
Biologie Physico-Chimique 13 rue Pierre et Marie Curie - 75005 Paris - France

2 CEA/DSV/IBiTec-S/SB2SB - Laboratoire de Biologie Structurale et Radiobiologie - bat. 144 - CEA Saclay - 91191 Gif-sur-Yvette, France
The Hedgehog signalling pathway is a major player in cell differentiation and proliferation during embryogenesis. The signal is
sent by emitting cells to receptor cells that express target genes via zinc finger transcription factors belonging to the Gli family (
Cubitus interruptus, CI in drosophila). The target genes then trigger differentiation into different cell types or tissues. In the
adult, it is involved in stem cell maintenance, and dysregulations of the pathway are associated to cancers and genetic
diseases. In drosophila, in which the pathway was particularly well characterised, CI is regulated by a large protein complex
(HTC for Hedgehog Transduction Complex) with variable components depending on whether the HH pathway is activated or
not. Suppressor of Fused (SUFU) is a conserved protein involved in the HTC. It is known to interact with several partners and
translocate into the nucleus with transcription factor CI. The structure of the full protein is not known, but the crystal structure of
the N-terminal domain of the buman protein was solved and shows an alpha/beta compact structure[1].
We expressed SUFU from Drosophila melanogaster in E. coli and undertook its structural characterisation by biophysical
studies: Size Exclusion Chromatography coupled to Multiple Angle Light Scattering (SEC-MALLS), Small angle X-ray diffusion
(SAXS), and Circular Dichroism (CD). In addition, a bio-informatics study of SUFU aminoacid sequence showed several
conserved motifs. One of them led to the discovery of a potential metal binding site that was characterised in solution using
X-ray fluorescence and atomic emission spectroscopy.
The present poster will display those results and discuss how metal binding to SUFU may play a novel structural and regulatory
role in the hedgehog pathway.
[1] Merchant, M., Vajdos, F.F., Ultsch, M., Maun, H.R., Wendt, U., Cannon, J., Desmarais, W., Lazarus, R.A., de Vos, A.M., and de Sauvage,
F.J. (2004). Suppressor of Fused Regulates Gli Activity through a Dual Binding Mechanism. Mol. Cell. Biol. 24, 8627-8641.
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Nouvelles sondes paramagnétiques pour l'étude des transitions structurales des protéines
Nolwenn LE BRETON 1 , Marlène MARTINHO 1 , Kuanysh KABYTAEV 2 , David BLOCQUEL 3 , Paul TORDO 2 ,
Sylvain MARQUE 2 , Sonia LONGHI 3 , Antal ROCKENBAUER 4 , Bruno GUIGLIARELLI 1 , Valérie BELLE 1
1 Bioénergetique et Ingénierie des Protéines, UMR 7281, CNRS et Aix-Marseille Université, 31, Chemin Joseph Aiguier, 13402 Marseille
CEDEX 20, France.

2 Institut de Chimie Radicalaire, UMR 7273, CNRS et Aix-Marseille Université, Avenue Escadrille Normandie-Niemen 13 397 Marseille CEDEX
20, France.

3 Architecture et Fonction des Macromolécules Biologiques, UMR6098, CNRS et Aix-Marseille Universités, 163 Avenue de Luminy, Case 932,
13288 Marseille CEDEX 09, France.

4 Chemical Research Center, Institute of Structural Chemistry, Hungarian Academy of Sciences, Pusztaszeri út 59-67, H-1025 Budapest,
Hungary.

Le marquage de spin combiné à la Résonance Paramagnétique Electronique (RPE) est une méthode puissante pour obtenir
des informations dynamiques et structurales au sein des protéines. Les marqueurs les plus couramment utilisés sont des
radicaux nitroxydes greffés sur des cystéines qui donnent une signature spectrale typique composée de 3 raies provenant de
l'interaction hyperfine entre l'électron célibataire et le noyau d'azote[1,2]. Les spectres RPE de radicaux nitroxydes greffés sur
des protéines, enregistrés à température ambiante, reflètent la mobilité de la sonde et permettent de révéler des changements
structuraux et/ou des régions d'interaction entre protéines.
Dans notre équipe, nous développons et caractérisons de nouveaux marqueurs dans le but d'élargir les potentialités de cette
technique. Ce travail est centré sur la caractérisation d'un nouveau marqueurs le 2-maléimido-proxyl-phosphorylé (PP)
comportant un noyau de phosphore dans l'environnement du radical conduisant à un spectre à 6 raies (fig 1).
Le système biologique utilisé pour caractériser ce marqueur est la partie C-terminale de la nucléoprotéine du virus de la
rougeole (Ntail : région 401-525). Cette région protéique est intrinsèquement désordonnée et subit un repliement induit en
alpha-hélice en présence d'un partenaire : le domaine X de la phosphoprotéine (XD)[3-6]. Une étude comparative a été menée
entre le marqueur classique 3-maleimido-proxyl (Proxyl) et le nouveau marqueur. Quatre positions particulières de greffage
sur Ntail ont été sélectionnées pour caractériser le marqueur PP. La première partie de ce travail porte sur l'étude de la
modification spectrale induite par la présence de tétrafluoroéthanol (TFE), qui est un stabilisateur de structure secondaire
capable de mimer les interactions hydrophobes entre protéines. La deuxième partie est consacrée à l'étude de l'interaction
entre Ntail marqué et son partenaire XD. Des analyses par dichroïsme circulaire des espèces marquées ont permis de vérifier
que le marqueur n'empêche pas la formation de l'alpha-hélice. En spectroscopie RPE, les résultats montrent que le nouveau
marqueur est greffé sur la protéine et qu'il est capable de rendre compte de variations structurales locales au sein de la
protéine. L'analyse de ces spectres par simulation numérique permet de comparer finement les caractéristiques des deux
marqueurs. L'utilisation combinée d'un marqueur classique et d'un nouveau marqueur offre la perspective d'étudier différents
sites simultanément.
[1] Hubbell et al., Curr. Opin. Struct. Biol. 1998, 8, 645-656 ;
[2] Klare et al. Photosynth. Res. 2009, 102, 377-390 ;
[3] Morin et al., J. Phys. Chem. B 2006, 110, 20596-20608 ;
[4] Belle et al., Proteins 2008, 73, 973-988 ;
[5] Kavalenka et al., Biophys. J. 2010, 98, 1055-1064 ;
[6] Longhi et al., J. Pept. Sci. 2011, 17, 315-328.

Fig 1 : Illustration du marquage sur une protéine flexible donnant un spectre RPE à 3 raies avec le Proxyl (A) et un spectre à 6
raies avec PP (B).
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Structural and functional studies of ATP/ADP transporters
Laurène MARCHAND 1 , Hubert MAYERHOFER 1 , Pankaj PANWAR 1 , Delphine BLOT 1 , Céline JULLIAN-BINARD 1 ,
Norbert ROLLAND 2 , Stéphanie RAVAUD 1 , Eva PEBAY-PEYROULA 1
1 Institut de Biologie Structurale J.-P. Ebel, Membrane Transporters Group, 41 rue Jules Horowitz 38027 GRENOBLE CEDEX 1
2 CEA Grenoble, iRTSV/LPCV, 17 rue des Martyrs, 38054 Grenoble CEDEX 9

ATP is the main energy currency in the cell and its transport across membranes is essential for most of the metabolic reactions.
A large number of ATP/ADP transporters are present in the different cell organelles such as mitochondria, chloroplasts, other
types of plastids and some are also found in bacteria (Rickettsia prowazekii, Protoclamydiae amoebal)[1]. We are mainly
interested in two distinct transporters families, the mitochondrial carrier family (MCF) and the NTT family. Despite similar
function, mitochondrial ADP/ATP transporters[2] and NTT proteins exhibit different structural and biochemical properties.
To date no structural information is available on the NTT family. The determination of a structure would help for understanding
the transport mechanism of these carriers and more generally the different mechanisms of the transport of ADP and ATP within
the cell, by comparing with the MCF family.
We initiated a structure-function study on the NTT family focusing mainly on NTT1, an ATP/ADP membrane transporter
localized in the inner membrane of chloroplast from Arabidopsis thaliana. It transports ATP inside the chloroplast in order to
supply the different reactions occurring in the stroma when the photosynthesis does not occur.
We have determined and optimized conditions to overexpress NTT1 in heterologous systems and to purify the protein in
detergents[3]. We have also set up tools to characterize the carrier in solution and to measure its transport activity opening the
way to functional and structural studies.
[1] Enlightening Energy Parasitism by Analysis of an ATP/ADP Transporter from Chlamydiae; Oliver Trentmann, Matthias Horn, Anke C.
Terwisscha van Scheltinga, H. Ekkehard Neuhaus, and Ilka Haferkamp, PLoS Biol. 2007 September;
[2] Structure of mitochondrial ADP/ATP carrier in complex with carboxyatractyloside; Pebay-Peyroula E, Dahout-Gonzalez C, Kahn R,
Trézéguet V, Lauquin GJ, Brandolin G. Nature. 2003 Nov 6;
[3] Oligomeric status and nucleotide binding properties of the plastid ATP/ADP transporter 1: toward a molecular understanding of the transport
mechanism. Deniaud A, Panwar P, Frelet-Barrand A, Bernaudat F, Juillan-Binard C, Ebel C, Rolland N, Pebay-Peyroula E. PLoS One. 2012;
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The HMA ATPases in A. thaliana
Hubert MAYERHOFER 1 , Patrice CATTY 2 , Stéphanie RAVAUD 1 , Daphné SEIGNEURIN-BERNY 2 , Norbert ROLLAND 2 ,
Eva PEBAY-PEYROULA 1
1 Institut de Biologie Structurale - UMR5075 CEA-CNRS-Univ. J. Fourier - 41, rue Jules Horowitz, 38027 Grenoble CEDEX 1
2 CEA Grenoble, iRTSV/LPCV, UMR 5168 CNRS/UJF/INRA/CEA-Grenoble - 17, rue des Martyrs, 38054 Grenoble CEDEX 9

Metals are essential for the survival of organisms, playing a part in a diverse set of reactions or have a structural role. Yet their
levels must be tightly controlled in order to avoid toxic effects and metal transport plays a crucial role. P-Type ATPases form a
large family of membrane proteins, capable of pumping cations across membranes. They are multi-domain proteins coupling
the hydrolysis of ATP to ion transport. The P1B-type subclass transports mono- and divalent transition metals and 8 members
of this subclass were identified in A. thaliana, yet they remain only partially characterized.
Three members, HMA1, 6 and 8, were selected and for each three initial constructs, comprising the actuator, nucleotide binding
and the nucleotide binding with the phosphorylation domain, were prepared. Most constructs could be expressed in E. coli,
while the remaining domain is expressed in insect cells, and initial results are presented. The nucleotide binding domain of
HMA8 yielded crystals and the structure, in the absence of a bound nucleotides, could be solved at 1.75Å resolution. Similar to
other nucleotide binding domain structures a central beta-sheet is sandwiched between alpha-helices on both sides, yet
missing the extensive loops as observed in the mammalian proteins. Two domains, which didn't yield crystals so far, were
analysed using a 1D NMR approach and were shown to be suitable for structure determination by NMR.
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Etude structurale de la biogenèse des ribosomes eucaryotes par cryo-microscopie
électronique et analyse d'images
Natacha LARBURU 1 , Marlène FAUBLADIER 1 , Célia PLISSON-CHASTANG 1 , Pierre-Emmanuel GLEIZES 1
1 Laboratoire de Biologie Moléculaire Eucaryote - CNRS UMR5099

Les ribosomes, responsables de la traduction des ARN messagers en protéines, sont des machines moléculaires primordiales
pour l'ensemble du monde vivant. Leur synthèse est l'une des activités métaboliques majeures de toute cellule. Chez les
eucaryotes, elle nécessite la production de 4 ARN ribosomiques, qui devront être correctement maturés, repliés et assemblés
avec 79 protéines ribosomiques, pour former une petite (40S) et une grande (60S) sous-unité ribosomiques. Ce processus très
complexe se déroule dans plusieurs compartiments cellulaires: les particules pré-ribosomiques s'assemblent dans le nucléole,
puis migrent vers le nucléoplasme et sont exportées vers le cytoplasme au travers de pores nucléaires.
Très étudiée sur le plan fondamental comme modèle d'assemblage de particules ribonucléoprotéiques, la biogenèse des
ribosomes éveille un intérêt croissant chez les pathologistes du fait de son altération dans certaines maladies génétiques. De
plus, l'obtention de la structure cristallographique des sous-unités ribosomiques de bactéries et très récemment de la levure
Saccharomyces cerevisiae a fourni une image de ces particules matures à l'échelle atomique. Les avancées des méthodes de
protéomique ont permis d'identifier une liste quasi-exhaustive d'environ 200 co-facteurs protéiques, impliqués à diverses étapes
de la biogenèse des sous-unités ribosomiques. Cependant, les mécanismes qui sous-tendent l'assemblage des ribosomes
restent mal connus dans le détail. Il apparaît donc essentiel de définir l'organisation structurale et cellulaire de la maturation
des particules pré-ribosomiques.
L'une des thématiques de notre équipe consiste à caractériser les remodelages structuraux de la sous-unité ribosomique 40S
de S. cerevisiae au cours de sa maturation. Pour cela, nous purifions des particules pré-40S bloquées à divers stade de leur
maturation, puis nous déterminons la structure 3D de ces particules en utilisant la microscopie électronique en transmission
(cryo-MET et coloration négative) et les méthodes d'analyse d'images de particules isolées. Nous présenterons ici les résultats
préliminaires que nous avons obtenus concernant une particule pré-40S cytoplasmique tardive purifiée via le co-facteur de
maturation Ltv1 et observée après coloration négative.
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Structural and Molecular Basis for Disruption of Nuclear Estrogen Receptor Signaling by
Xenobiotics
Vanessa DELFOSSE 1 , Marina GRIMALDI 2 , Jean-Luc PONS 1 , Abdelhay BOULAHTOUF 2 , Albane LE MAIRE 1 ,
Vincent CAVAILLES 2 , Gilles LABESSE 1 , Patrick BALAGUER 2 , William BOURGUET 1
1 Centre de Biochimie Structurale, INSERM-CNRS, Montpellier, France
2 IRCM, Institut de Recherche en Cancérologie de Montpellier, France

Endocrine-disrupting chemicals (EDCs) are exogenous substances that interfere with the function of hormonal systems and
cause deleterious effects on humans and wildlife. Many EDCs such as phthalates or bisphenols plasticizers, organotins,
pesticides, polychlorinated biphenyls, flame retardants or alkylphenols are man-made chemicals produced by industry and
released into the environment. Some naturally occurring EDCs can also be found in plants or fungi. Epidemiological studies
suggest a link between the exposure to these chemicals and the development of diseases like cancers, reproduction defects, or
metabolic disorders. Exposure occurs through drinking water, breathing contaminated air, ingesting food or contacting
contaminated soil. People working with pesticides, fungicides and industrial chemicals are particularly exposed to these toxic
substances and thus have a high risk for developing reproductive or endocrine abnormalities. Endocrine disruption has raised
considerable concern in recent years so that several countries have developed risk assessment programs (i.e. the European
Union's REACH) aimed at evaluating the toxic potential of more than 100,000 chemicals.
In this context, we have been using a battery of structural, biophysical and cell-based approaches to investigate the
mechanisms by which a variety of environmental pollutants, including pesticides (i.e. chlordecone), phthalates, benzophenones,
bisphenols, parabens, myco- and phytoestrogens or alkylphenols, bind to and modulate the activity of the estrogen receptors
ERα and ERβ, two nuclear hormone receptors (NRs) that are primary targets of environmental contaminants. Crystallographic
analysis reveals that these structurally and chemically diverse compounds bind to ERs via diverse sets of protein - ligand
interactions reflecting their differential activities and binding affinities. A detailed analysis of the various binding/activation
mechanisms will be presented with a particular focus on bisphenols, including bisphenol A [1]. Based on these structural data,
we are developing a protocol for in silico evaluation of the interaction between pollutants and ERs or other members of the NR
family. The server which utilises crystal structures to model any NR/xenobiotics complexes and estimate binding affinities will
also be presented.
Overall, this study provides a wealth of tools and information that could be used for the development of safer chemicals devoid
of NR-mediated activity and more generally for environmental risk assessment.
[1] Delfosse V et al. Structural and mechanistic insights into bisphenols action provide guidelines for risk assessment and discovery of
bisphenol A substitutes. Proc Natl Acad Sci U S A. 2012 Sep 11;109(37):14930-5.
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Structural analysis of different prolactin mutants presenting different antagonism properties
toward prolactin receptor
Marie-Bernard LASCOMBE 1 , Johannes VAN AGTHOVEN 1 , Birthe B. KRAGELUND 3 , Vincent GOFFIN 2 ,
Isabelle BROUTIN 1
1 CNRS, UMR 8015, Laboratoire de cristallographie et RMN biologiques, Faculté de pharmacie, Université Paris Descartes, France
2 INSERM, U845, Centre de Recherche "Croissance et signalisation", Faculté de médecine, site Necker, Université Paris Descartes, France
3 Structural Biology and NMR Laboratory, Department of Biology, University of Copenhagen, Denmark

Prolactin is a polypeptide hormone whose major biological actions are related to normal lactation and reproduction. With the
growth hormone (GH) and the placental lactogen (PL) it forms a peptidic hormone family. They all interact with receptors, which
belong to the cytokine family, forming a homodimer consisting of one molecule of hormone and two molecules of receptor, their
respective interacting interface being called site 1 and site 2. Based on accumulating evidence suggesting that prolactin
receptor (PRLR) signalling may be involved in breast and prostate tumorigenesis, there is a real need to develop new
therapeutic strategies to block the activation of this receptor. The classical approach, that proved to be efficient to inhibit the
GH/GHR interaction at site 2, consists in the mutation of a glycine residue, lying at the bottom of the binding site 2 cavity, for an
arginine. But for the PRL/PRLR system, this resulted with only a partial antagonism and an additional transformation, the
omission of the 9 N-terminal residues, was necessary in order to obtain a pure PRLR antagonist that was named
Del1-9-G129R-hPRL. Interestingly, the mutation of this glycine 129 for different classes of amino acids resulted in different
antagonism properties. G129P-hPRL was even less potent than G129R-hPRL while G129V-hPRL appeared as potent as
Del1-9-G129R-hPRL, indicating that deletion of the N-terminus is not mandatory to achieve pure antagonism.
In order to develop optimized lead compounds we need to understand the activation mechanism of the PRLR pathway. We and
others have hypothesised that binding of the hormone at site 1 leads to a conformational change of both prolactin and its
predimerized receptor that make possible the interaction at site 2. To highlight those hypothesized movements we solved the
X-ray structures of hetero complexes between hPRL and rPRLR at low resolution [2,3]. To visualize eventual conformation
changes that could explain the versatile antagonist properties of the various G129X mutants, we also solved the Xray structure
of three of them at high resolution, the Del1-9-G129R-hPRL [1], the pure antagonist G129V-hPRL and the G129P-hPRL to
perform an in-depth comparative structural analysis. The Xray structure of the wt-PRL, previously solved by NMR, was also
determined for a precise comparison of the structures.
Here we present the different structures highlighting the important regions of the hormone.
[1] Jomain, J.B., Tallet, E., Broutin, I., Hoos, S., van Agthoven, J., Ducruix, A., Kelly, P.A., Kragelund, B.B., England, P., and Goffin, V. (2007).
Structural and thermodynamic bases for the design of pure prolactin receptor antagonists: X-ray structure of Del1-9-G129R-hPRL. The Journal
of biological chemistry 282, 33118-33131.
[2] Broutin, I., Jomain, J.B., Tallet, E., van Agthoven, J., Raynal, B., Hoos, S., Kragelund, B.B., Kelly, P.A., Ducruix, A., England, P., et al.
(2010). Crystal structure of an affinity-matured prolactin complexed to its dimerized receptor reveals the topology of hormone binding site 2.
The Journal of biological chemistry 285, 8422-8433.
[3] Van Agthoven, J., Zhang, C., Tallet, E., Raynal, B., Hoos, S., Baron, B., England, P., Goffin, V., and Broutin, I. (2010). Structural
characterization of the stem-stem dimerization interface between prolactin receptor chains complexed with the natural hormone. Journal of
molecular biology 404, 112-126.
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Newly folded proteins bound inside the molecular cage of DegQ reveal the interactions
between an HtrA chaperone and its substrates
Hélène MALET 1 , Flavia CANELLAS 2 , Justyna SAWA 2 , Jun YAN 3 , Konstantinos THALASSINOS 3 ,
Michael EHRMANN 4 , Tim CLAUSEN 2 , Helen R. SAIBIL 1
1 Institute of Structural and Molecular Biology, Crystallography, Birkbeck College, Malet Street, London, WC1E 7HX, United Kingdom
2 Research Institute of Molecular Pathology, Doktor Bohrgasse 7, A-1030 Vienna, Austria
3 Institute of Structural and Molecular Biology, Division of Biosciences, University College London, Gower Street, London, WC1E 6BT, United
Kingdom

4 Centre for Medical Biotechnology, Faculty of Biology, University Duisburg-Essen, Universitatsstrasse, D-45117 Essen, Germany
5 Helene Malet present address: Unit for Virus Host Cell Interaction, UMI 3265 CNRS-EMBL-UJF, 6 rue Jules Horowitz, 38042 Grenoble
CEDEX 9, France

Cell viability depends on the proper structure and function of the proteome. For protein quality control, all cells have developed
elaborate systems of molecular chaperones and proteases. Failure of protein homeostasis leads to the accumulation of
misfolded or aggregated proteins, a malfunction associated with fatal protein-folding diseases. Members of the "High
temperature requirement A" (HtrA) family play a central role in protein quality control in a wide range of organisms as they
combine proteolytic and remodelling activities of aberrant proteins in a highly regulated and ATP-independent mechanism [1].
Disturbances in the function of human HtrA proteins (HTRA1, HTRA2) are associated with severe disorders including
Alzheimer's and Parkinson's diseases and cancers. Prokaryotic HtrAs are essential for bacterial virulence and for survival after
exposure to various environmental and cellular stresses. In Escherichia coli three HtrA proteins contribute to maintenance of
protein quality in the periplasm (DegP, DegQ and DegS), with DegQ in particular considered as a model of the HtrA family due
to its high sequence identity with many HtrA members.
Whereas the mechanisms underlying the proteolytic function of HtrA proteins have been analysed in detail, their chaperone
activity remains poorly characterized. In order to determine how the HtrA proteins bind and fold their substrates, we undertook a
structural and biochemical analysis of E. coli DegQ in complex with several model substrates, focusing our analysis on its
chaperone function by using a protease-deficient DegQS187A construct [2]. We show that E. coli DegQ form cage-like
oligomers in present of substrates (12- or 24-mer), reminiscent to cages formation described for E.coli DegP [3]. The 7.5 A
resolution cryo-electron microscopic structures of these cages allow an unambiguous fitting of DegQ trimer crystal structure,
revealing similarities and differences between DegP and DegQ. Determination of DegQ in complex with model substrates
provides a structural model of HtrA proteins in their chaperone mode. Combinaison of Cryo-EM, native mass spectrometry and
fluorescence analysis reveal that up to six lysozyme substrates bind inside the DegQ 12-mer cage and are visualized in a
close-to-native state. An asymmetric reconstruction reveals the binding of a well-ordered lysozyme to four DegQ protomers.
DegQ PDZ domains are located close to the substrate and their presence is required for chaperone activity. The
substrate-interacting regions appear conserved in 12- and 24-mer cages, suggesting a common mechanism of chaperone
function.
[1] Clausen, T., Kaiser, M., Huber, R. & Ehrmann, M. HTRA proteases: regulated proteolysis in protein quality control. Nat Rev Mol Cell Biol 12,
152-62 (2011).
[2] Malet, H. et al. Newly folded substrates bound inside the molecular cage of the HtrA chaperone DegQ. Nat Struct Mol Biol 19, 152-7 (2012).
[3] Krojer, T. et al. Structural basis for the regulated protease and chaperone function of DegP. Nature 453, 885-90 (2008).
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How to design an artificial metalloenzyme
Mickael CHERRIER 1 , Charlène ESMIEU 2 , Patricia AMARA 1 , Elodie GIRGENTI 2 , Caroline MARCHI-DELAPIERRE 2 ,
Frédéric ODDON 2 , Marina IANNELLO 1 , Adeline JORGE-ROBIN 2 , Christine CAVAZZA 1 , Stéphane MÉNAGE 2
1 Institut de Biologie Structurale Jean-Pierre Ebel, Groupe Métalloproteines, UMR 5075, CEA, CNRS, Université Joseph Fourier-Grenoble 1 41, rue Jules Horowitz - 38027 Grenoble CEDEX 1 - France

2 iRTSV, Laboratoire Chimie et Biologie des Métaux, UMR5249, CEA, CNRS, Université Joseph Fourier-Grenoble 1, F-38054 Grenoble,
France

The need for a sustainable chemistry urges on the scientific community to design new cleaner chemical processes. One
solution is to design of artificial metalloenzymes by introduction of an inorganic compound able to catalyse a reaction of
interest, inside a protein. It combines the best of inorganic chemistry and biocatalysis fields, with respect to Green Chemistry
philosophy.
Here, we report an original method for the design of an artificial monooxygenase, able to catalyse sulfoxydation reactions, by
taking in charge the three essential parameters for an enzymatic activity:
First, for the protein, we used NikA, a periplasmic protein involved in nickel uptake in Escherichia coli. We previously showed
that NikA was not able to bind nickel directly, but through a natural metallophore, that appeared to resemble EDTA [1,2].
Second, we introduced into the protein binding site, through supramolecular interactions, iron inorganic compounds with a
structure close to EDTA and known to catalyse C-H, C=C, C-OH oxidations and oxygen transfer to sulfides. Third, molecular
docking simulations were conducted to screen sulfide that could be potential substrates able to be catalytically oxidized by a
series of iron complex NikA hybrids.
We were able to solve the crystal structures of some of the hybrids. Surprisingly, the iron complexes adopt conformations
different from the ones previously characterized in solution. A set of six potential substrates with a common motif was also
synthesized and the catalytic properties of each hybrid were determined in order to corroborate the docking simulations.
The proof of concept of our method is described, highlighting the importance of the synergetic effect of the different partners,
i.e. the protein scaffold, the inorganic catalyst and the substrate.
[1] M.V. Cherrier, et al. JACS. 2005. 127, 10075-82.
[2] M. V. Cherrier, et al. Biochemistry. 2008. 47, 9937-43.
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The full architecture of a type II DNA topoisomerase.
Julie PAPILLON 1 , Jean-François MENETRET 1 , Claire BATISSE 1 , Reynald HELYE 2 , Patrick SCHULTZ 1 ,
Noëlle POTIER 2 , Patrick SCHULTZ 1 , Valérie LAMOUR 1
1 IGBMC, UMR7104 CNRS-UdS, U964 Inserm, HUS, Illkirch, France
2 Institut de Chimie de Strasbourg, UMR7177 CNRS-UdS, Strasbourg, France

Type II DNA topoisomerases (TopoIIA) remodel DNA topology during replication, transcription and chromosome segregation.
Most TopoIIA are able to perform ATP-dependent DNA relaxation or decatenation but the bacterial DNA gyrase is the sole type
II DNA topoisomerase able to introduce negative supercoils. These multisubunit enzymes catalyze the transport of a
double-stranded DNA (T-segment) through a transient break formed in another duplex (G-segment) along the enzyme interface
"gates". Despite a wealth of information, the full architecture of TopoIIA and the structural basis for DNA supercoiling remain
elusive. We used native mass spectrometry on full-length enzymes to monitor and optimize the assembly of DNA gyrase
complexes of over 320 kDa. We show here the first cryo-electron microscopy (cryo-EM) structures of a full length DNA gyrase
in absence and presence of a 155bp DNA duplex. These first structural data on a full length TopoIIA reveal an unexpected
domain organization and unveil how DNA is wrapped around the gyrase-specific C-terminal β-pinwheel domains. TopoIIA are
largely conserved at the sequence and structural level allowing a crosstalk between the biochemical and structural properties of
the bacterial and human enzymes. These first structural data on a full length TopoIIA point to a central role of the ATPase
domain acting like a "crossover trap" sequestering the DNA crossover before strand passage.
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Heterologous production of a lectin from the red marine alga Hypnea musciformis and
characterization of its specificity for carbohydrate
Antônia Sâmia FERNANDES DO NASCIMENTO 1 , Anne IMBERTY 1 , Benildo SOUSA CAVADA 2 , Annabelle VARROT 1
1 Glycobiologie Moléculaire, CERMAV - CNRS, Grenoble - France. 2 Laboratorio de Moleculas Biologicamente Ativas, Departamento de Bioquimica e Biologia Molecular, Fortaleza - Brasil.

Lectins are carbohydrate binding proteins which play an important role in many cellular processes. Numerous lectins have
become a powerful tool in the structural characterization of glycoconjugates, as well as in studies of cell behavior. They present
a great potential for use in therapy or biotechnology but it is still far from being fully exploited. Currently, lectins purified from
marine algae, especially macroalgae, have become very attractive in biotechnology because they exhibit interesting biological
activities (antiviral, antifungal, mitogenic or recognition of cancer cells) at lower concentrations than lectins from plant or
animals. HML represents a lectin isolated from the red marine algae Hypnea musciformis. Its primary sequence was
determined by Edman degradation and tandem mass spectrometry on N-terminally blocked fragments. The lectin is 90 amino
acids long, presents seven intrachain disulfide bonds and several isoforms. The present study aims to produce HML in a
recombinant form in Escherichia coli, to characterize its specificity for carbohydrate and to determine its 3D-structure by X-ray
crystallography. A synthetic gene was built and cloned in Pet32-TEV vector. The protein was overexpressed in Escherichia coli
Rosettagami 2 cells and purified by standard chromatography methods. Recombinant HML exhibits hemagglutinating activity
against rabbit erythrocytes. It was labeled with Alexa Fluor 488 and was used for glycan-array screening with standard
procedure of the Protein-glycan Interaction Core of the Consortium for Functional Glycomics (CFG, USA). HML shows a strong
preference for complex type N-glycans with symmetrical branches and in particularly for the epitope
Fucose-a1,6-N-acetylglucosamine in the core sequence of the diantennary glycans. Crystallization trials are underway.
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Molecular studies on a lipolytic enzyme from the microalga Isochrysis galbana.
Vincent KERVIEL 1 , Josiane HERAULT 1 , Laurent POISSON 1 , Françoise ERGAN 1 , Céline LOISEAU 1
1 LUNAM Université, Université du Maine, IUT de Laval, EA 2160, Mer Molécules Santé, Département Génie Biologique, 52 rue des Docteurs
Calmette et Guérin, - BP 2045, 53020 Laval CEDEX 09, France

Lipolytic enzymes present in all known species play a key role in lipid metabolism and are involved in several industrial
processes. Docosahexaenoic acid (DHA), an ψ3 poly-insaturated fatty acid (ψ3 PUFA) is well known for its beneficial effects on
human health. Today, PUFAs are mainly obtained from fish oil. However, PUFAs present in fish originate from marine
microalgae which constitute the primary link of seafood chain. Among many species, Isochrysis galbana, an unicellular marine
microalga belonging to the Prymnesiophyceae class, is considered as a potential alternative source of DHA. The large amount
of DHA in I.galbana suggests the presence of lipolytic enzymes with potential interesting selectivities and substrate specificities.
RACE PCR strategy has been used on purified mRNA to isolate these putative genes in order to show the presence of a new
class of lipolytic enzymes which would be useful for the synthesis of high added value molecules. The expression plasmid was
constructed by ligating the coding sequence to the pET 28a(+) plasmid vector and was validated by sequencing. The
transformant producing putative lipase has been induced with different culture conditions. In each transformant, a C-terminal
histidine tag has been introduced to allow purification and immunochemical detection of the target enzyme.
Results presented in this presentation show the effective functionality of plasmid construction for the recombinant protein
production. Different buffers and extraction methods have been studied to isolate the putative enzyme of I. galbana. Western
blot identification of recombinant enzyme shows the production of a protein in the supernatant of crude extract with the
expected size. Protein purification using different conditions has been initiated. Our objective is to highlight the presence of
lipolytic activity, which will be followed by determination of enzyme characteristics.
Preliminary activity assays have been initiated and activity has been shown for one of the induced samples. Now we have to
confirm these results and test activity with purified extracts. To our knowledge, it is the first time that the presence of lipolytic
enzyme in I.galbana is being demonstrated using heterologous expression.
Research financially supported by "Laval Agglomération" and the "Conseil Général de la Mayenne".
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Archaealogy reveals KEOPS mystery - In vitro reconstitution of the essential tRNA t6A
modification by KEOPS and universal Sua5 proteins
Ludovic PERROCHIA 1 , Estelle CROZAT 1 , Joseph BAREILLE 2 , Bruno COLLINET 2 , Wen hua ZHANG 2 ,
Arnaud HECKER 1 , Dorian GUETTA 1 , Herman VAN TILBEURGH 2 , Patrick FORTERRE 1 , Tamara BASTA 1
1 Institut de Génétique et Microbiologie, Université Paris Sud, 91405 Orsay CEDEX, FRANCE
2 Institut de Biologie et Biochimie Moléculaire et Cellulaire. Université Paris Sud, 91405 Orsay CEDEX, FRANCE

t6A (N6-threonylcarbamoyladenosine) is a modified nucleoside found in all tRNAs decoding ANN codons in all modern cells
and in mitochondria. Its role is to facilitate codon-anticodon pairing and to prevent frameshifting during protein synthesis.
Universal distribution of t6A and its important role in fidelity of translation suggest that t6A was already present in the last
universal cellular ancestor (LUCA).
Recent genetic studies demonstrated that two universally conserved proteins of unknown function, Sua5 and Kae1, are
necessary for the synthesis of t6A in cells of E. coli and S. cerevisiae.
In Bacteria the in vitro synthesis of t6A requires two other proteins specific for bacterial domain.
In Archaea and Eukaryotes Kae1 is a subunit of a conserved heteromultimeric protein complex named KEOPS. Since its
discovery in 2006, several studies suggested involvement of KEOPS in diverse cellular processes in S. cerevisiae: transcription
regulation, telomere homeostasis and genome maintenance.
In the present study, we show for the first time that KEOPS from the hyperthermophilic archaeon Pyrococcus abyssi together
with Sua5 catalyze the synthesis of t6A modified tRNAs in vitro. Our results suggest that archaeal KEOPS intervenes in the last
catalytic step and that two distinct mechanisms of activation via ATP hydrolysis are employed in the course of the synthesis. By
in vitro complementation, we showed that chimerical systems (Archaeal/Bacterial; Archael/Eukaryal and Eukaryal/Bacterial) are
active, suggesting an universal common mecanism for the three domains of life.
We are currently conducting further studies to elucidate the catalytic mechanism and establish the role of each protein in the
process conducting to the t6A modified tRNA. These studies should help us to understand how and why, after the divergence
of the three living domains, two different systems for the same essential tRNA modification have emerged.
[1] Weissenbach J, Grosjean H., Eur J Biochem. 1981 May;116(1):207-13
[2] Stuart JW, Gdaniec Z, Guenther R, Marszalek M, Sochacka E, Malkiewicz A, Agris PF., Biochemistry. 2000 Nov 7;39(44):13396-404.
[3] Deutsch C, El Yacoubi B, de Crécy-Lagard V, Iwata-Reuyl D., J Biol Chem. 2012 Apr 20;287(17):13666-73.
[4] Downey M, Houlsworth R, Maringele L, Rollie A, Brehme M, Galicia S, Guillard S, Partington M, Zubko MK, Krogan NJ, Emili A, Greenblatt
JF, Harrington L, Lydall D, Durocher D., Cell. 2006 Mar 24;124(6):1155-68.
[5] Kisseleva-Romanova E, Lopreiato R, Baudin-Baillieu A, Rousselle JC, Ilan L, Hofmann K, Namane A, Mann C, Libri D., EMBO J. 2006 Aug
9;25(15):3576-85.
[6] Srinivasan M, Mehta P, Yu Y, Prugar E, Koonin EV, Karzai AW, Sternglanz R., EMBO J. 2011 Mar 2;30(5):873-81.
[7] Mao DY, Neculai D, Downey M, Orlicky S, Haffani YZ, Ceccarelli DF, Ho JS, Szilard RK, Zhang W, Ho CS, Wan L, Fares C, Rumpel S,
Kurinov I, Arrowsmith CH, Durocher D, Sicheri F., Mol Cell. 2008 Oct 24;32(2):259-75.
[8] Hecker A, Leulliot N, Gadelle D, Graille M, Justome A, Dorlet P, Brochier C, Quevillon-Cheruel S, Le Cam E, van Tilbeurgh H, Forterre P.,
Nucleic Acids Res. 2007;35(18):6042-51.
[9] Kuratani M, Kasai T, Akasaka R, Higashijima K, Terada T, Kigawa T, Shinkai A, Bessho Y, Yokoyama S., Proteins. 2011 Jul;79(7):2065-75.
doi: 10.1002/prot.23026
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Isotope-Labelling of Methyl Groups for NMR Studies of large Protein Assemblies
Pierre GANS 1 , Olivier HAMELIN 2 , Rime KERFAH 1 , Ombeline PESSEY 1 , Isabel AYALA 1 , Michaël PLEVIN 1 ,
Jerôme BOISBOUVIER 1
1 Structural Biology Institute, CNRS/ CEA /UJF, 41 rue Jules Horowitz, 38027 GRENOBLE, France
2 LCBM / iRTSV, CEA /CNRS /UJF, 17 Avenue des Martyrs, 38054 GRENOBLE, France

Methyl-specific isotope-labelling techniques have opened the doors to the study of very large proteins and protein complexes
by NMR spectroscopy. The methyl group is an ideal probe for solution NMR studies of the structure, function and dynamics of
high molecular weight (> 100 kDa) proteins. Through the use of certain amino acid metabolic precursors it is possible to
prepare highly perdeuterated protein samples with selective protonation of the methyl groups of target residue types. A growing
number of metabolic precursors have been used to produce a variety of methyl labelling patterns.
Here we describe recent methyl group-labelling developments, their implementation and how they can benefit solution NMR
studies of very large proteins. We have developed several new strategies for the production of perdeuterated proteins with
specific [1H,13C]-labelling of alanine β-methyl groups (Ayala J. Biomol. NMR 2009), regiospecific labelling of isoleucine methyl groups
(Ayala Chem. Comm. 2012) or stereospecific labelling of Valine and Leucine prochiral-methyl groups (Gans Angew. Chemie 2010).
These methyl labelling schemes are versatile and robust, and one of the great advantages of these protocols is the possibility
to perform combinatorial labelling in which more than one amino acid type is labelled at one time (Plevin Recent Developments in
Biomolecular NMR 2012). Examples of application on proteins ranging from 80kDa to 1 MDa will be presented on this poster.
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Structural Insight in the recognition of human eIF3b factor by HCV IRES-IIId domain integrated
in the 48S ribosomal translation initiation complex
Julien PERARD 1 , Maria Rosa QUINTERO 2 , Cédric LAGURI 2 , Isabel AYALA 2 , Lionel IMBERT 2 , Guy SCHOEHN 3 ,
Florence BAUDIN 1 , Michael PLEVIN 2 , Emmanuel DROUET 1 , Jérôme BOISBOUVIER 2
1 Unit of Virus Host Cell Interactions - UVHCI, UMI 3265 UJF-EMBL-CNRS, 6 rue Jules Horowitz, B.P. 181 - 38042 Grenoble CEDEX 9, France
2 Institut de Biologie Structurale (CNRS-CEA-UJF)- Biomolecular NMR Spectroscopy Group - 41, rue Jules Horowitz, F-38027 GRENOBLE
CEDEX 1

3 Institut de Biologie Structurale (CNRS-CEA-UJF) - Methods and Electron Microscopy group - 41, rue Jules Horowitz, F-38027 GRENOBLE
CEDEX 1

Translation of the hepatitis C virus (HCV) polyprotein is initiated by a cap-independent mechanism, which requires an internal
ribosome entry site (IRES). This strategy allows the virus to capture eukaryotic factors in favour of the non-canonical
translation. This mechanism requires some initiation factors (eIF2 and eIF3) to controls assembly of ribosomal subunits.
Despite its importance, the molecular basis of this complex are not fully comprehended. We have identified and isolated a first
independent binding unit involved in hijacking process of human eIF3 factor by viral IRES motif. We demonstrate that an apical
loop in sub-domain IIId of HCV IRES recruits subunit-b of eukaryotic Initiation Factor 3 and propose a solution model for this
complex using NMR chemical shift mapping, SAXS analyses and biochemical studies. Integration of these structural data in the
48S ribosomal particles reveals IRES-IIId as a focal point in the assembling of the translation machinery. These structural data
suggests that the IIId subdomain of HCV IRES is localized in the interface of 40S/eIF3 complex and could play a critical role in
the cap-independent translation initiation.

Proposed location of IRES-IIId/eIF3b-RRM complex in the cryo EM envelope.
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SEQSI-HCA: une stratégie automatisée pour une caractérisation améliorée des protéines
orphelines.
Guilhem FAURE 1 , Isabelle CALLEBAUT 1
1 Institut de Minéralogie et de Physique des Milieux Condensés (IMPMC). Université Pierre et Marie Curie - UMR7590, CNRS

Il est possible d'acquérir des informations importantes pour comprendre les fonctions et dysfonctions des protéines, via la
détection de similitudes de séquences à haut niveau de divergence. Cette stratégie permet notamment d'identifier les quelques
acides aminés conservés, jouant un rôle clé pour la structure tridimensionnelle et la fonction de ces protéines, et à récupérer,
par inférence, des informations expérimentales. Dans ce contexte, les informations relatives aux structures secondaires
régulières sont particulièrement utiles pour la mise en évidence de similitudes pertinentes, étant donné que celles-ci sont bien
plus conservées que les séquences.
Les amas hydrophobes, tels que décrits par l'approche HCA (Hydrophobic Cluster Analysis), donnent une information utile
dans ce contexte, à partir de la connaissance d'une seule séquence en acide aminé. En effet, ces amas correspondent
majoritairement aux structures secondaires régulières (hélices alpha et brins beta). Ils donnent également une information
pertinente sur la structuration tertiaire de la protéine. En effet, l'étude de leur distribution au sein de la séquence permet
notamment de définir des segments à haute densité en amas hydrophobes, régions structurées englobant un ou plusieurs
domaines.
Nous avons développé une procédure automatique de détection de ces segments à haute densité en amas hydrophobes qui,
une fois isolés, se révèlent plus faciles à caractériser. Nous avons donc développé un programme SEQSI-HCA (SEQuence
SImilarity searches helped by analysis of Hydrophobic Clusters and domain Architecture), combinant mise en évidence de
similitudes de séquences, de l'architecture en domaines conservés et des signatures de repliement portées par les amas
hydrophobes. Le couplage de ces informations offre une stratégie efficace pour l'analyse des protéines orphelines, permettant
une identification plus aisée de relations lointaines et conduisant dans certains cas à la description de nouvelles familles de
domaines . Les applications de ce programme seront illustrées avec quelques exemples de protéines jouant un rôle dans la
réponse aux dommages de l'ADN et dans la régulation des télomères.
Ce travail fait l'objet de financements de l'ANR (TELO&DICENs) et de l'INCa (DI-REP).
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Disorder in the modular phosphoprotein of non-segmented negative-sense RNA viruses and
its roles in the transcription/replication machinery
Cédric LEYRAT 1 , Filip YABUKARSKI 1 , Euripedes A. RIBEIRO 1 , Francine C. GÉRARD 1 , Ivan IVANOV 1 ,
Malene R. JENSEN 2 , Rob W. RUIGROK 1 , Martin BLACKLEDGE 2 , Marc JAMIN 1
1 UMI 3265 UJF-EMBL-CNRS, Unit of Virus Host Cell Interactions, 6 rue Jules Horowitz, 38042 Grenoble CEDEX 9, France
2 UMR 5075 CEA-CNRS-UJF, Protein Dynamics and Flexibility, Institut de Biologie Structurale, 41 rue Jules Horowitz, Grenoble 38027, France
The non-segmented negative-sense RNA viruses possess a peculiar machinery for the transcription and replication of their
genome that makes these viruses unique in the living world. For the Rhabdoviridae, this highly conserved machinery is
composed of three viral proteins: the nucleoprotein (N), the large RNA-dependent RNA polymerase (L) and the phosphoprotein
(P). N assembles into a long helical homopolymer that completely enwraps the RNA genome. L uses this N-RNA complex as
template for both transcription and replication. P is an essential multi-functional component of the machinery. First, it acts as a
non-catalytic co-factor of the polymerase by positioning L onto the N-RNA template. Second, it chaperones the nascent
RNA-free, monomeric nucleoprotein (N0), by forming a N0-P complex that is required for the correct encapsidation of the newly
synthesized viral RNA genome.
We will describe recent advances in the structural characterization of P alone and in complex with the N-RNA template or the
RNA-free N0 that reveal the importance of the flexibility of P in the mechanisms by which this machinery assembles, works,
allows the progression of the polymerase along the template or regulates the switch between the transcription and replication
processes. Bio-informatics and biophysical studies revealed that P forms homodimers and possesses a modular organization
involving two structured domains concatenated with two intrinsically disordered regions [1-4]. Using hybrid approaches that
combine X-ray crystallography, NMR spectroscopy, small-angle scattering, molecular dynamics simulation and molecular
modeling, we obtained an atomic structure of the entire P in the form of ensembles of conformations that accurately represents
the structural fluctuation of the protein [5]. We uncovered the mechanisms by which an N-terminal molecular recognition
element (MoRE) of P undergoes a disorder-to-order transition upon binding to the RNA-free N0 and showed how P prevents
polymerization of N and binding to RNA [6,7]. We showed how disorder in the N-RNA template contributes to the binding of P
and how the formation of this essential complex is regulated by phosphorylation [8]. Recent data indicate that the multivalence
of P plays a critical role in this interaction. Together, these results suggest new mechanisms for the initiation of RNA synthesis,
the encapsidation of newly synthesized genomes and the progression of the polymerase along its template.
[1] Gérard, F.C.A, Albertini, A.A.V., Gutsche, I., Zaccai, G., Ruigrok, W.H. and Jamin, M. Unphosphorylated Rhabdovirus phosphoproteins are
elongated dimers. (2007) Biochemistry 46, 10328-10338.
[2] Ribeiro Jr. E.A., Favier A., Gérard FC, Leyrat C., Brutscher B., Blondel D., Ruigrok RW, Blackledge M. and Jamin M. Solution structure of
the C-terminal nucleoprotein-RNA binding domain of the vesicular stomatitis virus phosphoprotein. (2008) J. Mol. Biol. 382,525-38.
[3] Gérard F.C.A., Ribeiro E.A., Leyrat C., Ivanov I., Blondel D., Longhi S., Ruigrok R.W. and Jamin M. Modular Organization of Rabies Virus
Phosphoprotein. (2009) J. Mol. Biol. 388, 978-996.
[4] Ivanov I., Crépin T., Jamin M. and Ruigrok R.W. Structure of the dimerisation domain of the rabies virus phosphoprotein. Virol. (2010) 84,
3707-3710.
[5] Leyrat C., Schneider R., Ribeiro E.A. Jr, Yabukarski F., Yao M., Gérard F.C., Jensen M.R., Ruigrok R.W., Blackledge M. and Jamin M
Ensemble structure of the modular and flexible full-length vesicular stomatitis virus phosphoprotein. (2012) J. Mol. Biol. Epub ahead of print.
[6] Leyrat C., Jensen M.R., Ribeiro E.A., Gérard F.C.A., Ruigrok R.W., Blackledge, M. and Jamin M. The N0-binding region of the vesicular
stomatitis virus phosphoprotein is globally disordered but contains transient α-helices. (2011) Protein Science 20, 542-556.
[7] Leyrat C., Yabukarski F., Tarbouriech N., Ribeiro E.A. Jr, Jensen M.R., Blackledge M., Ruigrok R.W.H. and Jamin M. Structure of the
vesicular stomatitis virus N0-P complex. (2011) PLoS Pathogens 7, e1002248.
[8] Ribeiro E.A. Jr, Leyrat C., Gérard F.C., Albertini A.A., Falk C., Ruigrok R.W., Jamin M. Binding of rabies virus polymerase cofactor to
recombinant circular nucleoprotein-RNA complexes. (2009) J. Mol. Biol. 394, 558-575.
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Conformational basis of tau paired helical filaments revealed by solid-state NMR
Birgit HABENSTEIN 1 , Venita DAEBEL 1 , Subashchandrabose CHINNATHAMBI 2 , Jacek BIERNAT 2 ,
Antoine LOQUET 1 , Katharina TEPPER 2 , Eckhard MANDELKOW 2 , Vinesh VIJAYAN 1 , Adam LANGE 1
1 Max Planck Institute for Biophysical Chemistry, NMR-based Structural Biology, Am Fassberg 11, 37077 Göttingen, Germany
2 DZNE; German Center for Neurodegenerative Diseases, and CAESAR Research Center, Ludwig-Erhard-Allee 2, 53175 Bonn, Germany

The intracellular self-assembly of the microtubule-associated protein tau into fibrils termed "paired helical filaments" (PHFs) is
one of the hallmarks of Alzheimer's disease (AD). Natively unfolded tau[1] can, upon hyperphosphorylation, loose its ability to
bind microtubules and assemble into PHFs, the main constituent of the diseased brain deposits.[2] So far, the intrinsic
insolubility and lack of long-range order of the PHFs abrogate solution NMR and X-ray studies on the structural basis of PHF
assembly at atomic detail. Here, we present a solid-state nuclear magnetic resonance (ssNMR) spectroscopic study of PHFs
from two variants of a truncated tau isoform (K19 wild-type and K19 C322A mutant), known to form PHFs comparable to those
found in diseased brains.[3] We found the K19 fibrils to be built of stacked parallel, in-register β-strands. Comparison of results
on K19 wild-type and C322A mutant PHFs discloses a structural influence of intermolecular disulfide bridge (DSB) formation on
the core structure. A DSB-dependant polymorphism is observed in solid-state NMR spectra around residue C322. Our results
further reveal the rigid β-structured core of both fibrils to comprise the same short stretch of 20-30 residues. The data indicate
the secondary structure of both cores to contain several β-strands connected by short kinks. However, we observe differences
in the dynamic behavior and in the structural polymorphism of the core region due to the removal of the DSB underlining the
structure-defining role of the intermolecular DSB.
[1] Schweers, O.; Schonbrunn-Hanebeck, E.; Marx, A.; Mandelkow, E. J Biol Chem 1994, 269, 24290.
[2] Grundke-Iqbal, I.; Iqbal, K.; Tung, Y. C.; Quinlan, M.; Wisniewski, H. M.; Binder, L. I. Proc Natl Acad Sci U S A 1986, 83, 4913.
[3] von Bergen, M.; Barghorn, S.; Muller, S. A.; Pickhardt, M.; Biernat, J.; Mandelkow, E. M.; Davies, P.; Aebi, U.; Mandelkow, E. Biochemistry
2006, 45, 6446.
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Distributive Mechanism of Ordered Phosphorylations in Two Independent Cascades of the
PTEN C-tail Revealed by NMR
Florence CORDIER 1 , Alain CHAFFOTTE 1 , Elouan TERRIEN 1 , Christophe PRÉHAUD 2 , François THEILLET 1 ,
Muriel DELEPIERRE 1 , Monique LAFON 2 , Henri BUC 1 , Nicolas WOLFF 1
1 Unité de RMN des Biomolécules - Institut Pasteur / CNRS UMR3528, URA3015, F-75015 Paris, France
2 Unité de Neuroimmunologie Virale - Institut Pasteur / CNRS UMR3528, URA3015, F-75015 Paris, France

PTEN phosphatase is a tumor suppressor controlling notably cell growth, proliferation and survival[1]. The multi-site
phosphorylations of PTEN C-terminal tail regulate its activity and its intracellular trafficking[2]. The dynamical nature of such
regulatory events represents a crucial dimension for timing cellular decisions. Here we show that NMR spectroscopy allows
reporting on the order and kinetics of clustered multi-site phosphorylations. We first unambiguously identify in vitro seven bona
fide sites modified by CK2 and GSK3β kinases and two new phospho-sites on PTEN C-terminal tail. Then, following the
formation of transient intermediate phosphorylated states, we determine the sequence of these reactions and calculate their
apparent rate constants. Finally, we assess the dynamic formation of these phosphorylation events induced by endogenous
kinases directly in extracts of human neuroblastoma cells. Altogether, our data indicate that two cascades of events controlled
by CK2 and GSK3β occur independently on two clusters of sites and that in each cluster the reactions follow an ordered model
with a distributive kinetic mechanism[3]. Besides emphasizing the ability of NMR to quantitatively and dynamically follow
post-translational modifications, our results bring a temporal dimension on the establishment of PTEN phosphorylation
cascades.
[1] Salmena, L.; Carracedo, A.; Pandolfi, P. P. Cell 2008, 133, 403-14.
[2] Leslie, N. R.; Batty, I. H.; Maccario, H.; Davidson, L.; Downes, C. P. Oncogene 2008, 27, 5464-76.
[3] Cordier, F.; Chaffotte, A.; Terrien, E.; Préhaud, C.; Theillet, F.; Delepierre, M.; Lafon, M.; Buc, H.; Wolff N. Submitted

Kinetics of the multi-site phosphorylation events in the S380-S385 cluster of PTEN-Ctail by CK2 in vitro
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Dynamic and structural study of myoglobin adsorbed on silica nanoparticles
Stéphanie DEVINEAU 1 , Camille LOUPIAC 2 , Loussiné ZARGARIAN 3 , Jean-Marc ZANOTTI 4 , Fabrice NEIERS 5 ,
Marie-Hélène MATHON 4 , Serge PIN 1 , Jean-Philippe RENAULT 1
1 Laboratoire de Radiolyse, IRAMIS, UMR CEA-CNRS
2 Equipe PAPC, Université de Bourgogne
3 LBPA, ENS Cachan
4 Laboratoire Léon Brillouin, IRAMIS, UMR CEA-CNRS
5 Laboratoire CSGA, UMR INRA-CNRS-Université de Bourgogne

After accidental exposure to nanoparticles (NP) or when NP are used as galenics, protein adsorption occurs immediately after
their entry in the organism. A protein corona is formed which replaces NP pristine surface in NP-cell interactions[1-3]. Indeed
protein corona can influence all the reactions that happen afterwards: cellular recognition, immune reaction, NP biokinetic,
cellular uptake or elimination[4,5]. Protein-NP interaction is therefore a key process in nanotoxicology and nanomedecine
studies.
Myoglobin, which is our model protein, is a well-structured protein that adsorbs strongly on silica NP. Circular dichroïsm
measurements on adsorbed myoglobin show that myoglobin loses part of its helical secondary structure. Moreover,
microcalorimetry study reveals that adsorbed myoglobin has a lower temperature of denaturation, thus is less stable than the
free protein. To better understand myoglobin modifications after adsorption on NP, we studied the dynamic of adsorbed
myoglobin by quasielastic neutron scattering (QENS). This technique, which probes hydrogen atoms dynamic of myoglobin in
deuterated solution, provides a global measure of the mobility of the adsorbed protein. Besides structural results do not give
clues on adsorbed myoglobin mobility, which can be either enhanced because the protein is less structured or decreased due
to the interaction with NP surface[6]. Two different measurements were performed on the time-of-flight MIBEMOL spectrometer
at Laboratoire Leon Brillouin-Orphee facility. The mean square displacement measured from 4 to 298K reveals that adsorbed
myoglobin does not show the so-called dynamical transition at 220 K observed on free myoglobin and which is typical of protein
dynamic. The density of states measured at 240K and at 298K on adsorbed myoglobin shows a decrease by half of the
intensity. Both results are indicative of a less mobile adsorbed myoglobin. Eventually this study, together with complementary
results on hemoglobin, suggests that proteins adsorbed on NP undergo modifications and appear to be less structured and less
mobile. Moreover it seems that adsorbed proteins also present correlated activity changes.
[1] I. Lynch, K. A. Dawson, Nano Today 3, 40 (Feb-Apr, 2008).
[2] X. Jiang et al., Journal of the Royal Society Interface 7, S5.
[3] M. P. Monopoli et al., J. Am. Chem. Soc. 133, 2525 (Mar, 2011).
[4] D. Dutta et al., Toxicol. Sci. 100, 303 (Nov, 2007).
[5] A. Lesniak et al., Acs Nano 6, 5845 (Jul, 2012).
[6] M. Tehei et al., Biophysical Journal 90, 1090 (Feb, 2006).
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Structural basis for the functional versatility of ß-Thymosin/WH2 Domains in Actin
Self-Assembly
Louis RENAULT 1 , Pierre ROBLIN 3 , Francois-Xavier CANTRELLE 2 , Domnique DIDRY 1 , Clotilde HUSSON 1 ,
Anna M. ESWARA MOORTHY 1 , Christophe LE CLAINCHE 1 , Maud HERTZOG 1 , Eric GUITTET 2 ,
Marie-France CARLIER 1 , Javier PEREZ 3 , Carine VAN HEIJENOORT 2
1 Centre de Recherche de Gif, Laboratoire d'Enzymologie et Biochimie Structurales (LEBS), CNRS, 91198 Gif-sur-Yvette, France
2 Centre de Recherche de Gif, Laboratoire de Chimie et Biologie Structurales, ICSN, CNRS, 91198 Gif-sur-Yvette, France
3 Synchrotron SOLEIL, BP 48 Saint Aubin, 91192 Gif-sur-Yvette, France

Widespread β-thymosin (βT) and WH2 (Wiskott-Aldrich syndrome protein Homology domain 2) domains are found as single or
repeated units in a large number of multi-domain actin-binding proteins involved in developmental processes, synaptic
plasticity, polarized cell migration or intracellular pathogen infections. They are archetypes of small, intrinsically disordered
actin-binding modules with highly variable sequences of 25-55 residues. Intrinsically disordered proteins exist in their unbound
native, functional state as dynamic ensembles of interconverting structures and their specific regulatory mechanisms defy the
structure-function paradigm. In the last years multi-domain protein organizations with βT/WH2 domains have emerged as
multifunctional regulators of actin self-assembly dynamics[1] but understanding the structure-function relationship governing
their versatile or multiple functions remain very challenging[2].
We combined mutational, functional, and structural analysis by X-ray crystallography, SAXS and NMR on Thymosin-β4,
Ciboulot, TetraThymosinβ, the long WH2 domain of WASP-interacting protein (WIP) and Spire WH2 tandem repeats.
We show how the structurally plasticity of WH2 domains is partially conserved and functional in their G-actin bound state. We
describe how the distribution of static and dynamic interactions in different 1:1 WH2:actin complexes controls their ability to
control either unidirectional assembly like profilin or to sequester G-actin in an ionic strength dependent fashion. At
physiological ionic strength the local interaction dynamics are primarily controlled by strong electrostatic interactions of a single
residue along their sequence[3]. In larger complexes, low resolution SAXS structural analyses suggest how WH2 tandem
repeats stabilize actin-actin spatial arrangements which approach those of filaments (unpublished data).
[1] Renault et al., (2008) Spire and Cordon-Bleu: Multifunctional regulator of actin dynamics. Trends in Cell Biol. 18(10), 494-504; Qualman
and Kessel (2009) New players in actin polymerization--WH2-domain-containing actin nucleators. Trends Cell Biol 19, 276-85 (2009). Reviews.
[2] C. Husson, et al. (2010) Multifunctionality of the β-Thymosin/WH2 module : G-actin sequestration, actin filament growth, nucleation and
severing. Annals of the New York Academy of Sciences 1194, 44-52. Review.
[3] D. Didry, et al. (2011) How a Single Residue in Individual β-Thymosin/WH2 Domains Controls their Functions in Actin Assembly EMBO J.
31(4):1000-13.
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NMR study of intrinsically disordered WH2 domains interacting with actin
Célia DEVILLE 1 , François-Xavier CANTRELLE 2 , Jean-Pierre PLACIAL 1 , Louis RENAULT 3 , Marie-France CARLIER 3 ,
Eric GUITTET 1 , Carine VAN HEIJENOORT 1
1 ICSN - CNRS, 1 avenue de la terrasse, 91190 Gif sur Yvette, France
2 Université des sciences de Lille, Cité Scienti
3 LEBS - CNRS, 1 avenue de la terrasse, 91190 Gif sur Yvette, France

The WH2/βT domains form a family of intrinsically disordered proteins involved in the regulation of actin polymerization. These
short domains were identified isolated or repeated in various actin binding proteins. They display a very low sequence identity
and a large panel of functions. For instance, the thymosin β4 is a cytoplasmic protein which sequesters G-actin monomers and
generates a pool of unpolymerized actin that can be used for rapid filament growth. Ciboulot, composed of three WH2 repeats,
regulates actin assembly during Drosophila brain metamorphosis. The first domain of Ciboulot promotes actin assembly into
filaments in vitro. Additional functions of nucleation or fragmentation of actin filaments were observed in vitro for repeated WH2
domains [1].
Structural studies of the interaction of isolated WH2 domains with actin show that they bind to actin forming an amphipatic
N-terminal helix, followed by a central strand and a more or less flexible C-terminal helix. In particular, two chimeras of
thymosin β4 and of the first domain of Ciboulot differing in only four residues in their central region were designed. Combined
X-ray crystallography, NMR and SAXS studies showed that their opposite functions of sequestration or of promotion of actin
assembly depend on the dynamics of the C-terminal region determined in particular by the possibility to form a salt bridge
between the central region of chimeras and actin [2].
However, the mechanisms of interaction of isolated WH2 domains with actin are not well understood yet. How the peptides fold
upon binding to actin? Is there some pre-structuration of the free proteins in solution? How the possibly restricted structures
ensemble influences the interaction process? We present here a detailed analysis of the dynamics of the free chimeras using
N15 relaxation, residual dipolar couplings and relaxation dispersion experiments. Different behaviors were observed, that may
bring insight into the folding upon binding mechanisms of intrinsically disordered domains.
[1] Husson et al., Ann. N. Y. Acad. Sci. 2010, 1194:44-52
[2] Cantrelle et al., EMBO Journal 2012, 31:1000-1013
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Présentation de la plateforme d'expression in vitro d'ARNs et de protéines de l'IBS
Lionel IMBERT 1 , Céline JUILLAN-BINARD 1 , Corinne VIVES 1 , Franck FIESCHI 1 , Eva PEBAY-PEYROULA 1 ,
Jérôme BOISBOUVIER 1
1 Institut de Biologie Structurale J.P Ebel, UMR 5075 CEA/CNRS/UJF 41, rue Jules Horowitz, Grenoble F-38027.

La nouvelle plateforme d'expression Cell Free de l'Institut de Biologie Structurale (IBS) de Grenoble propose la production
d'ARN, de protéines solubles et de protéines membranaires à grande échelle (milligrammes) en système acellulaire pour des
études structurales. La plateforme bénéficie des soutiens et de l'expertise des groupes Membrane & Pathogènes et
Transporteurs Membranaires, pour la production et la purification des protéines membranaires ainsi que des compétences du
groupe RMN Biomoléculaire pour les marquages isotopiques. Quelques exemples récents de productions cell-free à grandes
échelles d'ARNs et de protéines pour des études structurales seront présentés.
La plateforme fait partie intégrante du Partenariat pour la Biologie Structurale de Grenoble (PSB) centre de recherche
INSTRUCT. L'accès est ouvert aux utilisateurs locaux, nationaux et internationaux qu'ils soient académiques ou industriels.
Différents modes d'accès à la plateforme sont proposés :
- Un mode service sous forme d'un test de faisabilité permettant d'optimiser l'expression et la solubilité pour les
protéines/ARNs pour des études structurales. Le test est assuré par le personnel de la plateforme et un rapport sur les
résultats préliminaires est remis.
- Un mode formation et accompagnement des nouveaux utilisateurs pour l'expérimentation en conditions RNAse
Free, et production à grande échelle (formation nécessaire pour avoir accès à la plateforme) de protéines et ARNs
- Un mode mise à disposition, permettant l'utilisation d'un espace de travail en conditions RNAse Free. Des
protocoles optimisés, des extraits S30 d'E. coli et de la T7 ARN polymérase (produits par la plateforme) ainsi que les
différents consommables et réactifs sont disponibles pour les utilisateurs.
Une demande d'accès à la plateforme, sous forme de fiche projet, doit être complétée et renvoyée par email à
lionel.imbert@ibs.fr. Toutes les informations nécessaires sur la plateforme Cell Free sont disponibles sur le site internet de
l'IBS.
http://www.ibs.fr/platforms/other-facilities-developments/cell-free-666/?lang=en
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Structural study of the 5' stem-loop of 7SK RNA
Sarah BOURBIGOT 1 , Denise MARTINEZ-ZAPIEN 1 , Alexandre DURAND 1 , Jérôme COUTANT 2 ,
Anne-Catherine DOCK-BREGEON 3 , Bruno KIEFFER 1 , Isabelle LEBARS 1
1 IGBMC, 1, rue Laurent Fries, 67404 Illkirch, France
2 Bruker BioSpin SA, 34, rue de l'Industrie BP 10002, 67166 Wissembourg CEDEX, France
3 IBENS, Génomique Fonctionnelle, 46 rue d'Ulm, 75230 Paris, 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]. P-TEFb, 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 a previous study, 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 [6]. We then investigated by NMR the influence of the loop sequence and the hairpin
length on the interaction with small peptides based on Hexim1. In order to later determine how the interaction takes place at the
atomic level, we are currently studying by NMR the structure of the hairpin alone.
[1] Egloff, S. et al., Mol.Cell.Biol., 26(2), 630-642 (2006).
[2] Zhou, Q. & Yik, J.H.N., Microbiol.Mol.Biol.Rev., 70(3),646-659 (2006).
[3] Markert, A. et al., EMBO reports, 9(6), 569-575 (2008).
[4] Belanger, F. et al., J.Mol.Biol., 386,1094-1107 (2009).
[5] Lebars, I. et al., Nucleic Acid Res., 38(21), 7749-7763 (2010).
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Identification des déterminants de séquences et de structure importants pour l'interaction de la
protéine Vif de HIV-1 avec les séquences TAR et DIS de l 'ARN viral.
Séverine FREISZ 1 , Joëlle MEZHER 1 , Lamine HAFIRASSOU 1 , Philippe WOLFF 1 , Yves NOMINÉ 2 ,
Christophe ROMIER 3 , Philippe DUMAS 1 , Eric ENNIFAR 1
1 Architecture et réactivité des ARN; CNRS/université de Strasbourg; Institut de biologie moléculaire et cellulaire; Strasbourg, France
2 Equipe Oncoprotéines ; institut de recherche de l'Ecole de biotechnologie de Strasbourg; Université de Strasbourg; Illkirch, France
3 Département de biologie et génomique structurales; IGBMC, CNRS/INSERM Université de Strasbourg, Illkirch, France

La protéine Vif (Virion infectivity factor) joue un rôle essentiel dans l'assemblage des virions et dans le pouvoir infectieux du
VIH-1. Elle est aussi qualifiée de "protéine de contre défense" car elle interagit avec la protéine cellulaire APOBEC3G
(apolipoprotein B mRNA-editing enzyme-catalytic polypeptide like3G, hA3G), une protéine impliquée dans la défense antivirale
innée, et promeut sa dégradation par le protéasome. Vif s'incorpore dans les particules virales grâce a des interactions
spécifiques avec l'ARN génomique viral. Des séquences conservées et structurées de la région 5' UTR, comme les séquences
TAR (Tat responsive element) ou DIS ( Dimerisation initiation site) de l'ARN génomique, sont des sites d'affinité primaires pour
Vif.
Dans cette étude nous avons fait appel à la microcalorimétrie de titration isotherme ITC (Isothermal titration Calorimetry) pour
identifier les déterminants moléculaires en séquences et en structure des séquences TAR et DIS qui sont importants pour
l'interaction de Vif avec l'ARN viral. L'analyse de l'interaction en ITC a permis de mesurer une affinité sub-micromolaire entre
Vif/DIS et Vif/TAR. Nous avons ainsi pu identifier le bulge latéral de TAR comme le principal déterminant d'interaction avec Vif,
la boucle apicale n'étant pas nécessaire bien qu'elle fournisse des interactions supplémentaires. Concernant les interactions
entre Vif et DIS, nos résultats montrent clairement que le bulge latéral n'est pas nécessaire à l'interaction avec Vif. La boucle
apicale et la dimérisation de la séquence DIS semblent être les déterminants importants. Ces résultats suggèrent que les
inhibiteurs de Tat-TAR ou des petites molécules interagissant DIS pourraient être efficace pour inhiber les interactions Vif-TAR
et Vif-DIS afin de réduire l'incorporation de Vif dans les virions, et de restaurer ainsi l'effet antiviral d'APOBEC3.
Freisz, S., J. Mezher, et al. (2012). "Sequence and structure requirements for specific recognition of HIV-1 TAR and DIS RNA by the HIV-1 Vif
protein." RNA Biol 9(7).
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kinITC: a new method for obtaining thermodynamic and kinetic data by Isothermal Titration
Calorimetry
Philippe DUMAS 1 , Dominique BURNOUF 1 , Eric ENNIFAR 1 , Guillaume BEC 1 , Mireille BALTZINGER 2
1 Equipe de Biophysique et Biologie Structurale, UPR9002. Institut de Biologie Moléculaire et Cellulaire du CNRS, 15 rue René Descartes
F67084 Strasbourg

2 Université de Strasbourg, UMR 7242 du CNRS, F67412 Illkirch

Isothermal Titration Calorimetry (ITC) is a powerful technique for thermodynamic investigations that is little used to obtain
kinetic information. We have shown that, in fact, the shape of the titration curves obtained after each ligand injection is strictly
governed by the kinetics of interaction of the two partners [1,2].
A first simplified analysis allowed us to explain several facts (e.g. the variation of time needed to return to equilibrium during a
titration experiment); it also clearly established the limits of application of the new method. All simplifications were further
released to obtain a very realistic simulation of an ITC experiment by taking into account both the instrument response time and
the finite injection and mixing times. The method was first validated with cases corresponding to simple on/off kinetics, like for
the binding of an inhibitor to an enzyme.
Importantly, for systems requiring a more complex kinetic description, the new method yields results that cannot be obtained in
another way. For example, with RNA molecules acting as a genetic switch triggered by the binding of a specific ligand, there is
a first binding step that is followed by RNA folding, both steps being characterized by their kinetic and thermodynamic
parameters. In experiments with the E. coli transcription regulator TPP-riboswitch (TPP = thiamine pyrophosphate), we could
resolve thermodynamically and kinetically the two steps: TPP binding and subsequent RNA folding, whereas a classical ITC
experiment only yields thermodynamic information, and only on the overall step. This shed light on the functioning of this
biological switch.
It will be exposed how the processing of experiments at different temperatures by a systematic use of the Van't Hoff equation
allows overcoming the problem arising from the correlation between parameters. Importantly, the kinITC method is fully general
and has no other limitation than that arising from the instrument response time.
[1] Burnouf et al., JACS 134 (2012) 559
[2] http://www-ibmc.u-strasbg.fr:8080/webMathematica/kinITCdemo/
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Structural characterisation of LEAFY, a key transcription factor of flower development
Camille SAYOU 1
1 Laboratoire de Physiologie Cellulaire Végétale, Unité Mixte de Recherche 5168, CNRS, CEA, INRA, UJF Grenoble I, 38054 Grenoble, France

The LEAFY transcription factor is a key regulator of flower development. It triggers the formation of the floral bud and controls
its patterning. The LEAFY protein has a well-characterised C-terminal DNA binding domain and a N-terminal domain of
unknown function.
To understand how the protein function, we used an integrative approach, combining biochemistry, structural biology and
functional characterisation in vivo.
We showed that the N-terminal region is an oligomerisation domain, required for proper DNA binding and for LEAFY function in
planta.
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The pneumococcal GAPDH: surface export and recognition by the complement classical
pathway.
Rémi TERRASSE 1 , Pascale TACNET-DELORME 2 , Thierry VERNET 1 , Nicole THIELENS 2 , Philippe FRACHET 2 ,
Anne-Marie DI GUILMI 1
1 Pneumococcus group, CEA CNRS UJF-Grenoble 1, Institut de Biologie Structurale UMR 5075, Grenoble, France.
2 Immune response to pathogens and altered self group, CEA CNRS UJF-Grenoble 1, Institut de Biologie Structurale UMR 5075, Grenoble,
France.

S. pneumoniae, a gram-positive bacterium, is a major human pathogen, which causes pneumonia, meningitis and septicemia.
To insure its survival and dissemination, the pneumococcus deploys an array of virulence factors promoting invasion of tissues
and evasion from the immune system. Those virulence factors are mostly proteins associated with the bacterial surface. A
particular class of virulence proteins not associated with any known export system, the moonlighting proteins, are located on
the pneumococcal surface. Moonlighting proteins are conserved cytoplasmic metabolic enzymes or molecular chaperones
localized in various cellular compartments and exhibiting additional functions. The glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) has been found at the surface of a large range of organisms, bacteria, fungi, parasites, upper eukaryotic cells and
display diverse roles in the virulence processes of pathogenic organisms and in the regulation of physiologic eukaryotic
functions.
The pneumococcal surface GAPDH acts as a virulence factor by binding to host plasminogen/plasmin, which facilitates the
bacterial invasion through the extracellular matrix and the endothelial and epithelial cell barriers. However, the mechanisms
leading to the GAPDH export and binding to the bacterial surface had not been deciphered yet. We present evidences
indicating that the GAPDH is released upon cell lysis and associates with the cell wall.
The human GAPDH is present at the surface of apoptotic cells and appears to be a ligand for C1q, a defense collagen involved
in apoptotic cells clearance. Since S. pneumonia displays GAPDH at the cell surface, we investigated the recognition of the
pneumococcal GAPDH by C1q. We show that the soluble recombinant GAPDH is recognized by C1q through its globular
regions, with a nanomolar affinity range. In addition, the native surface-associated pneumococcal GAPDH is recognized by
C1q. Furthermore, we demonstrate that the recognition of the pneumococcal GAPDH by C1q leads to complement activation.
Using an in vitro assay we have shown C1 complex activation upon recognition of the GAPDH. In vivo, recognition of the
pneumococcal surface GAPDH leads to C4 and C3 deposition.
In conclusion, these data demonstrate that the surface-associated
pneumococcal GAPDH is recognized by C1q, leading to complement activation and bacterial opsonization.
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Characterization of VKORC1L1, a new protein involved in the resistance to vitamin K
antagonist drugs?
Abdessalem HAMMED 1 , Benjamin MATAGRIN 1 , Etienne BENOIT 1 , Virginie LATTARD 1
1 USC1233 INRA/VetAgro Sup - VetAgro Sup, Campus Véterinaire de Lyon

The carboxylation of vitamin K dependent proteins requires the vitamin K hydroquinone as cofactor. The vitamin K epoxide is a
by-product of this carboxylation. Thus, the vitamin K epoxide has to be reduced. The VKORC1 was described as the unique
enzyme able to reduce the vitamin K epoxide. This integral ER membrane protein is the target of vitamin K antagonists, which
are used in thrombosis therapy and prophylaxis. Recently, an homologous protein to VKORC1 has been described: the
VKORC1L1. However, data on this enzyme are limited. In this study, we thus proposed to characterize VKORC1L1.
VKORC1L1 was expressed in Pichia pastoris as a membrane-bound protein. Yeast microsomes containing the VKORC1L1
protein were assayed for the vitamin K epoxide reductase (VKOR) activity. Using vitamin K2,3-epoxide as a substrate, the
vitamin K produced by the recombinant VKORC1L1 was measured by LC-MS/MS. The results demonstrate that VKORC1L1 is
able to catalyze the reduction of vitamin K2,3-epoxide to vitamin K with a Km similar to that obtained for VKORC1. Using
warfarin as an inhibitor, it was shown that VKORC1L1 is 30 to 50-fold more resistant to warfarin than VKORC1.
To evaluate the tissue expression of VKORC1L1, total RNA were extracted from several tissues and a real-time RT-PCR
method allowed the relative quantification of VKORC1L1 mRNA, comparatively to those of VKORC1 mRNA. Results
demonstrate that in the liver, VKORC1 is predominant. In the other tissues tested, the quantities of the two transcripts are
similar, moreover, in the testis and the brain, VKORC1L1 mRNA appear to be slightly more abundant than those of VKORC1.
The relative expression of VKORC1 and VKORC1L1 in different tissues was evaluated in a VKOR assay based on the catalytic
properties of VKORC1 and VKORC1L1, and particularly the warfarin resistance of VKORC1L1. In the liver, VKORC1 catalyzed
the VKOR reaction up to 95 % whereas in the testis, VKORC1 catalyzed 45 % of the VKOR activity only. In the testis, 55% of
the VKOR activity was ensured by VKORC1L1.
Catalytic based observation and mRNA expression appears quite coherent and in favor of the involvement of VKORC1L1 in
different extrahepatic tissues.
In conclusion, VKORC1L1 not only appears to be an alternative way for the recycling of the vitamin K but could also represent
a new way of resistance to vitamin K antagonist drugs, especially in the extrahepatic tissues.
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Chaperone-assisted excisive recombination: a solitary role for DnaJ (Hsp40) in lysogeny
escape
Stéphanie CHAMP 1 , Nathalie FRANCHE 1 , Tania PUVIRAJESINGHE 1 , Latifa ELANTAK 2 , Sabrina LIGNON 3 ,
Marianne ILBERT 4 , Pierre GENEVAUX 5 , Mireille ANSALDI 1
1 Laboratoire de Chimie Bactérienne CNRS UMR7283, Marseille, France
2 Laboratoire d'Ingénierie des Systèmes Macromoléculaires CNRS UMR7255, Marseille, France
3 Proteomic facility (MaP Marseille Protéomique IBiSA), Marseille, France
4 Bioénergétique et Ingénierie des Protéines CNRS UMR7281, Marseille, France
5 Laboratoire de Microbiologie et Génétique Moléculaires, UMR 5100, Toulouse, France

Temperate phages have the ability to maintain their genome in their host, a process called lysogeny. In stressful conditions
such as DNA damage, the phage DNA is excised and resumes the viral cycle. The KplE1 defective prophage of E. coli K12
constitutes a model system because it is fully competent for integrative and excisive recombination and presents an atypical
recombination module which is conserved in various (pro)phage genomes. Our results show that the host-encoded
stress-responsive molecular chaperone DnaJ (HSP40) is recruited by the TorI recombination directionality factor (RDF). DnaJ
assists prophage excisive recombination in vitro and in vivo by increasing the affinity of the RDF for its specific DNA target.
Interestingly, we found that the role of DnaJ in prophage excision was independent of DnaK (HSP70). Also, we provide
evidences of a direct interaction between TorI and DnaJ. NMR titration experiments show that specific regions of the TorI
protein involved in DnaJ recruitment are mainly composed of α-helices which are located on a surface opposite to the DNA
binding region. Finally, using circular dichroism, we show that DnaJ causes a conformational stabilization of α-helices which
allows TorI to adopt a more favorable conformation for binding to its specific DNA target.

HK620 phage particules and TorI RDF structure. Photos credit: M.Ansaldi @ LCB; artistic credit: J. Puvirajesinghe
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Mechanisms of cell wall elongation in the pneumococcus
Jules PHILIPPE 1 , André ZAPUN 1 , Thierry VERNET 1
1 Institut de Biologie structurale - Jean Pierre EBEL - UMR 5057 (CEA,CNRS,UJF) - Grenoble - France

Streptococcus pneumonia (the pneumococcus) is a human pathogen that kills more than 1.6 million people in the world each
year (WHO). It causes diseases such as pneumonia, septicemia and meningitis among others. The resistance of this organism
to antibiotics has been increasing over the last decades. Deciphering the details of the mechanisms targetted by these drugs is
now required to fight this pathogen.
This study aims at understanding a mechanism inhibited by the action of penicillin: cell wall assembly. Four membrane proteins
involved in cell wall elongation in the pneumococcus (PBP2b, RodA, MreC and MreD) were shown to form a complex in vitro.
After expression as recombinant proteins in E. coli and bacterial membrane isolation, they were solubilized with detergent and a
two-steps purification assay allowed to recover the complex. The interaction of this machinery with the division complex of
Streptococcus pneumonia is still to be investigated as it remains unclear whether it is associated or not with the elongation
proteins.
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Functional characterization of two Plasmodium falciparum Ca2+ transporters: their study as
potential antimalarial targets
Stéphanie BOSNE 1 , Paul MACHILLOT 1 , Cédric MONTIGNY 1 , Marc LE MAIRE 1 , Christine JAXEL 1
1 Laboratoire des Protéines Membranaires UMR 8221 CEA, CNRS, et Université Paris-Sud iBiTecS, CEA de Saclay F-91191 Gif-sur-Yvette,
France

Malaria is a disease responsible for more than 800.000 deaths per year. It is caused by a parasite of the genus Plasmodium,
transmitted by the insect vector Anopheles. The recent emergence of resistance to potent antimalarials urges the discovery of
novel drug targets.
PfATP4 and PfATP6 are two P. falciparum Ca2+ transporters considered as important drug target. PfATP4 does not present
any human ortholog. PfATP6 is the parasite ortholog of the well known SERCA1a that has been widely studied by the
laboratory. PfATP6 has been previously expressed in yeast, purified and functionally characterized[1-3]. Specific inhibitors are in
preliminary testing both on the purified protein and also on in vitro P. falciparum growth. The optimized PfATP4 gene is still in
the cloning stage into the yeast expression vector (pYeDP60).
[1] Cardi D, Pozza A, Arnou B, Marchal E, Clausen JD, Andersen JP, Krishna S, Møller JV, le Maire M, Jaxel C. Purified E255L mutant
SERCA1a and purified PfATP6 are sensitive to SERCA-type inhibitors but insensitive to artemisinins. J. Biol. Chem. 2010;
[2] Cardi D, Montigny C, Arnou B, Jidenko M, Marchal E, le Maire M, Jaxel C. Heterologous expression and affinity purification of eukaryotic
membrane proteins in view of functional and structural studies: The example of the sarcoplasmic reticulum Ca(2+)-ATPase. Methods Mol. Biol.
2010;
[3] Arnou B, Montigny C, Morth JP, Nissen P, Jaxel C, Møller JV, Maire M., The Plasmodium falciparum Ca(2+)-ATPase PfATP6: insensitive to
artemisinin, but a potential drug target. Biochem. Soc. Trans 2011.
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Glycomimetics conjugates to inhibit HIV transmission by dendritic cells
Ieva SUTKEVICIUTE 1 , Norbert VARGA 2 , Renato VIANA 3 , Jesus ANGULO 3 , Michel THÉPAUT 1 , Javier ROJO 3 ,
Pedro NIETO 3 , Anna BERNARDI 2 , Franck FIESCHI 1
1 Institut de Biologie Structurale, Université Grenoble I, 41 rue Jules Horowitz, 38027 Grenoble.
2 Università degli Studi Milano, Dipartimento di Chimica Organica e Industriale, via Venezian 21, 20133 Milano, Italia
3 Grupo Carbohidratos, Instituto de Investigaciones Químicas, CSIC - Universidad de Sevilla, Américo Vespucio 49, 41092 Sevilla

Dendritic cells (DCs) are the first immune barrier encountered by various pathogens after they invade peripheral and mucosal
tissues. A range of different receptors expressed on the surface of DCs serves to capture pathogens for further processing,
antigen presentation and T cells activation. One of these receptors, a C-type lectin DC-SIGN (Dendritic Cell-Specific
Intercellular adhesion molecule 3-Grabbing Non- integrin), has an important role in host immune functions regulation. However,
it also binds to a number of lethal opportunistic pathogens, including HIV-1, and consequentially enhances their adhesion,
infectivity and persistence in patients, which makes DC-SIGN an important pharmaceutical target [1]. DC-SIGN binds pathogens
through complex mannose and fucose based oligosaccharide structures on the glycoproteins. DC-SIGN has been shown to
exist in the form of tetramers, which in turn are clustered in lipid rafts on DCs [2]. Due to such clustered organization of
DC-SIGN and high glycosylation of its ligands, the interactions with the pathogens are multivalent and have high avidity. Thus,
these properties must be considered for development of DC-SIGN/pathogen interaction inhibitors.
Glycomimetic molecules are interesting drug candidates for DC-SIGN inhibition due to their high solubility, resistance to
glycosidases and non-toxicity. Indeed, a first molecule has been shown as efficient to inhibit DC-SIGN-mediated HIV infection [3]
. In this study, we have designed mannose based glycomimetic compounds and tested their potencies to inhibit DC-SIGN
interaction with a model glycoprotein in surface plasmon resonance (SPR) assay. In these series several glycomimetic
compounds were identified as best inhibitors. Furthermore, we have developed several scaffolds for glycomimetic ligand
presentation at various multivalency levels and different spacings. These scaffolds were conjugated with natural or selected
glycomimetic ligands and their potencies to block DC-SIGN binding to glycoproteins were evaluated in SPR. The results
revealed several scaffolds that possess significant avidity values.
[1) Beat Ernst and John L. Magnani. Nature Reviews Drug Discovery 8, 661-677 (2009)
[2] A. Cambi et al. J. Cell. Biol. 164 (1), 145-155 (2004)
[3] Sara Satin et al. ACS Chemical Biology 5, 301-312 (2010)
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Régulation des facteurs de virulence par la température chez la bactérie phytopathogène
Dickeya dadantii
Elodie HÉRAULT 1 , William NASSER 1
1 Laboratoire MAP - UMR5240 - Laboratoire Microorganisme, Adaptation et Pathogénie UMR 5240 - Bâtiment Lwoff 10, rue Raphaël Dubois,
69622 VILLEURBANNE CEDEX - France

Dickeya dadantii is a Gram-negative pathogen infecting a wide range of plant species. Soft rot, the visible symptom, is mainly
due to the production of pectate lyases (Pels) that can destroy the plant cell walls. Production of Pels is controlled by a complex
regulation system and responds to various stimuli, such as the presence of pectin or plant extracts, growth phase, temperature
and iron concentration. Although many studies have been carried out, the mechanisms of control of Pels production by
temperature have not yet been elucidated. We show that PecT, a previously identified repressor, is involved in the
thermoregulation of the pel gene expression. Using in vivo Chromatin ImmunoPrecipitation (ChIP) coupled to quantitative
RT-PCR (qRT-PCR), we reveal that PecT binding to the pel gene promoters is modulated by temperature. By manipulating the
DNA topology in vivo, we further show that DNA supercoiling state is involved in the thermoregulation of pel gene expression by
PecT. In addition, we show that the development of the pathogenicity of the pecT mutant according to changes in temperature
is different from that of the parental strain. This report presents, at the first time, an example of how plant pathogenic bacteria
use transcription factor and DNA topology to adjust synthesis of virulence factors in response to temperature variation.
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Assembly and maturation of bacteriophage T5 capsid
Pascale BOULANGER 1 , Olivier PREUX 1 , Dominique DURAND 1 , Patrice VACHETTE 1 , Madalena RENOUARD 1 ,
Javier PEREZ 2 , Didier TREVARIN 2 , Alexis HUET 3 , James CONWAY 3 , Lucienne LETELLIER 1 , Claire BOULOGNE 1 ,
Aurélie BERTIN 1
1 Institut de Biochimie et Biophysique Moléculaire et Cellulaire, UMR 8619, Univ. Paris Sud, Orsay, France
2 Synchrotron SOLEIL, Gif-sur-Yvette, France
3 Department of Structural Biology, Univ. of Pittsburgh, School of Medicine, Pittsburgh PA, USA

Most bacteriophages have an icosahedral capsid containing a densely packed dsDNA and a tail that serves to recognize the
bacterial surface and deliver the genome into the host cell. Assembly of their capsid follows the same general scheme,
including packaging of viral DNA into a preformed prohead. A scaffolding protein guides the correct assembly of this initial shell
from a major coat protein and a portal protein forming a gate at a unique vertex through which DNA is packaged during
assembly and released at the onset of infection. DNA packaging into the prohead is powered by the terminase, an ATP-driven
molecular motor, and is coupled to an expansion of the capsid that allows it to accommodate the full genome. Head completion
and decoration proteins then close and stabilize the filled capsid, which sustains a pressure of ca. 60 atm generated by the
packed DNA. Our working model, the coliphage T5, is representative of the Syphoviridae family. T5 consists of a large
icosahedral capsid containing a 121kbp dsDNA and a 250 nm long flexible tail. The capsid structure was solved at 20Å
resolution from cryoelectron microscopy and image reconstruction[1]. It is built from the head protein pb8 whose subunits form
pentons located at the vertices and hexons located at the faces. The hexons are decorated by the accessory protein pb10. One
vertex is occupied by the portal protein pb7 and the head completion protein p144. We have deciphered the early events of T5
capsid assembly[2]. The prohead I is assembled from pb8, which includes an N-terminal scaffolding domain, from pb7 and the
head protease pb11. Proteolytic maturation of the three proteins by pb11 yields prohead II, allowing packaging of the DNA. We
used biochemical and biophysical approaches to characterize in vitro the maturation of T5 proheads II produced from a T5
mutant impaired in the terminase. Expansion of proheads II was triggered by modification of pH and salt conditions. SAXS
time-resolved experiments showed a two-states process, indicating that expansion is a stochastic event and that the structural
reorganization of pb8 subunits is highly cooperative within the capsid. In vitro expansion yielded maturated capsid that could be
fully decorated by purified pb10. This work open the way to the in depth study of the maturation process yielding a remarkably
stable capsid with no need for cross-linking or cementing proteins.
[1] Effantin G. et al. (2006) J. Mol. Biol. 361, 1003-1034;
[2] Huet A, et al. (2010) J. Virol. 84, 9350-9358
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Spatial organization of Mur enzymes: towards optimization of peptidoglycan biosynthesis
Sandy FAVINI-STABILE 1 , Nicole THIELENS 2 , Carlos CONTRERAS-MARTEL 1 , Andréa DESSEN 1
1 Bacterial Pathogenesis Group, Institut de Biologie Structurale, Grenoble
2 Immune Response to Pathogens and Altered-Self Group, Institut de Biologie Structurale, Grenoble

Resistance to antibiotics is increasingly frequent and threatening, owing to the breadth of resistance fields and the fast
transmission between bacterial strains. The relatively well-known mechanism of bacterial cell wall formation remains a pathway
of prime interest in the search for therapeutic targets. Interestingly, several interactions between proteins involved in
peptidoglycan synthesis have been shown or at least suggested. Among them, Mur ligases (MurC, D, E, F, and G) were seen
by immunofluorescence to co-localize with MraY, depending on intact MreB cables, and were therefore suggested to form a
complex within the cytoplasm. These enzymes sequentially catalyze the first steps of peptidoglycan synthesis, namely the
formation of the stem peptide, and are encoded within a unique operon in most bacterial strains. Our goal is to understand how
these proteins are spatially organized, and isolate a complex of these proteins. We have cloned, expressed, and purified MurC,
MurD, MurE, MurF and MurG, and MreB from Thermotoga maritima as isolated entities as well in polycistronic forms. Complex
formation is being addressed through co-expression, co-purification, and co-crystallization strategies by employing
combinations of enzymes.
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