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The European Institute of Chemistry and Biology enters its 15th 

year. Created in 1998 by Prs Jean-Yves Lallemand and Léon 
Ghosez on the basis of an innovative concept in the French 
landscape of academic research, our institute proves to be more 
and more attractive for young talented researchers from all 
over the world, willing to develop interdisciplinary projects in 
an outstanding environment. As every year, the annual scien-
tific report provides me with the opportunity to highlight major 
achievements and key events that paved the year 2011 at IECB.

First, I want to congratulate Denis Dupuy and Cameron Mack-
ereth, two young group leaders recruited three years ago on 
temporary positions. Both of them were hired in June 2011 by 
Inserm as “Chargé de Recherche 1” following a highly competi-
tive national process. I am particularly happy as this will allow 
them developing their ambitious projects under less stressing 
conditions. This also demonstrates that our stringent selection 
under the responsability of the International Scientific Advisory 
Board (ISAB) guarantees a high standard recruitment. Indeed, 
up to now, every IECB group leader got a permanent position 
before the end of his/her contract. I am sure this will continue 
and I am confidently expecting the recruitment in 2012 of our 
last group leader presently under contract.

This foreword also offers me the opportunity to acknowledge 
the wonderful job carried out by the ISAB chaired by Daniel Lou-
vard. Simon Campbell, who used to work for Pfizer (UK) will 
step down after 14 years dedicated to the recruitment and the 
evaluation of IECB group leaders. We will miss his open mind 
and sharp vision. But we will keep an input from the indus-
try thanks to Daniel Shirlin, vice-president of R&D at Sanofi-
Aventis, particulaly in charge of research and translational 
medicine. He actually took part in the Board meeting last fall. 
I hope this first contact with our institute will be followed by 
many others. I wish to emphasize here the key role played by 
the Board in the scientific evolution of the institute over the 
years. 

Several corner stone papers were published in prestigious 
journals by IECB group leaders and their staff in 2011. 
Cameron Mackereth, together with colleagues from the Helm-
holtz Zentrum München and the Technical University of Munich, 
the European Molecular Biology Laboratory in Heidelberg and 
the Centre for Genomic Regulation in Barcelona, has discovered 
how the human U2AF protein enables diverse patterns of intron 
elimination, and consequently increases the number of different 
proteins made from a single gene. The results were published 
online on July 13th in Nature. The team found that the spatial 
structure of the U2AF protein alternates between a closed con-
formation that is inactive, and an open active form that triggers 
intron removal. Intron sequences vary in their ability to selec-
tively bind and stabilize the active conformation. Disruption of 
this key process in splicing may be involved in many diseases, 
including cancer. 

Ivan Huc and colleagues keep going around what is now re-
cognized as a landmark of the Institute: foldamers, i.e. synthetic 
biomimetic polymers adopting pre-determined and controlable 
three-dimensional shapes. Ivan, in collaboration with a Chi-
nese team from the Beijing National Laboratory for Molecular 
Sciences, has developed the first nanopiston capable of self-
assembly. A  moving helix is wrapped around a rod formed of a 
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slender molecule. The helicoidal oligomer moves along the rod 
depending on the acidity of the medium in which the molecular 
motor is immersed. By increasing the acidity, the helix is drawn 
towards one end of the rod; by reducing the acidity, the process 
is reversed and the helix goes in the other direction. This work 
was published in Science, in March 2011.

Stéphane Quideau, organic chemist and Elisabeth Génot, cell 
biologist, co-published on April 27th a paper in Angewandte 
Chemie International Edition. Stéphane has been investigating 
C-glucosidic ellagitannins, a class of natural polyphenolic pro-
ducts, for the past ten years. In 2007, in the frame of an IECB 
internal call for inter-team projects, Stéphane and Elisabeth hy-
pothesized that vescalagin, an ellagitannin extracted from oak 
wood, was likely to perturb the assembly of certain proteins 
within the cell. Three years later, the two teams provide evidence 
about the ability of this polyphenol to enter the cell, to bind to fi-
brillar actin (F-actin) without interacting with monomeric globu-
lar actin (G-actin), and to wind F-actin filaments into aggregates 
without any perturbation of the microtubule network. 

Alain Brisson and his team demonstrated in a paper released on 
April 5th in Nature Communications that Annexine-A5 plays a 
central role in cell membrane repair. Following membrane dam-
age via laser irradiation, they observed that cells lacking Annexin-A5 
presented a defect in their membrane repair machinery, and that 
the addition of Annexin-A5 restored their repair ability. They 
showed that Annexin-A5 promotes repair through the formation 
of 2D arrays at the sites of membrane rupture by preventing the 
expansion of the tear and facilitating membrane resealing. Alain 
will undoubtedly keep working on Annexin-A5, his favourite 
topic over the last twenty years, outside IECB. Indeed, he reached 
the end of his ten year contract. He is the seventh group leader 
to leave the institute, according to the IECB concept, that stipu-
lates that teams are hosted for a limited period. I wish he will 
keep contacts with other IECB scientists, allowing new transdici-
plinary projects to be initiated and that we will continue to ben-
efit from his expertise in electron microscopy and membranes. 

Conversely we were happy enough to attract a new group leader 
in molecular and cellular biology. Anne Royou joined the insti-
tute in March 2011. In 2001, she obtained a PhD thesis under the 
guidance of Dr. Karess, at the Centre de Génétique Moléculaire 
in Gif-sur-Yvette, France. Her research on non-muscle myosin 
II during development in drosophila led her to collaborate with 
Dr. William Sullivan’s lab at the University of California, Santa 
Cruz, a team she joined in 2002 as a post-doctoral fellow. Dur-
ing her post-doctoral studies, Anne focused her research on the 
mechanism that prevents chromosomal instability. Her team at 
IECB, “Control and dynamics of cell division”, will explore how 
the drosophila embryo divides when its genome is damaged. 
This makes available a second animal model at IECB and will 
extend our expertise in the mechanisms relevant to cancer de-
velopment. I wish her a fruitful activity at IECB.

As every year at IECB, we are currently working hard with two 
new candidates strongly recommended by the ISAB after its 
2011 meeting. Hopefully, with the support of our trustees and 
of the Conseil régional d’Aquitaine, two new group leaders will 
join us before the end of 2012, strengthening our expertise in 
RNA and more particularly in protein synthesis in prokaryotes on 
the one hand, and in mass spectrometry of non covalent macro 
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“Over the years, the IECB concept has demonstrated its worth 
for erecting an attractive and high-standard research institute.”

complexes with a focus on nucleic acid complexes on the other 
hand.

In 2011, the many efforts made over the last two years in the 
frame of a European Sudoe INITERREG programme (Interbio) 
dedicated to biotechnology and health sciences came to frui-
tion. We had more and more exchanges with our colleagues 
from Barcelona, Lisbon, Toulouse and Valencia. Several collabo-
rative research projects were initiated over 2011. They will likely 
lead to exciting results and technology transfer, as this is one 
of the major goals of Interbio. IECB researchers took an active 
part in the research to business meeting organized  in Valen-
cia last Fall. I take this opportunity to acknowledge the efforts 
made by Alain-Michel Boudet, the Interbio coordinator, and Ijs-
brand Kramer, in charge of this programme at IECB. Hopefully 
exchanges will continue and contacts will even be amplified in 
the new Transbio project that -if funded by the EU- will involve 
new partners; for IECB this will be of the utmost interest in the 
frame of the Euroregion that brings together Aquitaine in France 
and Euskadi in Spain.

I could conclude this 2011 foreword like the 2010 one, pinpoint-
ing that over the years “the IECB concept has demonstrated its 
worth for erecting an attractive and high-standard research in-
stitute”. Indeed, group leaders are productive; interdisciplinary 
projects are blossoming; transfer from research groups led to 
the creation of a company - Fluofarma - and of a technology 
transfer unit - Novaptech. IECB is more attractive than ever for 
young talented researchers (last year we received more than 
seventy applications). I could be a happy director looking for 
new scientific challenges. However I am afraid that the multiple 
labels recently distributed under the umbrella of the so-called 
Investissements d’Avenir might obscure the lanscape, lead to 
even more bureaucracy and encourage local feodalism without 
providing the necessary support. I wish that our trustees - and 
more particularly the University of Bordeaux - will recognize the 
pioneering character of IECB and the talent of the twenty-one 
group leaders that successively contributed to its reputation 
since its opening. I hope they will keep supporting and funding 
this institute, unique in France, which achieved international vi-
sibility through research at the frontier between chemistry and 
biology. 

 
     
Dr. Jean-Jacques Toulmé

    



The Institut européen de chimie et biologie (IECB) is a research team incubator placed under the joint 
authority of the CNRS, the Inserm and the Université de Bordeaux. It was created in 1998 with the 
support of the Aquitaine Regional Council to provide promising European chemists and biologists 
with an environment designed to facilitate the development of first-class interdisciplinary research 
programs, in collaboration with international public and private research centres. 

IECB’s International Scientific Advisory Board guides the selection and periodic evaluation of the 
team leaders. After a probative period of two years, research teams are then hosted for a maximum 
of 8 years. During their stay at IECB, teams enjoy full financial and managerial autonomy and benefit 
from state-of-the-art facilities and dedicated technical expertise through IECB’s technology platforms 
in structural biology and preparative and analytical techniques. 

The IECB is now the largest research team incubator in France recognized by the “Mission pour 
l’interdisciplinarité” of the CNRS, with 15 research teams accounting for 150 researchers and expert 
technicians. A company – Fluofarma – and a technology transfer unit – Novaptech –, both created 
by former IECB team leaders, also operate on site and currently employ over 25 people. 
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In 2011, Neil Owens, post-doctoral fellow in the team of Gilles Guichard, was awarded 
the Helen Starck prize by the French Association for Cancer Research (ARC) for his 
research project on molecules capable of causing the death of cancer cells.
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250 researchers and entrepreneurs from South-West 
Europe at IECB

The first Interbio week, held at the IECB from the 26th to the 30th 
of June 2011 gathered 250 researchers and entrepreneurs from  
Barcelona, Bordeaux, Lisbon, Toulouse and Valencia. 
This Interbio event, which was aimed at fostering interregional 
scientific cooperation and technology transfer in the field of life 
and health sciences, gave participants the opportunity to famil-
iarize with systems biology and polypharmacology, to explore 
the new perspectives offered by microfluidic devices and to learn 
about the latest advances in RNA research.
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IECB teams strengthen their ties with the French 
associations for cancer research

Since the Teichmann team was approved Equipe Labellisée by 
the Ligue contre le Cancer in 2010, the IECB teams have kept on 
consolidating their ties with the French associations for cancer 
research. In October 2011, Neil Owens, post-doctoral fellow 
within the Guichard team, was awarded the Helen Starck prize by 
the ARC for his research project on molecules capable of causing 
the death of cancer cells. A few weeks later, the ARC confirmed 
that the research proposal on G-quadruplexes ligands submit-
ted by Jean-Louis Mergny was accepted in the frame of the Pro-

gramme ARC (170 000 € over 3 years). 
The IECB teams funded by the Ligue contre le Cancer also took 
action to maintain their relationships with the association. On 
December 1st 2011, the teams led by Sébastien Fribourg, Martin 
Teichmann and Jean-Jacques Toulmé, offered a guided tour of 
their labs to 27 donors and volunteers from the Dordorgne com-
mittee of the association (see picture above). 

A rejuvenated Young Scientist Symposium 

Since it was launched in 2008, the IECB Young Scientist Sympo-

sium has been organised by young researchers for young re-
searchers. The 4th edition of the event, held at IECB on May 19-
20, 2011, was attended by 110 young chemists, biologists and 
physicists from the Interbio community. Over two days, young 
researchers from Spain, France and Portugal had the opportu-
nity to present their results through oral communications and 
posters, and discuss the various career paths available to them 
with professionals working in academia and technology transfer. 
Enthused by the success of the 2011 edition of the event, 11 
PhD students and postdoctoral fellows from the IECB joined the 
organizing committee in October 2011! To organize the 5th IECB 

Young Scientist Symposium, they will need to raise 6000 € by 
May 2012.



IECB biobusinesses attend the Interbio Research-
to-Business meeting

Julie Plane, sales manager at Fluofarma, Sonia Da Rocha, executive 
manager of Novaptech, and Andrew Goldsbrough (see p.71), CEO 
of Cyclops Genome Sciences, all attended the Interbio Research-
to-Business meeting co-organized by FIVEC and the IECB in  
Valencia on November 17-18 2011. 40 companies, 2 bioregions, 
6 bioclusters, 35 research centers, 26 universities and 14 techno-
logy transfer offices (including Aquitaine Valo) were represented. 
Almost 50 one-to-one meetings took place over the event. Julie 
Plane from Fluofarma, had 3 interviews and some additional con-
tacts: “After the conference, I contacted some of the speakers. 

They replied quickly and were willing to transfer my contact de-

tails to the right person in their company. The fact that people 

keep helping each other after the event demonstrates that there 

is a true network spirit within Interbio.”

According to Arturo Ortigosa, director of FIVEC, this first expe-
rience in the organization of a business-oriented Interbio event 
bodes well for the future: “The event was attended by big phar-

mas, start-ups and technology transfer offices from all the Inter-

bio regions. Participants provided us with very positive feedback, 

which is encouraging at a time when we prepare the future of 

Interbio, with a second INTERREG SUDOE application for the pe-

riod 2012-2014 that will focus on technology transfer”.

Science Days 2011: over 200 secondary school 
students visited the IECB

Every year, the IECB teams open their labs to secondary school 
students from Aquitaine in the context of the Science Days. In 
2011, at the occasion of International Year of Chemistry, two 
young researchers from the Stéphane Quideau team set up an 
activity entitled “All the way long from plant to medicine through 

wine – the chemistry of polyphenols” (see picture on the right). 
Participants had the opportunity to understand how chemists 
exctract 1 gram of vescalagin out of 1 kilogram of wood, why 

this molecule could be found  in wine aged in oak barrels, and 
how this plant polyphenol could  contribute to human health. 
The activity, led by Rémi Jacquet and Emilie Petit, was a great 
success: over 200 students walked in the door of their lab!

France-Japan workshop at IECB: An excellent first 
vintage

In October 2011, 30 senior scientists from the Japanese Stra-

tegic Alliance Project for the Creation of Nano-Materials, Nano-

devices and Nano-systems spent a few days in Bordeaux in the 
context of the first France-Japan workshop held at IECB. Over 
two days, French and Japanese research directors working in 
field of bio-inspired nano-architectures, materials and imag-
ing got to know each other better through posters sessions (see 
above picture), oral presentations and... Bordeaux wine tasting 
sessions... Following the event, further bilateral exchanges are 
expected to take place.
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In 2011, the IECB International Scientific Advisory Board welcomed a 
new member: Dr Daniel Schirlin, Vice-President, Deputy Head of R&D in 
charge of Research and Translational Medicine at Sanofi-Aventis
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Board members 
International scientific advisory board (ISAB)
 
Dr. Daniel LOUVARD President
Institut Curie, Paris, France

Pr. Iain D. CAMPBELL
Departement of Biochemistry, University of Oxford, UK

Dr. Simon CAMPBELL
Royal Society of Chemistry, London, UK

Dr. Witold FILIPOWICZ
Institut Friedrich Miescher, Basel, Switzerland

Dr. Bernd GIESE
Departement of Chemistry, University of Basel, Switzerland

Pr. Roeland NOLTE
Radboud University Nijmegen, Netherlands

Prof. Dinshaw PATEL
Memorial Slaon-Kettering Cancer Center, New York, USA

Pr. Yves POMMIER
National Cancer Research, NIH, Bethesda, USA

Dr. Daniel SCHIRLIN
Sanofi Aventis, Paris, France

Dr. Moshe YANIV
Institut Pasteur, Paris, France

Former ISAB members

Pr. Claude HÉLÈNE
Muséum National d’Histoire Naturelle, Paris, France (1999 – 2003)

Pr. Georges HUEZ
Université Libre de Bruxelles, Brussels, Belgium (2000 – 2005)

Pr. Steven LEY
Departement de Chemistry, University of Cambridge, UK (1999 – 2005)

Pr. Helmut RINGSDORF
Institut für Organische Chemie, Johannes Gutenberg Universität, 
Mainz, Germany (1999 – 2006)

Pr. Fritz ECKSTEIN
Max Planck Institute for Experimental Medicine, Göttingen, Ger-
many (2003 – 2006)

Pr. Jack BALDWIN
Departement of Chemistry, University of Oxford, UK (2005 – 2007)

Pr. Wilfred van GUNSTEREN
Laboratory of Physical Chemistry, ETH, Zürich, Switzerland 
(1999 – 2007)

Pr. François DIEDERICH
Department of Chemistry and Applied Biosciences, ETH, Zürich, 
Switzerland (2006 – 2008)

Pr. Jean-Yves LALLEMAND
Institut de Chimie des Substances Naturelles, CNRS Gif-sur-
Yvette, France (1999-2010)

Board of directors

Dr. Jean-Jacques TOULMÉ Executive Scientific Director
Research director, U869 (Inserm - Université Bordeaux Segalen)  

Dr. Ivan HUC Deputy Scientific Director
Research director, UMR 5248 (CNRS - Université Bordeaux 1) 

Dr. Jean-Louis MERGNY Deputy Scientific Director
Research director, U869 (Inserm - Université Bordeaux Segalen)  

Mrs. Stéphanie MONTAGNER Administrative Director (CNRS)

Former directors

Pr. Jean-Yves LALLEMAND Former Executive Scientific Director 
(1998-1999)

Pr. Léon GHOSEZ Former Deputy Scientific Director (1998-2008)

Steering committee 

Dr. Elisabeth GÉNOT 
Research director, U1053 (Inserm - Université Bordeaux Segalen)

Dr. Ivan HUC Deputy Scientific Director
Research director, UMR 5248 (CNRS - Université Bordeaux 1)

Dr. Michel LAGUERRE 
Research director, UMR 5248 (CNRS - Université Bordeaux 1)

Dr. Brice KAUFFMANN Head of IECB’s technology platforms
Engineer, UMR 5248 (CNRS - Université Bordeaux 1)

Dr. Jean-Jacques TOULMÉ Executive Scientific Director
Research director, U869 (Inserm - Université Bordeaux Segalen)  

Dr. Jean-Louis MERGNY Deputy Scientific Director
Research director, U869 (Inserm - Université Bordeaux Segalen)

Mrs. Stéphanie MONTAGNER Administrative Director (CNRS)

Board of trustees

Centre National de la Recherche Scientifique
rue Michel-Ange, 75794 Paris CEDEX 16

Institut National de la Santé et de la Recherche Médicale
101 rue de Tolbiac, 75654 Paris CEDEX 13

Université Bordeaux 1
351 cours de la Libération, 33405 Talence

Université Bordeaux Segalen
146 rue Léo Saignat, 33076 Bordeaux
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Organisational chart

Board of trustees

Board of directors

Steering committee

Administrative services

Research teams Pole 1 - Structural 
biology & biophysics  

Molecular modeling
Dr. Michel Laguerre

Morphologies, dynamics & functions of assemblies of amphiphiles
Dr. Reiko Oda

Molecular imaging & nanobiotechnology
Pr. Alain Brisson

Pole 2 - Organic &
bioorganic chemistry

Supramolecular bioorganic & biomimetic chemistry
Dr. Ivan Huc

Synthesis & activity of natural substances
Pr. Stéphane Quideau

Peptide-based polymer assemblies
Dr. Élisabeth Garanger

Peptidomimetic chemistry
Dr. Gilles Guichard

Pole 3 - Molecular 
recognition

Gene regulation & tumor research
Pr. Martin Teichmann

NMR spectroscopy of protein-nucleic acid complexes
Dr. Cameron Mackereth

Structural biochemistry
Dr. Sébastien Fribourg

Unusual nucleic acid structures
Dr. Jean-Louis Mergny

Pole 4 - Molecular 
& cellular biology

Cell signalling in health & diseases
Dr. Elisabeth Génot

Dynamics of cell growth & cell division
Dr. Derek McCusker

Control & dynamics of cell division
Dr. Anne Royou

Genome regulation & evolution
Dr. Denis Dupuy

Technology platforms Structural biology

Preparative & analytical 
techniques

International scientific
advisory board 

Institut
Européen
de Chimie
et Biologie

UMS 3033 / US 001

Technology transfer
& start-ups

UMS 3033 / US 001
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Visiting scientist  Organic & medicinal chemistry
Pr. Léon Ghosez



In 2011, 190 people were working on the IECB site: 148 research 
staff, 17 employees within the IECB support services unit and 25 em-
ployees of the company Fluofarma and the technology transfer unit 
Novaptech. As shown in the lower right graph, over the past 5 years, 
the number of post-doctoral researchers at IECB has been appreci-
ably growing, mainly due the good performance of IECB teams in 
national and european calls. Young researchers (Master and Phd stu-
dents, postdoctoral researchers) now represent more than the half of 
the IECB staff. This population largely contributes to gender equality 
and internationalization at IECB. It also testifies to the attractiveness 
of the institute.

Number of post-doctoral researchers 
over the past 4 years

IECB researchers and students 
by nationality & professional category

IECB staff by professional category
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Support services at IECB consist of staffs 
in administration and finance, infra-
structure and maintenance, as well as 7 
engineers and technicians dedicated to 
IECB’s technology platforms. The support 
services unit UMS3033/US001 is joint-
ly funded by the CNRS, the Inserm, the 
Université Bordeaux 1 and the Université 
Bordeaux Segalen, and receives finan-
cial support from the Aquitaine Regional 
Council. Research teams also contribute 
to financing those general services.

Administration and finance
Administrative director 
Stéphanie MONTAGNER, IE, CNRS
Accounting and administration officer
Sandra LAVENANT, Tech., Université Bor-
deaux Segalen
Accounting and administration officer 
Céline DOUMEINGTS, Adj, Université 
Bordeaux 1
Accounting and administration officer 
Patricia MARTIN, Tech., INSERM
Accounting and administration officer 
Laurent KUBICKI, Tech., INSERM

Executive assistant office 
Executive assistant 
Elodie EMAILLE, CDD, INSERM

Communication
Communication officer 
Pierre-Emmanuel GAULTIER, CDD, CNRS

Infrastructure
IT manager 
Gérald CANET, IE, INSERM
Infrastructure Officer 
Patrice DUBEDAT, AJT, Univ. Bordeaux 1

Structural biology facilities
Head of structural biology facilities 
and crystallography engineer  
Brice KAUFFMANN, IR, CNRS
NMR engineer 
Cécile COURREGES, IR, CNRS 
Mass spectrometry technician 
Michèle DUPIRE, Tech., Université Bor-
deaux 1

Analytical and preparative
techniques facilities 
Head of the analytical and preparative 
techniques facilities
Sabrina ROUSSEAU, IE, INSERM
High performance liquid chromatogra-
phy assistant engineer  
Yannick CHOLLET, AI, CNRS 
Biochemistry and molecular biology 
engineer  
Thierry DAKHLI, Tech., INSERM
Molecular and cell biology technician 
François PUGNAIRE, Adjt Tech., INSERM

IECB research staff by gender 
& professional category

IECB’s 2011 budget

The budget of the institute, which amounts to 10 millions euros including 
salaries, can be divided into two separate parts: the budget of the support 
services (UMS3033/US001) and the research teams’ own resources. The first 
one is mainly granted by the trustees (CNRS, Inserm, Université Bordeaux 1, 
Université Bordeaux Segalen), while the other comes from public and private 
research grants and contracts.

SUPPORT SERVICES 

(UMS 3033 / US 001)
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In 2011, the IECB team led by Ivan Huc developed the first molecular piston  
capable of self-assembly. Their results were published in Science on March 4th. 
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Due to the increasing power of available computers, molecular simulation is now 
becoming an invaluable tool for structural biology. Using an all-atom representa-
tion, molecular dynamics allows a deep insight into the behavior of biomolecules. 
This approach is used in the context of three axes of research : lipidic assemblies, 
proteins and finally membrane proteins within biomembrane models. To over-
come the limitations of the all-atom approach, mesoscopic representations of 
lipidic assemblies or proteins are developped, so as to gain access to simulations 
on long time or space scales. Finally in silico drug-design techniques allow to fulfil 
some gaps at the medicinal chemistry interface.

All-atom molecular dynamics

Our first research axis is devoted to molecular dynamics of complex lipidic assemblies 
using an all-atom representation : i.e., spherical or cylindrical micelles of various sur-
factants, Langmuir films and various bilayers of biologically relevant lipids. This work is 
performed in close collaboration with several teams involved in experimental biophysics. 
Very recently, we succeeded in determining at the atomic level the global structure of a 
nano-object containing tartrates of geminis. This is the first structure at an atomic level 
of such a nano object (published in JACS).

Concerning the protein axis, we have largely focused our work on kinases over-ex-
pressed in various cancers and more particularly on the mechanism of activation of AKT-
1 which is involved in numerous regulation pathways and thus in many cancers (Cancer 
Institute UK). Two papers have been published in PloS Biology, along with a review on 
the subject. The aim of the project was to unravel at an atomic level the complex activa-
tion process of this master kinase. The whole work has been highlighted in England on 
several internet sites like Yahoo England or Channel Four and in France in the Journal du 
CNRS. This work has now been extended to the kinase PDK-1, which is one of the major 
activating factor of the AKT cascade. A paper has been published in Science Signaling.

Molecular modeling

Pole 1 - Structural
biology & biophysics19

Figure 1: Final structure of the gemini tartrate film structure at an atomic level: geminis are in shade 
of red, tartrates in shade of green and water molecules are in blue. Tubes of aligned water molecules 
can be easily seen in the right panel. Between the two interdigitated layers a hexagonal lattice of water 
molecules insures the global cohesion of the structure.

Dr. Michel Laguerre
Research director (DR2), CNRS

Michel Laguerre, graduate from the Ecole 
Nationale Supérieure de Chimie of Toulouse, 
obtained his Engineering thesis in 1977 and 
his State Thesis (DSC) in Chemistry (Universi-
té Bordeaux I) in 1979 under the supervision 
of Raymond Calas (Organosilicon chemistry). 
He was hired by the CNRS in 1980 and joined 
the Life Sciences Department of the University 
Bordeaux Segalen, where he worked on the 
synthesis and design of drugs in the central 
nervous system area. In 1994 he moved to 
Centre de Recherche Paul Pascal (CRPP) in the 
Chemistry Department of CNRS where he reo-
rientated his research axis toward biomem-
brane models and lipidic assemblies. After 
being promoted Directeur de recherche, he 
joined the IECB in 1998.

Research team
Dr. Juan ELEZGARAY Research director (DR2, 
CNRS)
Dr. Jean DESSOLIN Research officer (CR1, 
CNRS)
Dr. Nada TAÏB Postdoctoral fellow (AFM)
Dr. Marc LAMBLIN Postdoctoral fellow (ARC)
Dr. Pramod AKULA Postdoctoral fellow (ANR)
Dr. Vincent LEROUX Postdoctoral fellow (in-
dustrial grant, Servier)
Judith ELKAÏM PhD Student (MENRT)
Jean-Michel ARBONA PhD Student (MENRT)
Guillaume NATURALE PhD Student (CNRS/
Aquitaine Regional Council)
Driss BENNANI PhD Student (Aquitaine Re-
gional Council)
Elodie LANDAGARAY Master Student 
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We also have considered molecular dynamics of membrane receptors in a full lipidic en-
vironment and monitored the drug/receptor interaction. Actually the main interest lies in 
the GPCR super-family including human dopamin D2 or leukotrien receptors and mainly 
the opiate receptors in collaboration with Vanderbilt University. A paper has been pub-
lished in Protein Science. A second has been submitted to Mol. Pharm. This collaboration 
now extends to the Harvard School of Medecine.

Drug-design & high-troughput in-silico 
screening

The activity lies at the frontier between biology 
and chemistry. Starting from a biological problem, 
we look for small molecules able to interact with 
protein targets. Virtual screening is performed 
with pre-filtered chemical databases, or with 
in-house collections. This approach leads to the 
discrimination of the best putative ligands which 
are then synthesized in our group or through col-
laborations with other teams. A large project for 
4 years has been granted by INCA. The subject is 
Helicase and this is a collaboration with Drs. P. 
Lestienne and J. Rosenbaum (INSERM U889).

Surface plasmon microscopy

This work is the result of a close collaboration with F. Argoul’s team at ENS Lyon. The goal 
is to develop a non intrusive tool to detect small variations of the dielectric constant in 
the vicinity of a metal-dielectric interface. Typical applications range from DNA microarray 
characterization to cell imaging. Experimentally, the Argoul’s team has shown that dielectric 
as well as metallic nanoparticles (R > 10 nm) can be detected with this type of microscopy. 
The technique is based on the interferometric detection of the perturbations induced on the 
plasmon excitations supported by a thin gold layer (width ~ 50nm). The sample to be imaged 
is in the vicinity of this layer. Our contribution to this work consists in providing a model that 
allows a quantitative description of the measurements. The agreement between this theory 
and the experimental data is good excepted for particle sizes (~ 10 nm) comparable to the 
scale where the gold deposit cannot be considered as flat. The model also provides with a 
set of optimal experimental parameters, such as the gold width and the range of incident 
angles. Overall, the efficiency of plasmon microscopy can be traced back to the amplifica-
tion by the plasmon excitations of the evanescent waves scattered by the nanoparticles.
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Figure 2: Complete structure of AKT-1: 2 orthogonal views of the Cterm docked on the WT PH/KIN com-
plex : PH in pink, KIN in green, Cterm backbone in orange, W80 in red, F469 & 472 in yellow, S473 in 
cyan, Y474 in mauve, Q218 in aquablue. The water channel is visible in the center of the left image and 
on the right it is cut just at its middle by the clipping plane.

Figure 3: Complete model structure of hu-
man Helicase. Reptin is below and pontin 
above. A double-stranded DNA is entering 
the protein through a central channel. DNA 
is unfolded in the center of the complex and 
then the direct strand gets out by the top 
pontin pore and the indirect strand is ejected 
through one of the six lateral channels.
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The team is interested in understanding the mechanism of formation of molecular 
assemblies in order to design and build new nanometric molecular assembly 
systems of amphiphilic molecules, the morphologies and functions of which can 
be finely tuned. This requires first of all understanding the role of different pa-
rameters (molecular architecture and various physico-chemical parameters) upon 
such  molecular assemblies. Once the control of the assembly formation at the 
molecular level is achieved, their functionalization can be envisaged. The assem-
blies can therefore serve as the support for the biomolecular structure formation 
or the induction of interaction between the aggregates via molecular recognition.

Our activities are divided in several subjects as shown below:

Ion specific effect

We combine experimental and computational approach to rationalize the century old 
problem: ion specific effect on the balance of forces controlling aggregates structure. 
We investigate the aggregation behaviors of cationic amphiphilic molecules in the pres-
ence of various counterions such as Halide anions, alkyl carboxylates and aromatic car-
boxylates in order to elucidate the complex effects of ion properties (ionic volume, pKa, 
nucleophilicity, polarizability, etc.) on the properties of molecular self-assemblies from 
the molecular level to the bulk solution. ( J. Phys. Chem. B 2008, Langmuir 2010)

We have obtained an international collaborative grant ANR-blanc International for a 
collaborative work between Michel Laguerre (IECB, molecular dynamics), Dario Bassani 
(ISM, Photochemist), and colleagues from Rutgers University : Larry Romsted (physical 
organic chemist: chemical trapping technique), Ronald Sauers (DFT calculation), David 
Case (MD/DFT approach) in order to elucidate the interface properties of amphiphilic 
assemblies in terms of counterion and water concentration.

Chiral assemblies

We are interested in the mechanism of formation of chiral mesoscopic molecular assem-
blies. We have shown that when complexed with tartrate anions, cationic surfactants 
form chiral ribbon which express supramolecular chirality of the order of 10 nm to 
microns. The morphologies of these chiral assemblies can be controlled with a number 
of parameters (Nature 1999, JACS 2007). The detailed study of these systems allowed 
us to better understand the mechanism of the chirality transfer from chiral counterions 
to achiral membranes from molecular level up to mesoscopic level. (JACS 2002, J. Phys. 
Chem. A 2004, JACS 2008, Chirality 2009). When the same cationic surfactants are com-
plexed with peptides or nucleotides, they form simplified model systems which mimic 
the lipid-protein interaction, or lipid-nucleotide interaction (Figure 1). (ChemCommun 
2007, Chem. Eur. J. 2011)

Remarkably, the chirality of peptides and nucleotides also lead to the expression of su-
pramolecular chirality of the assemblies. Such reciprocal and cooperative effects between 
membranes and counterions, seem to be general in the case of the systems studied 
here. 

Morphologies, dynamics & 
functions of assemblies of 
amphiphilic molecules
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Hybrid organic/inorganic nanohelices

We have developed a method to synthesize well controlled chiral inorganic nanostruc-
tures based on the sol-gel transcription of organic self-assemblies. These inorganic 
structures can then be functionalized to serve as templates for confining nanoparticles 
(see figure 2). (Nanoletters 2008, ANR Blanc grant 2010.)

Figure 2: (left) organic nanotubules are used as template to form silica nanohelices . (right) Silica nano-
helices are functionalized and their use in catalysis, cell-adhesion or NEMS are investigated.

Self assembled nanocatalysts

As of January 2011, Sylvain Nlate, an associate professor (Mdc) specialised in dendrim-
ers and catalysis has joined the group. We started a totally new project concerning the 
design of new catalysis systems for asymmetric oxidation reactions using tunable nano-
metrical chiral molecular assemblies 

The influence of nano-bio materials on stem cells differentiation 

Recently, Marie-Christine Durrieu, an INSERM researcher specialized in cell adhesion on 
the surface joined the group. Reinforced by her expertise in tissue engineering, we are 
developing to a new field to investigate the effect of surface organized nanostructures 
on cell differentiation. 
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Figure 1: Chiral ribbons induced by complex cationic surfactant-anionic peptides; confined peptides 
form bsheet
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The team “Molecular Imaging and NanoBioTechnology” develops its research ac-
tivities along two main orientations: “structure-function studies of annexins and 
complexes between proteins and membranes” and “nanobiotechnological ap-
plications of annexin-based molecular tools”. Basic research projects focus on 
the relationship between molecular structure, supramolecular organization and 
mechanisms of 2D assembly of proteins at membrane surfaces, with main inter-
est in effect of annexin-A5 on processes of membrane reorganization associated 
with phosphatidylserine exposure, principally cell membrane repair and cell fu-
sion processes. Nanobiotehnology-oriented projects focus on the development 
of molecular tools derived from annexin-A5, for applications in diagnosis and drug 
delivery. 

Characterization of Microparticles from Blood Plasma, by Cryo-Electron Microscopy 
and Annexin-A5 Gold Labeling

Microparticles are membrane fragments that derive from activated or apoptotic cells 
and are found in plasma and other biological fluids. In plasma, a majority of micropar-
ticles originate from platelets. A fraction of plasmatic microparticles exposes at their 
surface the procoagulant lipid phosphatidylserine (PS) and participates in physiological 
processes of hemostasis or inflammation. Elevated levels of plasmatic microparticles 
are found in various pathological disorders, which explains efforts to use microparticles 
as disease biomarkers. However, the detection and quantification of microparticles is 
hampered by their small size, which ranges from 50 nm to 1 µm, and the limitations 
of current analytical methods. Here, we used cryo-Electron Microscopy and PS-specific 
gold labeling and provided a comprehensive structural description of the whole popula-
tion of microparticles and the sub-population of PS-exposing microparticles present in 
plasma or derived from activated platelets. The morphology of plasmatic microparticles 
is described and size histograms are presented. Platelet-derived microparticles range 
in size from 50 nm to 3 µm, 75% of them being smaller than 500 nm. PS-exposing mi-
croparticles constitute 70% of the total population. This study provides novel structural 
information on platelet-derived microparticles and opens avenues for characterizing 
microparticles from different cell origins or associated with various physiopathological 
situations. (paper in revision at Blood).

Annexin-A5 function

Annexins form a family of soluble proteins that share the property of binding to nega-
tively charged phospholipid membranes in a Ca2+-dependent manner. We have previ-
ously shown that several members of the annexin family, the prototype of which is An-
nexin-A5, self-assemble upon membrane binding into 2D ordered arrays. Basic projects 
on Annexin-A5 have focused on structure-function relationship studies. The analysis 
of the elementary interaction between Annexin-A5 and model membranes has been 
achieved at unprecedented low concentrations, in the fM range. In parallel, we have ul-
timately discovered the function of Annexin-A5, which participates in a central function 
in cell’s life (Paper published at Nature Communications). 

Molecular imaging 
& nanobiotechnology

Pole 1 - Structural
biology & biophysics23

Pr Alain Brisson 
Professor (Pr0), University Bordeaux 1

Alain Brisson has successively led research 
groups at the Universities of Strasbourg as 
Directeur de Recherche at INSERM (87-94) 
and in Groningen as Professor of Biochem-
istry (94-01), before moving to the Univer-
sity of Bordeaux as Professor of Biochemistry 
and group leader at IECB (2001-to date). His 
main interests are to elucidate the structure-
function relationship of complexes between 
proteins and membranes and to understand 
the basic principles of their assembly, with 
a particular interest in annexins. His group 
develops original molecular tools for appli-
cations as biosensors in diagnosis and nan-
ovectors in drug delivery. 

Research team
Anthony BOUTER Associate professor (Mdc, 
University Bordeaux 1)
Céline GOUNOU Assistant engineer (Univer-
sity Bordeaux 1)
Sisareuth TAN Assistant engineer (CNRS)
Boris GARNIER Post-doctoral fellow (EU)
Nicolas ARRAUD PhD student (MENRT)
Yali WAN PhD student (EU)
Benoit FAURIE Master student 
Fiona JASSON Master student 
Romain LINARES Master student 
 
The team is part of the unit “Chimie et Biologie 
des Membranes et Nanoobjets” (CBMN), CNRS/
Université Bordeaux 1/IPB (UMR 5248)



Development of functionalized nanotools for applications in diagnosis or drug    
delivery

Nanovectors functionalized with proteins and encapsulating active principles or imag-
ing agents are developed for drug delivery or imaging applications. On-going projects 
concern vectors of either polymeric or liposomal origin, for the targeting of atheroma 
plaque, inflammation, breast or colon cancers, and are carried out within collaborations 
with several Bordeaux teams and at the European level.
We have developed various types of Annexin-A5 or Annexin-A5-derived markers, in-
cluding fluorescent labels, gold particles for Electron Microscopy imaging, and magnetic 
markers –both magneto-liposomes and polymer vesicles- for MR-imaging. 
The synthesis of magneto-liposomes has been optimized and protein-functionalized 
magneto-liposomes have been used for imaging, ex vivo, thrombi sites in atheromatous 
plaques (Paper in press at Contrast Media and Molecular Imaging).

Scheme of various AnxA5-based molecular tools. (Left): AnxA5-ZZ fusion protein for the controlled im-
mobilization of IgGs or selected antigens; (middle): gold nanoparticle functionalized with oriented AnxA5 
or AnxA5-ZZ for the specific labeling of receptors at the (sub)-cellular or tissular level; (right): liposomal 
nanovector functionalized with AnxA5-ZZ-IgG and encapsulating iron oxide particles for MRI.
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Over the last decade, foldamers – synthetic oligomers or polymers possessing 
well-defined folded conformations – have shifted our knowledge of biopolymer fold-
ing in showing that molecular backbones chemically remote from those that nature 
uses are also able to adopt secondary and tertiary structures. Our group has devel-
oped several families of aromatic oligoamides which fold into exceptionally stable, 
predictable, and tunable conformations. Our current efforts aim at exploring how 
these aromatic oligoamides may mimic protein tertiary structures and functions, and 
nucleic acids hybridized architectures, and at investigating their potential biological 
applications as, for example, amphipathic antibiotics, G-quadruplex DNA recogni-
tion, or protein-protein interaction inhibitors.

Highlights of important developments in the last 1 ½ year are listed below:

Solid phase synthesis

An important methodological development in aromatic amide foldamer research was 
published (J. Org. Chem. 2010): we have optimized protocols for synthesis helical oli-
gomers on solid phase. This development paves the way to combinatorial approaches to 
prepare small libraries of these compounds and gives access to screening. In the mean 
time, three pharma companies have expressed their interest to collaborate with our 
group (one on going contract, one contract about to be signed, and preliminary contacts 
with the third company). 

Cell penetration

The synthesis of fully water soluble helical aromatic amide foldamers has allowed pre-
liminary characterizations of their biological activity. In particular, surprisingly efficient 
cell penetration was observed, considering the large size of these molecules (ChemBio-
Chem 2010). Combined with the low toxicity and full resistance to protease degradation, 
this result bodes well for potential applications of aromatic amide foldamers in biology.

Proteomimetics

Synthetic foldamers of unprecedented size (> 10 kDa) have been synthesized and struc-
turally characterized by x-ray crystallography (J. Am. Chem. Soc. 2011). They represent 
the first folded abiotic architectures that compare in size to a (modest-size) protein. 

Whilst many foldamers have so far consisted of isolated helices or linear strands, future 
developments will likely focus on mimics of protein tertiary folds as the one we have 
described. The synthesis of such a large object was made possible by the incorporation 
of aliphatic secondary amide linkages that are compatible with the folding motifs of 
aromatic secondary amide linkages. The first artificial organic triple helices have been 
evidenced (Angew. Chem. Int Ed. 2010) among the folded structures of naphthyridine 

Biomimetic supra-
molecular chemistry
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oligoamides. This discovery follows earlier work on quadruple helices (2008) and double 
helices and strikingly illustrates the potential of these oligomers to form a great variety 
of well-defined architectures.

Encapsulation

Sequences of aromatic amino-acids have been designed to fold into helices having a 
large diameter in the center and narrow diameters at the ends, thus creating a cavity 
totally surrounded by the helix backbone. Encapsulation of various guests in those con-
fined environments has been demonstrated (JACS 2010). A chiral guest such as tartaric 
acid is recognized with full diastereoselectivity by a helix of fixed handedness. Current 
unpublished developments demonstrate the capacity of these helically folded capsules 
to selectively bind to unsubstituted mono-saccharides.

Molecular motors

An extension of the work on foldamer capsules led to 
the design of helical oligomers with an open cavity that 
can wind around rod-like guests. Thin guests enter the 
helix cavities through a threading mechanism. However, 
when the guest possesses bulky ends, the complex can 
only form through an unfolding of the helix host and its 
refolding around the guest. This creates a considerable 
kinetic barrier which allows to prepare kinetically stable 
complexes which do not dissociate readily and allow to 
observe sliding motions of the helix along elongated 
guests, like a piston in its sheath. This development 
represents one of the first examples of the use of self-
assembly to prepare synthetic nanomachines (Science 
2011). A recent development demonstrated similar phe-
nomena not with single helical but with double helical 
hosts (Angew. Chem. Int. Ed. 2011).

Cascading transformations

The collaboration with the group of Dr. Jonathan Nitschke (Cambridge) concerning the 
metal directed dynamic assembly of helical architectures has taken momentum with 
the characterization of macrocyclic helicates (Chem. Eur. J. 2009) and the design of an 
ensemble of cascading transformation where helicates transform into other helicates 
following the introduction of new components in a complex mixture (Nature Chemistry 
2010). 
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Our research activities are mainly concerned with the chemistry and biochemis-
try of natural products with a focus on phenolic and quinonoid compounds, and 
with the chemistry and biology of antigenic peptides involved in cellular immune 
responses. Ongoing projects are dealing with (1) the exploitation of regioselective 
and asymmetric oxidative dearomatization of phenols for the total synthesis of natu-
ral products, in concert with the development of chiral hypervalent iodine reagents, 
(2) the extraction, structural characterization and synthesis of plant (poly)phenols, 
in particular C-glucosidic ellagitannins, (3) the development of chemical proteomic 
tools for the study of protein-polyphenol interactions, and (4) the rational design of 
antigenic peptidomimetics for the development of synthetic anticancer vaccines.

Hypervalent Iodine-Mediated Phenol Dearomatization

Our approach to the dearomatization of phenols relies on the use of hypervalent iodine(III) 
and (V) reagents and is essentially aimed at producing selectively cyclohexa-2,4-dien-
one derivatives of the orthoquinol and orthoquinone monoketal types for the synthesis 
of various natural products. The most challenging aspect of the dearomatization of phe-
nols remains its adaptation to the access of orthoquinols or orthoquinone monoketals 
in a non racemic format. We spent much effort in developing a substrate-controlled 
solution for this challenge. Some of our results on this topic were published in 2010 
in a special issue of Tetrahedron (Symposium-in-Print) that was edited in tandem with 
Thomas Wirth from the University of Cardiff at the occasion of the 3rd International 
Conference of Hypervalent Iodine Chemistry, which we organized at IECB in July 2010. 
In this same article, we also described the use of SIBX, the stabilized IBX reagent devel-
oped in partnership with the company Simafex, for the chemoselective conversion of the 
natural product bergenin into its congener norbergenin and for the rapid synthesis of 
hydroxytyrosol, a highly potent antioxidant found in olives. We also published in 2010 
a review article in Tetrahedron (Report) on hypervalent iodine-mediated phenol dearo-
matization in natural products synthesis. More recently, we also worked on a reagent-
controlled solution to asymmetric dearomatization of phenols by relying on the use of 
a chiral hypervalent iodine reagent. Our first results and their unexpected mechanistic 
implications, which call for a possible competition between two ligand coupling-based 
iodine(III) and iodine(V) pathways, were published in Angewandte Chemie in 2009. Our 
proposal for the continuation of this work was accepted in Summer 2010 by the ANR for 
funding (project Iodinnov).

Synthesis, chemical reactivity and biological activity of polyphenolic C-glucosidic 
ellagitannins

Mainly funded by the Conseil Interprofessionel du Vin de Bordeaux (CIVB), the Con-
seil Regional d’Aquitaine and the ANR (project EllagInnov), our investigations on this 
topic have continued to provide us with valuable results. On the synthesis side, we 
recently achieved the first and biomimetic 
total synthesis of a first member of the 
C-glucosidic class of ellagitannins, 5-O-
desgalloylepipunicacortein A. This work 
has been published in 2011 in Chem-
Comm. We also published a review article 
on the chemical synthesis of ellagitannins 
in Natural Products Report in 2011. This 
article was selected for the cover. We have 
also developed, in collaboration with Car-
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melo Di Primo at IECB, a new SPR-based methodology to 
study the interaction between C-glucosidic ellagitannnins 
and various proteins. This work was published in Chem-
BioChem in 2009. We now have extended this methodol-
ogy to the study of the interactions between other types of 
polyphenolic molecules and various proteins. Notably, we 
were able to determine that the remarkable antiactin effect 
of the ellagitannin vescalagin, which we recently unveiled 
in collaboration with Elisabeth Génot’s INSERM team at 
IECB, was due to a selective interaction of the ellagitannin 
molecule with the filamentous form of actin (F-actin) and 
not with its monomeric globular form (G-actin). These re-
sults were published in Angewandte Chemie in 2011. This 
SPR tool should find numerous other applications in the 
field as it constitutes to date the best alternative to dis-
criminate in real time specific from non-specific protein-
polyphenol interactions. In collaboration with the group of 
Dr Angel Galabov at the Bulgarian Academy of Sciences, 
we also published in 2011 an article in Antiviral Research 
on the combination effect of some ellagitannins and acy-
clovir against Herpes Simplex Viruses. And for those of 
you who want to know all about plant polyphenols, we 
have also published a review article on the topic in An-
gewandte Chemie in 2011 (Angewandte Chemie Top 25 
most accessed articles in 2011).

Biosynthesis of Polyphenolic Anthocyanins and Flavanoids

This project is funded by the Conseil Interprofessionnel du Vin de Bordeaux (CIVB) and 
concerns the elucidation of the last steps of the biosynthesis of anthocyanin pigments 
and (oligo)flavanols (i.e., catechins and proanthocyanidins), both systems having com-
mon precursors, the leucoanthocyanidins. Several of these precursors, as well as cat-
echin and epicatechin, have been mounted onto solid support in the aim of developing 
new chemical proteomic tools for the detection/purification of functional proteins in 
Vitis vinifera and for the study of the chemical transformations brought about by these 
enzymes. Initial results of the chemistry part of this project were published in Tetrahe-
dron Letters in 2009, and were followed in 2011 by the publication of an article in Chem-
BioChem on the development of an affinity-based proteomic strategy for the elucidation 
of proanthocyanidin biosynthesis.

Rational design, synthesis and immunological evaluation of antigenic peptidomi-
metics

The major histocompatibility complex (MHC) class I-restricted recognition of tumor- and 
virus-derived antigenic peptides (AP) by CD8+ T-cell receptor (TCR) is a fundamental 
event in the development of cellular immune responses. Structural studies show that 
antigenic peptides could be covalently modified with small molecules to modulate the 
immunological outcome of these protein-peptide-protein interactions. On the basis of 
the results we published in 2007 in The Journal of Medicinal Chemistry a rational design 
approach to build bioresistant antigenic peptidomimetics tethered with various organic 
motifs, new series of peptidomimetics derived from ELAGIGILTV (ELA), a peptide itself 
derived from the Melan-A/MART-1 protein antigen expressed in 90% of primary and me-
tastasic melanoma, were synthesized. The attachment of central organic motifs in one 
of these series of peptidomimetics was based on the incorporation of a central ß-lactam 
motif. An unusual opening of the ß-lactam ring was observed under certain conditions of 
cleavage from the resin support. One resulting peptidomimetic was found to stimulate T 
cells. This work was funded by the company Servier under the auspices of the Société de 
Chimie Thérapeutique (SCT) and carried out in collaboration with Prof. Aizpurua (Univ. of 
the Basque Country, San Sebastian, Spain), Prof. Brian Baker (University of Notre Dame, 
USA) and Prof. Andrew Sewell (University of Cardiff, UK). The results were published in 
2010 in Organic and Biomolecular Chemistry. Also, in collaboration with Brian Baker, we 
published in 2010 in The Journal of Medicinal Chemistry the results of chemical and X-
ray structural studies on our first generation of ELA-derived peptidomimetics bound to 
a class-I MHC molecule. No new result was obtained in 2011. 
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Functions fulfilled by proteins essentially depend on the ability of the intrinsically 
flexible polypeptide chain to fold correctly into well-ordered and compact tertiary 
structures and eventually to self-assemble. Multiple approaches, at the interface 
between biology, synthetic organic and polymer chemistries are currently being 
developed to elaborate synthetic systems with protein-like structures and functions. 
By using peptidomimetic chemistry, the general aims of our research are (i) to un-
derstand how to program molecules with the necessary information for self-ordering 
into complex and functional architectures, (ii) to create folded systems mimicking 
protein secondary structure elements (e.g. helices), (iii) to study interactions with 
biomolecules and to develop biomedical applications.

A large part of our research effort is dedicated to ‘Foldamer Chemistry’ (Chem Com-
mun 2011) and peptidomimetic helices in particular. Other developments include the 
synthesis of multimeric peptidomimetic architectures as tools to investigate activation 
of cell-surface receptors (e.g. Death Receptors) as well as the use of short peptides as 
starting materials to elaborate heterocyclic and macrocyclic scaffolds.

A significant number of interactions mediated by proteins involve α-helical domains. 
Hence, synthetic α-helices and their mimetics have attracted considerable attention 
as scaffolds to target biomacromolecules including proteins (Expert Opin Drug Discov 
2011). In this context, synthetic oligomers with predictable helical patterns (also re-
ferred to as helical foldamers) have gained interest for mimicking isolated helical peptide 
fragments. Advances in foldamer chemistry, together with the finding that oligomeric 
backbones may retain folding in water, bode well for the use of foldamers in biologically 
relevant context. In the past few years, we have investigated peptidomimetic oligomers 
consisting of urea bridging units and bearing proteinogenic side-chains. High resolu-
tion structural studies in solution by NMR spectroscopy and in the crystal state by X-ray 
diffraction have shown that aliphatic oligoureas of general formula [NH-CH(R)-CH2-
NH-CO-]n display a remarkable propensity to fold into stable helical secondary struc-
tures reminiscent of the α-helix. Compared to peptides, helix stabilization in oligoureas 
is promoted by the formation of three-centred H-bonds between remote constituent 
units. The strong helix folding propensity, together with the diversity of available side 
chain appendages and resistance to protease degradation, makes the oligourea back-
bone a promising candidate for biomedical applications. We have reported that short 
sequences designed to mimic globally amphiphilic α-helical host-defense peptides dis-
play broad antibacterial activity, with some selectivity for prokaryotic over mammalian 
(red blood) cell membranes. 

Recent developments include:

A fragment condensation approach to long aliphatic oligourea foldamers. 

Although aliphatic oligoureas can be prepared by solid-phase techniques, the need for 
long coupling times and the limitations imposed by the choice of N-protecting groups 
have so far limited the synthesis of oligourea helices to short segments. To decrease 
the number of synthetic steps and thus evolve more rapidly towards longer oligomers, 
we have developed an iterative segment condensation strategy. The approach features 
insertion of N-pyrrolidine units (proline type) at segment junctions. Segments having up 
to 20-units in their sequence were readily assembled. X-ray analyses revealed that pyr-
rolidine units at the segment junctions do not impair 2.5-helical folding of oligoureas 
(Fig. 1). This modular strategy  will likely facilitate the assembly of long urea helices and 
more complex protein-like structures (Angew Chem Int. Ed. 2011).
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Figure 1. (a) X-ray structures of 7- to 20-residue long oligoureas obtained by fragment condensation. 
Pyrrolidine units at segment junctions are in red. Inset: top view of a 20-mer helix (left) and details of the 
noncanonical H-bond pattern at the pyrrolidine junction (right); (b) Overlay of the crystal structures of 
oligourea helices with and without pyrrolidine units.

Ab initio calculations of the vibrational modes of oligoureas and assignment of 
their experimental FT-IR spectra (collaboration with B. Desbat, CBMN and D. Cavagnat, 
ISM). 

In contrast to α-peptides, for which the most intense vibrational mode (Amide I) is sen-
sitive to secondary structure, the link between oligourea secondary structure (2.5 helix) 
and vibrational frequency modes was not yet established. The directions of the transition 
moments of the most intense vibrations have now been assigned for oligourea foldam-
ers. The infrared anisotropic optical indices of the 2.5-helical secondary structure have 
been generated to simulate the Polarization Modulation Infrared Reflection Absorption 
Spectroscopy (PMIRRAS) and Attenuated Reflection Spectroscopy (ATR) spectra with re-
spect to the orientation of the secondary structure. These theoretical and experimental 
data will be used to analyze PMIRRAS and ATR spectra of antibacterial oligoureas inter-
acting with phospholipid membranes (J Phys Chem B 2011).
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The overall goal of our research projects is to design well-defined polymer materi-
als featuring self-assembly and biological properties encoded at the molecular 
level in order to access biofunctional nanomaterials. To this aim, two parallel and 
complementary approaches are being considered. Amphiphilic chimeric materi-
als featuring a synthetic polymer block conjugated to a peptide segment are syn-
thesized. Recombinant DNA and protein engineering techniques are also used 
to produce recombinant polymers, mainly based on elastin-like motifs combined 
with biofunctional peptide sequences. Self-assembly mechanisms are studied 
and biological activities assessed with the ultimate goal of preparing new nanode-
vices for imaging and therapy. This project is developed in relation with the “Poly-
mer Nanotechnology for Life Science” team of the LCPO (UMR 5629) leaded by 
S. Lecommandoux.

The design of functional self-assembled nanomaterials is currently a major challenge 
of nanotechnologies and concerns domains as broad as health, communication and 
information, and energy.

In the specific field of biomimetic nanotechnologies, this goal is motivating multidis-
ciplinary and translational research involving communities such as peptide, protein and 
nucleic acid specialists as well as polymer scientists. Indeed, synthetic block copolymers 
possess tremendous self-assembling propensities that have prompted their use for 
the preparation of self-assembled nano-objects. However, despite the huge number of 
chain lengths, sizes, architectures, and chemical characters available, most copolymers 
are devoid of biological information. This translates into a weak diversity of nanoma-
terials obtained from solely synthetic copolymers as compared to highly complex and 
diverse natural self-assembled structures (e.g. proteins, ribosomes, molecular motors, 
viruses). Conversely, self-assembly of peptides and proteins, that are extraordinar-
ily rich in terms of their secondary and tertiary structures and biological functions, is 
extremely difficult to control and to achieve by synthetic chemists.

One of today’s consensuses thus relies on the association of natural structures with 
polymer blocks into a single molecule in order to integrate the advantages of both ma-
terials and overcome the limitations inherent to each one separately. In particular, by 
joining the self-assembly propensities of copolymers together with the richness of 
function-bearing peptides or protein domains, one may ultimately be able to repro-
duce what nature makes and controls perfectly and be able to access biomimetic nano-
assemblies able of better interacting with biological structures.

To this aim, different groups are focusing on the conjugation of functional peptides or 
proteins with synthetic polymer with defined self-assembly properties. In parallel, an 
extremely attractive and powerful approach for preparing such materials with dual self-
assembly and bioactive properties consists in implementing methods from recombinant 
DNA and protein engineering technologies in order to have microorganisms to produce 
amphiphilic biofunctional recombinant materials.

 

Self-assemblies from 
chimeric polymer-peptide 
materials
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In this context, our group is focusing on the design and synthesis of chimeric polymer-
peptide materials, featuring a hydrophobic or thermo-responsive polymer block, as the 
driving force for self-assembly, and a peptide segment providing bioactivity to the nano-
assemblies. Two parallel approaches are being investigated to prepare either chimeric 
materials from traditional synthetic routes, or recombinant materials from protein-en-
gineering techniques. Self-assembly mechanisms into bio-inspired, nanoscale, and bio-
active objects are studied using techniques from physico-chemistry to cellular biology.
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We study the regulation of human RNA polymerase III (Pol III) transcription with a 
focus on understanding how Pol III transcription escapes cellular control mecha-
nisms during tumor development. Recently, we identified and characterized a 
novel isoform of human RNA polymerase III (Pol IIIa and Pol IIIb). RPC32a-con-
taining Pol IIIa is highly expressed in undifferentiated human embryonic stem 
cells, downregulated during differentiation and reactivated during the process 
of cell transformation with defined genetic elements. In contrast, the expression 
of RPC32b-containing Pol IIIb is not regulated during these processes. Moreo-
ver, expression of RPC32a is important for cell transformation and anchorage-
independent growth. We now try to elucidate how Pol IIIa contributes to cellular 
transformation.

Transcription in eukaryotic nuclei is carried out by DNA-dependent RNA polymerases I, 
II, and III. Human RNA polymerase III (Pol III) transcribes small untranslated RNAs that 
include tRNAs, 5S RNA, U6 RNA, and some microRNAs. Increased Pol III transcription 
has been reported to accompany or cause cell transformation. We try to shed light on 
mechanisms that underlie the control of Pol III transcription in normal cells and that are 
lost during cell transformation.

Identification and characterization of a novel isoform of human RNA polymerase III

This project concerns the identification of a novel isoform of human RNA polymerase 
III. It has been known for a while that Pol III transcribes small untranslated RNAs that 
intervene in essential cellular processes, such as transcription, splicing, regulation of 
mRNA-stability, translation and also protein translocation. Although being essential for 
homeostasis and cell survival, the importance of RNA polymerase III transcription for 
the regulation of cell growth and differentiation has not appropriately been appreci-
ated for a long time. More recently, it has become clear that Pol III transcription activ-
ity is intimately linked to cellular transformation and that enhanced Pol III activity is a 
prerequisite for tumor cell growth. Despite this knowledge, little is known about the 
molecular mechanisms that may help to explain the co-regulation of Pol III transcription 
and tumoral growth.

We initially identified a novel protein that we designated as RPC32b because it exhibited 
high amino acid homology to the well known Pol III subunit RPC32 (hereafter referred 
to as RPC32a). The identification of RPC32b led to the demonstration of two human Pol 
III isoforms (Pol IIIa and Pol IIIb). RPC32b-containing Pol IIIb is ubiquitously expressed 
and essential for growth of human cells. Suppression of RPC32b by siRNAs is lethal in 
HeLa cells, suggesting that RPC32a-containing Pol IIIa cannot replace all functions of 
RPC32b-containing Pol IIIb. In contrast, Pol IIIa is dispensable for cell survival and its 
expression is restricted to undifferentiated human embryonic stem cells and to tumor 
cells. In this regard, and most importantly, suppression of RPC32a expression impedes 
anchorage-independent growth of HeLa cells whereas overexpression of RPC32a in a 
well defined cellular model system enhances colony formation in soft-agar assays. RP-
C32a-induced cell transformation is accompanied by dramatic changes in the expres-
sion of several tumor-related mRNAs and proteins, including the repression of p53, 
increased expression of Aurora A, cyclin E or also the metastasis-associated protein 
S100 A4. Moreover, overexpression of RPC32a induces strongly enhanced expression 
of a subset of Pol III RNAs, including 7SK RNA, U6 RNA or 5S RNA, whilst the expression 
of other Pol III genes, notably of many tRNAs remains unchanged. These results suggest 
that RPC32a-containing Pol IIIa exerts important functions in the establishment and the 
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maintenance of cells in an undifferentiated state. Taken together, our results identify 
a novel human Pol III isoform and isoform-specific functions in the regulation of cell 
growth and transformation (Haurie et al., 2010; Dumay-Odelot et al., 2010; Teichmann 
et al., 2010).

Regulation of RNA polymerase II transcription termination

In collaboration with the group of Pr Giorgio Dieci at the University of Parma, Italy, we 
analyzed the constraints in DNA sequences that are required for efficient transcription 
termination by human RNA polymerase III. We were able to show that many Pol III genes 
possess imperfect transcription termination sequences. These sequences allow tran-
scription to proceed beyond the terminators, giving rise to RNA sequences that may be 
processed from the primary transcript and that may act as regulatory RNAs (Orioli et al., 
2011a; Orioli et al., 2011b).

Structure-function studies of human RNA polymerase III subunit RPC62

In collaboration with the group of Sébastien Fribourg, we have been able to determine 
the structure of RPC62 by X-ray crystallography at a resolution of 2.85 Å. We analyzed 
the DNA-binding properties of RPC62 and of its protein interaction partner RPC39. We 
could show that RPC39 binds to double-stranded DNA, whereas RPC62 binds to single-
stranded DNA. These data indicate that RPC39 and RPC62 may contribute to promoter 
melting and to the maintenance of the transcription bubble (Lefèvre et al., 2011). 

Identification of mutations in the largest subunits of RNA polymerase III that may  
cause a recessive hypomyelinating Leukodystrophy

In collaboration with the laboratory of Dr. Bernard Brais (Departments of Pediatrics, Neu-
rology and Neurosurgery, Montreal Children’s Hospital, McGill University Health Center, 
Montreal, Quebec, Canada), we identified and characterized mutations in the two larg-
est subunits of human RNA polymerase III (POLR3A; POLR3B) that cause the onset of a 
recessive hypomyelinating leukodystrophy (tremor-ataxia with central hypomyelination 
[TACH]). TACH has been characterized as a childhood-onset hypomyelinating leukodys-
trophiy with prominent cerebellar dysfunction, oligodontia and hypogonadotropic hypo-
gonadism. The protein levels of the POLR3A (RPC160) subunit were markedly reduced in 
affected individuals (Tétreault et al., 2011; Bernard et al., 2011).
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The scientific activity of the X-ray crystallography group at IECB is focused on the 
structural and functional aspects of various RNA metabolism processes includ-
ing RNA polymerase III transcription initiation (in collaboration with Pr. Teichmann, 
IECB), 3’ end pre-mRNA maturation and small subunit ribosomal RNA maturation 
(with Pr Gleizes & Yves Henry, LBME Toulouse, France and Pr. U. Kutay, ETH 
Zurich). The aim of these structural studies is to get insights into the basic mecha-
nisms underlying those processes and their relationship with associated human 
diseases when appropriate.

mRNA polyadenylation factors

Poly(A) tail addition to the pre-mRNA at the 3’ end protects mRNAs from degradation by 
3’- 5’ exonucleases. As other mRNA maturation steps, poly(A) addition is necessary for 
mRNA export from the cytoplasm to the nucleus and for translation efficiency.
3’ end mRNA processing is a two-step mechanism comprising an initial endonucleolytic 
cleavage followed by a polymerization step. In higher eukaryotes, more than a dozen of 
proteins are necessary. Most of those factors assemble in two major complexes called 
CPSF (Cleavage and Polyadenylation Stimulation Factor) and CstF (Cleavage stimulation 
Factor), or respectively CPF and CF I in yeast. These factors assemble onto the pre-mRNA 
according to the localization of conserved sequence signals in cis on the RNA.
Little is known about the self-assembly of those factors and about the recognition of se-
quence signals on the pre-mRNA. Our goal is to gain insights into these various mecha-
nisms.
The CstF complex is a ternary entity built up around CstF-77 that bridges CstF-50 and 
CstF-64. This complex recognizes sequence elements downstream of the polyadenyla-
tion site. CstF links 3’ end mRNA maturation to RNA pol II transcription through interac-
tion with the CTD of RNA pol II and PC4, a transcription co-activator and to DNA repair 
mechanism. CF IA is a quaternary complex composed of Rna14p and Rna15p, altogether 
interacting with the heterodimer of Clp1p-Pcf11p.
After solving the crystal structure of CstF-77 and providing evidence for homodimeriza-
tion of this subunit, we analyzed the N-terminal domain of CstF-50. The overall struc-
ture reveals that this domain is the homodimerization domain of CstF-50 and strongly 
suggests that CstF is rather a heterohexamer than a trimer, as previously described. It 
also reveals the presence of a number of highly conserved residues at its surface sug-
gesting a second role of this domain in the process (Figure 1). 

 

Figure 1: Overall structure of CstF-50 N-terminal domain and homodimerization determinants (Moreno-
Morcillo et al., 2011).

Structural biochemistry
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From the structure of CstF-77, we identify the C-terminus of this protein and its yeast 
counterpart Rna14p, as the domain involved in CstF-64/Rna15p recognition (Legrand 
et al. 2007). In collaboration with Dr C. Mackereth at the IECB, we managed to solve the 
solution structure of this complex (Figure 2)(Moreno-Morcillo et al. 2011). 

Upon binding, the short C-terminal region from Rna14p (named the monkeytail do-
main) wraps intimately within the hinge region from Rna15p. Mutants with destabilized 
monkeytail/hinge interactions prevent association of Rna15p within CF IA. Conservation 
of buried interdomain residues reveals that the structural tethering is preserved in the 
homologous mammalian CstF-77 and CstF-64 proteins of the related Cleavage stimula-
tion Factor (CstF) complex.

RNA Polymerase III transcription initiation (in collaboration with Pr M. Teichmann, 
IECB)

Eukaryotic cells use three different forms of 
RNA polymerase for the transcription of their 
genome. These RNA polymerases are struc-
turally conserved and ten subunits define the 
core of the enzyme. RNA polymerase III (Pol 
III), the largest of the eukaryotic RNA polymer-
ases, transcribes short untranslated RNA genes, 
which include tRNA, 5S rRNA and U6 snRNA, as 
well as the 7SL RNA component of the signal 
recognition particle. 
 
Among the five Pol III specific subunits, hRPC62, 
hRPC39 and hRPC32 in human, associate into a 
stable subcomplex. This salt labile complex is 
crucial for specific transcription initiation at Pol 
III promoters.
We reported the crystal structure of hRPC62 and 
its functional analysis. This subunit folds around 
a central coiled coil motif surrounded by four 
consecutive extended-winged helix domains 
(eWH). Through a structure-function analysis 
of hRPC62 and its complex with hRPC39 and 
hRPC32 two isoforms, we provide a detailed 
map of the protein-protein interaction. We also 
investigated the nucleic acid binding properties 
of hRPC62 and hRPC39 demonstrating a specific 
recognition of single versus double stranded 
DNA for hRPC62 and reverse for hRPC39. Altogether, we propose that the ternary com-
plex could help binding of duplex DNA to Pol III-TFIIIB-TFIIIC pre-initiation complex and 
then stabilize melted DNA during transcription initiation. We also suggest a role in Pol III 
transcription elongation.
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The lab studies molecular details of large protein-nucleic acid macromolecules 
using a variety of new NMR techniques as well as established biophysical ap-
proaches. For large complexes, we combine small angle neutron or X-ray scat-
tering (SANS/SAXS), NMR paramagnetic spin labelling to acquire information on 
long-range contacts, as well as in vitro mutational analysis and other binding 
assays. For smaller proteins and domains, standard NMR-based approaches are 
used, but with additional insight gained from complementary techniques. Equally 
important to the lab is the traditional strength of NMR as a tool to probe the dy-
namics of biological samples, the characterization of transient interactions, and 
the possibility to look at structures that exhibit a significant amount of unstructured 
elements.

Complexes involved in pre-mRNA 3’ processing

In collaboration with the lab of S. Fribourg at IECB, we are investigating the structure and 
dynamics of the yeast cleavage/polyadenylation factor IA (CF IA) and metazoan cleavage 
stimulation factor (CstF) complexes, both involved in the removal of the terminal se-
quence of the pre-mRNA prior to the addition of multiple adenosine to form the poly(A) 
tail. The current research in the laboratory deals with the structural characterization of 
the complete set of folded domains involved in protein-protein and protein-RNA inter-
actions within CstF and CF IA, as a step toward looking at the architecture of the larger 
assembled complexes. As one example, we have used NMR spectroscopy to determine 
the solution structure of the minimal Rna14p/Rna15p heterodimer of CF IA. Our studies 
reveal an intimate architecture of the interacting peptides, such that the peptide from 
Rna14p (which we name the monkeytail domain) wraps around a core set of helices from 
the Rnap15p hinge domain, which is in turn further embraced by adjacent N- and C-
terminal regions in Rna15p (Figure 1). We have also used NMR spectroscopy to provide 
details of the N-terminal homodimerzation domain from the CstF-50 protein to comple-
ment the crystallographic structure from the Fribourg laboratory.

Figure1. Using yeast genetics it was found that mutations in either the Rna14 or Rna15 proteins prevents 
growth at high temperatures (last two lines in grey). Using NMR spectroscopy to deduce the atomic 
details, we found that these two proteins form a complex that brings together the Rna14 monkeytail 
domain (blue) with the Rna15 hinge domain (yellow). These peptides are initially disordered, but form a 
defined tight assembly upon binding to each other.

NMR spectroscopy 
of protein-nucleic acid 
complexes
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Tissue-specific alternative splicing in C. elegans

In 2011 we reported the molecular basis by which the efficiency of mRNA splicing is 
transmitted from the RNA sequence to the spliceosome, and found this to be in the 
selective binding of one of two confomations of the essential splicing factor U2AF65 
(Figure 2). In contrast to this basal splicing mechanism, we have recently investigated 
the manner by which alternative splicing is regulated in multi-cellular organisms, in par-
ticular to understand the role of this important process in the development of specific 
tissues. In particular, we have initiated a project on nematode splicing proteins with a 
structural investigation of the Sup-12 protein from C. elegans. Combined with the Asd-1 
or Fox-1 proteins, Sup-12 is involved in the muscle-specific alternative splicing of the 
egl-15 mRNA, which is required to generate a specific form of egl-15 that is required for 
proper muscle development. Using NMR spectroscopy we have determined a preliminary 
solution structure of the RNA recognition mofit (RRM) domain of Sup-12 bound to an 
RNA ligand. The structure and mode of RNA-binding is similar to the Asd-1 RRM do-
main, a splicing protein that also regulates alternative splicing of egl-15 and other genes 
in C. elegans. We are therefore investigating the atomic basis for the difference in ligand 
preference for the Fox-1 family and Sup-12 RRM domains, and studying how these two 
classes of splicing factors interact with one another as they bind adjacent RNA motifs in 
the egl-15 mRNA. Using an optimal Sup-12 RNA motif, we have initiated a bioinformatic 
approach to identify additional mRNA targets of the Sup-12 protein.

Structural and dynamic consequences of histone modification

Using an established methylation protocol coupled with a new scheme to encode the site 
of modification, we have created a set of mono-, di- and tri-methylated peptides for use 
in a mass spectrometry analysis to provide binding preferences for proteins that recog-
nize modified lysines. In addition, we are currently optimizing a method to insert specific 
lysine acetylation analogs into proteins with the specific intent of allowing incorporation 
of NMR stable isotopic labelling. In addition to covalent modification, it has been shown 
that the cis-trans conformation of key proline residues in histone H3 can be converted by 
the enzyme Fpr4, leading to increased levels of subsequent methylation. Following NMR 
characterization of the catalytic domain from Fpr4, we are looking at the dynamics and 
association properties of the histone H3 N-terminal tail in the presence and absence of 
yeast Fpr4, as well as the human orthologue FKBP25. 

 

Figure 2. The genetic information to make proteins comes from the genome DNA via an intermediate 
mRNA molecule. During splicing, elements that do not encode the protein (introns) must be removed 
and the remaining protein coding segments (exons) joined together. The accurate definition of the in-
tron boundary is helped in part by the the essential splicing factor U2AF65. Using a combination of NMR 
spectroscopy, biophysical binding measurements and in vitro assays, we have determined that the RNA-
binding domains from U2AF65 (yellow and magenta) exist in two arrangements. Only one conformation 
binds with high affinity to the intron RNA (orange) and is able to promote the splicing process. Sequences 
within highly spliced introns can selectively bind the active conformation from the mix of the two that 
both exist within the cell.

Selected publications

Mackereth C.D., Madl T., Bonnal S., Simon B., 
Zanier K., Gasch A., Rybin V., Valcárcel J., Sat-
tler M. (2011) Multi-domain conformational 
selection underlies pre-mRNA splicing regu-
lation by U2AF. Nature, 475:408-411

Moreno-Morcillo M., Minvielle-Sébastia L., 
Fribourg S., Mackereth C.D. (2011) Locked 
tether formation by cooperative folding of 
Rna14p monkeytail and Rna15p hinge do-
mains in the yeast CF IA complex, Structure, 
19, 534-545 

Monneau Y.R, Nelson C.J., Mackereth C.D. 
(2011) Chemical shift assignments of the 
catalytic domain from the yeast proline 
isomerase Fpr4p. Biomol. NMR Assign. DOI: 
10.1007/s12104-011-9338-x

Moreno-Morcillo M., Minvielle-Sébastia L., 
Mackereth C., Fribourg S. (2011) Hexameric 
architecture of CstF-50 supported by ho-
modimerization domain structure, RNA, 17, 
412-418

Mackereth C.D. (2011) Chemical shift as-
signments of a minimal Rna14p/Rna15p het-
erodimer from the yeast cleavage factor IA 
complex, Biomol NMR Assign, 5, 93-95

Mourão A., Varrot A., Mackereth C.D., Cusack 
S., Sattler M. (2010). Structure and RNA rec-
ognition by the snRNA and snoRNA transport 
factor PHAX. RNA, 16: 1205-1216.

Simon B., Madl T., Mackereth C.D., Nilges M., 
Sattler M. (2010). An Efficient Protocol for 
NMR-Spectroscopy-Based Structure Deter-
mination of Protein Complexes in Solution. 
Angew. Chem. Int. Ed. Engl. 49: 1967-1970.

Soares L.M., Zanier K., Mackereth C.D., Sat-
tler M., Valcárcel J. (2006). Intron removal 
requires proofreading of U2AF/3’ splice site 
recognition by DEK. Science, 312: 1961-
1965. 

Mackereth C.D., Simon B, Sattler M. (2005). 
Extending the size of protein-RNA complexes 
studied by nuclear magnetic resonance spec-
troscopy. ChemBioChem, 6: 1578-1584.

Hantschel O., Wiesner S., Güttler T., Mack-
ereth C.D., Remsing Rix L.L., Mikes Z., Dehne 
J., Görlich D., Sattler M., Superti-Furga G. 
(2005). Structural basis for the cytoskeletal 
association of Bcr-Abl/c-Abl. Mol. Cell, 19: 
461-473.

Mackereth C.D., Schärpf M., Gentile L.N., 
Macintosh S.E., Slupsky C.M., McIntosh L.P. 
(2004). Diversity in structure and function of 
the Ets family PNT domains. J. Mol. Biol., 342: 
1249-1264.

Tognon C.E., Mackereth C.D., Somarsini A., 
McIntosh L.P, Sorensen P.H. (2004). Muta-
tions in the SAM domain of the ETV6-NTRK3 
chimeric tyrosine kinase block polymeriza-
tion and transformation activity. Mol. Cell. 
Biol., 24: 4636-4650.

Christendat et al. Structural proteomics of an 
archeon. (2000). Nature Struct. Biol., 7: 903-
909.

Pole 3 - Molecular
recognition 38



Nucleic acids are prone to structural polymorphism: in addition to the well-known 
double helix, a number of alternative structures may be formed. However, most 
non-canonical conformations are stable only under non-physiological conditions 
and have been considered simple curiosities. Among these oddities, a family of 
nucleic acid secondary structures known as G-quadruplexes (G4) has emerged 
as more than a novelty. These structures can be formed by certain guanine-rich 
sequences and are stabilized by G-quartets. G-quadruplexes can be stable un-
der physiological conditions and the evidence for quadruplex formation in vivo is 
compelling. Our goals are to conceive new biochemical, bioformatic, and physi-
co-chemical tools to be used to demonstrate that G4 DNA or RNA is involved in 
particular biological functions.

Our objectives are to answer the following questions:

Where and when ?

High-throughput sequencing methods and whole genome approaches are now being 
used to generate massive amounts of sequence data. Sometimes, statistical analyses 
point out the potential role of G-rich DNA or RNA motifs. However, the answer to the 
seemingly simple question “Is my sequence G4-prone?”, based on somewhat flawed 
or oversimplified search algorithms, is often inaccurate. For example, we previously 
demonstrated that stable quadruplexes may be formed by sequences that escape the 
consensus used for bioinformatics. Our first objective will be to experimentally obtain 
a better understanding of DNA and RNA G4 stability. The ultimate goal will be to build 
thermodynamic stability tables for quadruplexes as has been done by Santa Lucia and 
collaborators for duplex/hairpin DNA and to incorporate these data into MFOLD.

G-quadruplexes: Friends or foes?

Comparison of sequencing data with theoretical sequence distributions suggests that 
there is a selection against G-quadruplex prone sequences in the genome, probably as 
they pose real problems during replication or transcription and generate genomic insta-
bility (see below). Nevertheless, “G4-hot spots” have been found in certain regions of the 
genome: in telomeres, in repetitive sequences such as mini and microsatellite DNAs, in 
promoter regions, and in first exons of mRNAs. There might be a specific positive role 
for these sequences that compensates for the general selection against G4 forming se-
quences. Our goals are to understand the factors that modulate these effects. A number 
of proteins that interact with these unusual structures have been identified, including 
DNA binding proteins, helicases, and nucleases.

G4 regulation at the RNA level. The UTRs of a number of mRNA molecules harbor G-rich 
sequences that may form quadruplexes. This is true both in eukaryotes and prokaryotes. 
G4-prone sequences are not only present in mRNA but may also be found in short and 
long non-coding RNAs such as TERRA and hTR. These results prompted us to study in 
more detail the biological functions of these G4-prone RNAs. In collaboration with P. 
Hainaut (IARC, Lyon, France) and J. Hall (Curie, Orsay, France), we investigated the role 
of a potential G4 in P53 alternative splicing.
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G-quadruplex ligands: Treats or tricks?

One may achieve structure-specific rather than sequence-specific recognition of DNA. 
Because of their particular geometric configuration and electrostatic potential, G-quad-
ruplexes may indeed specifically accommodate small artificial ligands, such as planar 
molecules, and an impressive number of candidates have been evaluated. Together with 
chemists from the Institut Curie (M.P. Teulade-Fichou) we successfully identified a vari-
ety of G4 ligands and we wish to improve and functionalize these compounds, analyse 
their biological effects, and ultimately find new classes of anti-proliferative agents with 
anticancer properties. 

Beyond biology

Quadruplexes may well be biologically relevant, but they could also be used for vari-
ous applications that are disconnected from cells. DNA is an attractive material for na-
notechnologies because of its self-assembly properties. The ability of nucleic acids to 
self-assemble into a variety of nanostructures and nanomachines is being exploited by 
a growing number of researchers. Extremely sophisticated structures and nanodevices 
may be constructed with DNA. We believe that quadruplex structures offer interesting 
new possibilities and we have demonstrated that quadruplexes can be incorporated into 
nanodevices. An independent topic relates to the use of quadruplex DNAs as molecular 
beacons (MB). We previously demonstrated that a G4-based MB outperforms a regular 
MB thanks to its differential ionic sensitivity.

Selected publications

Lacroix L., Séosse A. & Mergny, J.L. (2011)
Fluorescence based duplex-quadruplex com-
petition screen for telomerase RNA quadru-
plex ligands. Nucleic Acids Res. 39: e21.

Marcel V., Tran P.L.T., Sagne C., Martel-
Planche G., Vaslin L., Teulade-Fichou M.P., 
Hall J., Mergny J.L., Hainaut P. & Van Dyck 
E. (2011). G-quadruplex structures in TP53 
intron 3: role in alternative splicing and in 
production of p53 mRNA isoforms. Carcino-
genesis 32: 271-8.

Struts A.V., Salgado G.F., Martinez-Mayorga 
K., Job C., Tanaka K., Krane S., Nakanishi K., 
and F. Brown. M. (2011) Deuterium Spin-Lat-
tice Relaxation Reveals Functional Dynamics 
of Retinal Chromophore of Rhodopsin. Nature 
Struct. & Mol. Biol., 18: 392-4. 

Guédin A., Gros J. & Mergny J.L. (2010). How 
long is too long ? Effect of loop size on G-
quadruplex stability. Nucleic Acids Res. Vol. 
38, 7858-7868.

Guédin A., Lacroix L. & Mergny J.L. (2010), 
Thermal melting studies of ligand DNA inter-
actions, Methods Mol. Biol. 613: 25-35.

Reinhold W.C., Mergny J.L., Liu H., Ryan M., 
Pfister T.D., Kinders R., Parchment R., Doro-
show J., Weinstein J.N., & Pommier Y. (2010). 
Exon Array Analyses across the NCI-60 Re-
veal Potential Regulation of TOP1 by Tran-
scription Pausing at Guanosine Quartets in 
the First Intron. Cancer Res. 70: 2191-2203.

Mergny J.L. & Lacroix L. (2009). UV melting of 
G-quadruplexes, Current Protocols in Nucleic 
Acids Chemistry. 17.1.1-17.1.15.

Stegle O., Payet L., Mergny J.L, MacKay D.J.C. 
& Huppert J.L. (2009). Predicting and under-
standing the stability of G-quadruplexes. 
Bioinformatics, 25: pp374-382.

Guédin A., Alberti P. & Mergny J.L. (2009).
Stability of intramolecular quadruplexes: se-
quence effects in the central loop. Nucleic 
Acids Res. 37: 5559-5567.

Mendez-Bermudez A., Hills M., Pickett H., 
Mergny J.L., Riou J.F. & Royle N. (2009).Hu-
man telomeres that contain (CTAGGG)n re-
peats show replication dependent instability 
in somatic cells and the male germline. Nu-
cleic Acids Res. 37: 6225-6238.

Lim K.W. Alberti P., Guédin A., Lacroix L., Riou 
J.F., Royle N., Mergny J.L. & Phan A.T. (2009). 
Sequence variant (CTAGGG)n in the human 
telomere favors a G-quadruplex structure 
containing a G•C•G•C tetrad. Nucleic Acids 
Res. 37: 6239-6248.

Pole 3 - Molecular
recognition 40

Figure 1. A G-rich single strand (top) may adopt different intramolecular G4 structures (bottom) depend-
ing on sequence and experimental conditions.



Transforming growth factor-b plays an important role in the development and 
maintenance of homeostasis of the vascular systems by regulating functions 
of endothelial cells and smooth muscle cells. Analyzing the effects of TGFb on 
cytoskeleton organisation led us to discover actin-rich structures named po-
dosomes in aortic endothelial cells. Ongoing projects aim at demonstrating the 
existence of podosomes in vivo and determine their role in endothelial cell (patho)
physiology. In vitro work aims at a full characterization of the molecular composi-
tion of podosomes and elucidation of the molecular mechanisms involved in their 
assembly and disassembly in both microvascular and macrovascular endothelial 
cells.

Our aim is to understand some of the mechanisms by which endothelial cells contrib-
ute to the pathophysiology of vascular diseases. We are studying how environmental 
cues impact on endothelial cells and translate into functional alterations focusing on 
changes in ECM composition/rigidity and cytokine contexts. TGFß plays a key role in 
cancer, fibrosis and inflammatory processes and endothelial cells represent a major 
target of its action. We focus our analysis on endothelial cells’ cytoskeleton remodeling 
and differentiation in response to TGFß and accumulation of pathological matrix. Our 
studies aim at a better understanding of the signaling cascades underlying endothelial 
cell behaviour in human diseases such as tumoral angiogenesis and metastasis, inflam-
mation or atherosclerosis, with the long term goal of manipulating these cascades for 
therapeutical intervention.

Our work has established that TGFß causes the repolymerisation of actin into punc-
tate structures named podosomes. A podosome is made of a columnar actin-rich core 
standing perpendicular to the plane of the ventral plasma membrane and embedded in 
a ring structure of integrins and integrin-associated proteins. Other components in-
clude signalling molecules such as tyrosine-kinases, GTPases and effectors proteins 
as in focal adhesion. However, unlike focal adhesions, gelsolin, dynamin, cortactin and 
WASp/N-WASp are also detected. Another peculiarity of podosomes is that they are 
enriched in matrix metalloproteases, bestowing them with the capacity to degrade the 
ECM. Podosomes are found in a restricted number of cell types (macrophages, immature 
dendritic cells and osteoclasts) where they seem to be involved in adhesion and invasion. 
These cells share in common the ability to cross anatomical boundaries.

Figure A: Endothelial podosome rosettes in cul-
tured endothelial cells. 

Representative immunoconfocal images of F-
actin (red) and vinculin (green) organisation 
in control (left panel) and TGFß-treated (right 
panel) cultured aortic endothelial cells.  In un-
treated cells, vinculin is localised at the tips of 
stress fibers. TGFß-treated cells exhibit ring-like 
structures (podosomes rosettes, right panel), 
where vinculin surrounds F-actin cores (tbottom 
panel: higher magnification of the boxed areasl). 
Bar, 10 µm.
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We have undertaken an extensive characterization of podosomes in different types of 
endothelial cells. These analyses have brought to light novel components not described 
previously, which could be involved in specific functions of endothelial cells. We are 
presently exploring the contribution of these molecules to podosome formation and 
functioning.

The question arises whether podosomes are also formed in physiological contexts. We 
therefore set up an “en face” viewing system to visualise the endothelium in its native 
environment. This system enabled us to visualise the cytoskeleton of endothelial cells 
in murine aortic vessel segments and establish that the normal endothelium is devoid 
of podosomes. However, upon exposure to physiological concentrations of TGFß, the 
formation of podosome rosettes was induced. The detection of podosomes in living tis-
sues opens the way to investigate in which cellular process podosome forming cells are 
engaged.

Figure B: Endothelial podosome rosettes in the 
endothelium of an aortic vessel segment

(B) Aortic vessel segments were prepared for 
immunofluorescence, labelled with phalloi-
din (red), vinculin (green) and Hoechst (blue) 
and mounted en face for confocal observa-
tion. Viewed face on, vinculin/F-actin staining 
of the endothelium delineates individual cells 
in control condition (left panel). TGFb-treated 
aortic vessel segments (right panel) show the 
relocalisation of vinculin at the podosome ro-
sette (bottom panel: higher magnification of the 
boxed areas). Bar, 10 µm. Comparison of (A) 
and (B) reveals that podosome rosettes formed 
in their native environment are more compact 
than those assembled in the tissue culture con-
ditions.

We have now provided evidence for the existence of podosomes in living endothelia 
ex vivo in aortic endothelial cells obtained from inflamed endothelia, potentially under 
pro-angiogenic conditions, suggesting that podosomes are associated with a patho-
logical state. We are particularly interested in the role of podosomes in vascular disor-
ders involving hyperactivation of TGFß signalling pathways such as Marfan syndrome or 
those involving defective TGFß signalling such as Hereditary Hemorrhagic Teleangiec-
tasia (HHT).
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During the cell cycle, major structural rearrangements in cellular architecture en-
sue as duplicated chromosomes are split asunder and segregated to opposite 
poles, while cleavage of the intervening cytoplasm generates two appropriately 
sized cells. Coordination between the cell cycle machinery and proteins that reg-
ulate cell polarity ensure the fidelity of cell division; however the underlying mecha-
nisms are unclear. Failure of these control mechanisms can result in aneuploidy 
or the loss of cell polarity, both of which are associated with malignant tumour 
formation. The goal of the Cell Growth and Division Laboratory is to understand 
how changes in cell polarity are orchestrated with cell cycle progression. 

The lab has identified a key role for cyclin dependent kinase 1 (Cdk1) in the initiation 
and maintenance of polarized growth in the model eukaryote Saccharomyces cerevi-
siae. Cdk1 phosphorylates regulators of the GTPase Cdc42, including the GEF, GAP and 
adaptors. Cdk1-dependent regulation of the Cdc42 GTPase module serves to activate 
this master regulator of cell polarity, thus establishing a polarity axis along which cell 
division occurs. Using interdisciplinary state-of-the-art approaches including chemical 
genetics, high-speed in vivo imaging, and mass spectrometry my group is exploring 
the molecular mechanisms by which Cdk1 activity triggers these events. The mamma-
lian homologues of the Cdc42 GEF and GAPs are oncogenes and tumour suppressors 
respectively. Moreover, recent work indicates that they too are regulated by cell cycle 
kinases including Cdk1, demonstrating that communication between the cell cycle and 
cell polarity machinery is a conserved feature of eukaryotic cell biology that may be criti-
cal for normal proliferation.

What are the molecular mechanisms by which Cdk1 activates Cdc42 to establish 
cell polarity?

High-speed flourescence microscopy of post-Golgi vesicle dynamics indicates that Cdk1 
plays a critical role in trafficking of post-Golgi vesicles to the plasma membrane (Figure 
1). 

Figure 1: Chemical genetic inhibition of Cdk1 results in aberrant post-Golgi vesicle targeting. 80-100 
images were then acquired at 220 ms intervals and stacked vertically to generate kymographs. In each 
set, the top 4 panels show a DIC image, merged images of post-Golgi vesicles (cyan) and FM4-64 (red), 
and the individual images used to generate the merge. The longitudinal line used to generate kymo-
graphs is shown in purple. The lower right panel is the resulting kymograph, and the lower left panel is a 
tracing of the kymograph in which each coloured line represents the trajectory of a different post-Golgi 
vesicle, with the arrowhead showing the direction of movement Scale bar is 2 µm.
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Recently, we showed that Cdk1 phosphorylates regulators of the Cdc42 GTPaes module 
that control post-Golgi vesicle targeting. In collaboration with Dr. S.P. Gygi (Harvard 
Medical School, Boston, MA), we have now mapped the Cdk1-dependent phosphoryla-
tion sites on the Cdc42 GTPase module (GEF, GAP and adaptors) by mass spectrometry. 
Our objective is to identify the function that phosphorylation plays in regulating Cdc42 
activity. Specifically, we are investigating whether phosphorylation of the GTPase module 
influences the affinity of the GEF, GAP and adaptors for each other, for membranes or for 
downstream effectors. These studies are providing insight into the mechanisms by which 
multi-site phosphorylation regulates the switch-like activation of a GTPase module.

How do rearrangements in the actin cytoskeleton, which controls membrane traf-
ficking dynamics, establish a polarity axis during the cell cycle?

Cdk1-dependent activation of Cdc42 induces polarization of the actin cytoskeleton to-
wards the site at which a new cell, or bud, will grow. Post-Golgi exocytic vesicles are 
targeted to the bud via filamentous actin cables. Filamentous actin generated by the 
Arp2/3 nucleation machinery is also utilized for endocytic internalization of vesicles at 
sites of polarized growth. Thus actin polymerization is utilized for endocytosis and exo-
cytosis, raising the question of how these competing activities are coordinated, and how 
these trafficking domains are organized. We have discovered that trafficking domains at 
the plasma membrane undergo extensive reorganization early in the cell cycle as growth 
becomes polarized (Figure 2). A screen is underway to isolate mutants that perturb this 
process and identify the mechanisms underlying the generation of cell polarity.

Figure 2: Early in the cell cycle (left image), endocytosis-associated actin patches (cyan) are distributed 
randomly throughout the cytoplasm. During the initiation of polarized growth, endocytic vesicles (cyan) 
corral a central zone of exocytic post-Golgi vesicles (red) that are targeted to a tight patch on the plasma 
membrane. 
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Our goal is to perform a systematic and quantitative analysis of post-transcrip-
tional regulation in vivo in C. elegans. More specifically, we combine quantitative 
analysis methods with genome wide RNAi screens to systematically identify all the 
genetic components involved in post-transcriptional regulation and characterize 
their functional interactions.
We use transgenic animals carrying two fluorescent markers to visualize the res-
pective contribution of transcriptional and post-transcriptional regulation events 
for every gene considered. The data collected in the course of this project will 
constitute the first high-throughput in vivo quantitative analysis of post-transcrip-
tional regulation in a metazoan organism.

The major goal of our group is to generate an integrative model of tissue-specific post-
transcriptional regulation processes in Caenorhabditis elegans. Many cis-acting ele-
ments and trans-acting factors involved in the regulation of these processes have been 
characterized. However, integrative models of the molecular mechanisms underlying 
the sophisticated cell- and stage-specific patterns of regulation are yet to be devel-
oped due to difficulties in following these events in vivo. Post-transcriptional regulation 
represents a critical aspect of genetic regulatory networks in eukaryotes. To dissect 
the genetic requirements for these mechanisms, we will generate the first quantitative 
genome-scale dataset of post-transcriptional regulation in vivo during C. elegans de-
velopment. 

We will focus our effort on two major aspects of post-transcriptional regulation:

Quantitative analysis of UTR-mediated regulation

Small non-coding RNAs such as microRNAs (miRNAs) and small interfering RNA (siRNAs) 
have recently emerged as a novel class of post-transcriptional gene expression regula-
tors that interact with 3’ untranslated regions (UTR) and interfere with the translation 
of the mRNAs, or cause their degradation, thus altering the amount of the correspond-
ing protein in the cell2-13. The 115 miRNAs identified to date in C. elegans have been 
predicted to regulate about 10% of the protein coding genes but only a few of these 
predicted miRNA/UTRs interactions have been experimentally validated and functionally 
characterized in C. elegans. 
More than one miRNA is generally predicted to interact with a given UTR, providing the 
opportunity to study combinatorial regulation. We will select 200 genes displaying an 
UTR predicted to interact with a variety of combinations of miRNAs to produce the first 
genome-scale quantitative survey of the function of these interactions in vivo. For each 
selected gene, we will generate transgenic animals carrying a polycistronic construct in 
which the corresponding endogenous promoter will be driving the expression of two 
reporters19: a red fluorescent protein (mCherry) with the permissive unc-54 UTR to 
monitor the transcriptional activity of the promoter and a green transcriptional fusion 
(GFP) associated to the cognate UTR to measure the contribution of post-transcriptional 
regulation (Figure 1a). 

Quantitative analysis of alternative splicing

Alternative splicing of pre-mRNAs is a widespread mechanism that contributes to the 
spatiotemporal diversity of gene expression in metazoans. In Caenorhabditis elegans, 
it has been estimated that ~10% of genes are subjected to alternative splicing. To date, 
there is no information about global regulation of alternative splicing during worm de-
velopment. In a recent study using a custom-made microarray, only ~20% of the tested 
genes showed a significant change in isoform ratio in the course of development27. 
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For the majority of the genes, for which EST data indicates alternative splicing events, 
no variation has been observed. This might indicate that most alternative isoforms are 
regulated in a tissue-specific rather than stage-specific manner. Such tissue- or cell-
specific events are notoriously difficult to follow using microarray analyses. We will use a 
variation of the two-color reporter system pioneered by our collaborator H. Kuroyanagi 
(Tokyo) in which two fluorescent reporters are respectively fused to mutually exclusive 
alternatively spliced exons (Figure 1b), to characterize the alternative splicing patterns of 
200 genes. This will provide the first large-scale overview of alternative splicing regula-
tion in vivo in a metazoan organism. 

In summary

To build dynamic models of cell differentiation it will be important to integrate compre-
hensive datasets of expression information and physical relationships between regula-
tors and their targets within the system of interest. Tremendous efforts are underway 
to collect such datasets in C. elegans which make it the ideal model organism to reach 
this objective. Our goal is to complement these approaches with a systematic quantita-
tive analysis of major spatiotemporal post-transcriptional regulation processes in vivo 
in C. elegans. 
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Figure 1: Two-color reporters for in vivo post-transcriptional regulation studies. a) The function of en-
dogenous UTR sequences will be tested by direct comparison of expression levels with the unc-54 con-
trol expressed from the same double-reporters operon. b): Tissue and temporal specificity of alternate 
isoforms will be investigated by generating reporter constructs expressing distinct fluorescent markers 



The mechanisms that safeguard cells against aneuploidy are of great interest as 
aneuploidy contributes to tumorigenesis. Using live imaging approaches, we have 
identified two novel mechanisms that permit the accurate transmission of chromo-
somes during cell division of Drosophila neuronal stem cells. The first mechanism 
involves the faithful segregation of damaged chromosomes. We monitor cells 
entering mitosis with broken chromosomes. Our studies reveal that chromosome 
fragments segregate properly to opposite poles. This poleward motion is medi-
ated through DNA tethers that connect the chromosome fragments. The second 
mechanism involves the coordination of chromosome segregation with cell cleav-
age. We found that cells can adapt to a four-fold increase in chromatid length by 
elongating transiently during anaphase. This mechanism ensures the clearance of 
chromosomes from the cleavage plane prior to completion of cell division. 

Mitosis is the final stage of the cell cycle where a copy of the duplicated genome is 
transmitted to each daughter cell. Failure to do so produces daughter cells with an 
inappropriate genome content also called aneuploidy. Aneuploidy can have deleterious 
consequences for the cell and the organism as the cell looses the integrity of its genome. 
Aneuploidy is a hallmark of cancerous cells and there is growing evidence that it con-
tributes to tumorigenesis. Aneuploidy can arise from aberrant cell division due to failure 
in DNA repair or defects in chromosome segregation. To protect its genome content, 
the cell relies on checkpoints. The DNA damage checkpoint acts in interphase to prevent 
the cell from entering mitosis in the presence of altered DNA. This provides time for 
repair. The spindle assembly checkpoint acts in mitosis to delay anaphase onset until all 
chromosomes are properly attached to the spindle via their centromere/kinetochore. It 
ensures that chromatids are faithfully segregated to the poles so that each daughter cell 
inherits the correct number of chromosomes. However, cells can adapt to checkpoints 
and resume the cell cycle. For instance, adaptation to the DNA damage checkpoint re-
sults in a situation in which the cell enters mitosis with damaged DNA. Entering mitosis 
with unrepaired DNA double strand break results in the production of chromosome 
fragments lacking centromeres (acentric fragments). Since the centromere is required 
for kinetochore function and thus chromatid segregation, these acentric chromosome 
fragments would be incapable of moving poleward during anaphase. If unchecked, this 
situation might lead to the production of aneuploid daughter cells. 

Is there a mechanism that processes broken chromosomes in mitosis and thus 
prevents the production of aneuploid daughter cells? 

We investigated the fate of cells going through mitosis with broken chromosomes. We 
used the I-CreI endonuclease to make site-specific DSB in the Drosophila sex chromo-
somes (Figure 1A). While I-CreI expression produces acentric chromatids in the vast 
majority of dividing cells, remarkably, it had no effect on adult survival. By monitoring 
chromosome segregation in live neuroblasts by time-lapse microscopy, we discovered 
that acentric fragments lagged during anaphase but eventually segregated toward the 
poles (Figure 1B). The poleward movement of the acentric fragment is mediated through 
DNA tethers connecting the acentric fragments to their centric partners. These tethers 
are decorated with Polo kinase, a key mitotic regulator, the spindle checkpoint com-
ponent BubR1 and two chromosomal passenger complex (CPC) proteins, INCENP and 
Aurora-B (Figure 1C). Reduced BubR1 or Polo function results in abnormal segrega-
tion of acentric chromatids, a decrease in acentric chromosome tethering and a great 
reduction in adult survival. This led to the proposal that BubR1 and Polo facilitate the 
accurate segregation of acentric chromatids by maintaining the integrity of the tethers 
that connect acentric and centric fragments. My group is currently defining the nature 
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and property of the DNA tether and the molecular pathway that regulate its formation 
and maintenance. In particular, we are focusing on deciphering the role and regulation 
of BubR1 localization on the tether.

Figure 1:  BubR1-coated DNA tethers facilitate the poloward segregation of acentric chromatids. (A) 
Schematic illustration (left) and DAPI straining (right) of the Drosophila mitotic X chromosome. The cen-
tromere (cyan circles) are near the telomere in the heterochromatin “head” brightly stained with DAPI. The 
endonuclease I-CreI cuts at the rDNA locus located in the pericentromeric heterochromatin. I-CreI gener-
ates two distinct chromosome fragments, a small heterochromatic fragment containing the centromeres 
(centric) and a long fragment containing the sister chromatid arms (acentric). Scale Bar=2µm. (B) Time 
lapse images of mitotic GFP-H2Av-labeled neuroblasts from heat shocked larvae expressing I-CreI. The 
acentrics (cyan arrowheads) are aligned at the metaphase plate . At anaphase, they lag behind the main 
chromatids but eventually move toward the poles. Two acentric fragments are seen moving toward each 
pole (cyan arrowheads. The white lines in the last column highlight the contour of the dividing cells. Time: 
min:sec. Scale Bar: 5µm. (C) Neuroblasts from I-CreI heat shocked larvae double labeled with GFP-BubR1 
(red, top row) and RFP-Histone (cyan). The yellow arrows highlight BubR1 signal at the kinetochore. The 
red arrow points to BubR1 localization on the tether. Scale Bar: 10µm.

How does the cell senses that the sister chromatids have cleared the cleavage plane 
before the completion of cell division?

My group is equally interested in addressing the fundamental, yet largely uncovered 
issue of how chromosome segregation is coordinated with cell division. This coordina-
tion is essential for proper transmission of the genetic material into daughter cells. We 
monitored Drosophila neuroblasts going through mitosis with abnormally long chro-
mosomes induced by the expression of the endonuclease I-CreI. Our study revealed a 
novel mechanism by which cells coordinate chromosome segregation with cell division. 
Cells can adapt to a four-fold increase in chromatid length by elongating transiently dur-
ing anaphase/telophase (Figure 2). This increase in cell length is concomitant with the 
spreading of cortical myosin rings without compromising cytokinesis. This response is 
mediated by the Rho Guanine-nucleotide exchange factor. This novel signaling  between 
chromatid arm and cortical myosin ensures the coordination between the clearance of 
chromatid arms from the cleavage site and completion of cytokinesis. We are currently 
trying to elucidate the mechanism by which the trailing chromatid arm triggers cell elon-
gation.

Figure 2. Increase in chromatid length is associated with cell elongation during cytokinesis. Images of live 
neuroblasts expressing the RFP::H2Av (red) at a single time points during late cytokinesis. Neuroblasts 
divide asymmetrically to give rise to a large neuroblast (N) and a small Ganglion Mother Cell (GMC). Cells 
from I-CreI larvae exhibit chromatid arms of various length compared with control cells. The blue arrows 
indicate the position of the tip of the longest chromatid. The Increase in chromatid length is associated 
with cell shape changes from a sphere to a tubule for the GMC or a pear-like shape for the neuroblast. 
The white dashed traits outline the cells.
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Small natural molecules have been shaped and optimized by evolution and are 
therefore perfectly tailored to interact with natural macromolecules and induce 
a biological response. Our first research project consists in producing by short 
sequences of reactions a set of structurally complex scaffolds which can be 
transformed into a wide diversity of natural product analogs of therapeutic inter-
est. This should provide an entry into the drug discovery process at a much more 
advanced stage that does the screening of standard diversity libraries.
A second field of research deals with the development of new synthetic methods 
most often inspired by problems encountered in natural product syntheses. The 
group mainly focuses on the development of asymmetric catalytic reactions using 
non-genotoxic reagents.

Diverted total synthesis of natural product analogs

Synthesis of « small » molecules will be needed as long as they will be used for the 
discovery of biological macromolecules, the study of their biological function and their 
potential for the  development of new therapeutic agents. This approach requires the 
development of synthetic methods which provide a quick access to complex and diverse 
molecular structures exhibiting properties never seen before. However biological mo-
lecules populate only a very small fraction of the multidimensional chemical descriptor 
space available by synthesis. The synthetic chemist will therefore need guidelines to 
prepare molecules with a chemical descriptor allowing them to interact with biologi-
cal macromolecules. Analogs of natural products which have been shaped by evolution 
should allow for entry into the discovery process of bioactive molecules at a much more 
advanced stage that does the screening of standard diversity libraries. One of our major 
endeavour at IECB has been the development of efficient synthetic processes for the 
production of new natural product analogs. We have developed unique 3-6 component 
reactions which enable to create a variety of heterocyclic scaffolds which can then be 
transformed in a few steps in a wide variety of complex heterocycles that could modu-
late biomacromolecular functions in a useful way (Scheme 1). 

 

Scheme 1

This approach is now being applied to the synthesis of “fragments” inspired by pharma-
cologically interesting natural products or by known pharmacophores. A wide variety of 
new natural product-like scaffolds have been efficiently synthesized by an intramolecu-
lar version of this strategy ( Scheme 2)

Scheme 2
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We have also developed a new class of  cyclic dienes which are aimed at opening quick and 
efficient accesses to natural product analogs or fragments  as illustrated in Scheme 3.

Scheme 3

Design and evaluation of non-metallic catalysts for alkylation under non-genotoxic 
conditions

Previous research in our group had led to the seminal discovery of silicon-derived Lew-
is superacids derived from perfluorinated triflimides. These Lewis-acid catalysts are 
“green” catalysts which have been used by us and later by other groups around the 
world for the activation of carbonyl compounds. These catalysts tolerate many functional 
groups and are not toxic.  
More recently we have performed studies of a  reaction protocol allowing the benzylation 
and allylation of nucleophilic substrates like enol ethers, allyl silanes or aromatic and 
heteroaromatic compounds using non-genotoxic benzylating or allylating reagents in 
the presence of trialkylsilyl triflimides catalysts. Interestingly the catalytic activity could 
be tuned up by choosing the most appropriate alkyl substituent on silicon. Yields were 
high and work-up was easy (Scheme 4).  In most cases the reactions could be performed 
without solvent. We believe that this procedure should appeal to the synthetic chemists 
looking for practical, safe and environmentally acceptable synthetic methods. 

Scheme 4

In the course of these studies we discovered that benzylic acetates could be used in 
Friedel-Crafts benzylation reactions of aromatics and heteroaromatics catalyzed by 
Brönstedt acids such triflic acid or triflimides. This new procedure (Scheme 5) leads to a 
wide variety of diarylmethanes which are substructures found in many pharmacologically 
interesting compounds.

 

Scheme 5

However most of recent studies have been devoted to the search of chiral versions of 
our new silicon-derived catalysts. Challenges are : (1) to find chiral silylated triflimides 
which Lewis superacids as the parent scalemic derivatives, (2) obtain high enantiomeric 
excesses in a serie of model reactions. A wide variety of silylated triflimides carrying RO-, 
R2N-, F, and diaminocarbene groups have been prepared and evaluated as potential 
catalysts for model reactions such as Diels-Alder of dienes with methyl acrylate or cro-
tonate, or the benzylation of silylenol ethers with benzylacetate. We also have examined 
various derivatives of myrtenal as potential catalysts.         

Future     

Priority will be given to the development of the above projects. We have successfully ap-
plied for a Marie Curie fellowship on the development of new silicon-based catalysts. The 
project on natural product analogs is supported by industry and we will look for further 
support from industry for the fragment approach.
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• SFR Transbiomed meeting Pessac, France, June 2011, J.L. Mergny
• CNRS-Innovations Ther., Paris, France, June 2011, J.L. Mergny
• International G4 meeting, Sorrento, Italy, June 2011, J.L. Mergny, 

L. Yatsunyk
• SCNAC, Cesky Krumlov, Cz, June 2011, J.L. Mergny
• G4 school, Spa, Belgium, Sep 2011, J.L. Mergny
• FIBER symposium, Kobe, Japan, Nov 2011, J.L. Mergny
• ISNAC #38, Sapporo, Japan, Nov 2011, J.L. Mergny

Pole 4 - Molecular & Cellular Biology

Cell signalling in health & disease

• GRRC, Printemps de Cardiologie, Lyon, France, May 2011, E. Génot
• 5eme journée de Biologie Cellulaire du Grand Campus, Orsay, 

France, May 2011, I. Kramer
• Cell adhesion and migration in inflammation and Cancer, 5th Zoo 

meeting, Amsterdam, The Nederlands, May 2011, T. Daubon, A. Juin
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• 4th International meeting on Podosomes, Invadopodia and Focal 
Adhesions in Physiology and Pathology, Madrid, Spain, September 
2011, E. Génot

• VII colloque francophone des petites protéines G, Poitiers, France, 
October 2011, E. Génot

• 14th Imperial College London symposium: Vascular endothelium: 
Role in disease pathogenesis & as a therapeutic target, London, UK 
December 2011, A. Leclercq

Dynamics of cell growth & cell division

• Institut Curie, Dept. Cell Biology, Invited seminar, Paris, France, 
April 2011, D. McCusker

• CRBM, Invited seminar, Montpellier, France, May 2011, D. McCusker
• Small G-proteins meeting Poitiers, France, September 2011, D. Mc-

Cusker
• EMBO Cell Cycle meeting Montpellier, France, September 2011,   

D. McCusker

Control and dynamics of cell division

• 10th International Conference on Drosophila Heterochromatin, 
Gubbio, Italy, June 2011, A. Royou

• 15th European Cell Cycle Conference – EMBO Workshop on “explor-
ing the logic of the cell cycle”, Montpellier, France, Sept. 2011, A. 
Royou

• 7ème Rencontres de Figeac, France, Sept. 2011, A. Royou

Organic & medicinal chemistry

• Sanofi-Aventis, Frankfurt, Germany, October 2011, L. Ghosez

Conference 
organisation
 
• 17th GFPP meeting, Aussois, France, February 2011, G. Guichard
• Doc’66 meeting ( IFR66, University Victor Segalen), Pessac, France, 

April 2011, F. Saltel, T. Daubon, C. Billottet
• Young scientists meeting, Pessac, France, May 2011, PLT Tran, A. 

Renaud de la Faverie, T. Daubon, F. Curado, I. Egaña
• Rethinking Targets for Therapeutic Intervention (Interbio Scientific 

Conference), IECB, Bordeaux-Pessac, France, June 2011, S. Quideau, 
C. Mackereth, I. Kramer, J.L. Mergny, D. McCusker

• Microfluidics MiniSymposium, IECB, Pessac, France, July 2011, B. 
Kauffmann, D. McCusker

• 11th Tetrahedron Symposium, Sitges, Spain, June, 2011, L. Ghosez, 
Chairman

• French-Japanese symposium in Supramolecular chemistry, biomi-
metics, bioimaging, and biomaterials, Pessac, France, Oct. 2011 
R. Oda

• 3rd Aquitaine conference on Polymers, Arcachon, France, October 
2011, I. Huc

• VII colloque francophone des petites protéines G, co-organizer, Poi-
tiers, France, October 2011, E. Génot

• 5èmes recontres Figeac, Figeac, France, October 2011, J.L Mergny
• Interbio research to business tech transfer, co-organizer, Valencia, 

Spain, November 2011, I. Kramer

Thesises
• Rosina GIORDANO-SANTINI “Development of a new transgenesis 

marker for nematode transformation” (D. Dupuy) Université Bor-
deaux Segalen, MENRT-FRM grant

• Omar F. ZOUANI “Étude de l’Ostéogénèse par la Conception de Bio-
matériaux Intelligents” (M.C. Durrieu) Université Bordeaux 1, MNERT 
grant

• Phong Lan Thao TRAN “Guanine Quadruplexes: formation, stabil-
ity and interactions” (J.L. Mergny) Inserm U869-IECB, MNERT grant

• Yoan MONNEAU “Etude des modifications post-traductionnelles des 
histones : La production semi-synthétique d’une protéine acétylée 
et l’analyse structurofonctionnelle d’une peptidyl-prolyl isomérase” 
(C. Mackereth) Univ. Bordeaux Segalen, ICSN/CNRS grant

• Daniel DA SILVA “Caractérisation des deux isoformes de l’ARN Pol-
ymérase III Humaine” (M. Teichmann), Inserm U869-IECB, MNERT 
grant

• Rumi TAMOTO “Chiral Nano/Micro Self-assemblies of cationic sur-
factants: from dynamic behavior of supramolecular architectures 
towards hybrid nanomaterials” (R. Oda) CBMN UMR 5248, Université 
Bordeaux 1

• Nicolas ARRAUD “Etude cinétique de la liaison élémentaire entre 
Annexine-A5 et membranes et mise au point d’un test de quantifi-
cation des microparticules plasmatiques pro-coagulantes, par cyto-
métrie en flux” (A. Brisson) CBMN UMR 5248, Université Bordeaux 1

• Judith ELKAIM “Drug design in silico : Criblage virtuel de protéines à 
visée thérapeutique” (J. Dessolin) CBMN UMR 5248, Université Bor-
deaux 1

• Renwei CHANG “Processus photoioniques au sein des architectures 
amphiphiles” (R. Oda) CBMN UMR 5248, Université Bordeaux 1 - 
Aquitaine Regional Council

• Adakarleny SOSA MORENO “Etude Phytochimique Bioguidée de Plan-
tes Médicinales des Andes Vénézuéliennes: Bauhinia cumanensis et 
Urena sinuata” (S. Quideau) PCP, cosupervised with the University of 
the Andes, Mérida, Venezuela

• Laura Vanessa SANTIAGO BRUGNOLI “Etude Phytochimique Biogui-
dée de Plantes Médicinales des Andes Vénézuéliennes: Zanthoxy-
lum rhoifolium et Trattinickia rhoifolia” (S. Quideau) PCP, cosuper-
vised with the University of the Andes, Mérida, Venezuela

• Marie-Charlotte LECHNER “Synthèse et utilisation d’architectures 
multimériques peptidiques comme outils d’étude des mécanismes 
d’activation du récepteur à domaine de mort DR5” (G. Guichard) 
Strasbourg University, MNERT grant

• Edith CHARDON “N-Heterocyclic Carbene Complexes : Toward In-
novative Anticancer Agents” (G. Guichard/S. Bellemin-Lapponaz)
Strasbourg University, MNERT grant

• Chiara PASCALI “Identification à l’échelle génomique de génes tran-
scrits par deux isoformes de l’ARN polymérase III humaine” (M. 
Teichmann/ G. Dieci) University Bordeaux Segalen, French-Italian 
University grant

Besides training PhD students in the labs, IECB researchers con-
tribute to various bachelor and master’s courses of the Univer-
sité Bordeaux 1 and the Université Bordeaux Segalen. In 2011, 
they provided over 1600 hours of teaching.



The IECB technology platform in structural biology acquired in 2011 a last 
generation surface plasmon resonance (SPR) instrument : the Biacore T200.
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IECB’s technology platform in structural biology aims at answering structural and 
functional questions on molecules/complexes of biomedical interest, with particu-
lar emphasis on topics related to biomembranes and gene expression. This open 
platform provides internal and external research teams with a privileged access to 
state-of-the-art instruments as well as dedicated scientific expertise from scien-
tists located either at IECB or in other labs from Bordeaux.
Since January 2008, IECB’s technology platform in structural biology has been 
part of Bordeaux Functional Genomics Center (CGFB), a network of technology 
platforms that brings together and makes available to public and private research 
centers a wide range of biotechnological facilities (bioinformatics, proteomics, 
metabolomics, …).

Services and expertise of IECB’s structural biology Platform

Structural biology

Dr. Brice Kauffmann
Head of IECB’s technology platform in 
structural biology (IR), CNRS

After a PhD in protein crystallography (2003, 
University of Nancy I), Brice Kauffmann spent 
three years at the European Molecular Biol-
ogy Laboratory (EMBL) in Hamburg (Germany) 
working on the development of a new mac-
romolecular crystallography beamline (X12, 
DESY). He joined the European Institute of 
Chemistry and Biology in January 2006 as a 
staff scientist.

Selected publications
Gan Q., Shang J., Kauffmann B., Wang Y., Bie F., 
Jiang H. (2011) A highly stable double helix of 
aromatic oligoamide comprised of fused ring 
aromatic units, Tetrahedron, Available online 1 
December 2011.

Nelli Y.R., Douat-Casassus C., Claudon P.,  
Kauffmann B., Didierjean C., Guichard G. (2011) 
An activated building block for the introduction 
of the histidine side chain in aliphatic oligourea 
foldamers, Tetrahedron, Available online 29 No-
vember 2011.

Commandeur C., Commandeur M., Bathany 
K., Kauffmann B., Edmunds A.J.F., Maienfisch 
P., Ghosez L. (2011) Study of the oxidation of 
3-hydroxypyrroloindoles to pyrrolobenzoxazine 
alkaloids, Tetrahedron, Volume 67, Issue 51, 23, 
pp 9899-9908.

Grosjean A., Daro N., Kauffmann B., Kaiba A., Lé-
tard J.F., Guionneau P. (2011) The 1-D polymeric 
structure of the [Fe(NH2trz)3](NO3)2•nH2O 
(with n = 2) spin crossover compound proven 
by single crystal investigations. Chem Commun 
(Camb). 7;47(45):12382-4.

Vives G., Giansante C., Bofinger R., Raffy G., 
Del Guerzo A., Kauffmann B., Batat P., Jonu-
sauskas G., McClenaghan N.D. (2011) Facile 
functionalization of a fully fluorescent perfluo-
rophenyl BODIPY: photostable thiol and amine 
conjugates. Chem Commun(Camb). 2011 Oct 
7;47(37):10425-7.

Stern E., Goossens L., Retailleau P., Kauffmann 
B., Bonte J.P., Depreux P., Goossens J.F. (2011) 
Preparative enantiomeric separation of new 
selective CB2 receptor agonists by liquid chro-
matography on polysaccharide-based chiral 
stationary phases:determination of enantio-
meric purity and assignment of absolute stereo-
chemistry by X-ray structure analysis. Chirality. 
23(5):389-96.



Liquid/solid NMR

Services and expertise

• NMR of membrane lipids in the context of bicelles and 
membrane domains (rafts), atherosclerosis, and cellular 
signalling (e.g. nano-objects oriented by magnetic fields, 
sterols and phosphoinositids) 

• NMR of peptides and membrane proteins involved in can-
cer, apoptosis or featuring particular antibiotic and anti-
microbial properties (e.g.neu/erbB-2, Bax, Bcl-2, melittin, 
surfactin, cateslytin, etc.)

• NMR of colloids associated with the food or pharmaceutical 
industry (e.g. tannins with saliva proteins, lipopeptides with 
active nebulisable substances)

• Auto-assembly of amphiphilic molecules
• Synthesis and activity of natural substances of biological 

interest (e.g. phenols and quinols)
• Structures of nucleic acids, proteins, and protein/nucleic 

acid complexes
• Chemistry of solids, materials and alloys
• 2D, 3D and multidimensional NMR
• Residual dipolar coupling (RDC)
• Dynamics, 13C/15N relaxation

Equipment

• NMR 800 MHz, SB (TGIR CNRS : http://www.tgir-rmn.org/)
• NMR 700 MHz, SB, Ultra-shield
• NMR 500 MHz, WB, Ultra-shield
• NMR 300 MHz, WB, Ultra-shield
• Solid NMR, triple channel, MAS
• NMR 300 MHz, SB, Ultra-shield 
• NMR 400 MHz, SB Ultra-shield

Technical contacts

Axelle Grélard, a.grelard@iecb.u-bordeaux.fr
Cécile Courrèges, c.courreges@iecb.u-bordeaux.fr 

Scientific expertise

Erick Dufourc, e.dufourc@iecb.u-bordeaux.fr
Cameron Mackereth, c.mackereth@iecb.u-bordeaux.fr
Gilmar Salgado, g.salgado@iecb.u-bordeaux.fr

Electron microscopy

Services and expertise

• Samples preparation for MET and Cryo-MET experiments 
• Preparation of biological samples and synthetic, organic 

and metallic assemblies
• Tissues, cells : Inclusion techniques in resin, ultrami-

crotomy
• Sub-cellular preparation of proteins, protein-membrane 

complexes : negative coloration, CryoMET of thin layers
• MET cryoMET and Tomography of biological samples, 

inorganic nanoparticules, polymers, natives or functional-
ized

• AFM (Atomic force microscopy) of functionalized materials 
(nanobiotechnology)

• AFM of lipids and proteins assemblies

Equipment

• Tecnai-F20 200kV-FEG (FEI)
• CM-120 120 kV (FEI)
• Nanoscope-IV AFM (Veeco)

Main contact

Alain Brisson, a.brisson@iecb.u-bordeaux.fr
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Surface plasmon resonance (SPR)

Services and expertise

• Informations: interactions (yes or no answer), affinity, bind-
ing kinetics, thermodynamics (5°C to 40°C), stoichiometry 
and active concentrations.

• Samples: proteins, nucleic acids, small molecules (not limit 
for organic molecules), liposomes, bacteria, extracts.

• Recovery function: the instrument can recover compounds 
bound to the functionalized surface.

• Sensorchips are available for the immobilisation of com-
pounds via thiol, amines, aldehyde functions, for streptavi-
din/biotin coupling, Tag-HIS and liposomes capturing.

• Measured parameters: association rate constants 103 to 
3x109 M-1s-1 for proteins, 103 to 5x107M-1s-1 for LMW mol-
ecules; dissociation rate constant 10-5 to 1 s-1; sample con-
centration ≥ 10 pM.

• Baseline noise: typically < 0.03 RU (RMS)
• Baseline drift: typically < 0.3 RU/min
• Immobilized interactant consumption: typically 0.03 to 3 

µg/flow cell.

Equipment

Biacore 3000 and Biacore T200

Main contact

Carmelo Di Primo, carmelo.diprimo@inserm.fr

Mass spectrometry

Services and expertise

• Small molecules (exact mass)
• Small molecules (low resolution)
• Polyphenols
• Peptids
• Lipids
• Antimicrobial substances
• Nucleic acids
• Compounds of organic synthesis

Equipment

• LCT Premier
• LCQ Advantage: available for external user 50% of its 

operation time
• Reflex Bruker

Scientific expertise

Schmitter Jean-Marie, jm.schmitter@cbmn.u-bordeaux.fr

Molecular modeling

Services and expertise

• Molecular Dynamics of supra- molecular assemblies 
• Drug design of bio-active molecules (agonists or  antago-

nists) within biologic complex process. 

Equipment

Cluster IBM with 66 processors Intel Xeon 2.8Ghz and 17 Go 
RAM                                                     
• 1 Transtec blade with 32-core AMD Opteron Processor 

6136 2.4Ghz and 256 Go RAM 
• 1 Transtec blade with 24-core AMD Opteron Processor 

6168 1.9 Ghz and 32 Go RAM 
• 2 Advanced Capacities blades with 48-core AMD  Opteron 

Processor 6172 2.1 Ghz and 64 Go RAM 
• 3 Transtec blades with 48-core AMD Opteron  Processor 

6168 1.9Ghz and 64 Go RAM

Other :
• Storage Serveur Facility DAS raid 6 with 162 To raw (140 

To real)  - to securely store simulations and experimental 
results during 3 to 5 years max.

Softwares :
• Installed Molecular Dynamics Softwares :  GROMACS, NAMD, 

AMBER, CHARMM and DESMOND from  Schrödinger Inc. 
• Installed Molecular Mechanics and Drug-Design Softwares 

: DOCK, AUTODOCK, VINA + group-licence  for MACRO-
MODEL from Schrödinger Inc.  

• several licences and modules of DISCOVERY STUDIO  2.1 
from Accelrys Inc. 

• In-house Softwares (Molecular Lipophilicity, sdorted or se-
lected protein or molecule data bases, ...) 

Main contact 

Michel Laguerre, m.laguerre@iecb.u-bordeaux.fr
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Crystallogenesis

Services and expertise

• Robotised crystallogenesis (screening and optimization of 
crystallization conditions)

• Crystallogenesis of membrane proteins in mesophase
• Crystallogenesis of supramolecular self-assemblies

Equipment

• Robot Cartesian Honeybee 961 Genomic solutions
• Robot Mosquito TTP Labtech
• Robot Beckman Coulter Biomek NX
• Robot Beckman Coulter Biomek 3000  equiped with a 

micro-seringe for pipeting small volumes of viscous solu-
tions (crystallization in mesophase...)

Technical contact

Brice Kauffmann, b.kauffmann@iecb.u-bordeaux.fr

Scientific expertise

• Supramolecular assemblies/foldamers - Ivan Huc, i.huc@
iecb.u-bordeaux.fr 

• Macromolecules - Sébastien Fribourg, sebastien.fribourg@
inserm.fr

X-ray diffraction and diffusion

Services and expertise

• Diffraction intensities measurements on single crystals of 
small organic molecules and macromolecules (proteins, 
nucleic acids, complexes, supramolecular assemblies) : 
structure resolution

• Small and wide angle X-ray scattering (SAXS, WAXS) 
experiments (q range of 0.08 to 3  Å-1) : low resolution 
structures (shape of the molecules)

• Diffuse scattering measurements on single crystals

Equipment

• Microfocus rotating anode Rigaku MM07 800W
• Microfocus rotating anode Bruker Microstar 2.7kW (mac-

romolecules)

Technical contact

Brice Kauffmann, b.kauffmann@iecb.u-bordeaux.fr

Scientific expertise

• Small organic molecules/foldamers - Ivan Huc, i.huc@
iecb.u-bordeaux.fr 

• Small organic molecules - Jean-Michel Léger, jean-michel.
leger@u-bordeaux2.fr 

• SAXS/WAXS - Reiko Oda, r.oda@iecb.u-bordeaux.fr
• Macromolecules - Sébastien Fribourg, sebastien.fribourg@

inserm.fr
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Flow cytometry 
Confocal microscopy

Cloning
Genotyping
Site directed mutagenesis

Protein expression assay
Protein production and purification

Generation of cDNA libraries
Purification of oligonucleotides

Technology
platforms69

The “analytical and preparative techniques” facilities opened in November 2007 
with the aim of providing services in biochemistry, cell biology and molecular biol-
ogy. As an open platform, it provides technical support and scientific expertise 
to internal or external research teams. Its activities complement the ones of the 
technology platform in structural biology.

Services and expertise of IECB’s technology platform in preparative 
and analytical techniques:

Preparative & analytical 
techniques

Sabrina Rousseau
Head of IECB’s technology platform in pre-
parative and analytical techniques (IE), In-
serm, UMS 3033/US001

Sabrina Rousseau graduated from the Uni-
versity of Brest (UBO) with a Master of Cell 
Biology and Physiology in 2004. She joined 
the European Institute of Chemistry and Bi-
ology in November 2007 as manager of the 
preparative and analytical facility in biology.

Contact
s.rousseau@iecb.u-bordeaux.fr 

Cell biology

Molecular biology 

Preparative biochemistry

Other services



Flow cytometry

Service / expertise
The flow cytometer is equipped with 3 lasers and allows count-
ing, examining and sorting microscopic particles or suspended 
cells in a fluid stream. Two types of services can be performed 
by flow cytometry: analysis or sorting of cells.

Equipment
High-speed sorter: FACSAria (Becton Dickinson)
Specifications: High speed sorting
• 3 solid lasers: 488nm, 633nm et 407nm
• High-speed digital acquisition : 70,000 evt/s
• Multicolor analysis of up to 15 parameters
• Sorting up to 4 simultaneous populations
• Sorting in tubes, plates or slide through the ACDU system 

Technical contact
Sabrina Rousseau, s.rousseau@iecb.u-bordeaux.fr

Confocal microscopy

Equipment
Confocal microscope Carl Zeiss: LSM 510 equipped with the 
Imaris software.
Description:
• Confocal videomicroscopy
• FRAP (Fluorescence Resonance Energy Transfert)
• FRET (Fluorescence Recovery after photobleaching)
• IRM (Interference Reflection Microscopy)

Technical contact
Sabrina Rousseau, s.rousseau@iecb.u-bordeaux.fr 

Scientific expertise
Elisabeth Génot, e.genot@iecb.u-bordeaux.fr 

Molecular biology

Service / expertise
• CLONING - 2 cloning methods are proposed : T4 DNA li-

gase or  “In-Fusion Advantage PCR Cloning Kit” Clontech
• GENOTYPING - This test allows the differentiation between 

homozygous or heterozygous animals for a gene of inter-
est. This technique is performed on blood samples and is 
used for the genotyping in the FTA technical of Wathman

• SITE DIRECTED MUTAGENESIS - It consists in introducing a 
specific mutation or deletion in a target gene. Two differ-
ent PCR methods are used : high fidelity Taq polymerase or 
Lightning Quick Change mutagenesis kit from Stratagene.

Equipment
• Thermocycler: Mastercycler Pro (Eppendorf).
• Microvolume or cuvette determination: nanophotometer (Serlabo)

Technical contact
Sabrina Rousseau s.rousseau@iecb.u-bordeaux.fr

Scientific expertise 
Sébastien Fribourg, sebastien.fribourg@inserm.fr

Preparative biochemistry

Service / expertise
PROTEIN EXPRESSION ASSAY - This test evaluates the level of 
expression and solubility of candidate proteins in different bac-
terial strains (8 strains of E. coli in total). Scale-up is possible 
to evaluate the level of expression in different volumes. Plasmid 
constructs for expression assays may be provided either by the 
customer or prepared by the facility
PROTEIN PRODUCTION AND PURIFICATION - This service offers 
the production and the purification of recombinant protein from 
a gene of interest. To allow easier purification, the gene of inter-
est is cloned into a a bacterial  expression plasmid. We carry out 
the expression of recombinant proteins in E. coli. Plasmid con-
structs containing sequence of interest may be provided either 
by the customer or by the facility.

Equipment
• Centrifuges:

- AVANTI J26XP (Beckman coulter) equipped with rotors 
JLA 8.1000, JA25.50.
- 5804R (Eppendorf) equipped with: swinging bucket rotor 
for plates A-2-DWP,  Standard rotor for 1,5/2ml tubes FA-
45-30-11, Rotor F-34-6-38 (Adaptator for 15ml, 15-18ml 
or 50ml tubes).
- 5418 (Eppendorf) equipped with Rotor for 1,5/2ml tubes 
FA-45-18-11

• Ultracentrifuges:
- OPTIMA-L80XP (Beckman coulter) equipped with rotors 
SW40Ti, 50.2 Ti.
- OPTIMA MAX (Beckman coulter) equipped with rotors: 
TLA 120, MLS 80, MLA 80.

• Bacterial refrigerated incubator: MaxQ 6000 (Thermofish-
er).

• Bacterial incubator: StabiliTherm (Thermofisher).

Technical contact
Sabrina Rousseau, s.rousseau@iecb.u-bordeaux.fr

Scientific expertise
Sébastien Fribourg, sebastien.fribourg@inserm.fr

Other services

Service / expertise
GENERATION OF CDNA LIBRARIES - generation of various cDNA 
libraries based on mRNA isolated from organisms or organs 
upon request. The technique is based on addition of oligo nu-
cleotides with the terminal transferase and amplification by PCR.
PURIFICATION OF OLIGONUCLEOTIDES - performed on SDS-
PAGE. The oligonucleotides can be deprotected.

Technical contact
Sabrina Rousseau, s.rousseau@iecb.u-bordeaux.fr

Scientific expertise
Sébastien Fribourg, sebastien.fribourg@inserm.fr
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In November 2011, a new visiting scientist joined the IECB: Dr. Andrew Goldsborough. 
Within the past 15 years, this British biologist submitted over 30 patent applications and 
created 3 biotech companies. Specialized in RNA stabilization techniques, he intends 
to start a new company by 2013. 



Technology transfer
& start-ups 



The scientific breakthroughs achieved at IECB are meant to 
nurture technological innovation. The skills, knowledge and 
technologies developed at the institute are transfered to 
economic players via different routes: 

Collaborative research

Servier, Sanofi-Aventis, LVMH, EDF, Conseil Interprofessionnel 
du Vin de Bordeaux, … Several key industry players work with 
IECB teams. In 2011, the institut totalized more than 10 on-
going projects with industrial partners. 

Contract services and consulting

The IECB brings together a wide range of scientific equipments 
and expertise in chemistry and biology. Such resources are 
made available to public and private research centers through 
IECB’s technology platform in stuctural biology and the prepara-
tive and analytical techniques facilities.

Technology transfer

IECB researchers are strongly encouraged to patent their dis-
coveries. In 2011, 3 additional patents were submitted by team 
leader Gilles Guichard, Jean-Louis Mergny, Elisabeth Génot and 
Stéphane Quideau. A technology transfer unit, Novaptech, was 
also created in 2008 by an IECB team leader (see on the right).

Incubating start-ups

IECB has a 300m2 work space dedicated to start-ups. This area 
is presently occupied by Fluofarma. This company, which was 
created in 2003 by two team leaders from the IECB, has seen 
its turnover grow by 412% over the past 5 years and has now a 
staff of 23 people.

Technology transfer 
& start-ups73



Created in 2003 by former IECB team leaders, Fluofarma is a start-up company special-
ized in High Content Screening (HCS), a powerful drug discovery method that combines 
the highest level of information from cell biology experiments with industrial through-
put and standards. The company, which has now a customer portfolio including more 
than 40 clients worldwide, increased its turnover by 30% in 2010 and was awarded 
2 regional prizes from Ernst&Young and Oséo. This knowledge-based company also 
maintains collaborations with IECB teams to improve its technology.

What is Fluofarma’s High Content Screening (HCS)?
Fluofarma’s HCS technology is based on modern cell biology methods; it allows the 
simultaneous detection of multiple precise molecular and phenotypic cellular events. 
Fluofarma HCS technology is optimized for a wide range of substrates. Numerous cell 
lines are available along primary cell cultures and 3D microtissues in order to increase 
the relevance of the experiments, and thus providing the most predictive results pos-
sible. The automation process allows a high throughput analysis of a whole population 
at the single cell level, exceeding the industrial requirements.

Fluofarma divisions: 
Bioengineering  Development of new cell-based assay / Customization of cell-based
   assay / Miniaturization of cell-based assay / Mechanism Of Action  
  studies
Bioscreening  Off-the-shelf cellular assays (over 500 entries) / Disease-oriented  
  screening / Predictive toxicology
Biocomputing  Custom-tailored data analysis / Development of new image analysis 
  software

Year of creation 2003

Staff 23

2011 turnover 2.2 M euros

Collaborative projects with IECB teams 
in 2011 3  

Website www.fluofarma.com

Aptamers are relevant biotechnological tools in many fields : health, cosmetics, environ-
mental sciences (enzyme inhibitor, label, probe, biosensor...). In 2005, the IECB team “Small 
RNA & Aptamers” (INSERM U869) assembled the first automated platform for aptamer selec-
tion in France, an equipement that speeds up the selection from 3 months to 2 weeks. In 
order to develop biotechnological applications of aptamers, the team created Novaptech, 
a technology transfer unit associated to the lab. Since, Novaptech’s has been collaborating 
with academic and private labs, using aptamer-based tools against proteins, peptides, small 
molecules, toxins or nucleic acids : 

Service agreements
• Identification of aptamers (RNA, DNA, chemically modified oligonucleotides) through 

an automated in vitro process)
• Optimization of selected aptamers by minimizing their size and improving nuclease 

resistance,
• Conjugation of aptamers to biotin, fluorophore, amine, thiol groups.

Biotechnological development of aptamers
• Development of new tools in analytical, diagnostic (sensoring. imaging) or therapeutic 

fields.

Collaborative research projects 
• Implementation of new strategies to promote and develop the use of aptamers
• Improvement of the automated platform by developing new procedures and compo-

nents.

Year of creation 2008

Staff 4 (3 cdi, 1 cdd)

Collaborative projects with IECB teams 
in 2010 2   

Contact sonia.darocha@novaptech.com

Dr. Sonia Da Rocha Gomes
Novaptech Executive Manager

Jean-Baptiste Pin
Fluofarma CEO
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On October 6th 2011, the IECB organized its 4th Looking to the Future workshop. The 
10 preselected candidates for group leader positions at IECB who participated in the 
workshop were coming from the most prestigious international institutions: the ETH in 
Switzerland, the MRC and the Universities of Oxford and Cambridge in the UK, and  
the Yale University and the MIT in the US.
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IECB workshops
& symposia

IECB Young Scientist Symposium, May 19-20
International and interdisciplinary events for young research or-
ganized by the PhD students and post-doctoral fellow of the 
IECB with the support of the Interbio project. 
110 young biologists, chemists and physicists from Barcelona, 
Bordeaux, Toulouse, Lisbon and Valencia attended this event. 
They presented 15 short talks and 26 posters over 2 days. 
3 keynote speakers working in the academia and in technology 
transfer were invited to discuss the various career paths avaible 
after a PhD. 

Interbio week at IECB, June 26-30
3 Interbio events organized by the IECB within a week:

- Symposium Interbio Rethinking targets for therapeutic inter-
vention on June 26th-28th

- Workshop Interbio Microfluidics, from single molecule to cell 
biology on June 29th

- 3rd Bordeaux RNA Club Annual Workshop on June 30th

The Interbio week was attended by more than 250 re-
searchers and entrepreneurs from South-West Eu-
rope. 38 international speakers participated in the event.  
Learn more at www.iecb.u-bordeaux.fr/interbioweek/

IECB: Looking to the Future, October 6
Speakers:
- Dr. Vass Bavro, Dept. of Physics, University of Oxford, UK
- Dr. Axel Innis, Yale University, Center for Structural Biology, USA
- Dr. Valérie Gabelica, Physical Chemistry and Mass Spectrom-
etry Laboratory, University of Liège, Belgium
- Dr. Franck Artzner, Institut de Physique de Rennes, Université 
Rennes 1, France
- Dr. Zbigniew Lech Pianowski, Laboratory of Organic Chemis-
try, ETH Zurich, Switzerland
- Dr. Anthony Bugaut, University of Cambridge, Department of 
Chemistry, UK
- Dr. Razvan Nutiu, Massachusetts Institute of Technology, USA
- Dr. Maria Antonietta Cerone, Breakthrough Breast Cancer Re-
search Centre, The Institute of Cancer Research, UK
- Dr. Ana O’Loghlen, MRC Clinical Sciences Centre,Imperial Col-
lege Faculty of Medicine, UK
- Dr. Giovanni Stefani, Yale University, Department of Molecular, 
Cellular and Developmental Biology, USA

IECB group leaders’seminar, October 7
Term of tenure seminar: 
- Alain Brisson (CNRS/UB1 UMR5248) ‘Highlights and vicissi-
tudes of 10 years of research”
Laureates of IECB’s 2008 internal call for proposals: 
- Dr. Sébastien Fribourg (Inserm/UBS U869) “Functional and 
structural study of RNA Polyme¬rase III specific subunits”
-  Pr. Jochen Lang (CNRS/UB1 UMR5248) “Dynamics of SNARE 
transmembrane domains and exocytosis”
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France-Japan Workshop on Bio-inspired approaches: 
Micro- and Nano- Architectures, Materials & Imaging, 
October 11-12
30 senior scientists from the Japanese Strategic Alliance Project 
for the Creation of Nano-Materials, Nano-devices and Nano-
systems were invited at IECB over two days to meet their French 
counterparts in Bordeaux. The meeting was attended by 80 par-
ticipants. z55 posters were presented. 

Workshop on Dynamic Molecular Nanostructures 
(Marie Curie ITN DYNAMOL), November 8-9
60 attendees. Invited speakers:
- Luisa De Cola, Univ. Munster, Germany
- Sijbren Otto, ,Univ. Groningen, The Netherlands
- Milko van Derboom, Weinzman Inst., Israel
- Stefan Kubik, Univ. Kaizerslautern, Germany
- Elwin Vrouwe, Micronit, The Netherlands
- Aldrik Velders, Univ. Twente, The Netherlands
- Olof Ramstrom, KTH, Sweden
- Ivan Huc, Univ. Bordeaux, France
- Gérard Bricogne, Global Phasing, UK
- Ulrich Lüning, Univ. Kiel, Germany
- Jonathan Nitschke, Univ. Cambridge, UK
- Kay Severin, EPFL, Switzerland

Other scientific 
events at IECB

RNA Club, March 17
60 participants. Invited speakers:
- Ciarán Condon, CNRS UPR9073 Institut de Biologie Physico-
Chimique (IBPC), Paris, France 
- Bernard Rayner, INSERM U869, Université Bordeaux Segalen, 
France
- Vincent Parissi, Laboratoire MCMP, UMR 5234 CNRS-Univer-
sité Bordeaux Segalen, France
- Galina Boldina, IECB/INSERM U869/Univ. Bordeaux Segalen, 
France
- Anne-Lise PEILLE, INSERM U916 VINCO, Bergonié Institute, 
Bordeaux, France 

Club Meccainno, March 11

NanoSWEC Workshop “Bioinspired nanosystems and 
nanomateriasl”, November 14-17

Journée SFR Tecsan, November 2011
Attended by 70 scientists from Bordeaux. 

RNA Club, RNA & Development, December 8
60 participants. Invited speakers:
- Dr. Denis Dupuy, Inserm U869/IECB, France
- Dr. Shona Murphy, Oxford University, England
- Dr. Pierre Thiebaud, UMR5164 CNRS, Bordeaux, France
- Dr. Jérôme Cavaillé, LBME, Toulouse, France

France-Japan Workshop

 Bio-inspired approaches: Micro- & Nano-
Architectures, Materials & Imaging



Seminars

1. Prof. Martin Teichmann (ARNA & IECB) “Regulation of RNA 
polymerase III transcription during differentiation and 
transformation of human cells”

2. Prof. Andrew Sewell (Cardiff University School of Medicine) 
“Four different clinical applications of enhanced T-cell re-
ceptor/antigen interactions”

3. Dr. Christophe Demaille (UMR LEM, Université Paris-Diderot) 
“Probing the Distribution and Conformational Dynamics of  
Surface-Immobilized Redox-Tagged Macromolecules using  
Electrochemical-Atomic Force Microscopy (AFM-SECM)”

4. Dr/ Cameron Mackereth (ARNA & IECB) “Using NMR spec-
troscopy to discover how proteins stick together, move 
around, and target mRNA”

5. Dr. Didier Auboeuf (Inserm U590, Centre Léon Bérard, Lyon, 
France) “Alternative splicing and tumor growth”

6. Dr. Anne-Ruxandra Carvunis (CCSB/ Dana-Farber Cancer 
Institute, Harvard Medical School, Boston) “From proteins 
and their interactions to evolutionary principles of biologi-
cal systems”

7. Prof. Marcel Hibert (Université de Strasbourg) “The screen-
ing strategy in an academic environment : scientific and 
therapeutic outcome”

8. Dr. Edouardo Angles-Cano (INSERM U-919, Serine Proteas-
es in Neurovascular Pathology, Caen) “Cellular microvesi-
cles, new proteolytic messengers, effectors and potential 
biomarkers”

9. Dr. Redouane Borsali (CERMAV-UPR5301, Université Joseph 
Fourier) ““Sweet” nanoparticles and nano-structured thin 
glycofilms”

10. Dr. Atsushi Hozumi (National Institute of Advanced Indus-
trial Science and Technology, Tsukuba, Japan) “Designing 
surface molecular architecture for control of motion of liq-
uids”

11. Dr. Satoshi Nishimura (National Institute of Advanced In-
dustrial Science and Technology, Tsukuba, Japan) “Electro-
kinetic Coupling in Alignements of Colloidal particles under 
AC Electric Field”

12. Prof. David Vocadlo (Department of Chemistry, Simon Fras-
er University, Vancouver, Canada) “Controlling O-GlcNAc 
processing enzymes in cells and tissues using chemical 
biology”

13. Dr. Peter Hamley (Sanofi-Aventis Deutschland GmbH) “Ac-
celerating Drug Discovery through High Throughput Chem-
istry”

14. Prof. Masatsugu Shimomura (Advanced Institute for Mate-
rials Research, Tohoku University, Japan) “New Trends in 
Biomimetics: Mariage of Self-organization Nanotechnology 
and Biological Diversity”

15. Prof. Takehiko Wada (Advanced Institute for Materials Re-
search, Tohoku University, Japan) “Novel strategy for cancer 
cell specific oligonucleotide therapeutics using Peptide Ri-
bonucleic Acids (PRNA)”

16. Prof. Chris Meier (University of Hamburg) “Chemistry meets 
Biology - Nucleoside analogs, prodrugs of phosphorylated 
nucleosides and chemically damaged oligonucleotides”

17. Prof. Wim DeHaen (K. U. Leuven, Belgique) “Helicenes based 
on heterocyclic building blocks”

18. Prof. Olivier Baudoin (Université Lyon 1 – CPE Lyon) “Pal-
lado-catalyzed functionalization of unactivated C(sp3)-H 
bonds”

19. Dr. Moganty R. Rajeswari (All India Institute of Medical Sci-
ences, New Delhi) “Triplex DNA in pathogenesis and ther-
apy”

20. Dr. Stefan Bellevik (Société Quiagen) “PCR Array SABio-
sciences: Une solution complète et validée pour l’étude de 
voies de signalisation et la recherche de biomarquers”

21. Dr. William McKenna (Department of Molecular, Cell & 
Developmental Biology, University California, Santa Cruz) 
“Tbr1 and Fefzf2 regulate alternate neuronal identities dur-
ing early cortical development”

22. Dr. Franck Artzner (UMR CNRS 6626, Université Rennes 1, 
France) “Biomimetic assemblies: mechanisms, morphologi-
cal control and applications”

23. Prof. Herbert Waldmann (MPI of Molecular Physology, Dort-
mund) “Biology Oriented Synthesis (BIOS)”

24. Dr. Vincent Postis (Univ. Leeds, UK) “Membrane biology in 
the genomics era: Class 2A transporter from gene to struc-
ture”

25. Prof. Evan A. Evans (Boston University, USA) “Using ten-
sion to probe free energy landscapes governing symmetry 
breaks and nucleation of nanopores in fluid-lipid mem-
branes”

26. Prof. Claudio Toniolo (University of Padova, Italy) “The 3-10 
helix, an old but re-emerging polypeptide conformation: 
3D-structural and spectroscopic characterizations, and re-
cent applications”

27. Prof. David Perrin (UBC, Vancouver) “DNAzymes with an 
Expanded Catalytic Repertoire: Cleaving RNA with  Imida-
zoles, Amines and Guanidines in the absence of Mg2+”

28. Prof. Victoria Birkedal (Interdisciplinary Nanoscience Cent-
er, Aarhus University, Denmark) “Insights into the confor-
mations of DNA and RNA nanostructures from single mol-
ecule fluorescence studies”

29. Dr. Martine Simonelig (Institut de Génétique Humaine de 
Montpellier)  “mRNA regulation by deadenylation and small 
non-coding RNA during Drosophila early development” 

30. Prof. V. Tsuruk (School of Materials Science and Engineer-
ing, Georgia Institute of technology, Atlanta) “Learning 
from Nature for better sensing”

31. Dr. Cedric Soler (Institut de Génétique Humaine, CNRS UPR 
1142, Montpellier, France)  “Ubiquitin Proteasome pathway 
implication in a Drosophila model of muscular dystrophy 
(OPMD)”

32. Dr. Juan Cortés (LAAS-CNRS, Toulouse) “Simulating mo-
lecular motions with robotics-inspired algorithms. Control 
of enzyme selectivity by engineering the substrate binding 
site and access channel”

33. Prof. Dr. Thomas Wirth (School of Chemistry, Cardiff Uni-
versity) “Advanced Concepts for Catalysis in Microreactors 
and Synthesis”  

34. Prof. Jochen Lang (CBMN & IECB) “The sweets of cell biol-
ogy: From regulated membrane fusion to biosensors”

35. Dr. Claudio Gomes (Instituto Tecnologia Quimica e Bio-
logica (ITQB/UNL), Universidade Nova de Lisboa, Portugal) 
“Protein deposition pathways in the unique chemical biol-
ogy of the synaptic milieu”

36. Prof. Jonathan Hall (ETH - Zürich) “RNA Drugs and Targets”

37. Dr. Andrew Goldsborough (Cyclops Genome Sciences, Ltd. 
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Cambridge, UK) “Customizing the biophysical properties of 
RNA using chemical modification of the 2’-OH”

38. Dr. Valérie Marchi-Artzner (CNRS - Université de Rennes) 
“Surface chemistry and Nanochemistry applied to biology 
and nanostructured materials”

39. Prof. Hirotaka Ihara (Kumamoto Univ., Japon) “Profile of 
Glutamide Unit as Versatile Self-assembling Tool”

40. Dr. Anne Laurencon (CNRS- Univ. Lyon) “DNA damage 
checkpoints and genome stability in Drosophila mela-
nogaster”

41. Dr. Rémi Fronzes (Institur Pasteur) “DNA transfer across the 
bacterial cellular envelope”

42. Dr. Naohiro Kameta (National Institute of Advanced In-
dustrial Science and Technology (AIST), Tsukuba, Japan) 
“Construction of Self-Assembled Organic Nanotubes and 
Exploitation of Their Liquid-Phase Nanospaces”

43. Prof. Donal O’Shea (University College Dublin, Ireland) “BF2-
Tetraarylazadipyrromethenes as Near Infrared Fluorescence 
Imaging and Photodynamic Therapeutic Platforms”

44. Prof. Julian Eastoe (Bristol University, UK) “New surfactants 
to turn carbon dioxide into a working ‘green’ solvent” 

45. Prof. Ilhyong Ryu (Osaka University, Japan)  “Some Unique 
Radical and Organometallic Reactions Using Metal Hy-
drides”

46. Prof. Jean-Louis Reymond (Univ. Bern, Switzerland) “Chemi-
cal Space as a Source for New Drugs”

47. Dr. Emilie Montembault (IECB) “Nessun Dorma, a pectate 
lyase-like protein, is required for the stability of Drosophila 
male and female ring canals”

48. Prof. Janez Plavec (NMR centre, National Institute of Chem-
istry, Ljubljana, Slovenia) “NMR studies of cation localiza-
tion and movement within G- quadruplexes of different 
topologies”

49. Prof. Erik Goormaghtigh (Université Libre de Bruxelles, 

Center for Structural Biology and Bioinformatics) “Protein 
structural changes monitored by ATR-FTIR”

50. Dr. Eric Freyssingeas (Laboratoire de Physique de l’ENS de 
Lyon) “Evolution of the Global Internal Dynamics of a Living 
Cell Nucleus during Interphase”

51. Prof. B. Deplancke (Institute of Bio-engineering and School 
of Life Sciences, EPFL, Switzerland) “Deciphering the meta-
zoan regulatory code”

52. Dr. Marc Boudvillain (Centre de Biophysique Moléculaire, 
Orléans)  “Mechanism and regulation of transcription ter-
mination factor Rho, an atypical RNA helicase from bac-
teria”

53. Dr. Hervé Moine (IGBMC, Strasbourg) “Functions of the FMRP 
protein in the regulation of neuronal mRNA metabolism”

54. Dr. Bruno Kieffer (IGBMC, Strasbourg) “Subtle regulation 
mechanisms of Nuclear Receptors function : an NMR view”

55. Prof. Romano Regazzi (Université de Lausanne) “Emerging 
roles of microRNAs in the control of pancreatic beta cell 
functions”

56. Dr. Gilles LABESSE (Centre de Biochimie Structurale, Mont-
pellier) “Using comparative docking for drug design”
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