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About the meeting
The scientific world current panorama is more than ever dominated by socioeconomic issues, with productivity and profitability together becoming the major
threads and obstacles to evolve in it. With such a background where exchanges on interdisciplinary fields are sometimes difficult and competitiveness high,
young researchers may be confronted to a lack of opportunities and means to
develop soft skills as well as their professional networks.
For the second consecutive year, working at the organizing committee of Young
Researchers in Life Sciences conference made me realize the importance and
value of opportunities like this one. During this 7th Edition of the conference, I
am very proud to have the chance to coordinate an outstanding team of young
fellows coming from very distinct backgrounds and cultures, but sharing common
values and objectives. YRLS represents to you, young researcher, a unique environment, where you can share experiences with peers, evolve your network, and
get new insights that may enrich your personal projects and guide career paths.
In nine talk sessions and three poster sessions, you will have the opportunity
to discover the work of more than 190 young scientists on topics ranging from
Cell Biology to Ecology & Evolution. We hope that this wide range of topics and
interdisciplinarity will encourage you to explore other research fields, increasing
your scientific culture, and help you to gain a broader perspective of the research
in Life Sciences.
To bring this event to life, volunteers from six young researchers’ associations
need to cooperate in a real team spirit, coordinating all the essential aspects to
the set-up of the conference, facing unforeseen issues, and improving communicative skills in a motivated and proactive atmosphere. YRLS is made from A to Z
by Young Researchers for Young Researchers.
We remain at your disposal for questions, enquiries and wonders throughout the
next 3 days and we hope the conference will meet your expectations.
Wishing you a wonderful YRLS 2016,
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About us
Association des Doctorants et jeunes docteurs de l’Institut Curie
(ADIC):
Created in 1997, the ADIC represents all Master’s Degree students, doctoral
candidates and young doctors working in the Institut Curie, located rue d’Ulm,
Paris. Among other activities, they founded the YRLS conference in 1997.

Association des Doctorants en Innovation Thérapeutique (ADIT):

Created in 2001, the aim of this association is the organization of annual
congress JED (Journée de l’École Doctorale) which regroup all Phd students
from the ED569.
They help promoting trans-thematic research and interactions between young
researchers and their labs.

Association Médecine Pharmacie Sciences (AMPS):
Created in 2009, the association promotes MD-PhD training in French universities and develops networking between MD-PhD candidates from “Ecole de
l’INSERM”, ENS and other universities, offering MD-PhD trainings throughout
France. Unlike the other organizing associations, the AMPS network spreads
all over France, thus the YRLS meeting is a good opportunity for their members to meet and share their experience.

Le Cercle des Docteurs et Doctorants de Paris Descartes:

The Cercle des Docteurs et Doctorants de Paris Descartes was created in
2010. This Association gathers together current PhD candidates and Postdocs
as well as alumni of the Paris Descartes University. Its first aim is to establish
a network between young researchers and alumni. In addition, it works at
promoting the doctoral degree in the industrial sector, in cooperation with the
university and the national young researchers confederation (CJC).
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About us
Student and postdoc association of the Institute of Biology of the
ENS (SPIBens):
SPIBens was created in 2009 at the Ecole Normale Superieure (ENS, Paris)
to promote interactions between the young researchers of the institute. They
organize social and scientific events, and are pleased to once again participate in the YRLS conference.

Student and young researcher Association of the Institut Pasteur
(StaPa):
StaPa represents all the young researchers working in the Institut Pasteur
(Paris). Since 2001, they have been organizing every year the Stapa Congress
within their walls. In 2010, they have decided to devote their energy to build up
this joint edition of the YRLS meeting.
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The 2016 YRLS committee
Board
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Vice-President:
Secretary:		
Treasurer: 		

Officials Team
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Chloé Raffalli
Violaine Randrian
Ilaria Vaccari

Jeverson Moreira
Yves Clément
Florine Jeton
Agnès Dodacki

(Les Cartésiens)
(SPIBENS)
(Volunteer)
(Les Cartésiens)

Design Team

(Volunteer)
(Volunteer)
(STAPA)
(ADIT)
(AMPS)
(SPIBENS)

Kerstin Klinkert
Mikael Koutero
Karim Malet
Lambert Moyon
Laura Sinigaglia
Zhanru Shao

Program Team

Hospitality Team

Camilla De Barros Santos (ADIC)
Melissa Dewulf
(ADIC)
Alison Domingues
(Volunteer)
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(STAPA)
Guilhem Lignon
(Volunteer)
Fatoumata Samassa
(STAPA)
Lucie Valero
(Volunteer)

Vinko Besic
Karima Djacem
Simon Durand
Thierry Halter
Orjeta Kuci
Camille Lagard
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Acknowledgements
The organization of a conference like the YRLS is a long journey that requires well-coordinated
teamwork. Its success relies not only on our main actors – the Young Researchers – but also on
many other people and institutions who agreed to join us in this adventure and whose support
was essential to reach our goal.
This 2016 Edition of the Young Researchers in Life Sciences conference would not have been
possible without the generous donations of our sponsors and the help of many volunteers coming from the following associations and institutions: ADIC (Institut Curie), SPIBENS (IBENS),
StaPa (Institut Pasteur), les Cartésiens (Université Paris-Descartes), AMPS, ADIT and many
others.
We would like to particularly thank :
•
Institut Pasteur for welcoming the YRLS 2016 edition
•
École Normale Supérieure, Institut Curie, Collège de France, The Company of Biologist, Société Française de Génétique, Worldwide Cancer Research, the Labex
DC Biol, the Labex Celtisphybio and Institut Pasteur for financial support.
•
Dr. Fabrice Chrétien, head of the Research Unit of Human Histopathology and Animal Models at Institut Pasteur for his opening speech and Dr. Alain Fischer, head
of IMAGINE Institute for the closing speech.
•
Dr. Catherine Boyen (Station Biologique de Roscoff) and Dr. Buzz Baum (UCL) for
their keynote speeches.
•
Oz Biosciences, Macherey-Nagel S.A.R.L., Abcam, Tebu-bio, Ugo Basile, PromoCell, BNP Parisbas and Bio-techne for sponsoring.
•
All the judges: the ones who went through many abstracts to select our oral presentations and all the members of the juries for judging the oral presentations and
posters.
•
Renaud Huynh, Cathy Oualian, Elodie Chabrol, Ana Rita Furtado and Dominique
Franco for participating in and organizing the round table discussions and workshops.
•
The speakers, the poster presenters and the attendees for their participation and
their support.
•
The Video Team, coordinated by Mélanie Durand (volunteer and passionate moviemaker), which provided us with great divulgation videos.
Many thanks to all of you for your contribution to the success of this unique meeting!
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Round Table Discussion

Communicating and Popularizing Science
The goal of this round table is to present different carrier paths of Science
Popularization and discuss the importance and challenges of communicating
science with a non-scientific audience.
We are pleased to announce as speakers:
Renaud Huynh Director of the Curie Museum
Cathy Oualian Director of Paris-Montagne
Elodie Chabrol Director of Pint of Science France
Ana Rita Furtado Project manager at Native Scientist

Workshop

Tissue and organ bio-engineering with 3D bio-printing
The tissue and organ bio-engineering workshop is presented by Professor Dominique Franco (Hôpital Antoine Béclère, Clamart, France), Chair of the association CellSpace. The project of this association is to build a platform dedicated to
organ bio-engineering. Professor Franco will make an interactive presentation
about engineering of stem cells, matrix and scaffolds development, in silico
modeling, micro-patterning and 3D bio-printing.
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Cultural event
The Grande Galerie de l’Évolution contains 7000 specimens within a 19th century iron-framed hall. Once inside, you can explore ancient skeletons of marine mammals and life-sized
models of giant squid. Meet our land-dwelling neighbors and discover the impact man has had,
and will continue to have, on this planet.
Jardin des Plantes is the historic heart of the
National Museum of Natural History. It contains
a botanical school, several hectares of horticultural displays and a small zoo. The garden also
contains four grand galleries of the museum
including the Grande Galerie de l’Évolution.
Hours
Ticket sales close at 17:15.
Grande Galerie de l’Évolution closes at 18:00.
Jardin des Plantes closes between 19:3020:00.
Cost
Grande Galerie de l’Évolution: 10 Euros (free
for < 26 years old)
Jardin des Plantes: Free

Directions (Institut Pasteur to Grande Galerie de l’Évolution)
Head northeast on Rue du Dr Roux toward Boulevard Pasteur
Turn left onto Boulevard Pasteur
Entrance to Metro Pasteur is on the right
Take green line (6) towards Nation. Get off at Place d'Italie
Take pink line (7) towards La Courneuve. Get off at Censier – Daubenton
Head north on Rue Monge toward Rue de Mirbel
Turn right onto Rue de Mirbel
Slight left onto Rue Daubenton
Turn left onto Rue Geoffroy-Saint-Hilaire
Destination will be on the right
11
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Social event
Demory Paris
3500 years ago, the ancient equivalent of a life
scientist discovered the golden nectar today
known as beer. Since then, the relentless
pursuit of profit by international companies has
tricked us into believing that all beer tastes the
same. But not anymore!
Today, little breweries like the Demory Paris
deliver a wide variety of delicious beer.
Your taste buds will swoon at the thought of
imbibing such delicacies as the Astroblonde
and the Intrépide IPA. The house selection of
six locally brewed beers is bound to please any
desire. But like any Parisian bar, they have a
wide selection of drinks (including wine) and
great food that will ensure a good time for all.

Hours
YRLS event begins from 20:00
Demory Paris closes at 04:00
Cost
Demory Paris: Free
Drinks and food: 10 euros
(two drinks and appetizers)

Itinerary
The following is an outline of the day’s activities if you choose to come with the YRLS. You will
need Metro tickets to travel from the conference to the cultural event and again from the cultural
event to the social event.
Directions (Grande Galerie de l’Évolution to Demory Paris)
Head south on Rue Geoffroy-Saint-Hilaire toward Rue Daubenton
Turn left onto Boulevard Pasteur
Turn right onto Rue Daubenton
Slight right onto Rue de Mirbel
Turn left onto Rue Monge
Entrance to Metro Censier – Daubenton is on the right
Take pink line (7) towards La Courneuve. Get off at Châtelet.
Take exit 16. Avenue Victoria
Head east on Avenue Victoria toward Rue Saint-Martin
Turn left onto Rue Saint-Martin
Turn left onto Rue des Lombards
Turn right onto Rue Quincampoix
Destination will be on the right
12
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Wednesday May 18th
PROGRAM

8:30 - 9:00

Registration

9:00 – 9:10

Welcome and opening address

9:10 – 9:30

Opening speech by Fabrice Chrétien
head of the Research Unit of Human Histopathology and Animal
Models at Institut Pasteur, FR

9:30 – 10:30

Cellular and Molecular Biology

10:30 – 11:00

Coffee Break

11:00 – 12:00

Poster Session 1

12:00 – 13:00

Cancer Biology

Philippe BUN

F-actin depolymerization drives myosin II-independent contraction to transport chromosomes in starfish oocytes
Stéphane FRÉMONT Localized F-actin depolymerization by a redox enzyme is essential for normal cytokinesis abscission
Timea MARTON
Identification of Recessive Lethal Alleles Linked to Unidirectional
LOH Events in C. albicans
Léa RIPOLL
Myosin VI and actin polymerization control fission events required
for maturation and secretion of a lysosome-related organelle

Joy BIANCHI

Mutational landscape of V(D)J recombinase-induced T-cell
lymphomas
Priya HARI
Unveiling a New Role for Toll-like Receptors in Oncogeneinduced Senescence
Leandro LO CASCIO Forward Genome-wide screening using the CRISPR-Cas9 technology in cancer cell lines
Olivier SAULNIER
Transcriptome-wide analysis reveals alternative splicing events
modulated by EWS-FLI1 fusion protein in Ewing sarcoma
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13:00 – 14:00
14:00 – 15:00

Lunch
Keynote Speaker : Buzz Baum

(University College London, UK)

15:00 – 15:30

Coffee break

15:30 – 16:30

Computational Biology & Interfaces with Biology

Sanchari SIRCAR

liquid-cell TEM
Meta-analysis of drought-tolerant rice genotypes: a networkbased approach

16:30 ...

Wine & Cheese

Elisabetta CACACE

Dynamical modelling of the regulatory network controlling early
T-cell development
Adèle DRAME-MAIGNE Self-selection using artificial networks: an adaptive tool for
directed evolution of enzymes
Monitoring extracellular-vesicles dynamics at the nanoscale by
Max PIFFOUX
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Thursday May 19th
PROGRAM

9:00 – 10:00

Microbiology & Host-Pathogen Interactions

10:00 – 11:00

Immunology & Infectious Diseases

Arthur CHARLES-ORSZAG Neisseria meningitidis type IV pili act as extracellular scaffolds
for plasma membrane remodeling
Jorge PEREIRA
Regulation of Sirtuin 2-dependent histone deacetylation during
bacterial infection
Virginie STÉVENIN
How to feel like home: Dissecting the first steps of Salmonella
intracellular life
Antoine TALAGAS
Structural insights into the regulation of competence in Streptococci
Mélanie DURAND
Dorian OBINO
Pablo SAEZ
Romain VEBER

Functional specialization of human resident dendritic cell
subsets for CD4 T cell polarization
Actin nucleation at the centrosome controls lymphocyte
polarity
Antagonistic role of atypical Myosins 1C and 1E in B cell
signaling
Lymphoid neogenesis in kidneys during lupus: fundamental
mechanisms and therapeutic tracks

11:00 – 11:30

Coffee break

11:30 – 12:30

Poster Session 2

12:30 – 13:30

Neurosciences & Physiology

Chiara CIPRIANI
Annaïg HAMON

Zuzanna PIWKOWSKA
Emilie SIMONNET

13:30 – 14:30

Endogenous Retroviruses in neurodevelopmental disorders:
the case of Autism Spectrum Disorders
A role for YAP in the neuroprotective response of Müller glial
cells in a degenerative retina
Patterned photostimulation of auditory cortical networks: learning and generalization of artificial stimuli in mice
Ephrin-A4/EphA4 signaling in arterial innervation development
and physiology

Lunch
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14:30 – 16:00

Round Table & Workshops

Round Table Discussion: Communicating and Popularizing Science
Renaud Huynh
Cathy Oualian
Elodie Chabrol
Ana Rita Furtado

Director of the Curie Museum
Director of Paris-Montagne
Director of Pint of Science France
Project manager at Native Scientist

Workshop:

Professor Dominique Franco - Tissue and organ bio-engineering with 3D bio-printing

15:00 – 18:00

Cultural activity

20:00 ...

Social event
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Friday May 20th
PROGRAM

9:00 – 10:00

Victoire BAILLET
Marine DEHECQ
Anna FORTUNY
Maxence MACIA

10:00 – 11:00

Cyril DEGLETAGNE

Genetics & Epigenetics

Impact of DNA methylation on the rate and spectrum of
mutations in Arabidopsis thaliana
Composition and dynamics of NMD complexes in yeast
Histone dynamics in response to DNA damage in heterochromatin domains
Mutations in MAPKBP1 cause late onset cilia-independent nephronophthisis

Ecology & Evolution

Nikolaos VAKIRLIS

Presence of an atypical mitochondrial DNA in the longlived bivalve Arctica islandica : dead baggage or adaptative mechanism ?
From Musculoskeletal Stress Markers (MSM) to behavioral patterns : co-development and relationship of MSM
under functional stress
Effect of resource levels on epidemics and pathogen
evolution : Application to crop fertilization
Dynamics of de novo gene emergence in yeast

11:00 – 11:30

Coffee break

11:30 – 12:30

Poster Session 3

Aurore LAMBERT
Pierre-Antoine PRECIGOUT

12:30 – 13:30
13:30 – 14:30

Keynote Speaker : Catherine Boyen

Roscoff Marine Station, FR

Lunch
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14:30 - 15:30
Ludovic GAUT

Development

Patrick TORBEY

Mechanical and molecular signals underlying tendon cell
differentiation
Early programming of growth through a transiently
imprinted gene.
Müller glial cell reactivation in Xenopus models of retinal
degeneration
Dissecting the cis-regulation of a developmental gene

15:30 - 16:00

Coffee Break

16:00 – 17:00

Prize Ceremony

17:00 – 17:30

Closing speech by Alain Fischer

Juliane GLASER
Rahul LANGHE

head of IMAGINE Institute, FR

17:30...

Cocktail & Closing Party

Location:
All oral presentations take place in the auditorium of the CIS. Poster sessions, lunches, and
coffee breaks will be in the hall of the CIS. The round table discussion will take place in the
auditorium of the CIS, while the workshop will take place in Pasteur Module 1.
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ABSTRACTS OF

ORAL COMMUNICATION

CELLULAR & MOLECULAR BIOLOGY
21

Philippe BUN

22

Stéphane FRÉMONT Localized F-actin depolymerization by a redox
enzyme is essential for normal cytokinesis abscission

23

Timea MARTON

Identification of Recessive Lethal Alleles Linked
to Unidirectional LOH Events in C. albicans

24

Léa RIPOLL

Myosin VI and actin polymerization control fission
events required for maturation and secretion of a
lysosome-related organelle

F-actin depolymerization drives myosinII-independent contraction to transport chromosomes in
starfish oocytes
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CELLULAR & MOLECULAR BIOLOGY
ORAL COMMUNICATION

Philippe BUN
philippe.bun@embl.de
EMBL Heidelberg
Team Cytosqueletal dynamics and function in oocytes
Meyerhofstrasse
69117 Heidelberg
Germany

F-actin depolymerization drives myosin II-independent contraction to transport
chromosomes in starfish oocytes
Bun P., Dmitrieff S., Mori M., Nedelec F., Lenart P.
Actomyosin-mediated contractility is a highly conserved mechanism that affects many fundamental
biological processes in animal cells. Whereas actomyosin-mediated contractility in highly ordered
muscle sarcomeres is well understood, the generation and regulation of such contractility in unordered
actin networks is less clear. A wealth of studies using in vitro reconstitution of actomyosin arrays and
in vivo cortical networks have provided insights into novel possible mechanism of contractility in
2D. Contraction in a randomly oriented 3D network, however, has not yet been characterized. We
have described earlier an anchored homogeneously 3D contracting nuclear F-actin meshwork that
mediates long-range, directional transport of chromosomes in meiotic starfish oocytes. We use this
functional system as a model to understand contractility in a 3D meshwork. To this end, we monitor
the F-actin meshwork dynamics and the transport of scattered chromosomes while performing
biochemical and/or mechanical manipulations. Here we demonstrate that contraction does not
depend on non-muscle myosin II (NMY-2) activity but rather relies on F-actin dynamics. Using
small-molecule inhibitors against NMY-2 and its activators we show that chromosome speed and
directionality are not perturbed during the transport. This suggests that the meshwork contraction
appears to be independent of NMY-2. Quantitative analysis of F-actin dynamics indicates a
prominent depolymerization activity within the meshwork, as evidenced by a decrease of F-actin
mass concomitant with chromosome transport. Our results evidence a tight coordination between
meshwork contraction and F-actin dynamics. We propose that NMY-2-independent contraction
relies on newly-polymerized cytoplasmic F-actin continuously entering the nucleus to generate
compressive forces and nuclear F-actin depolymerization as the meshwork contracts. We hope to
support our model by identifying potential actin nucleators, crosslinkers and bundlers.
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CELLULAR & MOLECULAR BIOLOGY
ORAL COMMUNICATION

Stéphane FREMONT
stephane.fremont@pasteur.fr
Institut Pasteur
Membrane Traffic and Cell Division Lab
25-28 Rue du Docteur Roux
75015 Paris
France

Localized F-actin depolymerization by a redox enzyme is essential for normal
cytokinesis abscission
Frémont S., Echard A.
At the end of each cell cycle a mother cell is physically cleaved into two new daughter cells by a
process called cytokinesis. Failure in this mechanism leads to genetic instability and can promote
tumorigenesis in vivo. The final stage of cytokinesis (abscission) corresponds to the severing of
the intercellular bridge connecting the two daughter cells. The exact mechanism mediating the
final scission event remains unclear, but requires membrane trafficking, ESCRT machinery, lipid
and cytoskeleton remodeling. Previous work from the lab revealed that the small GTPase Rab35
controls the cytokinesis abscission by preventing F-actin accumulation, a limiting step for normal
cytokinesis abscission. But, we still don’t know which mechanism ensures that actin filaments are
actively depolymerized at the time of abscission. Using yeast two hybrid screens, we now found that
Rab35 directly interacts with a redox enzyme that regulates actin filament dynamics. This protein
uses intrinsic redox potential to directly oxidize actin and cause disassembly of actin filaments.
We thus investigated the potential role of this enzyme in cytokinetic abscission. We observed
that the depletion of this enzyme by siRNAs in HeLa cells delays cytokinesis abscission, due to a
dramatic increase of F-actin in the intercellular bridges. Interestingly, Rab35 is required for targeting
this enzyme to the intercellular bridge during cytokinesis. These results demonstrate that F-actin
clearance is a pre-requisite for successful cytokinesis, and connects small GTPases and atypical
redox enzymes to cell division.
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CELLULAR & MOLECULAR BIOLOGY
ORAL COMMUNICATION

Timea MARTON
timea.marton@pasteur.fr
Institut Pasteur
Biologie et Pathogénicité Fongiques
25-28 Rue du Docteur Roux
75015 Paris
France

Identification of Recessive Lethal Alleles Linked to Unidirectional LOH Events in
C. albicans

Marton T., Feri A., Maufrais C., d’Enfert C., Legrand M.

Candida albicans is responsible for the majority of life-threatening nosocomial fungal infections and
is also the most frequently isolated fungal commensal of humans. Its heterozygous diploid genome
is highly plastic, with frequent aneuploidies and loss-of-heterozygosity (LOH) events commonly
associated with acquired antifungal resistance. Although LOH can be seen on each one of the 8
chromosome pairs, a haplotype bias is observed for certain chromosomes regarding the retained
homolog in the homozygous state, suggesting the existence of recessive lethal allele(s) (RLA)
that would prevent large LOH events from being stably maintained. To explore the impact of LOH
on C. albicans biology, we have established (i) a new system that combines the BFP and GFP
fluorescent markers and flow cytometry to detect LOH at the single cell level and (ii) a double
strand break (DSB)-inducible system based on expression of the Saccharomyces cerevisiae I-SceI
endonuclease. The convenient insertion of the BFP/GFP system and the I-SceI target sequence in
the genome allows inducing homozygosis of any homolog arm. Previously, we identified two RLAs on
Ch4 haplotype B (Ch4B) that explain why the complementary haplotype for this chromosome cannot
be lost. This approach was used to identify RLAs on Ch7, where haplotype A is never found in the
homozygous state, unlike haplotype B, suggesting the presence of RLA on Ch7A. Flow cytometry
revealed a LOH increase resulting from DNA-DSB and subsequent repair, on 3 of the 4 arms of Ch7
upon I-SceI expression. Our inability to recover cells homozygous for the right arm of one of Ch7
homolog confirmed the existence of RLA(s). We identified a nonsense-generating SNP within the
HapA allele of C7_03400c, whose ortholog in S. cerevisiae ScMTR4 encodes for an essential RNA
helicase involved in nuclear RNA processing. This methodology allows identifying regions whose
homozygosis might impact C. albicans’s ability to persist as a commensal or cause infections.
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CELLULAR & MOLECULAR BIOLOGY
ORAL COMMUNICATION

Léa RIPOLL
lea.ripoll@curie.fr
Institut Curie
UMR144
12 rue Lhomond
75005 Paris
France

Myosin VI and actin polymerization control fission events required for
maturation and secretion of a lysosome-related organelle
Ripoll L., Domingues L., Heiligenstein X., Hurbain I., Dennis M.K., Marks M.S., Coudrier E.,
Raposo G., Delevoye C.
Skin melanocytes are specialized cell types that generate lysosome-related organelles, called
melanosomes, in which melanin pigments are synthesized and stored. In epidermis, pigmented
melanosomes are then transferred to neighboring keratinocytes allowing skin pigmentation
and photoprotection against solar radiations. While trafficking pathways delivering cargoes to
melanosomes are well known, no recycling pathway from melanosomes has been described.
Our results show that myosin VI, an actin-based motor, controls the export of cargoes from
melanosomes, like the melanosome-associated SNARE VAMP7. Myosin VI dysfunction generates
long-lasting VAMP7-positive tubules emerging from melanosomes. Using correlative light and
electron microscopy and electron tomography, these tubules are still associated with pigmented
melanosomes, indicating a fission defect. Moreover, impairing actin polymerization (WASH, Arp2/3)
induces long melanosomal tubules. These results highlight that myosin VI, together with actin and
associated machineries, regulate a melanosomal export route by controlling the fission of recycling
carriers from melanosomes. Of note, this novel recycling route is functionally required for the
secretion and subsequent transfer of melanin to keratinocytes. Our current work addresses the
role of two partners of the WASH complex, the retromer complex and RME-8, on the recruitment of
myosin VI and WASH to melanosomes. We are now investigating whether and how those proteins
impact on maturation and pigmentation of melanosomes by regulating this novel export route. Of
note, our preliminary observations indicate that this pathway is the target of a genetic disease
characterized by albinism (Hermansky-Pudlak Syndrome). Therefore, specialized cell types exploit
ubiquitous endosomal machineries to fine-tune the maturation and secretion of a lysosome-related
organelle. Our study unravels an export pathway from melanosomes required for pigmentation in
health and disease.
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Mutational landscape of V(D)J recombinase-induced T-cell lymphomas
Murigneux V., Bianchi J., Lescale C., Bedora-Faure M., Clarke N., El-Chaar T., Deriano L.
Lymphoid cancers characteristically harbor numerous genomic aberrations. Although their origin
is still unclear, antigen receptor gene diversification, which relies on chromosome breakage and
repair (i.e. RAG1/2 nuclease-mediated V(D)J recombination), represents a dangerous step during
lymphocyte differentiation. The DNA damage response factors Ataxia-telangiectasia mutated (ATM)
and p53 are known suppressors of chromosomal rearrangements. Oppositely, RAG activities are
thought to increase the risks of genomic instability. In this study we tested the relative contribution
of these factors in shaping T-cell lymphoma genomes and transcriptomes. More specifically, we
have performed paired-end whole genome and transcriptome sequencing of tumors originating
from 1) Rag2c/c p53-/- mice, in which a truncation in the C-terminus of RAG2 leads to aberrant
recombination events, 2) p53-/- mice expressing wild type RAG1/2, 3) Rag2-/- p53-/- mice lacking
RAG1/2 activity and 4) Atm-/- animals. Our results show that aberrant RAG recombinational
activities lead to accelerated lymphomagenesis in Rag2c/c p53-/- and Atm-/- as compared to p53-/and Rag2-/- p53-/- animals. RAG-lymphomas (in Atm-/- and Rag2c/c p53-/- mice) were associated
with an increased number of structural variations initiated at both antigen receptor loci and ectopic
locations and implicated multiple known (e.g. Pten, Ikzf1 and Notch1) and candidate cancer genes.
Surprisingly, although lacking RAG activity, Rag2-/- p53-/- lymphomas also harbored relatively
high numbers of structural variations. These rearrangements were clustered in a specific region on
chromosome 9 and affected a set of known (e.g. Kmt2a) and candidate cancer genes. Altogether,
our study demonstrates that genomic instability shapes lymphoid cancer genomes through both
RAG-dependent and RAG-independent pathways.
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Unveiling a New Role for Toll-like Receptors in Oncogene-induced Senescence
Hari P., Fernandez-Duran I., Tarrats N., Acosta J-C.
Senescent cells have been shown to elicit numerous effects on their surrounding microenvironment
during development, aging and cancer, yet there is little known about the processes by which
these functions are regulated. Cells insulted by oncogenic activation initiate a cellular program
(oncogene induced senescence or OIS) that impacts cellular morphology, gene expression,
chromatin conformation, metabolism and the activation of an immunogenic phenotype, resulting in
a very robust cell cycle arrest that ultimately impairs malignant transformation. Gene set enrichment
analysis of senescent cells indicate a potential role for pattern recognition receptors (PRR) and
other inflammatory modulators during oncogenic RAS induced senescence. BrdU incorporation, as
measure of senescence associated loss of proliferation, was used as a primary assay to screen for
siRNAs able to bypass oncogenic RAS-induced senescence in human fibroblast cells. Depletion of
toll-like receptor-2 (TLR2) and toll-like receptor-10 (TLR10) reduces the induction of tumor suppressor
proteins p53, p21 and p16 and thereby prevents the concomitant cell cycle arrest associated with
OIS. Overexpression of these TLRs leads to a premature senescence phenotype. We show that
TLR2 and TLR10 signal through inflammasome pathway in order to regulate the maturation of IL-1beta, and thus IL-6 and IL-8 expression, which form key components of the senescence-associated
secretory phenotype (SASP). TLRs play an integral role in the human innate immune system, which
has been associated with senescence. Our results demonstrate a role for TLRs during OIS and
provide evidence on a signaling pathway connecting the innate immune system with OIS.
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Forward Genome-wide screening using the CRISPR-Cas9 technology in cancer
cell lines
Lo Cascio L., Koike-Yusa H., Yusa K.
Three years ago started the so-called “CRISPR revolution”, an astonishing advancement in genome
engineering technologies based on the CRISPR-associated RNA-guided endonuclease Cas9. Now
the “clustered regularly interspaced short palindromic repeats”/Cas9 system can be safely used in
any lab to edit or modulate DNA sequences in virtually any organism of choice. Cancer is still one
of the leading causes of death worldwide. Although many efforts were made in order to design new
and more efficient drugs the majority of patients develop drug-resistance, arose by natural selection
among tumor cells. Recently Yusa Lab successfully generated a lentiviral-delivered genome-scale
CRISPR-Cas9 knockout library targeting more than 19000 human genes with 90,710 unique guide
sequences that allows both negative and positive selection screenings in human cells. I employed
this library to perform forward genetic screening in several cancer cell types, searching for genes
whose loss potentiate the effect of currently available drugs, an event known as synthetic lethality.
Here we show preliminary results of the screening and validation for potential new target genes.

28

YOUNG RESEARCHERS IN LIFE SCIENCES
At Institut Pasteur, MAY 18-20, 2016

CANCER BIOLOGY

ORAL COMMUNICATION
Olivier SAULNIER
olivier.saulnier@curie.fr
Institut Curie
U830
26 rue d’Ulm
75005 Paris
France

Transcriptome-wide analysis reveals alternative splicing events modulated by
EWS-FLI1 fusion protein in Ewing sarcoma
Saulnier O., Dutertre M., Tirode F., Delattre O.
Ewing sarcomas are aggressive tumors of bone and soft tissues affecting children and young adults.
They are characterized by a balanced chromosomal translocation which produces a chimeric fusion
protein: EWS-FLI1. It has been shown that EWS-FLI1 interacts directly with spliceosomal proteins
and induces miss-splicing. However, little is known about the mechanisms of post-transcriptional
processes on which EWS-FLI1 plays and affects oncogenesis and/or tumor progression of
Ewing sarcomas. Here, we performed transcriptome-wide splicing events comparison on multiple
Ewing sarcomas cell lines according to EWS-FLI1 expression. Nearly 300 genes were identified
significantly altered upon EWS-FLI1 status at post-transcriptional level. We have shown that
modulation of splicing is dependent on EWS-FLI1 expression. In addition, by investigating more
than 50 RNA-seq profiles of Ewing tumors we detected same alternative splicing patterns as in
Ewing cell lines suggesting that miss-splicing could play a role on Ewing sarcoma oncogenesis.
The analyses of public ChIP-seq data, allow identifying some alternatively spliced genes that were
associated with EWS-FLI1 binding close to the TSS region and that were transcriptionally regulated
as well, indicating a possible concomitant role of EWS-FLI1 on transcription and splice mechanisms.
Altogether, our study was the first global analysis of EWS-FLI1-dependent splicing events in Ewing
sarcoma, providing mechanistic insight into how EWS-FLI1 regulates splicing.
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Dynamical modelling of the regulatory network controlling early T-cell
development
Cacace E., Collombet S., Thieffry D.
The hallmark of T-cell development is the sequential exclusion of alternative differentiative potentials,
driven by specific environmental cues provided by the thymus. Most transcription factors needed
for T-cell commitment are required in other haematopoietic differentiation pathways. Hence, the
specification of the T-cell fate is the result of fine-tuned combinations of these transcription factors,
which are activated in a time and environment-dependent fashion. To investigate the interplay among
the underlying regulatory circuits, we mapped the gene regulatory network that underpins T-cell
intrathymic early development using a qualitative dynamical approach. We integrated information
extracted from the literature and ChIP-seq data from public sources to build a comprehensive
model of the corresponding regulatory network. We used the software GINsim (Gene Interaction
Network simulation: http://ginsim.org/) to evaluate the influence of different transcription factors at
crucial stages of T- cell development, applying a logical formalism to model the interactions between
network components. We focused on two major checkpoints of T-cell specification: (i) the transition
between the DN2a and DN2b stages, when a first commitment occurs upon the down-regulation of
stem cell-associated genes, marking the beginning of the T-cell receptor (TCR) gene rearrangement;
and (ii) the beta-selection step, where a functional, signalling pre-TCR permits the transition to the
DP stage. This modelling approach enabled us to test the influence of different combinations of
transcription factors at the branching points among different lineage programs, thereby shedding
light on T-cell plasticity and commitment.
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Self-selection using artificial networks: an adaptive tool for directed evolution of
enzymes
Drame-Maigne A., Amikura K., Kiga D., Fujii T., Rondelez Y.
Directed evolution aims at mimicking the process of natural evolution to evolve proteins or nucleic
acids toward a user-defined goal. Although the directed evolution methods all follow the same
principle a lot of varying techniques can be used. Selection-based strategies proved to be very
efficient but rely on the possibility of finding a case-specific selection tool that links the enzyme
activity to its gene survival. Our self-selection process involves the use of a simple artificial molecular
network. Introduced as a feedback loop it links directly the activity of the enzyme with the PCR
amplification of its own gene. Molecular networks, such as the one using the PEN DNA toolbox
(Montagne et al., 2011), are designed to produce short DNA strands interacting within each others.
They can then generate short oligonucleotides at the output. Taking enzyme activity at the input
such networks allows to produce a correlated amount of primers at the output that can be used to
run the PCR of the enzyme’s gene. Therefore the artificial network will link enzyme activity to a PCR
amplification yield. The number of parallel selection tests that can be run in one evolution cycle is
one of the major criteria of efficiency. Microfluidics allows us to generate a large amount of water-inoil microdroplet. Up to 108 parallel tests on individual copy of the gene can be run simultaneously
with few amount of space and reagents. After generation of a mutant library, bacteria carrying and
expressing the mutants are separated in individual droplets containing the molecular program. The
program is next launched in the droplets simply by raising the temperature before the PCR step.
Droplets are then lysed to retrieve a library enriched in the best mutant genes and a new evolution
cycle can be run. Promising results have been obtained with the nicking enzyme Nt.Bst.NBI used as
a first model with this adaptive selection tool for directed evolution.
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Monitoring extracellular-vesicles dynamics at the nanoscale by liquid-cell TEM
Piffoux M. , Silva A.K. , Gazeau F. , Alloyeau D.
Exosomes and microvesicles are promising biotherapy agents that could replace conventional cell
therapies. On the road toward the use of these nano-objects in clinics, the nanoscale characterization
of these complex soft materials in liquid environment has to be improved. For decades, transmission
electron microscopy has been a method of choice to image vesicles embedded in amorphous ice at
cryogenic temperature. Nevertheless the effects of freezing processes on the membrane structure
remains unclear and, of course, make impossible dynamic observations. We describe the use of
liquid-cell transmission electron microscopy (LCTEM) for the dynamic characterization of extracellular
vesicles (EV). Results: LCTEM consists in imaging the dynamics of nano-objects in an encapsulated
liquid solution within an electron-transparent microfabricated cell. We demonstrate that this in situ
technique allows the observation of EV in their native state and provides the opportunity to explore
their behavior and structural characteristics in real time with nanometer resolution. We were able to
determine relevant parameters for EV based therapy, such as their size distribution, concentration,
phosphatidyl-serine content (using gold labeled annexin V) and magnetic nanoparticle loading.
Besides, the morphological analyses of EV in liquid, through the measurement of their reduced
volume, allow studying their physical properties. As the sample is imaged in real time (up to 25
frames/s), EV motion and dynamics in liquid can also be analyzed. We reveal that their Brownian
motion is slowed by a factor of 100, due to electrostatic/covalent interactions with the membranes
of the liquid-cell. Remarkably, the detection of fusion events shows that LCTEM could also open
up a new way to study membrane dynamics and cell processes. Further works are in progress to
investigate sample purity and other dynamical processes, such as EV labeling or osmotic shocks,
by controlling the composition of the media.
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Meta-analysis of drought-tolerant rice genotypes: a network-based approach
Sircar S., Parekh N.
Adverse environmental conditions such as drought pose a severe threat to the yield of rice, an
important food crop for over half the world’s population. Apart from conventional breeding strategies
to develop drought-tolerant crops, use of innovative computational approaches may provide insights
into the underlying molecular mechanism of stress response. Here we discuss meta-analytic study
of seven drought-tolerant rice genotypes under drought stress using network-based approach.
Objective of the study is to identify gene signatures and processes that are a hallmark for drought
tolerant species. Differentially expressed genes are mapped to the network to identify drought
adaptive co-expressed modules. It is observed that modules associated with secondary metabolic
processes, glucose metabolic process, transport and localization respond most significantly to
drought stress. Particularly, genes associated with starch and sucrose metabolism are up-regulated
in more than 50% of the genotypes and belong to the same co-expressed module, indicating the
osmolytic role of sucrose and carbon partitioning as an important drought adaptive process. Several
genes associated with abscisic acid signaling, synthesis of amino acids such as proline are also upregulated and co-expressed in the same module. Probable candidate genes for drought tolerance
are identified based on eigengene-based centrality, e.g., PHD-domain containing transcription factor,
a josephin domain containing protein with a probable role in ubiquitin binding activity, a mitochondrial
carrier protein and genes involved in cell wall metabolism. Finally, we show how network-based
approach can help in functional characterization of stress-induced transcription factors based on
closely associated neighbors in the modules.
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Neisseria meningitidis type IV pili act as extracellular scaffolds for plasma
membrane remodeling
Charles-Orszag A., Duménil G.
Neisseria meningitidis is a bacterium that is found in the human nasopharynx microbiota. Occasionally,
it can cross the epithelium and reach the blood vessels where it can bind to endothelial cells through
long retractile fibers called type IV pili (TFP). While proliferating extracellularly as microcolonies,
bacteria reshape locally the plasma membrane in the form of filopodia-like protrusions that grow
between bacteria. Infected blood vessels are eventually damaged, causing life-threatening conditions
such as septic shock and meningitis. Since plasma membrane remodeling allows bacteria to resist
blood flow-generated shear stress, it is a crucial step in meningococcal pathogenesis. Yet, little is
known about the underlying mechanisms. However, it was previously shown that this remodeling
does not depend on actin polymerization, or event intracellular ATP, but rather on plasma membrane
fluidity. Here, using dark field live cell imaging, we observed that even individual bacteria are able to
trigger one to six short lived filopodia-like small protrusions around the bacterial body within seconds
after adhering to the host cell. Small protrusions formation and dynamics were not dependent on
actin polymerization. Genetically modified bacteria expressing fewer TFP triggered fewer small
protrusions, indicating a direct role for TFP in their formation. Bacteria expressing non retractile
TFP triggered protrusions that were no longer dynamic, demonstrating that their formation does not
depend on TFP retraction. To investigate a role for TFP spatial organization, we performed superresolution imaging and accordingly found that the small protrusions were trapped in the fibrillar
network formed by TFP close to the bacterial body. All together, these data suggest that plasma
membrane remodeling by N. meningitidis is driven by the TFP meshwork through a scaffolding
mechanism.
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Regulation of Sirtuin 2-dependent histone deacetylation during bacterial
infection
Pereira J.M. , Cossart P. , Hamon M.
One of the best models for the study of bacteria-host interactions is Listeria monocytogenes. One
interesting facet of this bacterium is its ability to modify host chromatin. Recently, we have shown
that Listeria causes a drastic deacetylation of histone H3 on lysine 18 (H3K18dc). Interestingly, to
impose this modification, Listeria highjacks previously undescribed host machinery: the host protein
sirtuin 2 (SIRT2) is relocalized to the nucleus where it causes genes repression during infection.
SIRT2 is a NAD-dependent deacetylase that has been implicated in the regulation of complex
processes such as aging and cancer. This protein had been mainly studied in the cytoplasm, and
although SIRT2 had been show to shuttle between the cytoplasm and the nucleus, the mechanism
and its biological role remained unknown. By using mass spectrometry we have identified a novel
post-translational modification for SIRT2: it is dephosphorylated upon infection. We showed that
the modified residue does not affect nuclear relocalization, but is important for the association of
SIRT2 to the chromatin during infection. We further characterized the molecular players in this
mechanism by performing the first SIRT2 interactome. We have uncovered novel SIRT2 cellular
binding partners in uninfected and infected conditions, which included putative phosphatases that
could target SIRT2. Our results indicate that interfering with these proteins blocks H3K18dc and
impairs Listeria infection. In addition, we showed that, as for SIRT2, these phosphatases translocate
to the nucleus of the cell during infection. These studies are expected to bring new insights into the
function and regulation of SIRT2 by characterizing this new phosphorylation site.
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How to feel like home: Dissecting the first steps of Salmonella intracellular life
Stévenin V., Fredlund J., Carlos Santos J., Enninga J.
Salmonella enterica serovar Typhimurium (referred later as Salmonella) is a Gram-negative
bacteria causing gastrointestinal diseases. Salmonella is ingested with contaminated food or water
and gains access to the intestinal epithelium where it invades epithelial cells. The intracellular
infection process is based on the subversion of host membrane trafficking. Salmonella enters into
epithelial cells starting with an adhesion step at the plasma membrane followed by the injection of
bacterial effectors into the host cytosol through a Type 3 Secretion System. Injected bacterial factors
induce a strong remodeling of the actin cytoskeleton leading to ruffle formation and Salmonella
engulfment into a Salmonella Containing Vacuole (SCV). Furthermore, our team and others
have shown that empty macropinosomes formed during the ruffling process and called Infection
Associated Macropinosome (IAM) fuse with the SCV few minutes after bacterial internalization. The
factors, which drive the IAM-SCV fusions, are still unknown as well as the impact of these events.
Recently, we have also revealed that a small percentage of SCVs do not fuse with IAMs resulting
in SCV destabilization, vacuolar escape and Salmonella hyper-replication within the host cytosol.
Therefore, we propose that SCV-IAM communication determines the intracellular fate of Salmonella.
We then aimed to characterize the IAM to better understand their function, so we developed a
highly specific fractionation method for IAM extraction and purification. We are currently performing
proteomic and lipidomic analysis of this compartment that we will afterwards correlate with the SCV
proteome already obtained in our team. This approach will allow us to identify relevant lipids and
proteins involved in the communication of these two compartments. In fine, we intend to reveal the
mechanism of a new key step of SCV maturation after Salmonella invasion of host cell.
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Structural insights into the regulation of competence in Streptococci
Talagas A., Fontaine L., Ledesma L., Li de la Sierra-Gallay I., Lazar N., Hols P., Nessler S.
Bacteria use a mode of communication, called quorum sensing (QS), to regulate gene expression in a
population-density dependent manner. QS thus controls processes such as sporulation, competence,
or virulence, in a multicellular way. In Gram-positive bacteria, QS is mainly based on the production,
secretion and detection of small signal peptides. In Streptococci, competence is regulated by two
QS systems: the two-component system ComCDE present in the mitis and anginosus groups, and
the direct system ComRS present in the mutans, salivarus and pyogenic groups. Both systems lead
to the expression of the sigma factor ComX, which induces a transcriptional reprograming of the
cells leading to competence. In direct QS systems, the peptide is reinternalized and directly binds
to the quorum sensor, which activates gene expression, whereas, in the two component systems,
the secreted peptide activates a transmembrane histidine kinase. Our work focuses on the direct
quorum sensor ComR of S. thermophilus, which is activated by the octapeptide ComS (LPYFAGCL).
Here we report the structural analysis of the ComR/ComS system. Comparison of the apo form
of ComR with the structure of the ComR/ComS/DNA complex allowed us to propose a unique
molecular regulatory mechanism involving HTH-sequestration and peptide-induced dimerization.
We validated our mechanistic hypothesis by combining solution structural analysis (SEC-MALLS
and ITC) and in vitro/in vivo functional assays. Taken together, these results allowed us to identify
essential residues directly involved in the activation mechanism. Sequence alignment analysis
demonstrated that these residues are conserved among ComR homologues, suggesting that the
ComRS quorum sensing system could be used as a new target to impair pathogenic Streptococci
spp. to acquire and share genes encoding antibiotic resistance.
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Functional specialization of human resident dendritic cell subsets for CD4 T cell
polarization
Durand M., Amigorena S., Segura E.
DUE TO INTELLECTUAL PROPERTY, THIS ABSTRACT IS NOT AVAILABLE.
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Actin nucleation at the centrosome controls lymphocyte polarity
Obino D., Farina F., Malbec O., Saez P.J., Maurin M., Gaillard J., Dingli F., Loew D., Gautreau
A., Yuseff M.-I., Blanchoin L., Théry M., Lennon-Duménil A.-M.
Cell polarity is required for the functional specialization of many cell types including lymphocytes. A
hallmark of cell polarity is the re-orientation of the centrosome that allows repositioning of organelles
and vesicles in an asymmetric fashion. In B lymphocytes, the engagement of the B cell receptor
(BCR) with surface-tethered antigens leads to the formation of an immune synapse and the
subsequent polarization of B cells. This includes the repositioning of the centrosome towards the
immune synapse as well as the recruitment and local secretion of lysosomes required for efficient
antigen extraction, processing and presentation onto class II major histocompatibility complex
(MHC-II) molecules to CD4+ T cells. The mechanisms underlying centrosome polarization are not
fully understood. We found that in resting lymphocytes, a pool of the Apr2/3 complex associates with
the centrosome and locally nucleates F-actin, which is needed for the tethering of the centrosome to
the nucleus via the LINC complex. Upon lymphocyte activation, Arp2/3 is partially depleted from the
centrosome as a result of its recruitment to the immune synapse. This leads to a reduction in F-actin
nucleation at the centrosome and thereby allows its detachment from the nucleus and polarization
to the synapse. Therefore, F-actin nucleation at the centrosome - regulated by the availability of the
Arp2/3 complex - determines its capacity to polarize in response to external stimuli.
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Antagonistic role of atypical Myosins 1C and 1E in B cell signaling.
Saez P.J, Diaz J., Maurin M., Lankar D., Kumari A., Obino D., Malbec O., Pierobon P., Miserey
S., Lennon-Dumenil A.M.
B cells mainly encounter antigens (Ags) at the surface of neighbouring cells, leading to the
formation of an immune synapse. B cell receptor (BCR) engagement by surface-tethered Ag initiates
signaling events that include phospholipase C gamma 2 (PLCgamma2) activation and cytoskeleton
remodelling, which require the contribution of actin cytoskeleton and ultimately lead to antibody
production. Here, we show that actin-based atypical motor proteins (Myosins 1, Myo1), which link
the actin cortex to the plasma membrane, control PLCgamma2 activation and Ag presentation.
TIRF imaging revealed that Myo1E knockdown (KD) B cells displayed an accelerated actin ring
formation at the immune synapse compared to WT cells, whereas this response is delayed in
Myo1C KD cells. By performing yeast two-hybrid screening with Myo1C and Myo1E tails, we found
that Myo1E interacts with PLCgamma2 but not Myo1C, a result that was further confirmed by coimmunoprecipitation. Accordingly, analysis of PLCgamme2 activity using live imaging revealed
that upon contact with immobilized Ag, Myo1E KD B cells exhibited increased Ca2+ oscillations
and diacylglycerol production as compared to WT cells, whereas Myo1C KD B cells displayed the
opposite phenotype. As a result of this, MTOC and lysosome recruitment at the immune synapse,
which is needed for Ag extraction and presentation, is enhanced in Myo1E KD B cells whereas it is
reduced in Myo1C KD cells. Thus, by regulating PLCgamma2 activity and and actin dynamics upon
BCR engagement, Myo1C (positively) and Myo1E (negatively) control the efficiency of B lymphocyte
responses to antigenic stimulation.
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Lymphoid neogenesis in kidneys during lupus: fundamental mechanisms and
therapeutic tracks
Veber R., Le Coz C., Lecomte S., Fenton K., Dumortier H.
Tertiary Lymphoid Organs (TLOs) are structures similar to lymph nodes (LNs), which develop
during chronic inflammation. They can be observed in pathological situations such as cancer or
autoimmune diseases. In the latter, these structures are generated in the target inflamed organs
and can participate to local autoimmune responses. Our laboratory works on lupus, a chronic and
systemic autoimmune disease that leads to multiple organ failures among which is kidney failure.
We have demonstrated that TLOs are present in the kidneys of a spontaneous lupus mouse model:
the [NZB*NZW]F1 (NZB/W) mice. These structures share structural similarities with LNs, indeed
they are organized into distinct B and T cell areas and they contain high endothelial venules and
follicular dendritic cells. They also harbor signs of functionality such as the presence of proliferating
cells and germinal center B cells. In this context, the goals of my current work are i) to elucidate
the mechanisms leading to TLO neogenesis, and ii) to develop therapeutic strategies based on the
targeting of these mechanisms. To this aim, we perform qPCR, immunofluorescence labeling on
tissue slices, and flow cytometry analyzes of leukocytes present in the kidneys. First, small leukocyte
infiltrates can be visualized in the kidneys of young NZB/W mice indicating that the development
of renal TLOs takes place very early. Moreover, these infiltrates are detected in the absence of
glomerular deposits and of detectable autoantibodies in the serum, suggesting that immune cell
infiltration occurs before autoantibody-induced kidney inflammation. Finally, among the first cells
entering kidneys, we found a majority of activated/memory T cells that may be the initiators of TLO
formation. Altogether, our data suggest that TLO neogenesis takes place at a very early stage of
disease development and that blocking T cell infiltration in the kidneys could impair TLO generation
and prevent kidney dysfunction in lupus.
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Endogenous Retroviruses in neurodevelopmental disorders: the case of Autism
Spectrum Disorders
Cipriani C., Matteucci C., Argaw-Denboba A., Bucci I., Ricceri L., Coniglio A., Pitzianti M., Curatolo P., Pasini A., Calamandrei G., Garaci E., Balestrieri E., Sinibaldi Vallebona P.
Endogenous Retroviruses (ERVs) are ancient remnants of germline integrations in chromosomal
DNA of exogenous infectious retroviruses. Recent evidences suggest that ERVs are implicated in
multifactorial neurological and neuropsychiatric disorders, resulting by the interaction of genetic
and environmental factors. It is known that stressful experiences during pregnancy have long-term
consequences on new-born and may increase the risk of occurrence of these disorders. ERVs could
represent the interface between genetic predisposition to disorders and environment, as elements
able to respond to environmental changes and to transfer the information to the individual. We
demonstrated a different expression profile of three human ERVs in peripheral blood mononuclear
cells among autism spectrum disorders (ASD) patients and their parents in comparison to control
individuals. In particular, HERV-H was highly expressed in ASD patients and their mothers, negative
correlated with the age of ASD patients and the higher expression levels were found in ASD patients
with severe clinical signs. To deeply understand the role of ERVs in ASD, we used a mouse model,
consisting in CD-1 outbred mice, prenatally exposed to valproic acid (VPA), recognized to increase
ASD risk in humans and to trigger an ASD-like phenotype in mice. We evaluated the transcriptional
activity of several ERVs in embryos and in blood and brain samples from offspring of VPA-treated
and untreated mice at different observation times. In brain samples and embryos, the ERVs‚Äô
transcriptional activity was high and stable, while in blood samples was high only immediately after
the birth, in agreement with those observed in humans. The data suggest the use of ERVs as
early biomarkers for ASD and support the hypothesis that the dysregulation of ERVs expression
combined to other patterns (i.e. inflammation) has an important impact on neurodevelopment.
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A role for YAP in the neuroprotective response of Müller glial cells in a
degenerative retina
Hamon A., Masson-Garcia C., Bitard J., Grellier E.-K., Roger J.E., Perron M.
Retinal dystrophies lead to blindness due to photoreceptor loss. One curative strategy would be to
enhance neuroprotection and/or stimulate regeneration through the mobilization of stem-like cells.
One cellular source of interest are Müller cells. These glial cells are indeed involved in neuroprotection
and have the potential to serve as retinal stem/progenitor cells. These activities are however too
limited to prevent degeneration in patients afflicted with retinal diseases. Increasing our knowledge
of the complex molecular response of Müller cells to retinal degeneration is thus essential for the
development of promising new therapeutic strategies. To identify novel players acting in Müller glia
neuroprotective response, we focused our interest on the Hippo pathway, which is a key regulator
of tissue homeostasis through its action on both cell proliferation and survival. Analysis of RNAseq
revealed that the Hippo pathway is one of the main signaling deregulated in a mouse model of
photoreceptor degeneration. In particular, we found that the effector of the pathway, YAP, specifically
expressed in Müller cells, is strongly upregulated alongside photoreceptor loss. This data uncovers
for the first time a link between the Hippo/YAP pathway and Müller cell-dependent response to retinal
degeneration. We next generated Yap conditional knockout specifically in Müller cells. Although no
major retinal defects were observed following Yap deletion in 1-month-old mice, markers of Müller
cells were altered in aging mice. We also found that in a degenerative context, the absence of YAP
leads to a reduction in Müller cell-dependent secretion of neurotrophic factors. On the other hand, a
marker of reactive gliosis was increased compared to a control situation. All together, we propose a
model where YAP would regulate Müller cell homeostasis and that its upregulation in reactive Müller
glia following retinal injury would contribute to photoreceptor neuroprotection.
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Patterned photostimulation of auditory cortical networks: learning and
generalization of artificial stimuli in mice
Piwkowska Z., Ceballo S., Deneux T., Bathellier B.
Theories of associative learning explain how a conditioned stimulus (CS) is plastically linked to a
particular behavioral response. However, it is often observed experimentally that once an animal
has associated the CS to a response, many other stimuli are able to drive the same response.
The simplest explanation of this poorly understood generalization phenomenon based on current
associative learning models would be the existence of strong overlaps in sensory representations.
But alternatively, intrinsic inaccuracies of the learning process could be the source of generalization
by associating many neurons inactive during the CS to the conditioned response unless further
precision is required. To explore these two alternatives, we used patterned photostimulation to
train ChR2-expressing transgenic mice to detect and discriminate activations of distinct columnar
cortical patches in the auditory cortex (AC). We observed that mice could not only learn to lick
when stimulating a rewarded S+ location but also, after further training, to refrain from licking when
stimulating a different, unrewarded S- location. Interestingly, both responses were generalized
to spatially organized regions of auditory cortex that were not stimulated during training. Our
observations show that the shape of the generalization areas changed according to the precision
required in the behavioral paradigm (e.g. single stimulus detection versus two-stimuli discrimination).
We also observed that regions generalizing to the S+ response could switch to generalizing to the
S- response after the locations of S+ and S- were reversed. These results demonstrate for the first
time that mice are able to make sense of global activations of distinct columnar neural ensembles
in a primary sensory cortex. Strikingly, these artificial representations are learnt in a coarse manner
which allows for generalization to previously non-perceived stimuli.
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Ephrin-A4/EphA4 signaling in arterial innervation development and physiology
Simonnet E., Martin-Pires S., Pardanaud L., Eichmann A., Brunet I.
Arterial sympathetic innervation (ASI) is crucial to control contraction level of arteries. ASI settles
from post-natal day 2 (P2) to adult in mice. Gene expression comparison of non-innervated (P0)
and innervated (P2) arteries showed that EphrinA4, a repulsive axon guidance cue, is expressed
by arteries at the onset of innervation, which is rather surprising. Therefore we aimed to assess the
role of EphrinA4 signalization in the development and the physiology of ASI in mice. We showed
by immunostaining and in situ hybridization that EphrinA4 is expressed by resistance arteries
and identified EPHA4 as the EphrinA4 receptor expressed by sympathetic neurons (SN). In vitro
EphrinA4 binds to WT SN and induces their collapse, but not on SN from EphA4-/- mice. As an
anatomical consequence of a lack of axonal repulsion, EphrinA4-/- and EphA4-/- mice exhibit an
enhanced AI at P2 wich remains in adult animals. We then inactivated specifically EPHA4 within SN
using THCre-EphA4flox/flox mice and showed an increased ASI in ear skin and on oesophagus. As
peripheric vascular resistance is involved in the regulation of blood pressure (BP) we hypothesized
that the defects in ASI observed in our mice could lead to hypertension. We are currently
investigating this hypothesis using telemetry. We also investigated ASI of organs regulating BP
using the novel 3DISCO technic to stain the whole heart and kidney. Our preliminary results suggest
that EphrinA4/EphA4 signalization would be involved in cardiac and renal SI, showing an increased
and more spread innervation. In conclusion, EphrinA4 is expressed by arterial smooth muscle cells
(ASMC) and interacts with EphA4 to induce collapse of SN in vitro. In vivo this can be associated
with elimination of inappropriate or outnumbered contacts between SN and ASMC. As peripheric
vascular resistance is involved in the regulation of BP, understanding development and physiology
of AI could help us to open new therapeutic ways for hypertension.
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Impact of DNA methylation on the rate and spectrum of mutations in Arabidopsis
thaliana
Baillet V., Etcheverry M., Quadrana L., Bataillon T., Wincker P., Aury J.-M., Colot V.
In both plants and mammals, DNA methylation plays a pivotal role in ensuring proper genome
function and integrity, notably through the epigenetic silencing of transposable elements (TEs). Yet,
DNA methylation is inherently mutagenic. Indeed, spontaneous deamination of 5-methylcytosine
produces thymine which, if not corrected, can result in a C to T transition. This mechanism is actually
thought to be responsible for the large number of mutation hotspots at methylated CpG sites in
mammalian genomes. Although the increased mutability of methylated cytosines is well documented,
there is currently little information on how DNA methylation affects the rate and molecular spectrum
of mutations, from single-base substitutions to larger chromosomal rearrangements. Here, we
address this question through the use of a population of so-called epigenetic recombinant inbred
lines (epiRILs) with almost identical genomes but distinct heritable DNA methylation patterns in the
flowering plant Arabidopsis thaliana. We show that while the other types of single-base substitution
remain unaffected, the rate of C to T transitions is 30-50% lower in the epiRILs. Since these only
have 10-15% less methylated cytosines than wild-type individuals, this suggests the influence
of other factors, in addition to what is directly attributable to the lower mutability of unmethylated
cytosines. On the other hand, the reduced DNA methylation in the epiRILs leads to an extensive
remobilization of TEs that yet belong to only a few families. These and other results that will be
presented provide a first comprehensive assessment at the genome-wide level of the influence of
DNA methylation on the type and frequency of mutations in Arabidopsis.
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Composition and dynamics of NMD complexes in yeast
Dehecq M., Namane A., Decourty L., Jacquier A., Saveanu C.
Robust gene expression depends on the ability of the cell to filter the translated RNA and eliminate
the molecules containing errors. A major pathway of translation-dependent quality control in the
cytoplasm is the Nonsense-Mediated mRNA Decay (NMD). The NMD detects and removes from
the cells transcripts with stop codons that arise too soon in the coding sequence either by mutation,
inefficient splicing or fuzzy choice of transcription start site that gives rise to short ORFs upstream or
inside annotated reading frames. NMD affects a much larger fraction of RNAs than previously thought
(Malabat et al., 2015), through mechanisms that are especially efficient on RNAs with short ORFs
(Decourty et al., 2014) and long 3’UTRs (Amrani et al., 2004). NMD involves three major interacting
partners Upf1, Upf2 and Upf3. How the NMD machinery detects the prematurity of a stop codon
and how this event leads to RNA degradation remains unclear. Using Saccharomyces cerevisiae
as a working model, we took advantage of affinity purification combined with quantitative mass
spectrometry to analyse the interactome of Upf1, Upf2, Upf3 and Nmd4. This approach provided
both an overview of NMD partners and their interactions and, through the use of mutant strains, a
picture of the dynamic organization of these complexes. I have found two different complexes that
contain Upf1 that are likely to correspond to two steps of the NMD process. One of these complexes
is probably important for the identification of NMD substrates while the other could make a link with
their degradation. These experiments suggest new hypotheses about how NMD targets specific
RNA and lead them to degradation in yeast.
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Histone dynamics in response to DNA damage in heterochromatin domains
Fortuny A., Chevallier O., Leroy O., Renaud O., Polo S.
DNA damage challenges not only genome stability but also the integrity of its organization with
histone proteins into chromatin, which governs gene expression and cell identity. How chromatin
organization is altered after DNA damage while preserving its functions is thus a central issue.
Previous studies by our group and others characterized new histone deposition pathways in
UVC-damaged chromatin and their critical role in transcription recovery after repair. However,
whether such histone dynamics operate similarly in poorly transcribed heterochromatin, and with
what consequences on heterochromatin structure and function, is unknown. To address these
questions, we have established a unique cellular model in mouse fibroblasts for studying histone
dynamics in UVC-damaged heterochromatin domains, focusing on the histone variant H3.3. This
variant is of particular interest because it is the most conserved histone H3 variant, it is associated
with transcription regulation and it is deposited de novo into UVC-damaged chromatin regions in
human cells. Using our cellular model, we show that UVC damage repair takes place efficiently in
mouse pericentric heterochromatin domains and we demonstrate that H3.3 histones accumulate
de novo in UVC-damaged heterochromatin. Our findings also provide insights into the underlying
molecular mechanisms, with the characterization of H3.3-specific chaperone accumulation in
damaged heterochromatin. We are currently exploring the consequences of UVC damage repair
and associated histone dynamics on heterochromatin organization and transcriptional activity.
Altogether, this study sheds new light on fundamental mechanisms involved in the maintenance of
higher-order chromatin structures following DNA damage.
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Mutations in MAPKBP1 cause late onset cilia-independent nephronophthisis
Macia M., Halbritter J., Delous M., Leh S., Braun D., Heon G., Legendre F., Filhol E., Krug P.,
Bole-Feysot C., Nitschké P., Joly D., Nicoud P., Nayir A., Sandford R., Cengiz N., Saint Mézard
P., Sailer A., Rødahl E., Bredrup C., Saunier S., Hildebrandt F., Benmerah A.
Nephronophthisis (NPH), an autosomal recessive tubulointerstitial nephrithis, is the most common
cause of genetic end-stage renal disease in the first three decades of life. Since most NPH gene
products (NPHP) function at the primary cilium, NPH is classified as ciliopathy. We identified
mutations in a novel candidate gene in 10 individuals from 6 families presenting late onset NPH with
massive renal fibrosis. This gene encodes MAPKBP1, a poorly characterized scaffolding protein for
JNK signaling. Immunofluorescence analyses showed that MAPKBP1 is not present at the primary
cilium and that fibroblasts from affected individuals did not display ciliogenesis defects indicating that
MAPKBP1 may represent a new family of NPHP not involved in cilia-associated functions. Instead,
MAPKBP1 is recruited to mitotic spindle poles (MSPs) during the early phases of mitosis where it
colocalizes with its paralog WDR62 which plays a key role at MSP. Detected mutations compromise
recruitment of MAPKBP1 to the MSP and/or its interaction with JNK2 or WDR62. Additionally, we
show increased DNA damage response signaling in patients fibroblasts and upon knockdown of
Mapkbp1, a phenotype previously associated with NPH. In conclusion, we identified mutations in
MAPKBP1 as a genetic cause of late onset and cilia-independent NPH and propose NPHP21 as an
alias for MAPKBP1.
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Presence of an atypical mitochondrial DNA in the long-lived bivalve Arctica
islandica : dead baggage or adaptative mechanism ?
Dégletagne C., Held C., Abele D.
Mitochondrial DNA (mtDNA) is normally maternally inherited and encodes for subunits of respiratory
chain complexes and ATP synthase, among many other processes. The integrity of mtDNA is crucial
for cellular energetic and redox homeostasis, and mtDNA mutations have been associated with
individual fitness and longevity. Bivalves are the only zoological group in which Doubly Uniparental
Inheritance (DUI) characterized by the presence of 2 divergent mtDNAs within different tissues of
male individuals, is frequently observed. The F-mtDNA, maternally inherited, is found in somatic
tissue and female gonads whereas the M-mtDNA is usually found in male gonadic tissue only. Our
recent investigations highlighted the existence of DUI in several populations of Arctica islandica, a
species widely distributed in the North Atlantic shelf regions. Due to different environmental regimes,
the maximum lifespan of its populations varies between >200 years in the North Sea and 35 years
in the Baltic Sea. Our new analyses of mitochondrial marker gene sequences in somatic tissues
indicate North Atlantic populations to be genetically homogenous, but revealed the existence of an
atypical mtDNA haplotype with a genetic difference around 8-10% in some individuals, male and
female, belonging to the Icelandic population. In association with genomic and transcriptomic data,
we will describe the characteristics of this atypical mtDNA haplotype and discuss the possible impacts
of mtDNA modification on biology and cellular physiology with regards to energetic metabolism and
redox homeostasis. This study will enhance the understanding of the role of DUI and mtDNA in
general for fitness, aging and adaptation of bivalves.
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From Musculoskeletal Stress Markers (MSM) to behavioral patterns : codevelopment and relationship of MSM under functional stress
Lambert A., Saliba-Serre B.
Due to bone plasticity, bone tissue bears the mark of functional stimuli occurring during the life
of a subject. It is possible to divide these ‘Skeletal Markers of Occupational Stress’ (MOA) in
different groups according to their nature (genetic, biomechanical and pathological). Bone functional
adaptation is a complex phenomenon given the numerous factors of influence. Nevertheless,
studies comparing various markers of activity are rare, do not match. Studies reconstructing past
behaviors mostly use only kind of markers without justifying the choice and sometimes even use
markers without consideration for the relation between the etiology of the marker and mechanical
loads. Hence, using medical imaging (CT scan) and working on skeletal archaeological remains,
our novel research focuses on the joint analysis of these different indicators to investigate their
development under mechanical stress. We aim to propose a standard protocol to evaluate more
accurately the impact of functional stimuli using various markers. Our work shows that there is no
direct relation between the different markers except some specifics correlations. Furthermore, we
have been able to propose an observation grid to decipher more clearly behavioral patterns of past
populations. Future research will lead us to investigate our method on modern skeletal collections.
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Effect of resource levels on epidemics and pathogen evolution: Application to
crop fertilization
Precigout P-A., Robert C., Claessen D.
Numerous examples of crop resistance breakdown and the emergence of pesticide-resistant
pathogen strains have made it clear that crop pathogens display a high adaptive potential to
agricultural practices. We use a model of life history evolution of wheat fungal pathogens aiming to
understand how they could adapt to changes in fertilization practices. To tackle this issue, we need
to keep track of the developmental schedule of the plant and the one of the pathogen. We used a
physiologically structured population model, being a theoretical framework capable of integrating
these two developmental scales. A wheat plant is modeled as a collection of small patches (~1 cm2
of leaf) whose age reflects both their spatial position within field canopy and their nutrients level.
Introducing a second structure in terms of age of infection of patches allows us to know precisely
the amount of nutrients transformed into mycelium, spores, or stored in the common pool, and to
implement pathogen dispersal. We focus on a single pathogen life history trait (latent period) which
directly determines the amount of resource allocated to growth and reproduction (fitness as lifetime
reproduction). For different fertilization scenarios, we were able to identify a value of the latent
period maximizing spore production. We found a positive relationship between the optimal latent
period and fertilization, resulting from two major trade-offs: one in local resource allocation and
another in canopy colonization. The importance of the dynamical aspects of canopy colonization
is highlighted by a race between canopy growth and pathogen spore dispersal. Because the latent
period correlates to the pathogen’s generation time, a sudden decrease of nitrogen enrichment
(advocated by agroecologists) could have profound effects on the shape of fungi epidemics.
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Dynamics of de novo gene emergence in yeast
Vakirlis N., Herbert A., Opulente D.A., Hittinger C.T., Fischer G., Coon J.J., and Lafontaine I.
New gene formation is a major source of evolutionary novelty. Characterizing the different molecular
mechanisms by which this occurs is thus a crucial step towards understanding the origin of biological
diversity. De novo gene origination from non-coding sequences is an intriguing process of new gene
creation, likely to result to a novel protein function. The impact of de novo gene creation is still a
matter of debate that has gained interest during the past decade as documented functional evidence
has accumulated. By combining comparative genomics approaches, simulations and experimental
data from proteomics and transcriptomics, we have quantified de novo gene emergence at the
genus level in the two densely sampled yeast genera Lachancea and Saccharomyces Sensu
Stricto. This allowed us to provide an estimate of the rate of de novo gene emergence genus-wide,
and determine distinguishing sequence properties of newly created de novo genes.
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Mechanical and molecular signals underlying tendon cell differentiation
Gaut L., Bonnin M-A., Robert N., Mericskay M., Duprez D.
Tendons are unique forms of connective tissue of the musculoskeletal system. They are composed
of a dense extracellular matrix of type I collagen fibrils that are hierarchically organized to withstand
tensile forces transmitted from muscle to bone. Tendon development, homeostasis and repair
rely on specific combinations of mechanical parameters, transcription factors and growth factors
that regulate the production and assembly of collagen fibers. Our objective is to decipher the
mechanotransduction pathways underlying tendon cell differentiation. The zinc finger transcription
factor EGR1 is a mechanosensitive gene and is involved in Col1a1 and Col1a2 transcription during
tendon development and repair. We hypothesize that EGR1 senses mechanical signals to regulate
tendon cell differentiation. Tendon mechanobiology was studied in vivo during development. We
showed that mechanical signals are required to maintain the expression of EGR1 and tendon
markers during chick limb development. Mechanobiology was also studied in vitro using a
3-dimensional (3D) cell culture system (made of mouse mesenchymal stem cells) that mimics tendon
formation. The expression of the mechanosensitive gene Egr1, components of TGF-beta and FGF
signaling pathways and tendon genes was increased in 3D cultures under tension compared to
2D cultures. Tension release in 3D-engineered tendons induced a drop of the expression of Egr1
and tendon genes. Forced-expression of Egr1 was able to prevent the downregulation of tendon
gene expression in detensioned 3D-engineered tendons. All together, these results highlight the
importance of EGR1 downstream of mechanical forces during tendon cell differentiation. However,
the precise relationship between mechanical and molecular signals remains to be further explored.
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Early programming of growth through a transiently imprinted gene
Glaser J., Greenberg M., Borsos M., El Marjou F., Teissandier A., Bourc’his D.
In mammals, imprinted genes exhibit parent-specific monoallelic expression due to differential DNA
methylation inherited from the gametes and maintained in adult tissues. However, some keep the
imprint only for a few days after fertilization. This less studied form of imprint corresponds to regions
that are DNA methylated in the oocyte but not in the sperm, and lose their parental specificity at
the time of the implantation of the embryo by gaining DNA methylation on the paternal allele. To
understand the role of this transient genomic imprint and how it can influence mouse development
and/or physiology, we studied a conserved mouse to human locus subject to this type of regulation,
the Gpr1-Zdbf2 locus. The transient imprint in this locus results in the monoallelic paternal expression
of an alternative transcript of Zdbf2, the long isoform of Zdbf2 (Liz), restricted to pre-implantation
development. It has been observed that the brief expression of Liz is associated, in cis, with two
events that are faithfully maintained in somatic tissues throughout life: the gain of DNA methylation
and the activation of Zdbf2. This raises the question of the role of Liz during the early development,
in establishing the life-long epigenetic setting at the locus. To address this, mutant mice carrying
a deletion of the Liz TSS have been generated using the CRISPR/Cas9 engineering. These mice
exhibit strong defects in establishing the DNA methylation in cis and a drastic down-regulation of
Zdbf2 in the post-implantation embryo and in adult tissues. More strikingly, the mice display a lifelong growth retardation compare to their wild-type littermates. Our results are in line with the fact
that the dose of Zdbf2 in the hypothalamus and the pituitary gland could be an important regulator
of growth. Thus, our work enlightens for the first time how a transiently imprinted gene expressed
exclusively in the early embryo can have life-long consequences on adult physiology.
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Müller glial cell reactivation in Xenopus models of retinal degeneration
Langhe R., Chesneau A., Colozza G., Hidalgo M., Locker M., Perron M.
In the retina, Müller glial cells are able to re-acquire a stem/progenitor state and regenerate new
neurons following injury. Although highly effective in some species such as the fish, this phenomenon
is extremely limited in mammals. Understanding the molecular mechanisms underlying Müller cell
recruitment in species with different regenerative capacities is an active area of investigation, which
could offer therapeutic strategies for Müller glia-dependent retinal regeneration in mammals. Our aim
is to generate Xenopus retinal degenerative models to investigate the hitherto unexplored issue of
Müller cell regenerative potential in amphibians. We implemented two retinal injury paradigms in premetamorphic Xenopus tadpoles: a mechanical needle poke injury and a transgenic model allowing
for conditional nitroreductase-mediated photoreceptor cell ablation. In both models, proliferation
is observed following damage/degeneration in the inner nuclear layer of the retina. This occurs
throughout the retina following photoreceptor ablation while being restricted to injured region after
needle poke injury. Surprisingly, the extent of cell cycle re-entry appears dependent on the tadpole
age, significantly increasing at late pre-metamorphic stages. Immunostaining revealed that more
than 50% of injury-induced proliferative cells are Müller cells. Retinas devoid of Müller cells due to
Notch signaling inhibition during retinal development, did not exhibit an increase of cell proliferation
at the injury site. A BrdU pulse-chase experiment revealed that three weeks after nitroreductasemediated photoreceptor cell ablation, the photoreceptor cell layer is partly replenished by BrdUpositive cells. These results reveal for the first time the reactive and regenerative potential of Müller
glia in Xenopus. Our findings pave the way to future studies aimed at identifying molecular cues
responsible for the recruitment of Müller glia as a cellular source for retinal repair in amphibians.
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Dissecting the cis-regulation of a developmental gene
Torbey P., Thierion E., Desmarquet C., Gilardi-Hebentreit P., Charnay P.
The hindbrain is subject to a segmentation process conserved amongst vertebrates that leads to
the formation of rhombomeres (r). The specification of r3 and r5 is governed by a transcription
factor, Krox20 (Egr2). In mice, three enhancers of Krox20, named A, B and C have been so far
identified and orchestrate two different phases in Krox20 expression. Elements A and C are required
for maintenance of Krox20 expression. Determining the function of element B and identifying the
remaining regulatory elements required for the initiation of Krox20 are yet to be done. We have
decided to identify every regulatory element from the zebrafish genome by screening their activity
using transgenesis. We have identified so far 6 regulatory enhancers potentially controlling krox20/
egr2b transcription in the hindbrain, including A, B and C. We have generated stable transgenic
zebrafish lines and studied the kinetic and profile of activity of all these candidate enhancers
showing overlap and specificity of their activities. The function of krox20/egr2b cis-acting elements
is systematically analysed by performing a series of deletion in the zebrafish genome using the
CRISPR/Cas9 system. Stable zebrafish lines deleted for these 6 elements, alone or in combination,
are being generated. The first results of this analysis show that deletion of element B gives a delayed
initiation of krox20 expression in r5. On the other hand, no phenotype was observed after deletion
of element C from the zebrafish genome, establishing that, despite sequence conservation, this
element does not have the same function in mice and in zebrafish. This project as a whole will
provide us with a detailed and dynamic view of the genetic and molecular mechanisms involved in
the control of krox20 expression in the hindbrain and could have a broader impact, highlighting the
processes behind genetic regulation during vertebrate development.
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Ena/VASP proteins participate in the maintenance of actin network polarity
Abou-Ghali M., Plastino J.
Cellular motility and mechanics are controlled by the dynamics of the actin networks. Actin networks
are made of highly branched actin filaments, this branching is due to the activity of Arp2/3 complex.
Actin filaments are polarized, they have a fast growing barbed end and a slow growing pointed end.
Ena/VASP proteins are known to play a role in actin barbed end elongation which make them a
major player in lamellipodial protrusion of moving cells. We want to study the polarization of actin
networks and the effect of Ena/VASP proteins on the polarization of the network. In order to do
that, we use in vitro bead system to reconstitute actin networks polymerization. Beads are coated
with Arp2/3 complex activator WASP with different constructs and then the minimal proteins for the
polymerization are added. We use a two-color approach to look at the polarity of the network by
tracking the network’s new growth which will be appear in a different color from the old network. Our
results show that VASP protein can maintain actin network polarity in absence of capping proteins.
This result suggests that VASP has a capping protein similar effect on network polarity when it is
usually considered as an anti-capper.
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Proper timing of spindle assembly is essential for correct chromosome
alignment and segregation in mouse oocytes
Bennabi I., Quéguiner I., Kolano A., Boudier T., Mailly P., Verlhac M.H., Terret M.E.
Most mitotic cells possess two centrosomes acting as major microtubule organizing centers
(MTOCs). Centrosomes organize a bipolar spindle as they form the spindle poles. Oocytes are
an exception to this rule, lacking centrioles and thus canonical centrosomes, imposing alternative
modes of spindle formation and spindle positioning. In mouse oocytes, microtubules are nucleated
from multiple acentriolar MTOCs (aMTOCs) that have to be sorted and clustered to form a
bipolar spindle. The goal of my PhD project is to understand the mechanisms of meiotic spindle
morphogenesis and the consequences of spindle morphogenesis perturbations on chromosomes
behavior. I am finishing a study in which we used the microtubule motor HSET (kinesin-14) as
a tool to understand why acentriolar spindle formation is such a slow process, which is strongly
error prone. I have shown that modifying HSET levels in mouse oocytes perturbs the timing and
quality of spindle morphogenesis. Indeed, spindle bipolarization is abolished in oocytes inhibited for
HSET, whereas the whole process of spindle assembly is sped-up in oocytes slightly overexpressing
HSET: spindle bipolarization, aMTOCs sorting and clustering are precocious. Moreover, oocytes
overexpressing HSET have an altered spindle shape that resembles the shape of a mitotic spindle.
Interestingly, this has major consequences on chromosome behavior since oocytes overexpressing
HSET have a high rate of misaligned chromosomes, leading to segregation defects at anaphase.
Altogether these results show that even though the process of meiosis I spindle assembly in mouse
oocytes is slow, a precise morphogenesis (timing and shape) is essential to avoid further increase
in chromosome segregation errors.

71

YOUNG RESEARCHERS IN LIFE SCIENCES
At Institut Pasteur, MAY 18-20, 2016

CELLULAR & MOLECULAR BIOLOGY
POSTER

Sabrina CHAOUI

Session No.: 1
Poster No.: 3

chaoui.sabrina@hotmail.fr
Université Paris Descartes
UMR 1140 Innovations thérapeutiques en hémostase
4 avenue de l’Observatoire
75006 Paris
France

Osteoprotegerin, an anti-apoptotic protein promoting angiogenesis
Chaoui S., Lokajczyk A., Benslimane-Ahmim Z., Boisson-Vidal C., Pidard D.
Osteoprotegerin (OPG) belonging to TNF receptor superfamily is known for its role in bone
remodeling. It is able to block the activity of RANKL and thus to inhibit bone resorption. OPG
stimulates angiogenesis in vitro, by promoting the proliferation, migration, and tubulogenesis of
endothelial cells and their progenitor cells (EPC) via activation of signaling pathways. Combined with
FGF-2 it potentiates in vivo its action to promote neovessels formation. Studies show that OPG also
protects endothelial cells from apoptosis, in particular by playing a role as a decoy receptor able to
block the apoptotic cytokine TRAIL. OPG exhibits anti-apoptotic properties promoting angiogenesis
which mechanisms of action still remain to be determined. The aim of this study is to more precisely
delineate the anti-apoptotic mechanisms of OPG particularly in endothelial cells derived from
EPC (ECFC). We first set up two models of apoptosis, one induced by cell detachment following
withdrawal of FCS and growth factors, the other induced by TRAIL, in 3 cell types including ECFC,
human umbilical vein endothelial cells (HUVEC), and microvascular endothelial cells (HMEC1). We
verified the effect of OPG on cell survival using cell viability and density tests. We observed that
OPG reduced caspases activities and maintained ECFC viability after 48h of withdrawal. Proteomic
analysis showed that several proteins involved in cell survival and apoptosis are regulated in OPGpretreated ECFC. In order to determine whether its anti-apoptotic activity requires inhibition of
TRAIL, we are analyzing the expression of TRAIL receptors using qRT-PCR. In the case where
OPG also acts independently of TRAIL, we characterized the expression of endogenous OPG and
capacity of cells to bind exogenous OPG by Western Blot, immunofluorescence and CELISA. Our
results suggest that OPG protects ECFC from apoptosis induced by growth factor deprivation,
possibly through TRAIL blocking in aVb3 integrin-dependent manner.
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Malaria Morbidity and prevalence in the Saharan region of Mauritania
Mint Deida J., Mint Dadina M., Mint Lekweiry K., Khalaf Y., OuldAbdellahi M., Hmeyada A.,
Basco L., Tahar R., Boukhary A.
Data on malaria epidemiology are still scarce in Mauritania. The aim of this prospective study was
to measure malaria-associated morbidity among febrile pediatric and adult patients consulting
spontaneously at public health facilities in Nouakchott and Atar situated in the Saharan region of the
country. All presumptive cases of malaria with fever or history of fever during the 48 hours before
consultation were included in the study during the period of December 2014 to December 2015.
Diagnosis was confirmed by microscopic examination of thick blood smear and rapid diagnostic test.
Among 641 presumptive malaria cases (420 in Nouakchott and 221 in Atar), 300 (71%) and 219
(99%) were febrile (axillary temperature,≥ 37.5°C) at the time of consultation, respectively. Blood
smear and rapid diagnostic test were positive in 164 (39%) patients in Nouakchott and 64 (29%)
patients in Atar, respectively. All malaria infections were due to P. vivax in Atar, while in Nouakchott,
there were 114 (69,5%) P. vivax- and 23 (14%) P. falciparum-infected patients, respectively. Of
228 malaria-infected patients in Nouakchott and Atar, 79 were children aged < 14 years old. 88
(53,7%) and 22 (34,3%) of malaria-infected patients had never travelled outside Nouakchott and
Atar, respectively. No significant difference in parasitaemia level was noticed between Nouakchott
and Atar and ranged between 400 -16.000 and 200 -16000 parasites/µl respectively. P. vivax malaria
is a major cause of febrile illness in Nouakchott and Atar located in the Saharan region of the
country. Reliable laboratory diagnosis based on microscopy and/or rapid diagnostic test is essential
to improve the management of malaria-infected patients in the study area.
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New method to generate and analyze replication timing in mammalian cells
Denecker T., Hadjadj D., Baldacci G., Cadoret J-C.
DNA replication is a highly regulated process involved in the maintenance of genome stability.
It relies on a spatio-temporal program determining where and when replication starts along the
genome. The replication-timing program is finely tuned and reflects the higher order organization
of the metazoan genome. It is clear that this program evolves with cell differentiation and cell fate.
Moreover aberrant DNA replication timing has been reported in many diseases including cancer.
The protocol developed to study the replication timing of a given cell type is well established.
We have improved the method permitting analysis of replication timing of the entire genome in
mammalian cells. The critical step of the bench part of the replication timing protocol is the nascentDNA-Immunoprecipitation step. First, we optimized the reproducibility and the duration of this step
by using the SX-8G IP-Star® Compact Automated System (Diagenode). From 2 to 3 days, this step
now lasts 1 day and produces highly reproducible results. In addition to this experimental progress,
we also improved the accessibility of the analysis. We implemented two bioinformatic tools, START-R
and START-R Viewer. These softwares have a user-friendly interface that can analyze and visualize
replication timing from microarray data. START-R is a software implemented in R and java that can:
analyze replication timing trends through a smoothing curve, find Transition Timing Replications
(TTR), define chromosome segments according to the replication timing, find differences between
two experiments. Output files can be read by Galaxy. START-R Viewer is a software developed in
parallel to display data generated by START-R in a dynamic chart. It is possible to select areas,
select curves, take a snapshot. Finally, this updated protocol reduces the time required to generate
and analyze data of several samples from 3 weeks to 10 days.
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Functional analyzis of caveolin-3 mutations in muscular dystrophies
Dewulf M., Blouin C., Köster D., Sinha B., Bigot A., Butler-Browne G., Lamaze C.
Caveolae are plasma membrane invaginations that require caveolin proteins for their biogenesis.
Recently, our lab reported a major role for caveolae in the cell response to mechanical stress.
Mutations in the CAV3 gene (muscle isoform), which leads to caveolin-3 (Cav3) retention in the
Golgi, are described in muscular dystrophy (MD). My project consists in identifying the link between
Cav3 mutations and MDs, which exhibit defects in membrane integrity and repair but also in muscle
homeostasis. By studying human myotubes, WT or Cav3-P28L mutants, I showed that there are no
caveolae at the plasma membrane of mutant cells, which leads to a defect in mechanosensing and
in membrane integrity in cells undergoing mechanical stress (osmotic shock or mechanical stretch).
I also showed that Cav3-P28L cells are not responsive to IL6, pathway that has been shown to be
important for muscle homeostasis. Furthermore, I could show that the IL6/JAK1/STAT3 pathway is
negatively regulated upon mechanical stress but also by Cav3 in WT cells. This study brings a new
mechanistic insight into Cav3 dependent MDs and could lead to the identification of new therapeutic
targets.
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Homeostasis in the E. coli replication and division cycle
Faure L., Corre E., Lagomarsino M., van Teeffelen S.
How cells control and maintain their size homeostasis remains an open question. Two major
paradigms have tried to answer this question: the “sizer” where the cell triggers division event at
a critical mass, and the “timer” where the cell grows for a specific amount of time prior to division.
A new model, the “adder” has been introduced in several recent papers (e.g., Taheri-Araghi, S.
et al., 2015), where it has been experimentally shown that cells sense neither size nor time but
add a constant mass to the cell after division, irrespectively of size at birth. It had been proposed
already more than 60 years ago that cell division is strictly coupled to DNA replication. However,
correlations between replication and the cycle have only recently been measured on the singlecell level (Adiciptaningrum, A. et al., 2015). Here we go beyond this recent study and monitor
DNA replication and cell growth over multiple generations in single cell lineages, using time-lapse
fluorescence microscopy. We present first experimental results and their implications for models of
cell-size homeostasis.
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Identification of novel genes essential for survival and differentiation of normal
and tumoral intestinal stem cells
Jacquemin G., Huyghe M., Fre S.
Using stem cells for the therapy of several diseases is a promising avenue, but despite a lot of
improvements in the field, methods to amplify and differentiate stem cells in vivo still need to be
improved. To achieve this, a better knowledge of the signaling pathways that control the balance
between self-renewal and differentiation is essential. This project is centered on both normal and
tumoral intestinal stem cells and aims at identifying new genes that are essential for their survival,
maintenance and differentiation. We are performing a whole genome CRISPR genetic screen in
organotypic cultures using mouse intestinal organoids derived from either normal crypts or Apc
mutant intestinal tumors that are infected by a lentiviral genome-wide mouse library (Gecko).
Through this screen, we wish to find novel genes that affect the proliferation and differentiation of
intestinal stem cells in either normal crypts or tumors.
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Influence of membrane order on Rab localization and curvature sensing by
different Rab proteins
Kulakowski G., Goud B., Oesterlin LK.
Rab proteins are small GTPases that regulate vesicular trafficking. Once synthesized, the Rab proteins
are prenylated (addition of two geranylgeranyl moieties) by the Rab GeranylGeranylTransferase and
the Rab Escort Protein. This prenylation enables them to interact with membranes. Rab proteins
are localized to many different compartments of the cell (ER, Golgi, Endosomes) with different lipid
compositions and differently ordered and curved domains. Because of this great specificity in Rab
localization (i.e. Rab6 is localized at the Golgi, Rab5 at the endosomes) we thought that the unique
properties of each compartmental membrane might be important for proper Rab localization. This
leads us to study the impact of membrane order, curvature and membrane composition on Rab
localization. An in vitro prenylation set up has been established and different Rab proteins (Rab1B,
Rab5A, Rab6A/A,A’) have been successfully incorporated in Giant Unilamellar Vesicles (GUVs) with
EggPC lipids. We are studying Rab localization during phase separation between a liquid ordered
and a liquid disordered phase. The recruitment and localization of Rab protein effectors is also
of interest. The following step will then consist in investigating whether Rab proteins can induce
phase separation on GUVs close to phase segregation. Rab proteins might also be able to sense
membrane curvature, knowing that transport inside the cell involves differently curved membranes.
Parts of this project consist in studying the influence of membrane curvature on Rab localization.
As a model, we use an optical tweezer setup to pull tubes from GUVs and to create areas of high
curvature. Rab localization can then be observed with confocal microscopy.
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Securing the genome during antigen receptor assembly: functional interplay
between the RAG nuclease and DNA repair proteins
Lescale C., Lenden-Hasse H., Bianchi J., Yu W., Jarade A. , Bacoccin L., Deriano L.
XRCC4 and the XRCC4-like factor XLF are two distantly related members of the same protein
family and function in non-homologous end-joining (NHEJ). The repair of RAG1/2-induced DNA
double-strand breaks (DSBs) during antigen receptor assembly (i.e. V(D)J recombination) is known
to be fully dependent on the NHEJ factors Ku70/80, Ligase IV, DNA-PKcs/Artemis and notably
XRCC4. By contrast, XLF is dispensable for V(D)J recombination due to functional redundancy
with components of the ATM-dependent DNA damage response (DDR) (Kumar V. et al., 2014). We
recently made the surprising discovery that XLF function in the repair of RAG-DSBs is also masked
by redundancy with the RAG nuclease (Lescale C. et al., 2016). PAXX (Paralog of XRCC4 and XLF)
is a recently discovered member of the XRCC4 superfamily which functions in NHEJ (Ochi T. et al.,
2015). We employed CRISPR/Cas9-mediated gene editing to delete PAXX from pro-B cell lines
with the aim of interrogating its function(s) in V(D)J recombination. I will present our latest findings
and a model outlining the relative contribution of the RAG1/2 nuclease, the XRCC4, XLF and PAXX
paralogs, and the chromatin-associated ATM-DDR in repairing RAG-DNA breaks and in maintaining
genome stability during lymphocyte antigen receptor gene assembly.
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DNA based synthetic lectins to investigate clathrin independent endocytosis
Murarasu T., Bathia D., Wunder C., Perez F., Johannes L.
I aim to develop an innovative approach to uncover the underlying mechanisms of the clathrinindependant endocytosis of certain pathogens. Indeed, Simian virus 40, the bacterial Shiga and
cholera toxins, which have no sequence similarity, share a stackable pentameric arrangement of
their carbohydrate recognition domains (CRDs), this lectin geometry allowing the binding to and the
reorganization of their glycosphingolipid (GSL) receptors, leading to the construction of endocytic
pits without the involvement of the cellular clathrin machinery. To question the exact geometric
requirements underlying this endocytic mechanism, I will design DNA nanostructures that will serve
as scaffolds to build synthetic lectins of defined geometries (varying CRD stoichiometry, angles and
distances). Those DNA-based synthetic lectins of different geometry will be submitted to functional
testing concerning a number of aspects that are critical for the cellular entry of infectious disease
agents: cellular binding, lectins clustering, membrane bending, and internalization. In collaboration
with physicist colleagues, experimental data will be systematically confronted to modeling and
simulation results. Thus, the design of modular DNA nano-objects is expected to provide unique
tools for a complete characterization of this non-classical endocytic pathway.

80

YOUNG RESEARCHERS IN LIFE SCIENCES
At Institut Pasteur, MAY 18-20, 2016

CELLULAR & MOLECULAR BIOLOGY
POSTER

Anne NEHLIG

Session No.: 1
Poster No.: 13

anne.nehlig@gustaveroussy.fr
Gustave Roussy
U981 Identification de nouvelles cibles thérapeutiques en cancérologie
114 rue Edouard Vaillant
94805 Villejuif
France

Microtubule-associated tumor suppressor ATIP3 interacts with EB1 : clinical
relevance in breast cancer
Nehlig A., Molina A., Velot L., Rodrigues-Ferreira S., Bouchet B., Braguer D., Honoré S., Nahmias C.
Microtubule-associated protein ATIP3, the major product of tumor suppressor MTUS1 gene, is
markedly down-regulated in aggressive breast tumors of the triple-negative subtype and is a prognostic
marker of poor survival in breast cancer patients. Previous studies from our lab have shown that
ATIP3 is a potent microtubule stabilizer and that its re-expression in breast cancer cell lines reduces
cell proliferation, migration and polarity, as a consequence of decreased microtubule dynamics.
Our recent studies indicate that ATIP3 directly interacts with EB1 to decrease its accumulation at
growing MT ends and impairs cell polarity. FRAP analyses show that ATIP3 silencing accelerates
EB1 turnover on its recognition site at growing MT ends, with no modification of its cytosolic mobility,
indicating a novel mechanism of EB1 regulation. However ATIP3 does not modify EB1 binding
to growing MT ends in vitro, suggesting that negative EB1 regulation by ATIP3 may require the
presence of additional cellular components, and/or involve post-translational modifications, leading
to decreased EB1 binding at the plus ends. Given the potent tumor suppressor effects of ATIP3,
these findings may have clinical relevance in the field of cancer. The identification of ATIP3-EB1
complexes as molecular markers and/or therapeutic targets in breast cancer is under investigation.
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The DNA damage machinery in cellular mechanotransduction
Panagi M., Kaidi A.
Maintenance of genome stability is achieved through an integrated cellular network that is critical
for normal cell function. Central to this network is the kinase ATM that couples genome surveillance
to a plethora of biological processes. My preliminary findings identified a novel function for ATM in
regulating cell motility; a process that integrates both mechanical and biochemical cues. Emerging
evidence points to a role for the ATM-related kinase, ATR, in cellular mechano-transduction. However,
whether and how ATM is mechano-responsive remains unknown. As such, we have explored a link
between the hippo pathway, which is known to coordinate cellular mechano-responsiveness, and
ATM.
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Specific recruitment and activation of myosin VI by its cellular partners
Planelles Herrero V.J., Inizan F., Ropars V., Sirkia H., Benisty H., Lee Sweeney H., Kikuti C.,
Houdusse A.
Myosin VI is unique among all of the myosin superfamily members expressed in metazoans in that
it traffics in the reverse direction on actin. Reverse directionality obviously creates the potential to
serve unique roles in cells that cannot be accomplished by any other myosin. Important studies have
identified several partners for this myosin and have highlighted its role in the maintenance of actinrich ultra-structures of the cell and in different steps of membrane traffic necessary for cell division,
cell migration and autophagy. Given its directionality, it has been proposed that Myosin VI could
facilitate endocytosis by serving a transport role of endosomes away from the plasma membrane.
For most of its suggested cellular functions, it may in fact function as a load-dependent anchor that
can pull on structures and hold them in close opposition to actin filaments. The unconventional
myosin VI motor can exist as both a monomeric and dimeric form and some partners are thought to
promote dimerization to activate the motor. The main challenge of this project is to investigate how
features of Myosin VI and how its binding partners can specify its function as either an anchor, a
transporter or a membrane tensioning/shaping motor in diverse cellular processes. To describe the
active form of Myosin VI and how different partners shape the motor upon its recruitment for specific
actions depending on the cellular context, high-resolution structures of its C-terminal globular domain
bound to different partners will be determined. The goal is thus to gain insights on the structural and
mechanistic features that specify motor activity and on the precise architecture of the partner/motor
complexes to design in vitro and cell studies that will identify the specific roles the motors serve in
participating in different cellular processes.
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Bacterial perstistence: a stochastic mechanism for stress resistance and host
invasion
Prudent V., Espeli O.
My project focuses on the bacterial cell cycle during host infection and more specifically the
mecanisms enabiling the bacteria to multiply in the host cell. We have chosen a pathogenic AIEC
strain of E. coli, LF82, which is associated with the Crohn disease. AIEC E.coli strains are surprising
because they are able to adhere and invade epithelial cells although they do not code for any
classic gene of pathogenicity. They are also capable of persisting in the host cell and multiplying in
a very stressful environment such as the phagolysosomes of the macrophage. The evolution of the
cell cycle, the ability of the bacteria to adapt it and the genes involved in these processes are the
principle themes of my PhD project.
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Morphometric analysis of the thyroid gland of young male Taar1-deficient mice
Qatato M., Szumska J., Weber J., Dallto U., Rijntjes E., Köhrle J., Grandy D. K., Brix K.
Trace amine-associated receptor 1 (Taar1) is a G protein-coupled receptor that has been suggested
as the putative receptor for thyronamines, the endogenous aminergic relatives of classical thyroid
hormones. We have previously reported Taar1 to localise to the primary cilia on the apical plasma
membrane of cultured thyrocytes and thyroid tissue. To investigate the potential role of Taar1 in thyroid
regulation, we compared the architecture of thyroid follicles in cryosections from young (6-7 months)
Taar1-deficient (Taar1-/-) and wild type (wt) male mice using our automated morphometric analysis
phenotyping tool. Since thyroglobulin (Tg) is the product and a regulator of thyrocyte function, we
compared its cross-linkage and degradation status in both groups using immunofluorescence and
immunoblotting. In addition, serum T3 and T4 concentrations were measured by radioimmunoassay.
Serum samples from Taar1-/- mice feature a decrease in T4 levels while T3 levels are unchanged,
revealing a trend towards elevated T3/T4 ratio as compared to wt mice. This could be indicative of
an alteration in the T4 conversion rates or in Tg processing. Indeed, differences were observed in
the luminally stored Tg, where the cross-linked form appears more abundant in the Taar1-/- than in
the wt; however, this appears not to influence gross Tg degradation. Preliminary results from thyroid
tissue morphometric analysis suggest less heterogeneity in the Taar1-/- follicle population, where
the size of follicle lumina tends to be smaller than in wt thyroids, despite comparable follicle counts
per thyroid mid-section. This prompts us to further investigate the potential involvement of Taar1thyronamine signaling in the classical thyroid regulation via the hypothalamic-pituitary-thyroid axis.
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Small molecule-based discovery of a non-SNARE function of Syntaxin 5 in Shiga
toxin trafficking to the Golgi
Rathjen S., Garcia Castillo D. M., Gillet D., Cintrat J-C., Linstedt A., Johannes L.
Based on high throughput screening, the groups of L. Johannes and D. Gillet published in 2010
two small molecules, termed Retro-1 and Retro-2, that protect cells against toxins which traffic via
the retrograde route, as i.e. ricin, Shiga toxin, and cholera toxin. Strikingly, Retro-2 also protected
mice against ricin. Further experiments showed that in the presence of these molecules, Shiga toxin
was blocked in early endosomes. After chemical optimizing of Retro-2 by the group of JC Cintrat,
and using click chemistry for pull down, we could identify a cellular protein, termed R2BP, as a
target of Retro-2. Immuno-labeling showed that R2BP is indeed needed for the binding of Retro-2 to
cells. Without disturbing the overall integrity of the Golgi, Retro-2 treatment causes a relocalization
of syntaxin 5 (STX5), a Golgi-localized t-SNARE, to the endoplasmic reticulum (ER). As STX5 is
known to cycle between ER and Golgi, we hypothesize that the ER-localized R2BP inhibits the
anterograde trafficking of STX5. This is currently tested using the RUSH-system. Surprisingly,
despite its relocalization to the ER, SNARE complexes in which STX5 is involved still form in Retro-2
treated cells. Whether this involves residual STX5 molecules in the Golgi, or a relocalization of all
SNARE partners to the ER is currently being analyzed. If STX5 SNARE complexes still form, how
can it then be explained that Shiga toxin trafficking from early endosomes to the TGN is inhibited?
We in fact found that STX5 also forms a previously unidentified complex with TGN proteins that
cycle through the plasma membrane, including GPP130 that was previously found by A. Linstedt
in Pittsburgh, USA, to be involved in Shiga toxin trafficking from early endosomes to the TGN.
Mutational studies indeed strongly suggest that the interaction of STX5 with GPP130 is required for
retrograde trafficking. Our study thereby points to a newly discovered non-SNARE function of STX5
in Shiga toxin trafficking.
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Cytoprotective nanocoating of individual cells with halloysite nanotubes
Rozhina E.V., Fakhrullin R.F.
The nanomaterials take a great place in people’s life. The most interesting among them are those,
which are eco-friendly, cheap and easily extracted such as, for example, halloysite nanotubes. Our
laboratories has developed nanocoating of individual mammalian cells with polyelectrolyte P(AAmco-DADMAC) and halloysite nanotubes. Since the different kind of materials have great impact on
the respiratory organs and skin, we use two types of cell culture: A549 (adenocarcinoma of lungs)
and HSF (human skin fibroblasts). We choose the optimal concentration of polyelectrolyte (0,01
mg/ml). Firstly we cover the cells by polyelectrolyte and then make a functionalization of cells by
halloysite nanotubes. Then we expose the cells to trypsin, and it turned out that the viability of
the cells with nanocoating is 30% bigger, then we monitor in control. Thus, we assumed that the
halloysite nanotubes protect the individual mammalian cells from destructive factors. The work was
performed according to the Russian Government Program of Competitive Growth of Kazan Federal
University. This work was supported by RFBR 16-34-00196.
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Persisters are the cell sub-population of bacteria which are resistant to antibiotic
simply because they are in a dormant state.
Sabeti Azad M., Fourmy D.
Persistence is a phase and it is suggested that proton motor force (PMF) in these cells is low and
it effects antibiotic uptake by these bacteria. (2) Persisters are involved in chronic and recurrent
infections because after the antibiotic treatment, they are able to recreate a normal bacterial
population. We are studying the aminoglycosides uptake pattern in persisters in Escherichia coli as
gram-negative bacterial model by microscopy imaging at the single cell level. We also explore the
different parameters, which change the aminoglycoside uptake, such as metabolites which increase
the PMF. In this study we use the novel construction of Neomycin tagged by cyanine 5 (Neo-Cy5)
which is an active aminoglycoside. The effect of different factors and metabolites on the antibiotic
uptake patterns by persister is aiming to establish a strategy for eradicating bacterial persisters
that is based on metabolism and highlight the importance of metabolic environment to antibiotic
treatment. 1. Keren et al. 2004 2. Allison et al. 2011
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Clathrin-Independent Endocytosis and Retrograde Trafficking: Intimately related
pathways for exogenous and endogenous protein transport
Shafaq-Zadah M., Wünder C., Johannes L.
A variety of endocytic pathways allow molecules to enter cells. The best characterized pathway is
mediated by clathrin. This endocytic route is used by a range of plasma membrane proteins, including
the transferrin receptor and growth factor receptors such as EGFR or PDGFR. However, it has
emerged over the last years that some endocytic cargoes also enter cell in a clathrin-independent
manner. Strikingly, in some cases the same cargo uses both processes. The molecular mechanisms
for shuttling a given cargo into one or the other entocytic route, and cellular consequences of this
differential sorting remain to be unraveled. We are focussing on a clathrin-independent endocytic
process involving so-called clathrin-independent carriers (CLICs). In a previous study, we proposed
a molecular hypothesis for the biogenesis of CLIC structures: a cellular lectin, galectin-3 (Gal3),
binds to glycosylated cargo proteins at the plasma membrane. Subsequent oligomerization of the
lectin then enables the interaction of Gal3 with glycosphingolipids, leading to membrane bending and
the biogenesis of CLICs. Recently, we have identified beta1 integrin as a Gal3 interacting protein,
and could show for the first time that beta1 integrin is transported via the retrograde route to the
Golgi apparatus. Both aspects are critical for beta1 integrin-based functions, such as cell adhesion
and persistent cell migration. By comparing our recently identified retrograde proteome hits and the
Gal3 interactors, we noticed that many of these are common to both lists. This finding suggests
that an intimate relationship exists between the Gal3-dependent CLIC pathway and the retrograde
route, which previously went undetected. Our main aim is now to identify mechanisms that shuttle
beta1 integrin either into the clathrin-dependent or independent pathways, and to study how such
differential endocytic trafficking affects beta1 integrin’s intracellular itineraries and cellular functions.
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Nuclear F-actin assembly drives chromatin decondensation at mitotic exit
Sherrard A., Baarlink C., Plessner M., Kaidi A., Grosse R.
Extracellular signalling cues, such as serum stimulation or integrin activation, have been shown to
trigger the assembly of nuclear actin filaments. Here, we describe the transient formation of nuclear
actin filaments occurring at the end of mitosis inside the newly formed nuclear compartments. Nuclear
F-actin becomes detectable at mitotic exit of somatic cells and subsequently undergoes dynamic
reorganization for a period of 60-70 minutes throughout early G1 phase. Cell cycle-dependent
nuclear actin filaments are organized in interchromatin spaces and appear to be conserved among
different mammalian cell types. Inhibition of nuclear F-actin assembly at mitotic exit via addition
of actin depolymerizing drugs, export of actin from the nucleus or spatiotemporal expression of
non-polymerizable actin results in delayed and severely impaired chromatin decondensation.
These findings identify a function for nuclear actin dynamics in reorganizing postmitotic nuclei, and
demonstrate a role for nuclear F-actin assembly in maintaining genomic organization.
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Molecular mechanism and regulatory role of microtubule polyglutamylation in
cell division
Singh P., Janke C.
Microtubules are major cytoskeletal components composed of tubulin heterodimers. Tubulin,
especially when it is assembled to microtubules, is subjected to a number of evolutionary conserved
post-translational modifications. The most prominent modifications are polyglutamylation,
detyrosination, and acetylation. Polyglutamylation is highly enriched on specialized microtubules
e.g. in neurons, cilia, flagella and on centrioles. Altered polyglutamylation has been linked with
tumorigenesis, cancer progression and resistance to chemotherapy. Despite the fact that many
indications have pointed towards a role of polyglutamylation in cell cycle regulation, nothing is so
far known about the regulatory mechanism involved. My project aims to understand the regulatory
role of polyglutamylation in cell cycle regulation, with special focus on molecular mechanisms,
such as microtubule individualization within the mitotic spindle and the midbody. Presently I am
investigating the temporal and spatial distribution of polyglutamylated microtubules, as well as the
dynamic distribution of the modifying enzymes (polyglutamylases, TTLL, and deglutamylases, CCP
families) by imaging technique. Our data shows predominant localization of polyglutamylation at
spindles and midbody. Preliminary data further shows centrosomal localization of TTLL1, TTLL5,
and CCP1 upon overexpression in HeLa cells. Live cell imaging data shows localization of TTLL5
at the centrosome and midbody during cell division. I will further use genomic engineering to label
molecular components at endogenous levels, in order to unravel their precise localization in different
phases of the cell cycle. In a complementary approach, I will knock down and overexpress these
single or several modifying enzymes to elucidate the functional roles of polyglutamylation in the
regulation of the mitotic spindle and the midbody. Taken together, my project will address the role of
polyglutamylation as a part of tubulin code in cell cycle.
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Major implication of Alveolar Epithelial Cells in the induction of Endoplasmic
Reticulum stress in response to hypoxia in the lung of rat.
Soumaré A., Delbrel E., Gille T., Marchand D., Planés C., Boncoeur E.
Background: Idiopathic pulmonary fibrosis (IPF) is characterized by lung tissue remodelling probably
due to repeated aggressions of alveolar epithelial cells (AECs). AECs undergo apoptosis, and
acquire a fibroblast-like phenotype through epithelial-to-mesenchymal transition (EMT). Interestingly,
induction of endoplasmic reticulum (ER) stress and the presence of the Hypoxia Inducible Factor
(HIF) have been evidenced in IPF patients. Here we investigate the link between hypoxia-induced
oxidative stress, and the induction of ER stress, in the process of lung fibrogenesis. Methods: Rats
male sprague-dawley are exposed to normoxia or hypoxia (8% O2) for 16-72h. Activation of the
hypoxic signaling pathway, the presence of oxidative stress and the induction of ER stress are
studied by western blotting and RT-qPCR. Apoptosis is evaluated by the cleavage of the caspases
3 and 12, and EMT by the induction of specific transcription factors by RT-qPCR. Cell type specific
localization of these markers is investigated by immunohistochemistry (IHC). Results: After 24h
exposition, we observed an increase of oxidative stress, ER stress and EMT markers (ie ERO-1
and NRF-2; XBP1, ATF6 and ATF4; and TGFb and CTGF respectively). At 48h we observed the
induction of caspases 3, 12 and CHOP, as apoptosis markers. Interestingly, we demonstrate by IHC
a specific localization of these markers in AEC. Conclusion: Our work demonstrate an increase of
ER stress markers in the lung of rats exposed to hypoxia and pointed out the major implication of
AEC in this response. Strategies against hypoxia-induced ER stress would be suitable for patients
with IPF, focusing on AEC apoptosis and EMT.
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DNA double-strand break repair factors affect differentiation, viability, and the
regeneration potential of muscle stem cells
Sutcu H., Ricchetti M.
Adult skeletal muscle stem (satellite) cells are responsible for the homeostasis and regeneration of
the muscle throughout life. Quiescent satellite cells are activated upon injury. Activated satellite cells
proliferate (called then myoblasts), undergo myogenic differentiation and fuse into multinucleated
muscle fibers. Satellite cells also self-renew, and thus maintain the stem cell pool for future tissue
homeostasis and regeneration. DNA double strand breaks (DSBs) are extremely dangerous DNA
lesions, which are generated by endogenous processes such as respiration and DNA replication,
and exogenous treatments such as irradiation. In adult stem cells impaired DSB repair may deplete
the stem cell pool, induce anticipated differentiation, affect the entire progeny, and in all these cases
impair tissue regeneration. In the lab, it has been shown that satellite cells repair radiation-induced
DSBs more efficiently and accurately than their committed progeny, but the underlying mechanism
is still unclear. Hereby, we analyze the consequences of impaired DSB repair in satellite cells on
muscle differentiation. Satellite cells isolated from Tg:Pax7-nGFP mice (Pax7 is a specific marker of
stemness in myogenic cells) differentiate in culture. Differentiation is then evaluated with myogenic
markers (Pax7, MyoD, Myogenin). We show that DSB repair is impaired by inhibitors of key DNA
repair factors (DNAPK, ATM) or chromatin modifiers (HDAC, PARP1), or both. We aim to understand
the contribution of specific DSB repair factors in maintaining regeneration potential of satellite cells.
We also aim to establish whether satellite cell proliferation and differentiation can be modulated by
impaired DSB repair. These experiments also aim to limit the loss of engraftment potential of satellite
cells in culture, which represent a dramatic limit to the use of these cells in therapy.
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Mecanotransduction through caveolae flattening : role in JAK-STAT signaling
Tardif N., Blouin C., Ruez R., Viaris de lesegno C., Lamaze C.
Caveolae are small plasma membrane invaginations known to be involved in endocytosis and
cell signaling. We recently discovered that caveolae play also a key role in the adaptation of cells
to mechanical stress (Sinha et al., Cell 2011). We believe that the mechano-dependent cycle of
caveolae disassembly/reassembly that we recently established will have critical consequences on
the molecular control of mechanosignaling. Indeed mechanical stress leads to caveolae disassembly/
reassembly and thereby to the modulation of the pool of free caveolin-1 (Cav-1) at the plasma
membrane. In this project we investigated the role of Cav-1 in the control of JAK-STAT signaling
induced by type 1 interferon. By comparing a wild type and Cav-1 lacking mouse lung endothelial cell
line, we observed that Cav-1 is a negative regulator of STAT3 phosphorylation. Interestingly it has
no effect on STAT1 activation. Furthermore, we show that JAK1 and Cav-1 interact at steady state
and that this interaction increases upon mechanical stress. By using mimetic caveolin scaffolding
domain peptides, we were able to prevent the negative effect of Cav-1 on STAT3 activation probably
by perturbating the interaction between the Cav-1 caveolin scaffolding domain (CSD) and the JAK1
caveolin binding motif (CBM). These results link the JAK-STAT signaling pathway to caveolae and
further studies will establish the molecular aspects of the role of caveolae mechanics in JAK-STAT
signaling.
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Citrulline and muscle protein metabolism in 3 models of hypercatabolism
Verlaan D., Kuçi Z.O., Vicente C., Le Plenier S., Nubret E., Ramassamy R., De Bandt J.P.,
Cynober L.
Critically ill patients are characterized by hypermetabolism and an inflammatory response. These
alterations induce a hypercatabolic state with an imbalance between protein breakdown and
synthesis leading to a loss of muscle proteins and, if sustained, muscle wasting. Three models may
be particularly useful for the study of hypercatabolism: endotoxemia by intraperitoneal injection of
LPS from E. Coli, Traumatic Brain Injury (TBI), and TBI combined with a superinfection by E.Coli
(TBI-XEN14). Supplementation of the diet with specific amino acids may be effective to promote
muscle protein preservation. One of them, Citrulline (Cit) has been shown to limit ageing-associated
muscle wasting, but there is no data in critically ill situations. Therefore, the aim of this project is to
investigate the effect of Cit on muscle wasting in three types of hypercatabolic models which may
differ in the adaptations of protein metabolism to stress. Fifty-eight adult male Sprague-Dawley rats
are randomized according to the three catabolic models (on D0), and the diet: they receive enteral
nutrition (EN) supplemented with either Cit (2 g/kg/day) or isonitrogenous non-essential amino acids
(NEAA) : TBI (n=16, Cit or NEAA) wherein TBI is induced by hydraulic percussion (1.6-1.8 bar for 20
ms) of the right temporo-parietal cortex; TBI-XEN14-Cit (n=9) and TBI-XEN14-NEAA (n=8) wherein
TBI is followed by an administration of a bolus of E. Coli (1.3 109 bacteria) on D1; LPS (n=16, Cit
or NEAA) wherein an IP injection of LPS (3 mg/kg) is administered followed by EN supplemented
with Cit or NEAA. The control (n=9) in which the animals undergo no treatment and are fed standard
rodent chow and water ad libitum. To evaluate the metabolic status urine is collected daily: nitrogen
loss and 3-Mhis excretion. After euthanasia, Soleus, EDL, Gastrocnemius and Tibialis muscles are
excised for the determination of Muscle Protein Synthesis. Statistical analysis is conducted by a
two-way ANOVA (p<0,05).
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Sister chromatid cohesion in response to genotoxic stress
Vickridge E., Planchenault C., Garcia Junceda I., Espeli O.
Aberrant DNA replication is a major source of mutations and chromosome rearrangements that
are associated with pathological disorders. When replication is compromised, DNA becomes prone
to breakage. In bacteria, various DNA lesions are repaired by homologous recombination, which
involves sister chromatid pairing. In E. coli sister chromatid interactions (SCIs) are mediated by
topological links, called precatenanes. In the present work we demonstrate that during repair of
double strand breaks, topological links are rapidly substituted by an SOS induced sister chromatid
cohesion process. This cohesion process involves the RecN protein. RecN contributes significantly
to the repair of DNA double strand breaks. The viability defects of the recN mutant can be restored
by topoisomerase IV alteration suggesting that RecN action and stable topological linking are
similarly efficient to enhance sister chromatid pairing. By contrast, repair of single-stranded gaps
provoked a rapid loss of SCIs mediated by Topoisomerase IV and Topoisomerase III rendering RecN
inoperative. Our observations demonstrate the central roles that RecN and SCIs play to enhance the
efficiency of chromosome DNA damage repair in E. coli.
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Functional Link between Nuclear Lamina and Microtubule Cytoskeleton
Villagomez Torres MB., Kaidi A.
Nuclear lamins are the major component of the nucleoskeleton that provide anchorage sites for
proteins and chromatin. Lamins play an important role in several cellular functions and it has been
observed that mutations and down-regulation of A-type lamins give rise to diverse anomalies that
affect cell stability associated with cancer. The initial aim of this project was to create a model by
using RPE-1 and MEF cells in order to understand how the depletion of Lamin A/C affects chromatin
acetylation and microtubules organization. In addition, the restoring effect of Remodelin and
Tubastatin A which are drugs that affect histone and microtubule acetylation were tested to rescue
abnormal phenotypes caused by the lack of lamins. Immunofluorescence and immunoblotting
assays showed that depletion of A-type lamins caused a reduction of emerin. In fact, analysis of
Histone 3 (K27) and 4 (16) showed the accumulation of their acetylation, but generally a reduction
compared to their controls. The treatment with Remodelin and Tubastatin A changed histones and
microtubules acetylation, but not significant changes were found in the morphology of the nucleus.
Finally, the wound healing assay revealed that RPE-1 and MEFs with A-type lamin deficiency had a
different rate of migration compared to their control. Suggesting that their ability to reorganize their
cytoskeleton and reestablish their polarity was affected. All these was attributed to cells’ dependency
on lamin A/C for their normal behaviour.
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Unraveling new functions for proteins of the H-NS family in pathogenic Gramnegative bacteria
Vingadassalon A., Bouloc P., Rimsky S.
In bacteria, DNA is tightly compacted due to a supercoiled organization and the presence of
structuring proteins including nucleoid-associated proteins (NAPs). In Escherichia coli K12, H-NS
(Histone like Nucleoid Structuring protein) is one of the most studied NAPs. H-NS has a paralog
named StpA. In Enteropathogenic E. coli (EPEC) an additional H-NS paralog, Ler, is encoded by
the gene ler present on a pathogenicity island. H NS and StpA are mainly negative transcriptional
regulators. However, Ler was shown to be able counteract H-NS activity in the regulation of
virulence genes. Few reports point towards to the association of NAPs with RNAs suggesting that
NAPs could participate to post-transcriptional regulations. However, the physiological relevance of
this association has been overlooked. Therefore, we decided to identify RNAs associated to H-NS
and H-NS like proteins to decipher the role of H-NS, StpA and Ler in E. coli post transcriptional
regulation. A method commonly used to study interaction between proteins and RNAs is the co
immunoprecipitation of RNAs with proteins followed by high-throughput RNA sequencing. To
carry out this project, we first develop an optimized method of NAP purification. The proteins were
incubated with RNAs extracted from several different conditions and then co-immunoprecipitated.
Preliminary sequencing results revealed that NAPs can bind to specific RNAs. Complementary
experiments are now in progress to confirm those results and will be presented.
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UVB represses melanocyte cell migration through GSK3-beta-catenin axis
Bertrand J., Petit V. , Hacker E., Berlin I., Hayward K., Schonau M., Sage E., Whiteman D.,
Larue L.
The exposure of skin to ultraviolet (UV) radiation can have both beneficial and deleterious effects
by leading, for instance, to increased pigmentation and vitamin D synthesis but also to inflammation
and skin cancer. UVB may induce some irreversible genetic alterations, and reversible changes
associated with post-translational and gene regulation modifications. Beta-catenin is a main driver
in melanocyte development, infrequently mutated in melanoma, but its cellular localization and
activity is frequently altered. Here, we evaluated the consequence of UVB on beta-catenin in the
melanocyte lineage. We find that in vivo, UVB induces nuclear/cytoplasmic localization of betacatenin in melanocytes of newborn mice and adult human skin; and that in vitro, UVB increases betacatenin stability, accumulation in the nucleus, and co-transcriptional activity in mouse melanocyte
and human melanoma cell lines, leading to the repression of cell migration. The activation of
beta-catenin by UVB is dependent on GSK3-beta kinase activity. In conclusion, UVB represses
melanocyte migration through the GSK3-beta-catenin axis.
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Role of Dectin-1 and NOS2 2 in NOD.RET+ transgenic mice, a new mouse model
of rapidly evolving melanoma: Implication for human cancers
Dabbeche-Bouricha E., Krause L. Kato M., Prévost-Blondel A., Mokdad-Gargouri R., Garchon
H-J.
Mice transgenic for the RET oncogene provide a remarkable model for investigating the mechanisms
underlying the promotion and the development of melanoma tumors. In this model, as in human
melanoma, vitiligo is associated with improved prognosis. We inferred that RET-transgenic mice
with the autoimmune-prone NOD genetic background should be protected against melanoma
development. We bred (NODxB6) F1 mice and backcrossed them with NOD mice. Very unexpectedly,
F1 mice and mice at subsequent generations of backcrossing showed marked acceleration of tumor
development, in particular with a more frequent and an earlier extension of the tumors from the
primary ocular site. We then investigated whether changes in the immune system could explain
this rapid tumors progression. In close relation with this severe tumor evolution, we observed a
profound drop in Dectin-1 expression on granulocytic myeloid cells CD11b+Ly6G+ correlating with
an upregulation of the CD4+Foxp3+T regulatory cell subset and of the CD8+IFN-gamma+T cell
population. Interferon (IFN) gamma is a major inducer of the type 2 nitric-oxide synthase (Nos2)
gene whose NO products are known to be tumorigenic. Germline inactivation of the Nos2 gene
was associated with a dramatically improved survival tumor prognosis and a restoration of Dectin-1
expression on myeloid cells. Moreover, in vivo treatment of (NODxB6) F1.RET+ mice with curdlan,
a glucose polymer that binds Dectin-1, prevented tumor extension and was associated with marked
reduction of the CD4+Foxp3+T cell subset. In parallel, we studied the prognostic value of NOS2
expression in four types of human tumors, including melanoma. Overall, we observed that an
increased expression of NOS2 was associated with more severe clinical and histopathological
characteristics. These observations highlight the NOD strain as a new model to investigate the role
of the immune system in the host-tumor relationship and point to Dectin-1 and Nos2 as potentially
promising therapeutic targets.
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New ifosfamide prodrugs for immunotherapy and nanomedicine against cancer
Delahousse J.; Skarbek, C. , Desbois M., M. Rivard, Chaput-Gras, N. , Paci A
Oxazaphosphorines (Oxaza), i.e. cyclophosphamide (CPA) and ifosfamide (IFO), are antineoplasic
agents widely used in the treatment of numerous cancer and have demonstrated activity against
various tumor types, from soft tissue sarcomas to lymphomas. Oxaza are prodrugs requiring
cytochrome (CYP) P450 bioactivation to release the active entity, the nitrogen mustard, and also
urotoxic, neurotoxic and nephrotoxic metabolites. Limiting its toxicity and increasing its efficacy
and safety through a better specificity could be of major interest. To circumvent these toxicities,
different strategies have been investigated. The team has designed new pre-activated IFO by
chemical modifications coupling an isoprenoid chain (C10 to C30) in order to bypass the hepatic
metabolization. These new molecules using the physicochemical properties of the terpene
derivatives can self-assembly into nano-assemblies (NAs) by nano-precipitation and this drug
delivery system (DDS)could take advantage of passive targeting in order to improve the response
selectivity of highly active new pre-activated drug. Indeed, nanocarriers formulations take advantage
of the so-called enhanced permeability and retention effect (EPR effect) and increase the circulation
time in the bloodstream. Active targeting is planned by grafting targeting ligands on the surface
of DDS such as monoclonal antibody-mAbs and amino acids. Another strategy is investigated by
working on the immunomodulatory potential of Oxaza. Indeed CPA was shown to enhance the
immune defenses particularly promoting differentiation of CD4+ cell toward Th1. The isomeric form
of CPA, IFO, leads us to believe that IFO could have an influence on the immune system. Studies
on immunocompetent mouse model and on immunocompetent tumoral mouse model show a dosedependent immunomodulation by IFO toward a modulation of the secretion of cytokines such as
IFNy, IL-17A and IL-6 (data not published). The immunomodulatory study of the new pre-activated
IFO and nanocarriers will be investigated as well.
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Flow-cytometric identification and small molecule-based modulation of
neuroblastoma subpopulations in vitro
Ferlemann F., Menon V., Condurat L., Pruszak J.
Neuroblastoma (NB) is the most common extra-cranial solid tumor in children, representing up
to 10% of childhood cancer. Its heterogeneous histology results in a broad spectrum of clinical
outcomes. Beyond the known genetic risk factors (e.g., 1p deletion or MYCN amplification), there is
a need to identify markers to further resolve cellular heterogeneity. To investigate specific subsets
of NB cell populations and their associated signaling networks, we subjected several human NB
cell lines (SH-SY5Y, SH-EP, BE(2)-M17, Kelly) to a detailed surface molecular characterization by
multiparametric flow cytometry. For visualization of combinatorial cytometric data, an established
clustering algorithm (spanning tree progression of density normalized events; SPADE) was applied.
Finally, a multiwell-based platform was developed to screen for chemical modulators of cellular
phenotype and function. The combinatorial detection of glycoprotein epitopes (CD15, CD24, CD44,
CD57, CD171), integrins (CD29, CD49c, CD49e) or the chemokine receptor CXCR4 (CD184)
enabled the quantitative identification of cellular subsets differentially responding to small molecule
modulators. Our approach may provide tools for an improved prognostic analysis of NB as well as
for pharmacological screens towards developing novel avenues of NB diagnosis and treatment.
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Characterization of the replication-timing program in 6 different human cell lines
Hadjadj D., Denecker T., Maric C., Fauchereau F., Baldacci G., Cadoret J-C.
DNA replication is the first key process involved in transmission of genetic information in living
systems. Thus, it needs to be finely tuned in order to maintain genome stability. The spatio-temporal
program in metazoans establishes where and when replication starts during the S-phase and thus
participates in genome organization. However disturbances of this spatio-temporal program can
occur and were reported in many diseases including cancer. In our laboratory, we wish to understand
what is involved in the establishment and the maintenance of the replication-timing (RT) program in
the human genome. Genome-wide approaches require highly standardized experimental procedures
and generate large-scale data. These two aspects require automation for the data to be reproducible
and comprehensively analyzed. For this reason, we set up a standardized protocol, using the SX-8G
IP-STAR Compact Automated System (Diagenode) to perform nascent-DNA-immunoprecipitation
and microarrays (Agilent) to produce the RT profiles. We generated the RT program of 6 different
human cell lines (U20S, HeLa, 293T, K562, RKO and MRC5). Moreover, to analyze all these RT
data, we implemented specific bioinformatics tools including a new software (START-R) dedicated
to the analysis of the RT program. This helped us identify regions of the genome that are replicated
at the same time between these different cell lines. Our study also highlighted regions that are
replicated at different moments during the S phase. Using the annotation data available on the
UCSC Genome Browser, we characterized the genomic as well as the epigenomic markers of these
regions. Finally, all the data will be available on the NCBI GEO database and we hope that this will
help identify the regulators involved in the establishment and maintenance of the replication-timing
program.
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Structural and functional insights for Rab35 GTPase and its effectors - toward a
mechanism for control of actin dynamics in endocytosis and cytokine
Hammich H., Pylypenko O., Echard A., Houdusse A.
Rab35 is an essential regulator of a recycling pathway back to the plasma membrane, that is also
required for the post-furrowing terminal steps during cytokinesis that are associated with F-actin
depolymerisation. Rab35 performs its role in the cell via recruitment and regulation of specific effector
proteins. Recently the lab of our collaborator Arnaud Echard (Pasteur institute) has identified and
is currently studying by cell biology approaches two novel Rab35 effectors - MICAL1 and MiniBAR
proteins. MICAL1 may restrict actin levels before cytokinesis abscission, because it harbours a
monooxygenase catalytical domain and has been shown to be an F-actin-disassembly factor. But
it is unknown whether MICAL1 has a function in cell division. Another effector of Rab35 currently
uncharacterized was identified and named MiniBAR by our collaborators. They recently described
that MiniBAR specifically binds to active Rab35, that it contains an unnoticed, putative BAR domain
(known to sense membrane curvature) and that this domain, adjacent to the Rab35-binding domain,
binds specifically to GTP-bound Rac1 - a well known actin remodelling regulator. So, MiniBAR
may function as a linker between the two small GTPases coordinating actin-remodelling processes
in the cell. The aim of the project is to perform extensive structural/functional characterization of
complexes between the Rab35 GTPase and its interacting effector proteins.
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Modelling of T cell co-inhibitory pathways to predict anti-tumour responses to
checkpoint inhibitors
Hernandez C., Abou-Jaoudé W., Roncagalli R., Malissen B., Thomas-Chollier M., Thieffry D.
In recent years, it has been recognized that T cells have a reduced ability to eliminate cancer cells
and that expression of co-inhibitors at their surface accounts for their compromised function. By
blocking the functions of these co-inhibitors, therapeutic antibodies (checkpoint inhibitors) have
become standard treatment for metastatic melanoma, leading to a revival in the study of T cell coinhibitors. However, our understanding of the immunobiology of T cell co-inhibitors and of their harmful
role during anti-tumor responses is incomplete. Despite a few biochemical studies, a mechanistic
understanding at the system-level of the modulation of T cell function by co-inhibitors has remained
elusive. To overcome these limitations, we aim at defining at the system-level the mechanisms
through which co-inhibitory molecules such as PD-1 and CTLA-4 impede T cell functions. To reach
our goal, we combine high-throughput analysis with computational methods in order to map TCR cosignaling pathways and predict cell responses to perturbations. First, we focus on the development
of comprehensive annotated molecular maps and use them as a support to analyze high throughput
data (proteomics, epigenomics, ...) which will in turn be used to refined the maps. Next, these maps
will be turned into a sophisticate logical model recapitulating the observed cellular behavior. Finally,
this model will be use to predict cell response to single or multiple perturbations, and thereby pave the
way to the delineation of novel experiments. This integrated system-level view of the mechanisms of
action of key T cell co-inhibitors in cancer will further provide a rationale for designing and evaluating
drugs targeting T cell co-inhibitory pathways in anti-cancer immunotherapy.
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Investigating the role of the centromeric histone variant CENP-A in cancer
Jeffery D., Lacoste N., Almouzni G.
The incorporation of CENP-A (centromeric H3 variant) into centric chromatin is essential for the
proper segregation of human chromosomes to daughter cells. In cancer, the overexpression of
CENP-A is associated with tumour aggressiveness and poor prognosis, though its exact contribution
to tumorigenesis remains unknown. We reported that CENP-A overexpression in HeLa cells causes
its mislocalization to chromosome arms and that these cells also elicited an increased tolerance for
DNA damaging agents, including ionizing radiation. We are currently trying to understand if there
is a direct link between the presence of CENP-A at chromosome arms and increased tolerance for
DNA damage. We will present our latest results using on this topic and discuss their implication in
the context of tumorigenesis.
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Consequences of total or endothelial-specific PAI-1 deletion on radiationinduced lung damage in mice
Lavigne J., Buard V., Soysouvanh F., Milliat F., François A.
Radiation-induced endothelial dysfunction is known to participate to the development of normal
tissue damage. Our team showed that Plasminogen Activator Inhibitor type 1 (PAI-1) is implicated
in the phenotypic changes of irradiated endothelial cells (ECs) and that mice with a full or an
endothelium-specific (KOendo) PAI-1 knock-out are protected from radiation damage to the gut.
Lung is a radiosensitive organ and thoracic radiotherapy is associated with possibly debilitating sideeffects. Contrary to the digestive tract, lung is not organized in series but in parallel and this may have
important consequences on its response to radiation exposure. Our aim is to investigate in the lung
the role previously demonstrated for PAI-1 in irradiated gut. Thus, PAI-1 KOendo mice were exposed
to 17 Gy whole thoracic irradiation and lungs were removed at 2, 13 and 23 weeks. Irradiated PAI-1
floxed mice were used as control. A radiation injury score based on several criteria such as alveolar
septa’s thickness or fibrin deposition revealed that PAI-1 endothelium-specific deficiency was
associated with increased lesion severity to the lung at 2 weeks. Von Willebrand Factor/alpha-SMA
co-immunostaining showed no change in endothelial to mesenchymal frequency in both mouse
strains. TUNEL/pro-surfactant protein C and TUNEL/vWF immunostainings are ongoing to follow
both endothelial and alveolar epithelial type II cells’ apoptosis. Finally, measurements of athletics
abilities of mice before and after whole thorax irradiation are ongoing to correlate histological
observations and physiological measures. Contrary to previous results obtained on the gut, this
study shows that PAI-1 KO endo does not protect mice from radiation-induced lung damage. To go
further, experiments on PAI-1 full knock-out mice are ongoing. Even if PAI-1 is an interesting target
in the understanding of pelvic radiation disease, its role in pulmonary injury is still unclear and work
is in progress to explain this duality.
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Deciphering Chk1 role(s) and regulation during unperturbed cell cycles
Lebrec V., Gavet O.
Checkpoint kinase 1 (Chk1) is essential for the accurate activation of replication origins during S
phase and plays a central role in G2 DNA Damage Response (DDR) due to its activation by a
diversity of DNA damages. Through live cell video-microscopy assays, we determined that Chk1
inhibition during a normal (unperturbed) G2 phase promotes a premature entry into mitosis, pointing
to a role of Chk1 kinase activity in a timely commitment to mitosis. This suggests that Chk1 may be
one of the actors coordinating the completion of DNA replication and entry into mitosis to maintain
the genetic integrity. To tackle that question, we are currently generating a highly sensitive FRET
(Förster Resonance Energy Transfer)-based biosensor of Chk1 activity. This innovative fluorescent
tool should allow us to quantitatively analyze Chk1 spatio-temporal regulation kinetics, decipher
upstream and downstream regulatory mechanisms and assess the heterogeneity of Chk1 activity
levels in live single cell assays, most notably in regard to G2 phase duration. Additionally, a promising
anti-cancer strategy called “G2 checkpoint abrogation” relies on the combination of conventional
DNA damage agents and the induction of premature mitosis, expecting that it will favor mitotic
catastrophe and/or cell death. Chk1 was identified as a prominent target in such a strategy, but the
effects of its inhibition were only characterized in vitro. Therefore, we aim to take advantage of our
biosensor to determine the biological consequences of Chk1 inhibition in vivo, through intravital
imaging of tumor xenografts on living mice. Indeed, the biological consequences of Chk1 inhibition
could significantly differ according to tumor cell proliferation rates, heterogeneity of the tumor tissue
and environmental conditions. Our work will provide valuable information on the efficiency of G2
checkpoint abrogation strategies to promote tumor cell death.
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Optimization of immun response after regional treatment of liver metastasis in
mouse models of colon carcinomas
Lemdani K., Capron C., Seguin J., Mignet N., Malafosse R., Emile J.F.
Liver metastases occur in 50% of patients with colorectal cancers (CRC), and can be resected by
surgery in only 20%. Radiofrequency ablation (RFA), which is widely used to treat unresecable
liver metastases, was shown to induce immune response (IR). We aim to enhance RFA-induced
anti-tumor IR to control distant metastases in a pre-clinical mouse model. Xenografted CT26 tumors
will be treated by RFA with or without simultaneous adjuvants/immune modulators entraped within
a thermosensitive poloxamer-based hydrogel. The effects on distant “secondary” tumors will be
studied by in vivo imaging and survival. IR will be monitored be immunohistochemitry of tumor
infiltrating lymphocytes (TIL) and flow cytometry of blood and TIL. RFA and all tested reagents are
already used in human. Determination of the best combination in animal model and understanding
the induced IR will help to design future clinical phase II trials.
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Dissecting intratumoural cell heterogeneity by Notch1 lineage tracing in vivo
Mourao L., Fre S.
Stem cells and cancer are inextricably linked and many tumors, including colorectal cancers, contain
a small population of self-renewing cells, referred to as cancer stem cells (CSCs), able to give rise to
proliferating but progressively differentiating cells that contribute to the cellular heterogeneity typical
of solid tumors. Thus, the identification of CSCs and the factors that regulate their behavior should
have a profound impact on colon cancer treatment. Notch signaling controls the maintenance and
differentiation of stem cells in several tissues, including the intestine, where we have shown it is
active in crypt stem cells. Our studies aim at deciphering the cellular hierarchy of colon cancer cells,
through the identification and characterization of tumor cells that express the Notch1 receptor in vivo.
We have established that the Notch1 receptor is expressed in rare undifferentiated tumor cells that
present self-renewal and multipotency in vivo, as they indefinitely give rise to marked differentiated
tumor cells and fuel tumor growth. Our preliminary analysis on the transcriptomic profile of these
cells suggests that Notch1+ tumor cells represent a specific population of undifferentiated tumor
cells, expressing several, but not all, known markers of normal intestinal stem cells. The combination
of genetic fate mapping in vivo and our ability to isolate these cells, define their transcriptional
profile and probe them in functional assays, should provide us with fundamental insights into the
hierarchical relationships of specific tumor cell populations.
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Sunitinib impact on Kinome profiles of PBMC from renal cell carcinoma patients:
do molecular effects correlate with clinical data?
Noé G., Bellesoeur A., Thomas-Schoemann A., Huillard O., Rangarajan S., Naji F., Puszkiel A.,
Alexandre J., Goldwasser F., Blanchet B., Vidal M.
Background: Sunitinib, a protein tyrosine kinase (PTK) inhibitor, has immune-modulating properties.
However, data is sparse about its impact on peripheral lymphocytes in metastatic renal cell carcinoma
(mRCC). The aim of this study was to investigate the ex vivo effect of sunitinib and SU12662 (active
metabolite) on peripheral blood mononuclear cells (PBMC) from naive mRCC patients using a high
throughput kinomic profiling method. Methods: Firstly, the prognostic value of total lymphocyte count
between Day 0 and Day 21 (expressed as a ratio D21/D0) was retrospectively investigated in 88
mRCC patients under sunitinib therapy using multivariate Cox proportional hazards model analysis.
Secondly, PTK PamChip® microarrays were used to explore the ex vivo effect of sunitinib and
SU12662 on PTK activity in PBMC from 21 naive mRCC patients and 12 healthy volunteers. All data
from the kinomic study were analyzed using BioNavigatoR software. Results: In the retrospective
study, lymphocyte D21/D0 ratio (hazard Ratio HR, 1.83; CI95%, 1.24-2.71; p=0.0023), ECOG 0-1
(HR, 0.44; CI95%, 0.23-0.84; p=0.0135) and BMI (HR, 0.86; CI95%, 0.80-0.93; p=0.0001) were
independently associated with PFS. Kinomic analysis highlighted that the phosphorylation level
in PBMC from mRCC patients was significantly lower than in healthy volunteers for 74 peptides
(p<0.05). Furthermore, this study showed both ex vivo sunitinib and SU12662 effect was statistically
associated with Heng prognostic model (p<0.05) and D21/D0 lymphocytes ratio. Indeed, a lower ex
vivo sunitinib and SU12662 inhibition was associated with either a poor prognosis according to Heng
or an increased D21/D0 lymphocytes ratio. Conclusion: These preliminary results pave the way to
investigate the kinomic profile in PBMC as prognosis factor in a larger cohort of mRCC patients
under sunitinib therapy.
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Development of in vivo models of Diffuse Intrinsic Pontine Glioma (DIPG) from
stereotactic biopsies performed at diagnosis
Plessier A., Le Dret L., Fiette L., Mériaux S., Beccaria K., Varlet P., Puget S., Grill J., Debily
M.-A., Castel D.
Diffuse Intrinsic Pontine Glioma (DIPG) is the most aggressive form of pediatric High Grade
Gliomas. The lack of biological material and the absence of relevant models have hampered the
development of new therapeutics. Their extensive infiltration of the brainstem renders any surgical
resection impossible and until recently biopsies were considered not informative and therefore
not recommended. Thus most models were derived from autopsy material. We aimed to develop
relevant in vivo DIPG models that mimic this specific disease and its molecular diversity from tumor
material obtained at diagnosis. Six Patient-Derived xenograft (PDX) models were obtained after
direct stereotactic injection of a mixed cell suspension containing tumor cells and stromal cells in the
brainstem of Nude mice and serially passaged thereafter. In parallel, we developed 4 Cell-Derived
xenograft (CDX) models after orthotopical injection of Glioma Stem-like Cells (GSCs) cultured
from the stereotactic biopsy and modified to express luciferase enabling longitudinal tumor growth
monitoring and fluorescent reporter proteins to trace the tumor cells in the brain. These models
do not form a tumor mass, they are invasive, show the H3K27me3 loss in vivo and the tumor type
diversity observed in patients in terms of histone H3 mutations. Histological and MRI features at 11.7
Tesla show similarities with naïve human DIPG. These PDX and CDX models will be valuable tools
for evaluating new therapeutic approaches in this devastating disease.
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Transcriptome-wide analysis reveals alternative splicing events modulated by
EWS-FLI1 fusion protein in Ewing sarcoma
Saulnier O., Dutertre M., Tirode F., Delattre O.
Ewing sarcomas are aggressive tumors of bone and soft tissues affecting children and young adults.
They are characterized by a balanced chromosomal translocation which produces a chimeric fusion
protein: EWS-FLI1. It has been shown that EWS-FLI1 interacts directly with spliceosomal proteins
and induces miss-splicing. However, little is known about the mechanisms of post-transcriptional
processes on which EWS-FLI1 plays and affects oncogenesis and/or tumor progression of
Ewing sarcomas. Here, we performed transcriptome-wide splicing events comparison on multiple
Ewing sarcomas cell lines according to EWS-FLI1 expression. Nearly 300 genes were identified
significantly altered upon EWS-FLI1 status at post-transcriptional level. We have shown that
modulation of splicing is dependent on EWS-FLI1 expression. In addition, by investigating more
than 50 RNA-seq profiles of Ewing tumors we detected same alternative splicing patterns as in
Ewing cell lines suggesting that miss-splicing could play a role on Ewing sarcoma oncogenesis.
The analyses of public ChIP-seq data, allow identifying some alternatively spliced genes that were
associated with EWS-FLI1 binding close to the TSS region and that were transcriptionally regulated
as well, indicating a possible concomitant role of EWS-FLI1 on transcription and splice mechanisms.
Altogether, our study was the first global analysis of EWS-FLI1-dependent splicing events in Ewing
sarcoma, providing mechanistic insight into how EWS-FLI1 regulates splicing.
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Modes of basement membrane invasion by cancer organoids
Staneva R., El Marjou F., Vignjevic Matic D.
Metastasis formation is the major cause of cancer-associated mortality. Metastases are formed by
cancer cells that detach from the primary tumor, invade the surrounding tissues, disseminate through
the body, and arrest in a target organ to build a secondary tumor. The initial step of metastasis
is the invasion of the basement membrane (BM) by cancer cells. The BM is a sheet of dense
extracellular matrix, lining the digestive epithelium and separating it from the surrounding stroma.
In order to determine the mechanisms used by cancer cells to breach the BM, we have developed
a 3D invasion assay recapitulating the in vivo conditions. We use the mesentery, directly taken
from the mouse, as a physiological model of the BM in vitro. Indeed, its composition and structure
resemble that of the intestinal BM. On top of the mesentery we deposit 3D aggregates of cancer
cells, called tumoroids. These are cancer organoids, directly isolated from mice with intestinal
tumors. In order to model the stromal tissue surrounding the tumor, we polymerize type I collagen
on the other side of the mesentery. So, in our invasion assay, the mesentery separates the tumor
and stromal compartments. Using two-photon live cell microscopy, we studied the modes of cancer
cell invasion of the BM. We show that tumoroids invade the BM either collectively, or as single cells.
Collective invasion is associated with a deformation of the BM, due to a pushing force applied to the
membrane. Single cell invasion is associated with the formation of a hole in the BM, created by the
invading cancer cell. We are now investigating the mechanisms allowing BM breaching, as well as
those determining whether invasion will proceed as single cells or as a cluster. We believe that this
will help better understand how the first step of tumor invasion proceeds.
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Loss of polarity - cell invasion: which comes first? Functions of aPKCi in breast
cancer progression
Villeneuve C., Lagoutte E., Chavrier P., Rossé C.
Metastasis, a major cause of morbidity, is a complex process starting with the dissemination of
cancer cells from the primary tumor to distant sites. Because it has been difficult to directly follow
tumor cell invasion from the epithelia, the mechanisms driving this process still remain unclear. The
tumor cells from carcinomas lost their apical-basal polarity and acquired migratory and invasive
properties. Recently, it has been shown that some polarity proteins are deregulated in some cancers,
in particular in breast cancers. The lab showed that in physiological conditions, aPKCi is localized
at the apical pole of the epithelial cells of the mammary gland whereas in breast cancers, aPKCi is
overexpressed and is required in tumor invasion of MDA-MB-231 cells. The objective of my PhD
project is to investigate if apical-basal polarity loss is a necessary and/or sufficient trigger for cell
invasion. I am currently trying to understand if overexpression of aPKCi (as in tumors) alters apicalbasal polarity and triggers cell dissemination in the stroma. Effects of aPKCi overexpression are
analyzed in mammary epithelial MCF10A cell acini and in mouse mammary organoids cultured in
various extracellular matrix in a 3D context. I show that overexpression of aPKCi promote a dispersion
of the Golgi apparatus and a mislocalization of the MTOC (Micro Tubules Organizing Center) and
is accompanied by cell extrusion from MCF10A cell acini. In 3D primary culture, overexpression of
aPKCi results in cell protrusion and extrusion from mouse mammary organoids towards the extracellular matrix. I am currently characterizing these protrusions and analyzing the effects of aPKCi
overexpression on the chronology of these events and transport of E-Cadherin and the orientation of
the MTOC in the two models. Altogether, this study will provide better understanding of the molecular
basis of tumor invasion with the identification of new targets for therapeutical intervention.
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High resolution tube pulling
Valentino F., Lemière J., Allard A., Betz T., Campillo C., Sykes C.
Intracellular transport involves membrane compartments and thus requires dynamic changes in the
morphology of cell membranes. In this case, membrane tubes are formed whose radius is of the
order of several tens of nanometers. They are then divided into vesicles that are transported in other
areas of the cell. We develop biomimetic systems based on model lipid membranes to decipher the
mechanisms of membrane remodeling in particular under the action of the actin cytoskeleton. The
mechanics of membrane nanotubes, especially the force needed to form and maintain a nanotube,
are now well understood. The force depends on the curvature elasticity of the membrane and on
its mechanical tension which is controlled in our experiment by micropipette aspiration. The tube
is pulled by a micrometric bead trapped in an optical tweezer system. By using a four-quadrants
diode, we obtain an unprecedented temporal resolution, in the order of 4 µs, and a force resolution
under pN. This setup allows us to access unrivaled membrane nanotube properties. By using our
fast acquisition rate and a signal calibration, we can access the power spectrum density (PSD)
of the bead position up to 25 kHz. We show that tube pulling experiments modifies this PSD in a
frequency dependent manner. This analysis paves the way for studying the effect of actin dynamics
on membrane nanotubes.
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Quantum dots as new generation probes in biology
Banerjee A., Krishnan Y., Dubertret B.
Organic fluorophores have contributed massively in elucidating biological processes and pathways.
However, these probes suffer from issues such as photobleaching that limit their applicability in
long duration imaging. Semiconductor nanoparticles or Quantum Dots (QDs) on the other hand
have emerged as novel fluorescent probes. Photophysical properties of QDs such as broad
absorption, narrow emission spectrum, reduced blinking and enhanced photostability make them
advantageous over organic fluorophores. For biological applications, QDs need to be functionalized
with biomolecules like proteins and DNA. Despite considerable progress in development of new
conjugation strategies for QDs; several issues such as low yield of bioconjugates, reduced quantum
yield, stability and increase in nanoparticle size are persistent limitations. Therefore, there is continued
interest to develop novel conjugation strategies to consummate several of these issues. Recently we
have developed a novel method for bioconjugation of DNA to QDs. The functional properties of QDs
(quantum yield, small size and colloidal stability) and of the biomolecules (molecular recognition)
are retained. The strategy is further generalizable to a variety of biomolecules and nanoparticles.
Using this QD-DNA template, we then assemble biologically relevant proteins such as Transferrin
(Tf) on QD with precise stoichiometric control. These bioconjugates are then employed for tracking
receptor-mediated endocytosis. By kinetic studies, we demonstrate that the cellular retention of
Tf functionalized QDs is affected by ligands on QD. This study is first of its kind in evaluating the
role of conjugation chemistries in overall performance of QDs as probes for bioimaging. Keeping
these design principles in mind, we further demonstrate that these probes monitor recycling events
for up to 10-12 minutes on single particle level, giving temporal insights to cellular processes like
endosome fusion to plasma membrane.
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3D+time detection and tracking of nuclei for in vivo tissues
Delestro Matos F., Pedrazzani M., Tchenio P., Preat T., Genovesio A.
The accurate detection of a high number of nuclei in 3D tissues is a challenge to the current state
of the art methodologies. Several conditions can make the process more difficult, as low axial
resolution, poor signal to noise ratio, movement of the tissue and high density of nuclei. Here we
propose a methodology capable of handling these conditions, while remaining robust and requiring
a low number of parameters from the user. First, an initial process of spot detection iteratively
detects the nuclei position through all the time frames. After this initial process of detection, spots
are clustered on a projection from all time frames into a single 3D space. The clusters, used to label
the objects, are then submitted to another iterative step of verification and correction, using the time
information and any missing positions are estimated from the rest of the data. Experimental tests on
images acquired via a confocal spinning disk microscope show promising results for the detection
and tracking of about 2000 nuclei from the drosophila melanogaster’s brain.
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Effect of curvature on actin filaments biochemical properties using mircofluidic
Gelin M., Romet-Lemonne G., Jegou A.
Actin filament networks are a key component of cells. As a major element of the cytoskeleton, along
with microtubules and intermediate filaments, a lot has been described concerning actin dynamics
inside the cell. While the influence of actin biochemistry on the filament’s mechanical properties has
been studied, almost nothing is known about the effect of mechanical stress (eg, torsion, bending
...) on actin biochemistry. In order to investigate the influence of curvature on Actin Binding Protein
(ABP) biochemistry, we’ve used a microfluidic approach to induce different curvatures on prepolymerised actin filaments, inside microfluidic chambers, and see how ABP’s interactions with actin
is influenced.
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Topological Descriptor for Neuronal Network Analysis
Gonzalez Obando D.F., Pedreza M., Laclef C., Métin C., Marin J.C.O, Meas-Yedid V.
In order to describe the organization of neurons and the connections between them, it is
important to be able to represent this network using a data structure allowing comparisons and
topological analysis, especially branch depth, branch orientation and edge-to-edge distance. From
a mathematical point of view, this problem is addressed by building a graph structure where the
vertices represent either neurons or branch junctions and the edges represent connections along
the neuronal network. Processing 3D images for this purpose is difficult and time consuming. Most
of the existing graph construction methods are not optimal to process this kind of images as they
construct separately the skeleton and the graph structures. An existing approach uses the medial
axis to find only the skeleton of the image. The problem with this method is the presence of cycles
on the resulting skeleton, which makes the graph building more complex. To tackle this problem, we
use the Dijkstra algorithm [1] to generate simultaneously the skeleton and the graph of a networklike image. This approach builds the topological description of neuronal networks from 3D images
in 4 main steps: Image segmentation, minimum spanning forest construction, leaf detection and
skeleton construction. This method allows optimizing the construction of the graph and simplifies
subsequent the analysis of the graph. It is implemented in the Icy [2] software and can be used with
the help of a protocol. For an image size of 1024x1024x49, the workflow processing takes 24.65s.
1. Florez-Valencia et al. 2015 2. de Chaumont et al. 2012
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Gene duplications and functional innovations in the evolution of Vertebrates
Louvel G.
Since Ohno’s pioneer work on gene duplications, it is assumed that the copying of existing genes
accounts for a vast amount of evolutionary novelty, by allowing duplicates to evolve independently.
Gene duplication is a frequent phenomenon that occurs through various mechanisms, leading to
duplicates in tandem, or dispersed in the genome, or even to whole genome duplication. However,
the fate of duplicated genes in a lineage varies depending on the type of duplication, the following
mutation events and the selection pressure. Multiple hypotheses have been developed to explain
post-duplication fate, such as acquisition of novel functions, selection due to gene dosage,
complementation of functions by partial degeneration of each copy, to pick some models. To
assess duplication events at a genomic scale during vertebrate evolution, we take advantage of the
today’s 60 sequenced and annotated vertebrate genomes in databases such as Ensembl. Using
reconstructed ancestral genomes, we associate duplications events with functional categories, as
provided by the Gene Ontology for modern genes. Our study aims at identifying functions where
retention of duplicates occurred significantly more frequently at some point of time in the ancestral
history of modern vertebrates, and to correlate it with what is known of the biology of these ancestors
from other sources such as paleontology.
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Biomimetic collagen threads for tendon repair
Picaut L., Trichet L., Ducourthial G., Bonnin M.A., Duprez D., Schann-Klein M-C., Mosser G.,
Baumberger T.
Tendon is a fibrous connective tissue, which transmits forces from muscle to bone. It is mainly
composed of collagen type I fibrils aligned longitudinal to the tendon and along the bone - muscle
axis. Moreover, it is arranged with a hierarchical structure. Because of those properties, tendons
present both flexibility and a high tensile strength over a high load range.They have a low
regenerative capacity with scaring process that may last several months and reduce its elasticity.
Therefore, when tendons injuries lead to their complete rupture, surgical procedure is required.
Several strategies have been yet developed as autografts, decellularised tendons, braided
synthetic fibers, to overcome this issue. However, none of these materials fully meets chemical,
mechanical and cytocompatibility requirements. Thus, repairing tendon still remains a challenge in
tissue engineering. As collagen type I is the main component of tendon, our strategy is to extrudate
acidic dense collagen solutions (from 15 to 60 mg/mL) directly in a bath containing a saline buffer.
We obtained cylindrical threads (diameter of 400 µm) in a reproducible and standardized manner.
Electronic and Second Harmonic Generation microscopies have been performed in order to assess
their outer and inner structure. We observed a core-shell structure of axially aligned fibrils for the
highest collagen concentrations. Mechanical testing show a Young’s modulus with maxima values
of 2.5MPa for the 60 mg/mL collagen threads. Finally, cells successfully colonized the threads after
2 weeks in culture. These encouraging results show that dense pure collagen threads generated
by extrusion could be a promising biomimetic scaffold for tendon repair knowing that if necessary,
cross-linking generally used could further improve the mechanical properties of the threads.
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Unravelling the role of the long non-coding RNAs JPX and FTX in human X
Chromosome Inactivation
Rosspopoff O., Ouimette J.-F, Rougeulle C.
X-Chromosome Inactivation (XCI) is an essential process that compensate for X-linked gene
dosage imbalance in mammals. XCI is established early during embryonic development and
embryonic stem cells (ESCs) are a powerful ex vivo model to study the underlying mechanisms and
to identify the different actors of XCI. XCI involves the interplay of long non-coding RNAs (lncRNAs),
among which Xist plays a central part. Xist is conserved in eutherians, but various evidence support
differences in XCI strategies and XIST regulatory mechanisms within mammals. We are interested
in understanding the extent to which lncRNAs contribute to these differences. In particular, we are
investigating, in human, the role of two lncRNAs identified as positive regulators of Xist expression in
the mouse, JPX and FTX. We are using human ESCs and differentiated cells to correlate JPX/FTX
expression patterns to various XCI features, including XIST expression and chromatin organization.
To further address their functions, we are taking advantage of the genome engineering CRISPR/
Cas-9 system to disrupt JPX and FTX expression in human ESCs. This study will provide new
features of XCI control in humans.
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Integrative modelling and analysis of molecular pathways involved in
Rheumatoid Arthritis
Singh V., Petit-Teixeira E., Niarakis A.
Rheumatoid arthritis (RA) is a multifaceted autoimmune disease with unclear etiology that causes
chronic inflammation of the joints. While inflammation of the tissue around the joints is a characteristic
feature of RA, the disease can also cause inflammation and injury in other organs in the body. A
global and rigorous understanding of the regulatory effects of multiple mediators involved in RA
requires the integration of published information with novel functional datasets into a comprehensive
computational model. To cope with large cellular networks for which precise kinetic data are lacking,
logical modeling is increasingly used to derive global qualitative insights about network dynamics
(Bérenguier et al., 2013). A detailed molecular map built in CellDesigner concerning RA has been
published by Wu et al. (2010). We have updated the map with information published after 2010 and
used it to visualize and interpret high-throughput expression data. Additional topological analysis
with the software Cytoscape has revealed protein hubs and important nodes of the network. Leaning
on this map and its topological analysis, and using the logical modeling software GINsim (Chaouiya
et al., 2012), we have started to build a qualitative dynamical model, in order to explore the dynamical
properties of the system and analyze its underlying regulatory networks. The model could be used to
address different biological questions such as comparing the network for different phenotypes and
trying to understand the cause of different response to treatment, and/or investigating the genetic
factors that are specific in RA among other autoimmune diseases.
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Biomimetic systems for cell shape changes
Valentino F., Lemire J., Allard A., Betz T., Sykes C.
Intracellular transport involves membrane compartments and thus requires dynamic changes in the
morphology of cell membranes. In this case, membrane tubes are formed whose radius is of the
order of several tens of nanometers. They are then divided into vesicles that are transported in other
areas of the cell. We develop biomimetic systems based on model lipid membranes to decipher the
mechanisms of membraneremodelling in particular under the action of the actin cytoskeleton. The
mechanics of membrane nanotubes, especially the force needed to form and maintain a nanotube,
are now well understood. The force depends on the curvature elasticity of the membrane and on
its mechanical tension, which is controlled in our experiment by micropipette aspiration. The tube
is pulled by a micrometric bead trapped in an optical tweezer system. By using a four-quadrants
diode, we obtain an unprecedented temporal resolution, in the order of 4 us, and a force resolution
under pN. This setup allows us to access unrivaled membrane nanotube properties. By using our
fast acquisition rate and a signal calibration, we can access the power spectrum density (PSD)
of the bead position up to 25 kHz. We show that tube pulling experiments modifies this PSD in a
frequency dependent manner. This analysis paves the way for studying the effect of actin dynamics
on membrane nanotubes.
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Influence of liposomes’ characteristics on placental penetration : evaluation
techniques
Valero L., Mario Mietti G., Chissey A., Seguin J., Gil S., Lecarpentier E., Tsatsaris V., Fournier
T., Andrieux K.
Nanoparticles aim to modify the biodistribution of drugs, to increase their efficacy and decrease
their side effects by carrying a larger part of these active molecules to the targeted tissues. The
management of pregnant women is often problematic putting in balance the necessity to offer
optimal treatment for the mother and to avoid side effects for the fetus. The placenta is a barrier
between maternal and fetal circulation that partially reduces the passage of drugs. The fetus may
therefore be exposed to the toxic effects of drugs administered to pregnant women with severe
consequences. The development of strategies that limit or avoid transplacental passage of drugs
are a priority. On the other hand, it could be of interest to be able to target the placental cells
since they are involved in some frequent pregnancy diseases. The objectives of this project are
to investigate the real potential of nanoparticles for drug delivery in pregnant women by studying
their interaction with relevant placenta models. Taken together, all methods showed that liposomes
penetrate into the syncytiotrophoblast but seem unable to pass through the deeper cellular layers
(villous cytotrophoblasts). Liposomes with anionic or neutral surface charge have a similar behavior,
while cationic charged ones behave differently. We were able to detect an impact of surface charge
on the liposomes’ penetration into the syncytiotrophoblast. Those techniques could help identify
nanocarriers able or unable to accumulate in the placenta.
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Cell migration and kinase Abl2 in the innate antiviral response during Rift Valley
Fever Virus infection
Bamia A., Marcato V., Boissière M., Tamietti C., Mansuroglu Z., Souès S., Flamand M., Bonnefoy E.
In order to limit viral replication and propagation, infected cells trigger the innate antiviral response by
inducing the expression of interferon-beta IFN-beta-stimulated genes and the activation of immune
cells. Rift Valley Fever Virus (RVFV) is an emerging mosquito-borne enzootic virus that inhibits the
cellular antiviral response potentially leading to encephalitis, hepatitis and hemorrhagic fevers. High
mortality rates are associated to RVFV animal infections and case fatality rates as high as 20-50 %
have been associated to human infections. Genome-wide analysis of cellular genes targeted by the
RVFV NSs protein, one of the virus main factors of virulence, identified cell adhesion as the cellular
function most represented among NSs-interacting genes. Since cell adhesion plays an important
role during cell migration, the effect of RVFV infection on cell mobility was analyzed in murine L929
fibroblasts during the time course of infections with the virulent (ZH548) and avirulent (delta-NSs)
strains of RVFV as compared to non-infected cells. For this purpose, the wound-healing test was
used and quantified by the T-Scratch program. Inhibition of cell mobility was observed in the case
of infection with the avirulent delta-NSs strain of RVFV but not with the virulent ZH548 strain. Using
RT-qPCR, we showed that inhibition of cell motility in delta-NSs-infected cells correlated with an
induced expression of the Abl2 gene, which codes for a kinase that regulates actin cytoskeleton and
cellular adhesion. Inhibition of cell migration, in association to the activation of Abl2 expression, was
also observed during infection by New Castle Disease virus (NDV) that induces an efficient innate
antiviral response in L929 cells. These results show that inhibition of cell mobility and activation of
Abl2 expression are tightly linked to the mounting of a proper innate antiviral response, a process
that appears to be compromised during RVFV infection.
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Genomic characterization and biological functions of the chicken interferoninducible transmembrane gene locus
Bassano I., Whitehead T., Lawless N., Fife M., Kellam P.
The interferon-inducible transmembrane (IFITM) protein family are cellular restriction factors that
inhibit the entry of different viruses by preventing efficient virus-cell fusion. The ability to restrict
different viruses gives rise to the question whether variants of the IFITM genes exist in different
breeds of chickens resulting therefore in altered virus susceptibility. To better elucidate this aspect
and being the current chicken genome poorly assembled, we have used Illumina MiSeq and Pacific
Bioscience (PacBio) sequencing platforms to sequence a BAC encompassing the chicken IFITM
locus. Here we show the complete sequence for the IFITM1, 2, 3, 5, ATHL1 and B4GALNT4 genes
and we employ this sequence to design accurate SureSelect probes for pull down of the locus in
different chicken breeds as well as to derive an amino acid sequence for the genes within the locus
to design specific antibodies to study the biological functions. Here we show preliminary results
relative to chicken IFITM3.
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Cryptococcus neoformans dormancy: impact of secreted proteins?
Hommel B., Leclère A.S., Duchateau M., Volant S., Hourdel V., Matondo-Bouzanda M., Dromer
F., Alanio A.
Cryptococcosis is a fungal infection due to the yeast Cryptococcus neoformans. The infection
evolves in 3 phases: (i) Primary infection in childhood (ii) Control by the immune system followed
by long term dormancy of the yeasts (iii) Reactivation and dissemination in immunocompromised
hosts. After 8 days of anaerobiosis exposure in vitro, we obtained yeasts harboring some of the
characteristics associated with dormancy: delay in growth and decreased metabolic activity. Based
on the observation that dormancy was generated suddenly and in the whole yeast population,
we hypothesized that fungal factors could be secreted within the medium allowing induction and
persistence of dormancy. We first aimed at identifying the proteins secreted in the supernatant
during dormancy. We tested the yeasts culture medium at different time points (Day 0, D4, D6
and D8) in anaerobiosis (ANA) compared to aerobiosis (AE, control). We purified protein with
trichloroacetic acid/acetone precipitation and phenol extraction. After preparation, samples were
measured on a Q-Exactive plus mass spectrometer coupled to nanoHPLC to identify and quantify
secreted proteins. 1365 proteins were identified in ANA and AE conditions. The number and the
global biological function (GO term enrichment analysis) of the proteins recovered from ANA and AE
were different. Using clusterization algorithms, we identified different groups of proteins associated
with each phenotype. We selected proteins of interest and tested the corresponding KO mutants
from our library (n=2196) to assess their role in the induction/maintenance of dormancy. From a
first screening of 17 mutants, one candidate is promising and still under investigation. Proteomics
results allowed us to select proteins of interest and focus our screening on a shortlist of KO mutants
in the library. So far, one protein of interest has been identified. Further investigations are needed to
understand their role in the induction/maintenance of dormancy.
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The thousand and one lipopolysaccharides: fact and fiction about “THE LPS” as
shown by their structures and activities
Breton A., Novikov A., Tissières P., Caroff M.
Endotoxins are the main components of the outer membrane of Gram-negative bacteria. Each
bacterial species possesses a specific LPS structure which is characteristic and unique like a finger
print to humans can be. Chemically, endotoxins are lipopolysaccharides (LPS) composed of two
moieties: the polysaccharidic (PS) and the lipid ones. The PS carries the antigenic elements, while
the lipid moiety is responsible for most of the biological activities of the molecule being recognized
by the MD2-TLR4 cell receptor complex. These activities can be beneficial or deleterious depending
on the LPS structure and amount. The PS moiety is composed of the O-antigen linked to the core
oligosaccharide. The core is present in all bacteria but some mutants displaying short-core structures.
If present, the O-antigen comprises repetitive units of sugars. The PS structure is variable from
strain to strain and even on the same bacterium due to its sugar composition, the number of sugar
unit repetition, and the way they are linked. For the lipid moiety, called lipid A, the fine structure is
determined by the biosynthetic pathways. After global biosynthesis in the cytoplasm and in the inner
membrane, the LPS are then exported to the periplasm and finally to the external membrane outer
leaflet where they are subjected to post-traductional enzymatic modifications. The later are regulated
in response to external factors such as culture conditions or environmental stress, for example.
These structural modifications lead both to bacterial membrane remodeling and to changes in LPS
recognition by the host innate immune system. Here, we will show some examples to emphasize the
structural diversity of LPS. We will focus on how it is important to characterize the LPS structures to
study their biological activities and how commercial samples commonly presented as the simplest
LPS structures can be examples of the highest heterogeneity and non-reproducibility.
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Leishmania amazonensis induces epigenetics modifications in the host cell: the
role of NF-kappaB_HDAC1 complexes
Calegari-Silva T.C., Vivarini A.C., Dias Teixeira K.L., De Meirelles R., Dos Santos G., Silveira F.,
Gomes C., Gazos Lopes U.
Histone deacetylases (HDACs) are involved in making with transcription factors and other molecules
a large complex denominated repressome. The study of epigenetic alterations induced by protozoan
parasites is rarely used. Our group demonstrated unique aspects of NF-kappaB pathway subversion
during L. amazonensis infection. We demonstrated that the activation of NF-kappaB transcriptional
repressor homodimers (p50/p50) in L. amazonensis-infected macrophages is dependent on PI3K/
Akt activation. As a result of p50/p50 NF-kappaB activation, we observed the downregulation of
nitric oxide synthase (iNOS) expression in infected macrophages stimulated with gamma Interferon.
In this work, we investigated if p50/p50 NF-kappaB were associated with the chromatin repressor
protein HDAC1. We found increased levels of HDAC1 in infected macrophages. Corroborating this
data, confocal microscopy analysis demonstrated the colocalization of HDAC1 with p50 subunit in
the nucleus of infected macrophages. Tissue samples from hyporeactive patients infected by L.
amazonensis presented higher levels of HDAC1 compared with hypereactive patients infected by
L. braziliensis. A relevant reduction of L. amazonensis amastigote load in macrophages silenced
for HDAC1 expression throughout lentivirus transduction was observed. In HDAC1 silenced
macrophages we observed increased levels of nitric oxide. These data corroborate the notion of the
participation of HDAC1 in iNOS promoter regulation. Indeed, using Chromatin Immunoprecipitation
(ChiP) assays we have observed an increased occupancy of HDAC1 and a decreased level of
acetylated histone 3 (Lys 9) in NF-kappaB - binding sites of the iNOS promoter. Re-Chip assays
showed an increased occupancy of p50-HDAC1 sites at the iNOS promoter, suggesting that they
integrate the same repressor complex. Concluding, important epigenetics modifications associated
with p50/p50 NF-kappaB homodimers occur in infected macrophages due to HDAC1 interaction.
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Inhibition of polyamine biosynthesis is a broad-spectrum strategy against RNA
viruses
Cesaro T., Mounce B.C., Moratorio G., Yakovleva A., Hooikaas P.J., Vignuzzi M.
Emerging viruses present an extraordinary threat to human health, given their sudden and
unpredictable appearance and the potential for rapid spread among the human population. Recent
emergence of chikungunya virus (CHIKV), Middle East respiratory syndrome coronavirus (MCoV),
Zika virus (ZIKV), and Ebola virus highlight the struggles to contain outbreaks. A significant hurdle
is the availability of antivirals to treat the infected or protect at-risk populations. While several
compounds show promise in vitro and in vivo, these outbreaks underscore the need to accelerate
drug discovery. Here, we describe the antiviral effects of difluoromethylornithine (DFMO, eflornithine),
a suicide inhibitor of ornithine decarboxylase (ODC1), a critical enzyme in polyamine synthesis. We
show that DFMO is active against diverse families of RNA viruses, in vitro and in vivo, and works
in combination with other approved pharmaceuticals. DFMO is bioavailable and currently used in
treating trypanosomiasis and hirsutism and may be an immediately available and viable option for
controlling infection during outbreaks of significant concern.

141

YOUNG RESEARCHERS IN LIFE SCIENCES
At Institut Pasteur, MAY 18-20, 2016

MICROBIOLOGY & HOST-PATHOGEN INTERACTIONS
POSTER

Margaux CHAUVET

Session No.: 2
Poster No.: 7

margauxchauvet@hotmail.fr
Faculté des sciences pharmaceutiques et biologiques
Unité Mère et enfant face aux infections tropicales
4 Avenue de l’Observatoire
75006 Paris
France

Modulation by abnormal haemoglobin of the malarial antigen presentation to the
erythrocyte surface
Chauvet M., Chhuon C., Lipecka J., Azouzi S., Pineau D., Ribeil J-A., Luty A., Migot-Nabias F.,
Guerrera I.C., Merckx A.
Sickle cell and haemoglobin C diseases are very prevalent in some human populations and could
result from a selective advantage in protecting heterozygotes for haemoglobin (Hb)S and HbC (i.e.
HbAS and HbAC individuals) against severe Plasmodium falciparum malaria related symptoms
and death. During its erythrocytic phase, the parasite P. falciparum exports proteins towards the
erythrocyte cytosol and membrane by remodeling host cell actin. It mediates protusions that display
P. falciparum membrane protein 1 (PfEMP1) at the red blood cell surface by a cytoadherence
complex composed of both parasite and erythrocyte proteins. PfEMP1 mediates cytoadherence
and sequestration of infected red blood cells, and contributes to the most severe forms of malaria.
Haemoglobins S and C are associated with an abnormal display of parasite-encoded adhesins
and have been correlated with a reduced cytoadhesive capacity of infected erythrocytes. They
also interfere in actin remodeling and promote a reduced and impaired protein export in host cells.
Furthermore, oxidative stress generated by haemoglobins S and C and the malaria parasite invasion
disrupts the kinase/phosphatase balance. Protein phosphorylation may be involved in the regulation
of molecular interactions in the cytoadherence complex. We have investigated the effect of HbS and
HbC variants, and P. falciparum infection, on the phosphorylative states of protein components of
the erythrocyte cytoskeleton and membrane to consider their impact on interactions between these
proteins. Therefore we have analyzed the phosphoproteome of erythrocyte membrane extracts from
P. falciparum infected and non-infected HbAA (normal Hb), HbAS and HbAC red blood cells by mass
spectrometry. We have identified differences in the phosphorylative state of defined serine and
threonine residues according to haemoglobin genotype and P. falciparum infection.
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Molecular mechanism of pac recognition and cleavage by the bacteriophage
SPP1 terminase
Djacem K., Tavares P., Oliveira L.
Specific recognition of the viral genome is an essential step in the assembly of most viruses,
including tailed bacteriophages. Errors in this mechanism lead to horizontal transfer of cellular
genes (transduction) playing a major role in bacteria evolution and adaptation. In numerous phages
including SPP1, genome packaging is initiated by recognition of the pac sequence within a viral DNA
concatemer by the small subunit of the terminase (TerS). Pac is subsequently cut by the terminase
large subunit (TerL) generating a DNA free end that is the starting point for the unidirectional
packaging of viral DNA into the phage procapsid. In spite of its critical role to ensure specificity of
phage DNA packaging, the molecular mechanism of pac recognition and cleavage remains very
poorly understood. In this study we used a plasmid minimal system encoding SPP1 pac, TerS and
TerL that mimics specific pac recognition and its auto-regulated cleavage in Bacillus subtilis, the
SPP1 host. The pac sequence can be subdivided in three sub-regions: pacC, bearing the cleavage
site, surrounded by TerS binding sites pacL and pacR. These sequences were degenerated to
determine their role in pac cleavage. The endonucleolytic cleavage that initiates the packaging
reaction is shown to occur centered at a defined position in pacC with a 5 bp precision but to not
require a specific sequence. A pacL 76 bp region that interacts with TerS and a poly-adenine tract
within pacR are necessary for pac cleavage. Our results support a model in which the DNA-binding
domains of TerS nonamer ring(s) bind at several positions of pacL and interact with the pacR polyA
sequence. This nucleoprotein architecture creates the structural context for recruitment of TerL to
cleave accurately within pacC. This complex protein-DNA interaction is proposed to be necessary
for highly specific, controlled and unidirectional packaging of phage DNA.
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Elucidation of the physiological role of the undecaprenyl pyrophosphate
phosphatases
Gasiorowski E., Ecobichon C., Hicham S., Manat G., Touzé T.,Gomperts Boneca I.
The biosynthesis of the peptidoglycan requires a particular lipid carrier, undecaprenyl phosphate
(C55-P), to translocate the glycan units across the cytoplasmic membrane. The last synthetic step
of C55-P synthesis from C55-PP requires membrane phosphatases of the BacA or PAP2 superfamily. Interestingly, one of these phosphatase members, LpxT, acts as a phosphotransferase,
modifying the lipid A of Escherichia coli, a moiety of lipopolysaccharide (LPS). This observation has
raised the possibility that C55-PP and the membrane phosphatases could function more generally in
phosphotransferase activities in the periplasm. The aim of this project is to identify the physiological
role of these membrane phosphatases and particulary the extent of structural modifications of the
enveloppe generated by these phosphtases. Then, the impact of these modifications in virulence
and in the detection by the host immune system. We divided the project in three axes. First, the
search for additional phosphotransferase activities of UppP. Second, the involvement of C55-PP
phosphatases in biosynthesis of specific cell-wall polymers and finaly the role of BacA and PAP-2
family in pathogenesis of E.coli To address this question, we have been testing their ability to induce
the innate immune system, using a standard HEK293T transfection assay with several receptors of
the TLR and NRL family (in vitro assay) and their ability to colonize the intestine in in vivo mouse
model.
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Roles of three essential peptidoglycan hydrolases in Escherichia coli
Goxhaj I., Lioliou E., Van Teeffelen S.
Cell shape and size of bacteria are physically governed by the expansion of the cell wall.
Peptidoglycan (PG) is the major component of the cell wall and is comprised of long glycan strands
that are cross-linked with short peptide bridges. Cell-wall expansion is directed by the enzymes
that are responsible for the synthesis and hydrolysis of the PG. It has been well established that
cell wall hydrolysis is essential and possibly dictating call-wall growth. Here we perform a focused
study of the particular set of DD-endopeptidases MepS, MepM, and MepH (formerly Spr, YebA,
YdhO) that were recently found redundantly essential for cell-wall expansion during cell elongation
in Escherichia coli. While the three proteins have the same catalytic activity, they differ with regard
to their localization (predicted by their amino acid sequence and our own data) and their amounts
in the cell (suggested by a ribosome profiling study and our data). Transcriptomic analyses in E.
coli suggest that the essential MepM and MepS are differentially expressed under the same stress/
environmental condition (EcoCyc Database). Therefore, their roles may be quite different in wild type
cells. The regulation of these enzymes is unknown. We are currently trying to reveal the roles of the
three essential PG hydrolases in different physiologically relevant growth environments and stresses.
To shed light into the molecular mechanisms by which the PG hydrolases exert their function, we are
looking for putative regulators/partners specific to these three enzymes, which possibly modulate
their activities. We are also studying how the proteins are regulated in their abundance due to
transcription, post-transcriptional modification, and proteolysis. Our own preliminary data indicate
that during growth on different carbon sources (e.g. growth on acetate) one endopeptidase (MepM)
becomes very important for growth even if the other two are still present on the genome.
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Oral vancomycin induces massive and long-lasting changes in the human
microbiota
Isaac S., Scher J. U., Djukovic A., Jiménez N., Littman D. R., Abramson S. B., Pamer E. G.,
Ubeda C.
Background: Oral vancomycin remains the mainstay of therapy for severe Clostridium difficile
infections, the most prevalent cause of healthcare-associated diarrhoea in developed countries.
However, its short and long-term effects on the human intestinal microbiota remain largely unknown.
Material/methods: We utilized high-throughput sequencing to analyze the effects of vancomycin
on the faecal human microbiota up to 22 weeks post-antibiotic cessation. Clinical relevance of the
observed microbiota perturbations was studied in mice. Results: During vancomycin therapy, most
intestinal microbiota genera and operational taxonomic units (OTUs) were depleted in all analyzed
subjects, including all baseline OTUs from the phylum Bacteroidetes. This was accompanied by a
vast expansion of known pathogens, including Klebsiella, Escherichia/Shigella or Fusobacterium.
Following antibiotic cessation, marked differences in microbiota resilience were observed among
subjects. While some individuals recovered a microbiota close to baseline, in others, up to 89%
of abundant OTUs could no longer be detected. Clinical relevance of the observed microbiota
changes was further demonstrated in mice, which developed analogous microbiota alterations.
During vancomycin treatment, mice were highly permissive to intestinal colonization by an antibiotic
resistant pathogen, and upon antibiotic cessation, a less resilient microbiota increased susceptibility
to infection. Conclusions: Oral vancomycin induces drastic and consistent changes in the human
intestinal microbiota. Upon vancomycin cessation, microbiota recovery rate varies considerably
among subjects, influencing the level of susceptibility to subsequent infections, as validated in mice.
Our results demonstrate the negative long-term effects of vancomycin, which should be considered
as a fundamental aspect of the cost-benefit equation upon antibiotic prescription.
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CCR5 dimerization and export
Jin J , Momboisse F., Koensgen F., Lagache T., Boncompain G., Herit F., Niedergang F., Perez
F., Arenzana-Seisdedos F., Lagane B., Kellenberger E., Brelot A.
Although a number of data suggest that the class A family of G-protein-coupled receptors (GPCRs)
can form homodimers, the molecular and functional relevance of this organization are still poorly
understood. Here, using the HIV-1 coreceptor CCR5, we defined by chemical cross-link and molecular
modeling two non-exclusive dimer interfaces, and revealed a third one stabilized by the inverse
agonist maraviroc. We then showed, using site directed mutagenesis combined with saturation timeresolved fluorescence resonance energy transfer (HTRF) and the RUSH system, the essential role
of dimerization in receptor transport to the cell surface. These results produce a consensual and
dynamic picture of the interfaces between protomers of class A dimers and demonstrate the impact
of dimerization during biogenesis. They also provide new features of the marketed drug maraviroc
highlighting both pharmacological chaperone and allosteric inhibitor activities.
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A structural study of UNG-2 and its interaction with the HIV-1 Vpr protein
Kara H., Bouaziz S.
New therapeutic treatments are necessary against HIV-1 due to resistance mutations and side effects
occurring from the use of current anti HIV medicines. For this reason, researchers are focusing on
new specific targets to inhibit viral replication. In this project we are studying the interaction of a HIV
protein, Vpr, a which has a major role in the virus life cycle, and its interaction with a human protein,
UNG2 (Uracil DNA Protein 2). Molecules will be used to inhibit this complex.
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Magnetic oil degrading bacteria Alcanivorax borkumensis
Konnova S.A., Danulishkina A.A., Lvov Y.M., Fakhrullin R.F.
The main source of marine pollution is oil spills by crude oil. Impact of oil spills on the marine
environment is enormous; therefore oil spill remediation research has attracted the attention of
scientists. Recently, among marine organisms was found a group of oligotrophic bacteria, which are
used just petroleum hydrocarbons as carbon and energy source. A. borkumensis is representative of
hydrocarbon classic group of bacteria which metabolism adapted to degradation of hydrocarbon of oil.
In our laboratory we give to living objects the paramagnetic properties for creating “controlled” cells.
Magnetic cells” can be easily remove from the substrate and collect in a complex three-dimensional
system. In this work we are formed the “”magnetic bacteria”” cells and investigated the effect of
magnetic nanoparticles stabilized by polymer on oil-degrading bacteria Alcanivorax borkumensis.
“Magnetic cells” were produced simply by mixing the suspension of polymer-stabilized magnetic
nanoparticles and cell suspension. After modification the cells get a brown color. The structure and
morphology of the cells were investigated by various microscopy techniques: AFM, TEM and SEM.
Each type of microscopy allowed getting different characteristics of “”magnetic”” cells. A number of
standard methods were used for assessing the impact of magnetic nanoparticles on bacteria cells:
growth curves, resazurin test, spot-test. The results of these analyzes are consistent with each other
and point to preservation of viability of the “”magnetic bacteria””. It was also shown that after the
modification by magnetic nanoparticles the bacterial cells acquire paramagnetica.properties. This
study was supported by Russian Science Foundation grant No 14-14-00924.”
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Regional control of Pseudomonas aeruginosa ParABS system
Lagage V.,Vallet-Gely I., Lioy V., Boccard F.
Different studies had revealed a complex organization of the bacterial chromosome inside the cell
which is maintained during its replication and segregation. In many bacteria, a partition system
named ParABS mediates chromosome segregation via two proteins ParA and ParB, and specific
DNA sequences named parS sites which are often found near oriC. We are studying the functioning
of this system in the gamma-proteobacteria Pseudomonas aeruginosa. This opportunistic human
pathogen presents a unique circular chromosome of 6.3 Mb oriented from the old pole of the cell
to the division plane/new pole along the oriC-dif axis, and replicated near midcell. In this bacteria,
four parS sites located near oriC are strongly bound by ParB. Using molecular biology, genetics
and microscopy, we established that one of the four sites is sufficient for the correct segregation
of the chromosome. We demonstrated that its position on the chromosomal map is important for
the parS site ability to sustain chromosome segregation, and delimited a “competence zone” of
the parS site which goes from -200 kb to + 400 kb from oriC. To identify genetic elements defining
this “competence zone” we used strains in which a parS is inserted outside of it and generated
programmed chromosome rearrangements. More precisely, we used the derived site-specific
recombination system to invert chromosomal fragments, in order to bring specific sequences
from the competence zone closer to the non-functional parS site, and analyze their impact on
chromosome segregation. Our results indicate that one determinant of the competent zone may be
oriC. We also observed that the asymmetry relative to oriC of the “competence zone” is due to the
presence of a ribosomal operon at -220 kb. Finally we showed that displacing a parS site leads to
a global repositioning of the chromosome inside the cell and to a delay in the segregation (until the
parS site is replicated) showing that the parS is the site of force exertion.
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Disappearance of lymphatic vasculature in plague-infected lymph nodes
O’Donnell H., Derbise A. Carniel E.
The bubonic plague, caused by Yersinia pestis infection of lymph nodes, is an infamously
lethal disease that remains poorly understood. In particular, the dynamics of the host-pathogen
interactions are just beginning to be uncovered, due in part to the limitations of working on BSL-3
level/ select agent pathogens. Although it is known that Y. pestis rapidly escapes the lymph node
and disseminates, it is not known how this dissemination is initiated. Further, there has been
little characterization of the immune response at the site of infection, within the lymph node, or
systemically after dissemination. Recently, our lab observed using immunofluorescent microscopy
that during infection with Y. pestis the lymphatic vasculature within the lymph node is lost. Infection
with the closely related Y. pseudotuberculosis, a non-lethal pathogen, does not result in this loss
of lymphatic vasculature. Our results indicate that this loss is specific to the lymphatic endothelial
cells (LECs), while blood endothelia and stroma are retained. Further, this loss is not due to the
pestis-specific virulence factors murine toxin or pla protease. Preliminary examination of the immune
response within the lymph node suggests a number of surprising alterations, including a loss of
compartmental organization. Future work aims to characterize the immune response within the
lymph node and define a mechanism for the loss of LECs, with the goal of determining the role of
the lymphatic vasculature in the progression of plague pathogenesis.
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Monitoring secreted Listeria monocytogenes virulence factors in real time with a
novel fluorescent tag
Peron Cane C., Leblanc J., Wingertsmann L., Gautier A., Desprat N., Lebreton A.
Upon invasion of a mammalian host, Listeria monocytogenes switches on virulence genes that allow
colonization and subversion of host functions to the bacterial benefit. Intracellular stages of Listeria
monocytogenes virulence are highly constrained by the adequate timing and localization of the
activity of these virulence factors. However, insights into the spatiotemporal organization of secreted
virulence factors are missing, due to a lack of tools allowing their detection in real time. Indeed, the
active form of most currently available fluorescent protein tags like GFP cannot undergo secretion
through the general bacterial Sec pathway. In case they are exported under a premature form, the
extracellular environment is not suitable for the maturation of their core fluorophore. In addition,
fluorophore maturation is a long and oxygen-dependent process, incompatible with the monitoring
of rapid switches in virulence factor production, or with microaerobic conditions. The development of
a novel fluorescence tag, Y-FAST, where the fluorophore is provided in trans as a soluble cofactor,
allows us to overcome this limitation (Plamont et al. 2016). The 14-kDa Y-FAST fused to a virulence
factor can be efficiently secreted, and folds into an active state with rapid kinetics. We are taking
advantage of this novel tool to explore the chronology of molecular events that lead to the rupture
of the listeria-containing vacuole after entry into host cell or cell-to-cell spread. To this end, we have
analyzed the export of the pore-forming toxin listeriolysin O (LLO) in infected cells, and investigated
its accessibility to host membranes or to the cytoplasm. In addition, to provide dynamic information
about the fate of LLO, Y-FAST should enable us to monitor a wide array of secreted virulence
factors and analyze their changes in location during infection. The system could be adapted to other
bacterial secretion systems and allow the monitoring of virulence factors in real time.
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HSV1 primary infection downgrades further superinfection
Poccardi N., Takissian J., Labetoulle M.
The Herpes Simplex Virus (HSV1) is a strictly human pathogen, commonly associated with
recurrent corneal infections (keratitis), which are typically unilateral. During the whole lifetime, the
virus stays in a quiescent stage (latency) in the nervous system, particularly in the two trigeminal
ganglia (TG). Our team has characterized an experimental model with an oral primary infection of
HSV1 in mice. This model reproduces the human natural infection, especially the persistent viral
latency in the TG with a viral load similar between the two TG. The unilateralization of the clinical
outcome of the disease is also found in our model, and the side of the affected eye depends the
side of the inoculation sites (in our case, the inoculation of the virus in the left lip leads to a keratitis
occurring in the left eye). However, the production of the LATs (Latency-Associated Transcripts),
which expression is associated with the capacity of viral reactivation, is higher in the TG ipsilateral
to the side of the inoculated virus (left TG). Thus, the capacity of viral reactivation is limited to
this TG. These data suggest that, during the infection, restrictive biological phenomena occurs in
the TG contralateral to the side of the inoculated virus (right TG). To have a better understanding
of this repressive status, we studied the behavior of a superinfecting strain, inoculated few days
after primoinfection in the contralateral lip, to “mime” when the first virus reaches this restrictive
environment (right TG). In this study, we have demonstrated that the primary infection with a HSV1
strain represses a superinfecting strain. The superinfecting strain is constraint to a limited replicative
cycle leading to its establishment of latency. This latency is not associated with LAT expression,
preventing any reactivation of the superinfecting strain. These effects on the superinfecting strain
can give us a deeper insight into the unilateral recurrences observed in the host.
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Structural characterization of a novel ATPase involved in DNA recombination in
S. pneumoniae
Rapisarda C., Marie L., Perry T., Gruget C., Polard P., Fronzes R.
Streptococcus pneumoniae, during competence, internalizes foreign DNA and incorporates it into its
genome via homologous recombination, a process called transformation. Although several proteins
involved in this mechanism have been well characterized, the structure and function of some of
these essential actors remain unclear. We aim to gain insight into the role of a crucial ATPase protein
that when mutated reduces the transformation efficiency in S. pneumoniae. Nothing is known about
this protein except its sequence. We have successfully expressed this protein in E.coli and obtained
its structure by crystallography and single particle EM. Through the comparison of its structure
to known DNA-binding proteins we were able to infer its function and ongoing work will aim to
determine its mode of action.
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Bacterial secretion driven by a fibre: pseudopilin interacting network in Type II
secretion systems
Santos-Moreno J., Nivaskumar M., Nadeau N., Tran Van Nhieu G., Francetic O.
To interact with their environment, bacteria need to secrete proteins that perform extracellular
functions. Type II secretion systems (T2SS) are molecular machines located in the cellular envelope
of many Gram-negative bacteria that secrete folded proteins across the outer membrane. The
dynamic subcomplex of T2SS is the inner membrane “assembly platform” that assembles helical
fibers from “pseudopilin” subunits located in the plasma membrane. It is generally accepted that the
growth of the pseudopilus fiber in the periplasm promotes secretion of substrate exoproteins (e.g.
toxins or hydrolytic enzymes, often related to pathogenesis). Working with the T2SS of Klebsiella
oxytoca, the Pul system, we aim to identify pseudopilin-interacting factors as a first step in our goal
of understanding how T2S fibers are assembled by the T2S nanomachine. So far we have identified
two proteins of the assembly platform, PulM and PulF, that interact with the main building-block of
the fiber, the major pseudopilin PulG. Furthermore, we have unveiled a recruitment step during
fiber assembly, which involves the highly conserved E5 residue in PulG, by demonstrating that
PulG(E5A) mutant has a dramatically decreased ability to interact with PulM. The conservation of
E5 is not restricted to PulG, but it also extends to the less-abundant minor pseudopilins. Among
them, we showed that only PulH requires residue E in position 5 for the correct functioning of the
secretion process. Interestingly, in PulH the need of E5 is also linked to interaction with the assembly
component PulM. These results reveal a novel role of PulM in pseudopilin recruitment and explain
the molecular basis of sequence conservation of the pseudopilin signature residue E5. Given the
similarity of the T2SS to other microbial fiber-assembling nanomachines, our findings are relevant
for the study of closely related systems, such as type IV pili or archaeal flagellum.
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Characterization of ZraPSR atypical system and identification of its role in Gramnegative bacteria
Taher R., Petit-Härtlein I., Rome K., de Rosny E., Molton F., Duboc C., Gueguen E., Rodrigue
A., Covès J.
Bacteria are exposed to external perturbations due to environmental changes or to the presence
of noxious agents. Because the bacterial cell envelope forms the barrier between the inside and
the outside of the cell it is highly susceptible to be damaged by theses perturbations but it is also
the first line of defense. To survive gram-negative bacteria have developed two component system
(TCS) that detect and respond to these envelope stresses. ZraSR is one of these TCS, although it is
atypical because associated with ZraP, a periplasmic protein described as a zinc scavenger. ZraPSR
system has been shown to be functionally homologous to the CpxPAR system which detects general
envelope stresses and activate the response. ZraS is the transmembrane sensor protein and ZraR
the cytoplasmic regulator. ZraP was proposed to allow bacteria to detect increasing concentration
of zinc in the periplasm leading to activation of ZraS/R. By combining in vivo and in vitro studies, we
have shown that even if its expression depends on zinc concentration, ZraP is not directly involved
in zinc resistance. In addition, ZraP is a repressor of both its own expression and that of ZraSR,
suggesting that upon zinc binding, ZraP dissociate from ZraS allowing signal transduction. Our
biochemical experiments on the purified protein described ZraP as a dimeric protein which adopts
an octameric state by oligomerization through its C-terminal domain. It binds metal at its N-terminal
domain. Furthermore, ZraP possesses a chaperone activity mediated by its metal binding state.
Interestingly, studies in S. enterica showed that ZraPSR system is also implicated in bacterial
resistance to envelope-targeting antibiotic. By studying this system we try to understand how ZraP
add a regulation step to ZraSR TCS and, eventually, the way ZraPSR help bacteria against antibiotic
stress.
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Identification of membrane receptors of Neisseria meningitidis
Virion Z., Lipecka J., Chhuon C., Guerrera I., Oury F., Nassif X., Coureuil M.
Neisseria meningitidis is a commensal bacterium of the human nasopharynx that after invading the
bloodstream colonizes the endothelial cells of blood vessels and eventually crosses the blood-brain
barrier and causes meningitis. The interaction of the bacterium with epithelial and endothelial cells is
mediated by the type IV pili. The type IV pili are long filaments composed of one major protein, PilE,
and three minor proteins, PilV, PilX and ComP. PilV is directly involved in adhesion on endothelial
cells, through the interaction with the CD147 receptor (Basigin/EMMPRIN), a transmembrane
glycoprotein containing two immunoglobulin domains involved in many cell processes and plays
significant roles in the pathogenesis of numerous diseases, including tumor development. Recent
evidences tend to show that other endothelial cell receptors may compensate for the down regulation
of CD147 during adhesion of N. meningitidis. Besides, on epithelial cells, CD147 is located in the
basolateral membrane, and therefore cannot be involved in the adhesion of the bacteria. Our aim is
to identify new adhesion receptors of N. meningitidis on endothelial and epithelial cells. Therefore,
we implemented the biotinylation proximity assay using the biotin-ligase protein from E. coli (BirA) to
biotinylate promiscuous and interacting proteins. We produced a recombinant PilV protein coupled
to BirA and a negative control ComP-BirA protein (ComP is present in the pili but not involved in the
adhesion process). By precipitation with streptavidin coated beads, we collected all the biotinylated
membrane proteins and further characterize them using mass spectrometry. Our first results with
endothelial cells allowed us to identify 40 proteins, among which 12 membrane receptors and
CD147 were present.
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Cooperation or competition of Salmonella invasion of epithelial cells
Voznica J., Stévenin V., Dufour A., Enninga J.
Several studies have shown that Salmonella enterica serovar Typhimurium presents a cooperative
infection in human cells. Indeed, the first entering bacterium induces the formation of ruffles by
which other bacteria are trapped to invade the “vulnerable” cell. These ruffles disappear circa one
hour after infection. Upon internalization Salmonella stays for hours or longer within a Salmonellacontaining vacuole (SCV). In few infected cells it ruptures the SCV rapidly and escapes into the
cytoplasm, while dividing at a higher pace - a state called hyperreplication (HR). It remains unclear if
the bacteria are still able to invade an infected cell in a cooperative manner once the ruffles disappear.
Here, we inspect if the first infection induces a long-term cell vulnerability or a cell protection. We
investigate as well the prospective parameters influencing the efficiency of infection as the type of
the first Salmonella infection (SCV versus HR) or the local cell density. To determine the impact
of an infection, we use a sequential approach of Salmonella challenge in HeLa cell culture. After
the first standard infection with fluorescent Salmonella, we place the cells at 37°C for one, two or
three hours. We then infect again with Salmonella but expressing a different fluorophore. We use
automated microscopy and image analysis to determine the number of Salmonella within individual
cells and the local cell density. This high throughput approach enables us to profit from the intrinsic
heterogeneity of cells to investigate the impact of parameters such as the local cell density on the
probability of the first and the second infection to occur. The same protocol used with micropatterns,
constraining the cell form, enables us to distinguish the impacts of the first infection from the impacts
of the heterogeneity encountered in a cell culture. Our study tackles the issues related to the impact
of an infection on the cells, if it induces vulnerability or protection in cells.
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Mobility of outer-membrane proteins in Escherichia coli
Wagner A-K., van Teeffelen S., Lipfert J., Wollrab E.
The lateral mobility of Beta-barrel-shaped outer membrane proteins (OMPs) in Gram-negative
bacteria is restricted to short-range diffusion (< 0.5 µm) as shown by different FRAP and TIRF
experiments. How these restrictions come about is not clear. Recent studies suggest promiscuous
protein-protein interactions between OMPs that prevent long-range diffusion. To test the degree and
nature of the local restrictions on diffusion we investigate the response of the specific OMP OmpA
to lateral forces. We apply forces to a micron-sized streptavidin-coated bead that in turn attaches to
individual OMPs carrying a streptavidin-binding motif. Forces are applied either by using flow or an
external magnetic field. The beads serve to apply forces, and at the same time allow for indirectly
measuring the lateral position of the bound protein with nanometer-precision. In the absence of flow,
we identified different classes of beads that show different degrees of fluctuations in the xy-plane,
thus either representing different degrees of binding to OmpA or different populations of more or
less mobile OmpA proteins. We will present results of how the fluctuations and drift of these beads
changes as a function of externally applied forces and we will discuss implications of these results
for the physical organization of the bacterial cell envelope.
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Aup1 facilitates dengue virus release through induction of lipophagy
Zhang J., Fusade-Boyer M., Matthias Lamers M., Li L., Angyal D., Ashour J., Sanyal S.
Dengue virus (DENV), at present endemic to over 100 tropical or sub-tropical countries, has been
one of the most life-threatening arthropod-borne pathogens in the world. The process of DENV
infection involves several host factors, many of which have been identified through targeted or
genome-wide siRNA screens and implicate the endoplasmic reticulum and lipid droplets. Host lipid
machinery plays an essential role in infection by flaviviruses; however, the mechanism by which
virus particles exploit this pathway is far less evident. Here we describe the role of Aup1, a lipid
droplet associated type-III membrane protein in the process of dengue virus assembly and release.
We identified Aup1 through a chemical proteomics approach to identify factors that are modified by
ubiquitin upon DENV2 infection. Secretion of recombinant subviral particles (RSPs) was significantly
enhanced from cells over-expressing Aup1, whereas attenuated in Aup1-/- cells, a phenomenon
recapitulated when infected with the DENV2. We generated a promiscuous BirA-ligase fusion
moiety of Aup1 (BirA*-Aup1) to identify its interactors in mock and virus-infected cells. Interestingly,
Aup1 association shifted from LDs to the autophagy machinery upon infection. In addition, DENV
RSPs production and Aup1 deficiency resulted in altered lipid droplet formation. We hypothesize that
dengue replication is facilitated through induction of lipophagy to generate lipids that are necessary
for virus assembly and release.
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Identification of hotspots of malaria and the impact of targeted intervention on
malaria transmission in the Kenyan highlands
Baidjoe A., Stevenson J., Stresman G., Stone W., Owaga C., Makori E., China P., Odongo W.,
Oduor A., Drakeley C., Bousema T., Cox J.
Malaria risk is highly heterogeneous on different spatial levels and not uniformly distributed between
districts, villages and even between neighbouring households. This is mostly pronounced in areas
transitioning to a state of (pre-)elimination. Whilst mean levels of malaria transmission may decline,
geographical hotspots of intense transmission may persist inter-seasonally. This study, conducted in
the western Kenyan highlands utilizes serological and molecular markers aiming to identify hotspots,
and assess the efficaciousness of targeted interventions. Blood from 17.503 individuals residing
in 100km2 area was collected on filterpaper. Parasite prevalence (PCR) and serological markers
of malaria exposure (AMA-1/MSP-119) were used in spatial scans for the detection of hotspots
with localized levels of increased transmission. Within a cluster-randomized trial, 5 hotspots were
randomly allocated for targeted interventions with larviciding, long-lasting insecticide-treated nets,
indoor-residual spraying and focal mass drug administration; 5 control hotspots received routine
malaria control. Efficacy of hotspot targeted interventions was determined at baseline, 8 and 16
weeks post-intervention. 27 hotspots were discovered, parasite positivity and malaria-specific
antibodies were strongly related at individual level, (OR1.94, 95%CI 1.77-2.13, p<0.001) exhibiting
similar spatial patterns. Hotspots covered 34.7% of the total field area and included 44.4% of all
sampled individuals. Intervention coverage ≥87% for all interventions. Combined hotspot-targeted
interventions resulted in an average reduction in parasite prevalence of 10.2% (95%CI 1.3-21.7%)
post-intervention. In areas surrounding hotspots no significant reduction was observed. This study
shows that malaria prevalence varies within smaller foci of transmission resulting in the formation of
hotspots which can potentially be utilized for targeted interventions leading to an increase of costefficacy.
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Transcriptional activity of Human Endogenous Retrovirus in children affected by
autism spectrum disorders and their parents
Bucci I., Balestrieri E., Matteucci C., Cipriani C., Argaw-Denboba A., Benvenuto A., Coniglio A.,
Curatolo P., Sinibaldi Vallebona P.
Autism spectrum disorders (ASD) are a heterogeneous group of neurodevelopmental disorders.
ASD are likely caused by a combination of genes, environment, and the interaction between the two.
Human Endogenous Retroviruses (HERV), originated by the infections of germ cells by exogenous
retroviruses during primate evolution, are proposed as possible cofactors in the aetiology of complex
diseases. Based on their ability to be modulated under specific stimuli, HERV can be seen as
spanning the bridge between genetic predisposition and environmental factors. In a previous study
on a cohort of ASD young patients, we have demonstrated that HERV-H was highly expressed,
negative correlated with the age of patients and higher levels were observed in patients with
severe impairment in communication and motor development. On the basis of obtained data, we
extended the study to PBMCs from parents of ASD patients, in order to evaluate the expression
of HERV-H/K/W, their modulation in response to the in vitro treatment with valproic acid (VPA) or
non-nucleoside reverse transcriptase inhibitors (NNRTIs). In comparison with healthy individuals,
high levels of HERV-H were observed in PBMCs from ASD children and their mothers, while no
differences were found in fathers. Moreover, NNRTIs treatment modified HERV-H expression in
PBMCs from ASD patients and their mothers. Furthermore, some reported evidences have also
showed immune alterations may play a role in the pathophysiology of autism. For this reason, in our
cohort we analyze the expression of IL-1 beta, IL-6, IL-8, IL-10, TNF alpha, IFN gamma, and the
apoptosis levels. The results, although preliminary, highlight a possible correlation between HERVs
and the inflammatory profile, especially in the relationship between patients and their mothers.
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Detection of newborn IgGs: molecular validation of a proteomic proof of concept
Dambrun M., Dechavanne C., Emmanuel A., Guilloneau F., Migot-Nabias F.
In countries where prenatal care is rare and infections often undiagnosed in pregnant women, the
neonatal diagnosis of congenital infections, namely parasitic, is crucial for avoiding acute disease
and increasing the effectiveness of treatments administered early. To overcome implementation
and/or interpretation difficulties of current techniques, a proteomic approach has been patented
in our laboratory. It exploits the individual amino acid polymorphism of the Fc fragment from the
heavy chain of the immunoglobulin G (IgG), and aims at distinguishing maternal from fetal IgGs in
newborns serum samples. The purpose of the study was to bring a molecular validation of these
proteomic results by the sequencing of DNA Fc fragments. Defined individual samples (DNAs and
sera) were selected on the basis of their Gm allotype polymorphism in order to cover the main
ImmunoGlobulin Heavy chain Gamma (IGHG) gene diversity. Gm allotypes, reflecting part of this
diversity, were determined by a serological method. IGHG locus consists of four IGHG genes, at
the origin of each IgG subclass. The IMGT® database references 34 alleles for all genes. The
study focused on the nucleic acid polymorphism of the CH2 and CH3/CHS domains from the Fc
fragment. Despite strong sequence homology, four pairs of specific gene amplification primers were
designed. Additional primers were identified to perform the subsequent sequencing. The nucleotide
sequences obtained were checked for their assignment to a specific IGHG gene. IGHG alleles were
then deduced using a home-made decision tree reading of nucleotide sequences. Identical results
were found at 95% between IGHG proteic alleles determined by mass spectrometry and those
deduced from genomics. These results validate the proteomic approach, which could be used for a
mother-and-child differential IGHG detection in a context of suspicion of congenital infection.
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Protection against malaria is induced by blood stage-arresting Histamine
Releasing Factor (HRF)-deficient Plasmodium parasites
Demarta-Gatsi C., Thiberge S., Peronet R., Ménard R., Mécheri S.
Malaria caused by Plasmodium parasites remains one of the main health problems in the world,
especially in developing countries where million of people are affected every year. The pathogenesis
of malaria is multifaceted, and development of several diseases depends on the parasite species
that cause infection and the immune status of the infected host. Currently, the increase in resistance
to synthetic antimalarial drugs has become an utmost concern. Therefore, the development of an
effective malaria vaccine may be a valuable tool to reduce and eliminate the disease burden in some
regions of the world. The characterization of the numerous genes essential for parasite survival
at distinct points of its life cycle has led the development of whole parasite vaccines. Amongst
these, genetically attenuated parasite (GAP) vaccines have induced cross-stage, long-lasting sterile
protection have become the state-of-the-art to target malaria for elimination. Utilizing the P. berghei
NK65 strain, which causes severe malaria in rodents, we deleted the histamine-releasing factor (hrf)
gene and observed the elimination of the parasite, during the blood stage, through the development
of an efficient immune response. Analysis on the innate and acquired immune responses to PbNK65hrf-delta infection highlights the role of IL-6 associated with a specific reduction in CD4+PD1+ and
CD8+PD1+ T cells numbers and IgG2c production. The results indicate that the PbNK65-hrf-delta
GAPs can be proposed as effective blood stage malaria vaccines, strengthening the arsenal of the
war against lethal Plasmodium parasites.
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Primary human brain cells are permissive to Tick-Borne Encephalitis Virus
Fares M., Cochet M., Moutarlier S., Haddad N., Coulpier M.
Tick-Borne Encephalitis Virus (TBEV) is one of the most important tick-borne arbovirus in central/
northern Europe and northern Asia. The virus is responsible for encephalitis for which, so far, there
is no cure. A major outbreak of Tick-Borne Encephalitis occurs in central Europe and central Asia,
which drove the World Health Organization to place the virus under epidemic surveillance. In vitro
models of primary cultures of neurons and/or astrocytes as well as in vivo models have been
developed from rodents to improve our knowledge on the physiopathology of this disease. However,
due to interspecies variation, this knowledge may be limited. In order to question the mechanisms by
which TBEV infects and affects the human brain, we used an in vitro model of human primary neural
cells derived from human neural progenitor cells (hNPCs), that we had previously developed (Brnic
et al., 2012, Scordel et al., 2015). Our preliminary results demonstrate that both human neurons
and human astrocytes are permissive to TBEV whereas the viral envelop protein accumulates in
different compartments depending on the cell type. Furthermore, we show that the virus replicates
and disseminates in the culture and affects the survival of neurons. We will pursue this work by
confirming these preliminary data and further characterize the interactions between this virus and
the differentiated cells of the human brain.
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NS2 from HCV and various hepaciviruses share known and novel proteolytic
mechanisms of action
Boukadida C., Fritz M., Blumen B., Fogeron M., Penin F., Martin A.
Over the recent years, several homologues with varying degrees of genetic relatedness to hepatitis
C virus (HCV) have been identified in a wide range of mammalian species. To date, the host
restriction or putative ability of these hepaciviruses to infect humans remains largely unknown. To
help characterize these new hepaciviruses we focus on nonstructural protein 2 (NS2), a key protein
in HCV life cycle. HCV NS2 is indeed responsible for a unique polyprotein cleavage event that
is prerequisite for genome replication and is also essential in particle morphogenesis according
to poorly understood mechanisms. We comparatively characterized the proteolytic mode of action
and regulatory mechanisms of NS2 from HCV and a selection of divergent hepaciviruses. We first
demonstrated that NS2 from equine, bat, rodent, Small and Old World primate hepaciviruses are
also cysteine proteases responsible for cleavage at the NS2/NS3 junction. NS3 N-terminal domain
was reported to be an essential co-factor for HCV NS2 protease and hydrophobic surface residues
in NS3 were recently identified as key elements for this activation. We showed by mutagenesis and
gain/loss of function studies that some heterologous hepacivirus NS3 may act as a co-factor for HCV
NS2 provided that key hydrophobic residues are conserved, highlighting the functional significance
of this activation mode. Surprisingly, however, we also observed efficient proteolytic activity of HCV
NS2 protease in the absence of NS3 moiety when NS2 bore C-terminal tag fusions via flexible
linkers, both in transiently transfected cells and in the context of infection. Altogether, these findings
suggest that NS3 acts as a regulatory rather than essential co-factor for HCV NS2 protease. The
NS3-independent, alternative substrate specificity of NS2 protease, which is conserved across
several hepaciviruses regardless of their genetic distances, may potentially translate into the
cleavage of yet unknown cellular targets.
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The effect of high-fat diet on the progression of TLR7-mediated lupus
autoimmunity in TLR8-deficient mice
Hanna Kazazian N., Marcadet L., Desnues B., Roussel-Queval A., Alexopoulou L.
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the production
of autoantibodies against nuclear components. These autoantibodies bind self-nucleic acids and
form immune complexes that accumulate in various tissues, leading to inflammation and tissue
injury. Toll-like receptors (TLRs) detect microbial components and trigger inflammatory responses.
Endosomal TLR7 recognizes microbial or endogenous single-stranded RNA and is implicated in the
development of SLE. In mice, TLR7 seems to play a major role in lupus disease since overexpression
of TLR7 in mice leads to the development of lupus, while crossing lupus prone mice to Tlr7-deficient
mice ameliorates the lupus disease. In humans, it has been shown that a single mutation in TLR7
gene, leading to increased TLR7 expression, predisposes to SLE. Our team has previously shown
that Tlr8 knock-out (Tlr8ko) mice develop lupus due to increased signaling of TLR7 by dendritic cells.
In SLE patients, higher disease activity and presence of renal lupus are associated with metabolic
syndrome, thus we wanted to investigate if high-fat diet (HFD) worsens the lupus disease in Tlr8ko
mice. Upon HFD, Tlr8ko mice exhibited increased serum concentration of anti-RNA and anti-DNA
antibodies, compared to wild-type (WT) mice and this difference was less profound in mice that have
received standard diet. Moreover, upon HFD, Tlr8ko mice showed increased kidney inflammation
compared to WT mice, while upon standard diet no kidney inflammation was evident. Thus, our so
far data indicate that high-fat feeding can exacerbate the TLR7-mediated lupus phenotype of Tlr8ko
mice.
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A proliferation inducing ligand (APRIL) promotes IL-10
Hua C., Audo R., Yeremenko N., Baeten D., Hahne M., Combe B., Morel J., Daien C.
Objective: B cells may have a negative regulatory role, mainly mediated by interleukin 10 (IL-10).
We recently showed that regulatory B-cell functions are impaired in patients with rheumatoid arthritis
(RA) and that mice transgenic for a proliferation-inducing ligand (APRIL) are protected against
collagen-induced arthritis. We aimed to explore APRIL effect on human B-cell IL-10 production.
Methods: CpG-activated B-cell IL-10 production was compared with and without APRIL or B
lymphocyte stimulating factor (BLyS). Expression of the BLyS and APRIL receptor transmembrane
activator and CAML interactor (TACI) and of BLyS specific receptor (BAFF-R) was compared
between IL-10 producing (B10) and non-producing B cells. Effect of APRIL stimulated B cells on
T-cell cytokine production was analyzed after 3 days of co-culture. Signaling pathways of APRILactivated B cells were analyzed by western blot. Similar experiments were performed on RA patients
cells. Results: B-cell IL-10 production was greater with APRIL than BLyS or control medium. TACI
expression was greater in B10 than non-IL-10-producing B cells whereas BAFF-R expression was
lower. T-cell TNF-alpha and IFN-gamma secretion was decreased by APRIL-stimulated B cells.
APRIL stimulated STAT3 and STAT3 inhibition decreased B10. APRIL also promoted B10 in RA
patients. Conclusion: APRIL but not BLyS promotes IL-10 production by CpG-activated B cells and
enhances the regulatory role of B cells on T cells. B10 in RA patients are responsive to APRIL, which
suggests a possible therapeutic application of APRIL for expanding B10. This could also explain the
difference of clinical efficacy observed between belimumab and atacicept in RA.
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Neutralizing antibodies in humans infected with zoonotic simian foamy viruses
Lambert C., Gouzil J., Rua R., Betsem E., Mouinga-Ondémé A., Kazanji M., Njouom R., Gessain A., Buseyne F.
Both HIV and HTLV viruses have emerged from a simian reservoir. Simian foamy viruses (SFVs)
are widespread in nonhuman primates and are efficiently transmitted to humans through bites,
establishing lifelong persistent infection. Neither pathogenic effect nor secondary transmission have
been reported yet, suggesting an efficient immune control of this retrovirus in humans. We aim to
study the SFV-specific neutralizing antibodies in the plasma of infected individuals. We studied 43
hunters living in Cameroon and Gabon infected by a gorilla SFV. Serial dilutions of their plasma were
incubated with primary SFV strains and residual viral infectivity was quantified with an indicator cell
line. These SFVggo isolates belong to different genotypes - SFVggoI and SFVggoII, defined by a
low amino acids sequence identity in the central region of the envelope surface protein, compared to
other parts of the protein. Neutralizing antibodies were detected in 40/43 infected hunters, with high
titers. The majority of hunters infected with a SFVggoI strain neutralized the SFVggoI strain (14/26),
others (12/26) neutralized both SFVggoI and SFVggoII isolates. Reciprocally, 5 persons infected
with a SFVggoII strain neutralized only the homologous strain (4/5) and one neutralized both strains.
The frequent recognition of the 2 strains might result from the recognition of conserved epitopes. For
some individuals, the cross-neutralizing antibodies were induced by co-infection with two strains.
In conclusion, we showed the presence of high titers neutralizing antibodies in the majority of the
plasma of people infected with a zoonotic SFVggo. This immune response may participate to the
lack of spread of these viruses in the human population.
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In vivo and in vitro testing of a novel malaria-diagnostic device
Molnar P., Orban A., Rebelo M., Fabio L., Butykai A., Kézsmárki I., Hanscheid T.
Although malaria is a global health issue, a cost-effective, yet highly sensitive diagnostic method has
not been designed. We have developed a compact and inexpensive rotating-crystal magneto-optical
diagnostic (RMOD) device based on the detection of hemozoin crystals, a metabolic byproduct of
all Plasmodium species. In the RMOD technology a rotating magnet surrounding the blood sample
and a polarized optical detection scheme exploit the unique magnetic and optical properties of
hemozoin for the diagnosis of malaria. First evaluations of the RMOD technique using beta-hematin
crystals and in vitro P. falciparum cultures implied its potential for high sensitivity diagnostics. In
our recent study, the sensitivity of the method has been evaluated using ring and schizont stages
of P. falciparum cultures, where detection thresholds of 0.0008% and 0.0002% parasitemia have
been found, respectively. As a next step of validation, we have recently tested the RMOD device
via rodent models. In these mouse experiments, the sensitivity of the technique was evaluated by
determining the earliest possible detection of the blood stage infection. For this purpose, mice were
infected by sporozoites - the forms transmitted by mosquitoes - either via injection or mosquito
bites. Based on these results we concluded that the performance of the MO method is better than
flow cytometry and similar to that of light microscopy. Since the RMOD method is able to quantify
hemozoin - an optimal indicator of antimalarials’s growth inhibitory effect - with high precision, it can
be applied as a tool in drug screening assays. To confirm this we have performed initial drug trials
on P. falciparum cultures using three well-known antimalarials. The outcome of these experiments
shows that drug inhibitory effect can be detected already after ~ 20 hours of incubation.
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Macrophage Self-Renewal in Skin Repair and Regeneration
Nagenborg J., Gentek R.
Macrophages are immune cells that are involved in the innate immune response by phagocytosis,
and stimulation of adaptive immunity and can be found in virtually every tissue. Beyond these immune
functions, macrophages are key players in mediating responses to injury and tissue regeneration.
Therefore, manipulation of macrophages offers a promising approach for regenerative medicine.
Unfortunately, however, their therapeutic exploitation thus far is limited by our poor mechanistic
understanding of how macrophages affect regeneration. Several studies have recently shown that
macrophages self-maintain through local proliferation, but this capability declines with age, and so
does the capacity to regenerate. This suggests a potential causal link between self-renewal and
regeneration. Here, we hypothesize that manipulation of the self-renewal capacity of macrophages
influences healing and injury outcome. Thus, we directly test whether sustaining macrophage selfrenewal improves the regenerative response in the skin using conditional knockout models. The
Sieweke lab previously identified the transcription factors MafB and c-Maf (Maf-DKO) as master
regulators of self-renewal. Here, we studied Maf-DKO mice under the control of the myeloid specific
Lysozyme M promoter. We demonstrate that indeed, Maf-DKO macrophages display higher
proliferation in response to injury than Cre- littermate controls. Sustained proliferation, however,
did not have any effects on the healing speed, nor did it promote regeneration or result in reduced
scar formation. We identify differences in the expression of scavenger receptors and cytokines in
response to injury, which might counteract the supposedly beneficial effect of sustained macrophage
proliferation and thus, improved regeneration. Thus, conditional knockout affects additional functions
of the Maf transcription factors. To address our initial hypothesis, future studies should aim to more
specifically modify macrophage self-renewal.
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Cxcr4 desensitization is required for efficient humoral immune response and
plasma cell trafficking
Natt J., Biajoux V., Freitas C., Alouche N., Sacquin A., Hemon P., Gaudin F., Fazilleau N., Espeli
M., Balabanian K.
The Warts, Hypogammaglobulinemia, Infections and Myelokathexis Syndrome (WS) is a rare
immuno-hematological disorder characterized by chronic pan-lymphopenia caused by heterozygous
gain-of-function mutations in CXCR4. Patients mount an adaptive humoral immune response
following vaccination, but fail to maintain it. The underlying mechanisms are unknown and often
associated to the peripheral lymphopenia. We used the Cxcr4+/ 1013 knock-in mice that phenocopy
WS-related pan-lymphopenia to assess how a gain-of-Cxcr4-function impacts on germinal center
(GC) formation and vaccine responses. We showed that despite spleen follicular hypoplasia and
absence of primary follicles in the lymph nodes (LNs), Cxcr4+/1013 mice mount a potent immune
response against T-dependent antigen (Ag) as shown by increased numbers of Ag-specific GC B
cells and plasma cells (PCs) in the spleen and LNs. Mechanistically, we unraveled that the gainof-Cxcr4-function leads to enhanced signaling through Akt and exacerbated PC differentiation
upon Cxcl12 exposure. Despite this and similarly to WS patients, the Ag-specific antibody titers
were not maintained over time in Cxcr4+/1013 mice and Ag-specific PCs were almost completely
absent from the BM. Surprisingly, we highlighted an accumulation of immature PCs in the BM,
potentially occupying the niches of long-lived Ag-specific PCs. So, failure to maintain the immune
response in WS patients could be explained by the CXCR4-mediated deregulation of the adaptive
immune response in secondary lymphoid organs, rather than the observed circulating lymphopenia.
Therefore, a gain-of-function Cxcr4 mutation intrinsically alters PC differentiation and homing,
potentially accounting for the defective humoral immunity observed in WS patients.
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Beyond the membrane: uncovering Flavivirus host cell entry mechanisms
Petrova E., Jouvenet N.
Flaviviruses enter cells through an interaction of the viral envelope protein with cell surface receptors.
Little is known about these host cell receptors. Most of the molecules studied so far are either
attachment factors or co-receptors whose function in virus entry is poorly defined. Since infection
with some Flaviviruses is posing life-threatening risk worldwide, a better knowledge of the viral entry
mechanisms is crucial. To study Flavivirus entry into the host cell, we used as a tool one member
of the Flavivirus genus - Yellow fever virus (YFV). YFV can infect different cell culture lines and the
level of infection varies among them. We took advantage of this difference to design a screening
strategy for identification of YFV entry receptors. Here we explain our approach and present several
genes that could function as receptors or regulators of YFV entry. Our screening method can be
easily applied to all other members of the Flavivirus genus. Therefore, by using this approach we
expect to identify novel Flavivirus receptors or entry regulators, which will help to understand the
mechanisms of Flavivirus infection and thus speed up the creation of vaccines or anti-viral drugs.
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Oxidation of cell-surface thiols and intracellular signaling in THP-1 treated with
air oxidized terpenes: role of Nrf2
Raffalli C., Kuresepi S., Lepoittevin J.P., Pallardy M., Gimenez-Arnau E., Kerdine-Römer S.
Fragrances are among the most common causes of allergic contact dermatitis (ACD). Many fragrance
terpenes have the potential to autoxidize on air exposure and form highly allergenic compounds.
This cocktail of molecules is considered as a strong skin sensitizer. The chemicals are supposed to
bind through radical reactions to proteins in the skin to start the immunotoxic process characterizing
skin sensitization, and further ACD, a pathology involving dendritic cells (DC). Since sensitizers
induce redox or oxidative stress in DC, we examined the relationship between cell surface thiol, the
GSH/GSSG ratio and MAPK in human cell line, THP-1, in response to these compounds. We found
that linalool hydroperoxides reduce thiols surface and reduce the GSH/GSSG ratio in THP-1. This is
accompanied by the phosphorylation of MAPK and NF-kB. A contrario, limonene hydroperoxide acts
in a different way inducing only a decrease of cell-surface thiols and phosphorylation of ERK and
p65. Another pathway involved in the antioxidant response of the cell is the Nrf2/Keap1 pathway.
Therefore, we measured this pathway in measuring the induction of three Nrf2 target genes (ho-1,
nqo-1 and il-8) and Nrf2 protein accumulation. Treatment of THP-1 cells with the mixture of linalool
hydroperoxides leads to an induction of ho-1, nqo-1 and il-8 and an accumulation of Nrf2 whereas
the limonene hydroperoxide only induce the induction of ho-1 with a less accumulation of Nrf2. Our
results support the role of the redox imbalance in stimulating THP-1 by hydroperoxydes mixture and
underly that air oxidized linalool probably behave as a stronger sensitizer than air oxidized limonene.
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Mib1 dependent Notch activity is required in prospective neurons to maintain
neuroepithelial integrity in the chick neural tube
Baek C., Tozer S., Morin X.
The early vertebrate neuroepithelium is a densely packed tissue composed of elongated progenitors
attached to their neighbors through adherent and tight junctions at the apical side and to the basal
lamina at the opposite side. Cells initially undergo a phase of massive proliferation; as development
proceeds, postmitotic neurons and glia are generated. Newborn neurons withdraw their apical
attachment and accumulate in the mantle zone. Thus, the growing neural tube faces the difficulty
to maintain its epithelial integrity while an increasing proportion of its population exits the pool of
epithelial progenitors. Using the chick spinal cord as a model, we show that prospective neurons
rapidly reduce the surface of their apical endfeet but keep expressing N-Cadherin until they
eventually detach to differentiate. Surprisingly, Notch signaling is maintained during this transition
period, and appears to be essential for N-Cadherin expression. Prospective neurons express high
levels of Notch ligand Dll1 and ubiquitin ligase Mib1, acting in partnership to activate Notch signaling
in the neighboring progenitors. But how could Notch signaling be maintained in the differentiating
signal-sending cells? We show that over-expression of Dll1 without Mib1 promotes neurogenesis
in a cell-autonomous manner, while co-expression of the two partners counteracts this effect. We
propose that Mib1, by promoting Dll1 trans-activation of Notch receptors in neighboring cells, buffers
the ability of Dll1 to carry out cis-inhibition in the signal-sending cell. In addition, inhibition of Mib1
in differentiating cells mimics Notch loss-of-function, i.e. accelerates differentiation and disrupts the
ventricular surface. Taken together, these results suggest that Mib1 promotes Notch activity cellautonomously in prospective neurons to a delayed differentiation and allow the apical surface to
progressively shrink and therefore preserve neuroepithelial integrity.
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Post-translational polyglutamylation of microtubules in neurons: from molecular
mechanisms to the role in neurodegeneration
Magiera M.M. , Bodakuntla S., Marques P., Ramos D., Janke C.
Microtubules are key components of the cytoskeleton, which, by interacting with various microtubule
associated proteins (MAPs) or molecular motors, play a pivotal role in neuronal architecture, survival
and regeneration and axonal transport. These diversified roles of microtubules are controlled by
post-translational modifications of tubulin, the microtubule building block. We are interested in
polyglutamylation, a modification that is particularly prominent in neurons. Characterizing a Purkinje
cell degeneration (pcd) mouse model, we demonstrated that excess tubulin polyglutamylation
in cerebellum results in degeneration of Purkinje neurons. We are now studying the molecular
mechanisms through which tubulin hyperglutamylation leads to neurodegeneration. As glutamylation
is involved in the regulation of certain motor proteins, hyperglutamylation could lead to defects in
axonal transport. To understand the molecular mechanisms, we have created several mouse lines
with varying levels of tubulin polyglutamylation. Primary neurons from these mouse lines will be used
to systematically study the impact of varying levels of glutamylation on neuronal morphology, polarity
and differentiation. Further, we will culture neurons in microfluidic chambers and measure the effects
of polyglutamylation on axonal transport in a reproducible and quantitative manner. The goal of our
studies is to understand the impact of tubulin polyglutamylation on physiological functions, and their
involvement in pathologies of the nervous system.
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Glycogen Synthase Kinases 3 are critical for photoreceptor homeostasis and
function
Braginskaja E., Gumerson J., Perron M., Swaroop A., Roger J.
Photoreceptors can be subjected to various stress factors causing retinal degeneration. Posttranslational modifications (PTM) are one way to respond to such changes by altering protein stability.
Among the modifying proteins are the ubiquitously expressed and highly conserved Glycogen
Synthase Kinases 3 (GSK3s). They are multifunctional signalling pathway nodes particularly crucial
during development. One of their modes of action is the control of their target stability following
phosphorylation. Although these kinases have been intensively studied in the developing brain,
their function in the retina is largely unknown. This study aims to decipher in vivo their function for
photoreceptor development and homeostasis. Gsk3-alpha and Gsk-beta-floxed mice (Gsk3-alphabeta f/f) have been mated to mice expressing the Cre recombinase under the control of Crx-promoter
(Crxp-Cre) to delete both kinases in postmitotic photoreceptor precursors. Photoreceptor phenotype
has been assessed by histology, immunohistochemistry and qPCR. Visual function has been
evaluated by electroretinogram (ERG). Retinal histology of Gsk3alpha-beta f/f; Crxp-Cre conditional
knockout (CKO) mice does not differ from Gsk3-alpha-beta f/f littermate controls until P21. Then,
the outer nuclear layer starts to degenerate with a concomitant increase of Müller cell activation.
ERG recordings reveal a decrease of both scotopic and photopic responses at P18 in CKO mice,
before retinal degeneration occurs. Accordingly, expression of cone specific markers is drastically
reduced at P18. Photopic response becomes completely flat in three months old CKO animals. The
lack of GSK3 kinases in photoreceptor precursors does not affect their cell fate determination but
alters their maturation and leads to progressive loss. The kinetics and the mechanisms underlying
photoreceptor loss are still under investigation. Overall, our study will provide a better understanding
of post-translational regulation in the context of retinal degeneration.
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Effect of the amyloid peptide and role of the protein mTOR in synaptic plasticity
linked to Alzheimer’s disease
Calvat P., Jaffal Z., Khamsing D., Lebrun S., Darchen F., Desnos C.
Early features of Alzheimer’s disease (AD) are most likely due to oligomers of the amyloid peptide
(AβO) and neurofibrillary tangles, but the mechanisms involved are still obscure. AβO induces
dendritic spine dystrophy and inhibits synaptic plasticity; in particular, long-term potentiation (LTP)
is impaired. This is likely to contribute to cognitive deficits associated with AD. Indeed, protein
synthesis may occur locally, in dendrites and spines, in response to synapse-specific inputs and
is needed for long lasting activity-dependent changes in synaptic strength and new memories
encoding. We, and others, observed that AβO impairs activity dependent-mRNA translation in
vitro and also in AD mouse models that may account for synaptic defects. An important factor that
control protein synthesis and synaptic plasticity is the Ser/Thr protein kinase mammalian target of
rapamycin (mTOR), which integrates the inputs from several upstream pathways. mTORC1, which
is needed for LTP, has been found to be miss-regulate in AD mouse models and in individuals with
AD. Moreover, we found that mTOR recruitment to lysosomes, which is instrumental in mTORC1
activation, is blocked by high doses of AβO and induced by forskolin and rolipram (inducers of
cLTP). We focused on the effects of mTORC1 on the dynamics of dendritic spines and the link
with AβO. The purpose was to test whether activation or inhibition of mTORC1 induces changes
upon time on number, size, density, morphology, renewal of dendritic spines from hippocampal
neurons observed by life microscopy. Dysregulation of mTOR activity and protein synthesis seems
to be implied in the early synaptic defects observed in AD or autism. Thus, the correction of mRNA
translation dysfunction could represent a new interesting angle to prevent the progression of the
disease.
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Mechanostimulation of oligodendrocytes promotes oxidative stress and changes
in myelin proteins
Chierto E., Castoldi F., Cristinziano G., Meffre D., Sapone F., Borderie D., Etienne F., Rannou
F., Massaad C., Jafarian-Tehrani M.
Traumatic brain injury (TBI) is caused by rapid deformation, stretching and tearing of the brain
tissue. After the initial mechanical trauma, a cascade of pathological cellular and extracellular
secondary events are initiated. Understanding how the mechanical forces lead to tissue damage
and particularly to myelin breakdown and reactive oxygen species (ROS) production remains a
considerable challenge. Clinical and experimental evidences suggest that demyelination may
play an important role in the pathophysiology of TBI.The aim of our ongoing research project is to
develop an innovative model of brain injury induced by mechanical stretch in order to decipher the
oligodendrocyte response to stretch-induced injury and to further develop the therapeutic strategies.
We developed first an in vitro model of stretch-induced injury on oligodendrocytes using the mouse
cell line 158N as well as the primary mixed culture of astrocytes and oligodendrocytes and finally the
oligodendrocyte-enriched primary culture. Cells were subjected to an equibiaxial static stretch (20%
strain for 20h), using Flexcell® Tension system device. The stretch i) affected the cell adherence
and morphology in the oligodendrocyte-enriched culture, ii) induced an increase in ROS production
and an alteration, in the expression of pro (DUOX-1) and anti-oxidant genes (SOD-1, SOD-2, HO-1,
NQO-1, Nrf-2) in the cell line and primary mixte culture, iii) modified the expression of the myelin
genes (PLP, MAG, CNPase) and decreased the amount of PLP protein. In conclusion, a novel
in vitro model of stretch-induced injury on oligodendrocyte was developed. It is characterized by
changes in cell morphology, a marked ROS production, alteration of redox-related gene expression
and changes in myelin genes/proteins. This study suggests that mechanical stretch causes loss
of oligodendrocytes and demyelination after injury. Further studies should be investigated to
understand the signalling pathway(s) activated by stretch.
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Mitochondrial and cellular dysfunctions in the progeroid Cockayne syndrome
and physiological ageing
Crochemore C., Chatre L., Ricchetti M.
Cockayne syndrome (CS) is a human disorder characterized by photosensitivity, severe neurological
and developmental defects, oxidative stress sensitivity, and dramatically precocious ageing. CS is
due to mutation of CSA or CSB, which code for repair factors of UV-induced DNA damage, and
are also transcription and chromatin remodeling factors. CSA or CSB are also mutated in a mild
UV-sensitivity syndrome (UVSS), which displays some features of CS patient without precocious
ageing and neurodegeneration, suggesting that much of CS symptoms are due to the management
of oxidative stress rather than DNA repair impairment. Our recent study (Chatre et al., 2015)
unveiled a mitochondrial dysfunction due to impaired mitochondrial DNA replication machinery
exclusively in CS, but not UVSS or control fibroblasts, suggesting the involvement of this alteration
in the precocious ageing phenotype. The impairment in CS is due to oxidative/nitrosative stressdependent overexpression of the HTRA3 protease that directly targets the mitochondrial DNA
polymerase-gamma catalytic subunit (POLG1). Moreover, by treatment with protease inhibitors or
scavenger of reactive oxygen and nitrosative species, we succeed in restoring regular mitochondrial
parameters in CS patient cells, opening the possibility for treatments, which are missing to date.
We are now investigating the mechanism(s) underlying HTRA3 overexpression, including CSA/
CSB-dependent epigenetic modifications in primary cells from CS and UVSS patients and healthy
controls. At the same time, we analyze primary fibroblasts from individuals of various age, including
from centenarians, to determine whether mitochondrial and cellular parameters that are specifically
affected in CS (and their rescue by different drugs), are also compromised during physiological
ageing and/or during the senescence process.
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High protein - low carbohydrate diet induces alterations of angiogenic process
in adult mice
Domingues A., Dizier B., Bedarida T., Baron S., Lokajczyk A., Gaussem P., Boisson-Vidal C.,
Nivet-Antoine V.
Both arterial and metabolic aging are risk factors for ischemic pathologies. To respond to hypoxia,
the capacity of vessels to develop a collateral network will determine their ability to limit ischemic
complications. Endothelium plays a central role in the angiogenesis, particularly during hypoxia.
Yet, aging endothelial cells become pro-oxidative, pro-inflammatory and pro-thrombotic leading to
endothelial dysfunction that can impair the angiogenesis. We have developed a model of vascular
accelerated aging consisting in a three-month High protein-Low carbohydrate (HP-LC) diet given
to 6 month old mice. We reported that this diet induced a marked glucose intolerance responsible
for cardiovascular damages, associated with a decreased aortic distensibility and left ventricle
dysfunction, as a probable consequence of arterial dysfunction due to major oxidative stress and
inflammation. In this work, we hypothesized that HP-LC diet would induce a defect of angiogenic
process with ischemic damage in adult mice. In a first approach, we studied the angiogenic process in
vivo in the model of accelerated vascular aging. After a three-month HP-LC diet, a hindlimb ischemia
was performed on adult mice. Immediately after surgery, mice were imaged on a near infrared Laser
Doppler Imager measuring the perfusion and showed a decrease of blood flow associated with a
major release of LDH. These results were associated with an increased number of gastrocnemius
fibers in necrosis and to an increased necrosis score of Shireman. An ex vivo approach using
organotypic culture with the aortic ring assay was then considered. Sprouting angiogenic responses
on Matrigel showed that HP-LC diet decreased the vessel area and the number of branch points.
A lowering of VEGF expression in aorta endothelium and aorta media by HP-LC diet was also
observed. This work shows the first observation of a defect in angiogenic process with ischemic
damage induced by HP-LC diet in adult mice.
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A method to the analyzis of cortical folding in the developing ferret brain
Foubet O., Mangin J-F., Larrat B., Meriaux S., Reillo I., Borrell V., Toro R.
The study of the implication of cortical folding in neurodevelopmental disorders is noteworthy,
however we understand little about the mechanisms that produce it. The ferret is an ideal animal
model for studying cortical folding. Unlike humans, its folding pattern varies little across individuals
and its brain starts to fold after birth. During the first few weeks of postnatal life, many processes
likely to be involved in cortical folding, such as cytoarchitectonic and connective development begin.
Our study aims at describe and model the development of neocortical folding in ferrets. We acquired
brain MRI data from 24 ferrets at birth (P0), P4, P8, P16, P32 and adults using a Bruker 7 Tesla MRI.
The cerebral cortices were segmented using in-house software implementing topology-preserving
operations. Reconstructions of the outer and inner cortical surfaces were obtained from these
segmentations using an implementation of the surface nets algorithm. The point to point alignment
of the inner and outer surfaces for each brain was computed using an in-house software based on
a spherical formulation of the Beier-Neely morphing algorithm that computes a deformation field
from two sets of corresponding landmarks. In parallel the point to point alignment between P0,
P4, P8, P16, P32 brains was computed using the same method. We obtained maps of cortical
thickness across development by measuring the distance between the inner and outer surfaces
in corresponding points of the mesh. Our 3D reconstruction gives a coherent range for the cortical
thickness and show its well known variation between gyri and sulci. The global cortical folding
process was reconstructed dynamically in 3D. Maps of anatomical changes were computed from it,
that characterize the local variations of growth across time. Our method seems effective to describe
and quantify the folding dynamic and its anatomical changes during cortical development. We need
now to adapt our mechanical model to fit these data.
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Recombinant tissue plasminogen activator enhances microparticle release from
mouse brain-derived endothelial cells
Khacef K., Garraud M., Vion A-C., Leconte C., Yin M., Marchand-Leroux C., Boulanger C.M.,
Margaill I., Beray-Berthat V.
Introduction: Thrombolysis with recombinant tissue plasminogen activator (rt-PA) is currently the
only approved pharmacological strategy for acute ischemic stroke. However, rt-PA exhibits vascular
toxicity mainly due to endothelial damage. Methods: In order to investigate the mechanisms
underlying rt-PA-induced endothelial alterations, we assessed the role of rt-PA in the generation
of endothelial microparticles (EMPs), which are emerging biological markers and effectors of
endothelial dysfunction. The mouse brain-derived endothelial cell line bEnd.3 was used. Cells were
treated with rt-PA at 20, 40 or 80 ug/ml for 15 or 24 hours, and EMPs were quantified in the culture
media using Annexin-V staining coupled with flow cytometry. Results: Rt-PA enhanced EMP release
from bEnd.3 cells with a maximal increase with the 40-ug/ml dose for 24 hours (+78% compared
to controls). Using tranexamic acid and Aprotinin we demonstrated that plasmin was involved in rtPA-induced EMP release. The p38-MAPK inhibitor SB203580 and the poly(ADP-ribose)polymerase
(PARP) inhibitor PJ34 also reduced rt-PA-induced EMP production, suggesting that p38-MAPK
and PARP are downstream intracellular effectors of rt-PA. Rt-PA also altered the morphology of
bEnd.3 cells that were furthermore no longer confluent. Plasmin was implicated in these changes,
unlike p38-MAPK and PARP. Conclusion: This study demonstrates that rt-PA induces the production
of microparticles by cerebral endothelial cells, through plasmin, p38-MAPK and PARP pathways.
Determining the phenotype of these EMPs could be of particular interest to clarify their role on the
endothelium in ischemic condition.
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Pathophysiology of respiration during acute organophosphate poisoning
revisited by genetic approaches in mice
Nervo A., Calas G., Reymond C., Audiffren J., Truong C., Nachon F., Krejci E.
Organophosphate poisonings (mainly pesticides) affect more than three million cases and over
250,000 deaths annually. Death by organophosphate is primary due to respiratory failure which is a
multi-factorial process: depression of the respiratory center in the brainstem, paralysis of respiratory
muscles, constriction of airways and increase secretion until pulmonary oedema. Organophosphate
compounds inhibit cholinesterases which are expressed in all tissues potentially involved in
respiratory failure. To evaluate the respective roles of these tissues during the intoxication, we
have intoxicated mice with deficit in AChE in different localizations. We have used PRiMA KO
mice with a major AChE deficit in brain including brain stem, ColQ KO mice with a major AChE
deficit at the neuromuscular junction, AChE1iRR mice with AChE deficit in the skeletal muscle.
We have recorded several parameters of respiration by double chamber plethysmography before
and during acute intoxications with organophosphate and different cholinesterase inhibitors. These
parameters are compared thanks to two types of statistical methods: an overviewed analysis and
a not overviewed one. Our results suggest that respiratory failure could be independent of AChE
inhibition in CNS and in muscle. During the past years, acetylcholine, the classical neurotransmitter
synthesized by cholinergic neurons in CNS and PNS, appears to be also synthesized by epithelial
cells, lymphocytes and presumably by other cells in airways where ACh can participate to different
signaling. The aim of this study is to establish, in the framework of an organophosphate poisoning,
the diversity of cholinergic pathway.
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Liver X receptors alpha and beta promote myelination and remyelination in the
cerebellum
Sampathkumar N.K., Meffre D. , Shackleford G., Hichor M., Gorgievski V., Tzavara E.T., Trousson A., Ghoumari A.M., Deboux C., Nait Oumesmar B., Liere P., Schumacher M., Baulieu E.E.,
Charbonnier F., Grenier J.Massaad C.
The identification of new pathways governing myelination provides innovative avenues for
remyelination. Liver X receptors (LXRs) α and β are nuclear receptors activated by oxysterols that
originated from the oxidation of cholesterol. They are crucial for cholesterol homeostasis, a major
lipid constituent of myelin sheaths that are formed by oligodendrocytes. However, the role of LXRs
in myelin generation and maintenance is poorly understood. Here, we show that LXRs are involved
in myelination and remyelination processes. LXRs and their ligands are present in oligodendrocytes.
We found that mice invalidated for LXRs exhibit altered motor coordination and spatial learning,
thinner myelin sheaths, and reduced myelin gene expression. Conversely, activation of LXRs by
either 25-hydroxycholesterol or synthetic TO901317 stimulates myelin gene expression at the
promoter, mRNA, and protein levels, directly implicating LXR α/β in the transcriptional control of
myelin gene expression. Interestingly, activation of LXRs also promotes oligodendroglial cell
maturation and remyelination after lysolecithin-induced demyelination of organotypic cerebellar
slice cultures. Together, our findings represent a conceptual advance in the transcriptional control of
myelin gene expression and strongly support a new role of LXRs as positive modulators in central
(re)myelination processes.
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Non-Cell Autonomous Regulation of Motor Neuron Physiology
Vargas S.
Homeoproteins (HPs) bind DNA and regulate gene transcription. In the nervous system HPs
are involved in brain compartmentalization, cell differentiation and migration, axon guidance,
synaptogenesis and neuronal survival. Many HP transcription factors transfer to neighboring cells to
regulate transcription and protein translation non-cell autonomously. The homeoprotein Engrailed 2
(En2) can act non cell-autonomously to promote the survival of adult dopaminergic cells in models of
Parkinson’s disease, and Otx2 stimulates adult retinal ganglion cell survival non-cell autonomously
in a model of glaucoma. In motor neuron diseases such as ALS, motor neurons (MNs) degenerate
from oxidative stress, glutamate excitotoxicity, mitochondrial dysfunction, axonal transport systems
and dysfunction of glial cells for example. This results in muscle weakness and death with rapid
progression. In the adult spinal cord En1 (but not En2) is expressed in glycinergic interneurons
that synapse on MNs in the ventral horn. By analogy with En2 in ventral midbrain and Otx2 in the
retina, we hypothesize that En1 could be important for MN survival. The neuronal protection activity
of En2 in the midbrain involves reducing DNA damage or DNA strand breaks (DSBs). We produced
recombinant murine En1 and tested whether it protected against DSBs produced by exposing
embryonic brain cells to H2O2. En1 treatment reduced the number of DNA brakes. Moreover, this
protection against excitotoxic DSBs was similar to En2 and other HPs that we tested in comparison.
More recent studies show that both mouse and human En1 promote survival of embryonic brain
cells challenged by H2O2 and that internalization is required for protecting cells from exitotoxic
death. Our results suggest that En1 may act in the spinal cord to maintain MNs. We will analyze the
effect of exogenous En1 in well-characterized models of ALS by local infusion as a way of rescuing
the phenotype.
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Insights into the mechanisms driving mitotic spindle assembly during
mammalian neurogenesis
Vargas-Hurtado D., Marthiens V., Pennetier C., Basto R.
Essential for cell division, the spindle apparatus has the crucial role of equally segregating the
chromosomes into the daughter cells. Centrosome, the main microtubule-organizing center (MTOC)
of animal cells, facilitates this task as it contributes to the formation of a bipolar spindle. The
accumulation of extra centrosomes in a cell (centrosome amplification) and other centrosome defects
are known to compromise these processes. In our group a mouse model was generated to study the
consequences of centrosome amplification in the mammalian brain, a tissue particularly susceptible
to such defects. Analysis of the neural progenitor (NP) population showed that the presence of extra
centrosomes, at the onset of neurogenesis, triggers multipolar divisions promoting chromosome
mis-segregation and apoptosis. This results in a drastic but proportionate reduction of brain size
at birth (microcephaly), phenotype reminiscent of a neurodevelopmental disorder; human primary
microcephaly (MCPH). We also found a marked difference in the efficiency of extra-centrosomes to
undergo multipolar divisions, as NPs at early neurogenic stages (E13.5) are more prone to divide
abnormally than the ones at later stages (E16.5). In order to elucidate the mechanisms behind
these differences, I have performed a systematic comparison of cortical explants at both neurogenic
stages in a wild type context. I found that the morphology of the mitotic spindle changes over
neurogenesis along with the level of expression and/or distribution of some key spindle-associated
factors involved in spindle assembly. Moreover, upon cell dissociation the spindle morphology of NPs
at E13.5 changes to an E16.5-like morphology indicating that, for this stage, spindle characteristics
are non-cell autonomous. These observations show unexpected modifications in the pathways used
by NPs to build a bipolar spindle over neurogenesis, which may influence their capacity to sustain
spindle bipolarity in adverse conditions.
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Imaging the Inhibitory Synaptic Subdomains
Xiaojuan Y., Specht C., Triller T.
The synapses are complicated machinery, with lots of scaffold proteins, receptors, enzymes well
organized. The postsynaptic density, which performs the important role to respond to activity changes,
is heterogeneous and contains microdomains where the density is much higher by recruiting more
scaffold proteins and other synaptic elements. Besides, neurexin/neuroligin complexes organize
the trans-synaptic communication by anchoring pre- and post-synaptic scaffold proteins. But the
relation between the trans-synaptic communication and the microdomains in the post-synaptic
density remains unclear. Thus we aim to examine the apposition of presynaptic scaffold proteins
(e.g. Bassoon), neurexin/neuroligin, and postsynaptic proteins (e.g. Gephyrin) in inhibitory synapses
of cultured neurons, and furthermore, to investigate their corresponding changes in response to
inhibitory or excitatory activity. To realize the precise study of synaptic compartments, we adopt
the single molecule localization microscopy (PALM/STORM) in our research. By activating only a
subset of the fluorophores bound to the proteins of interest, we can resolve single molecules on the
nanoscopic scale. And introducing astigmatism by a deformable mirror in the imaging path allows
us to obtain 3-dimensional images of the structure. Thus, 3-dimensional multicolor imaging of the
synapses will give us better understanding of their structures and mechanisms.
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The Overweight, the obesity and the glycemic control among diabetics of the
provincial reference center of diabetes (CRD), Kenitra, Morocco
Zeghari L., Aboussaleh Y., Sbaibi R.
Introduction: Diabetes disease is defined as a disorder of assimilation, use and storage of sugars
provided in the diet, its management is provided by monitoring the physical status (overweight and
obesity) and regular glucose control. Objective: this work is the study of overweight and obesity and
glycemic control of diabetics from the reference center of diabetes in Kenitra Morocco. Materials
and Methods: The study took place over a period of one year (2014 to 2015), over 2227 diabetics
with different type of diabetes (type 1, 2 and gestational) who consult in the reference center of
diabetes in the province of Kenitra (CRD). The evaluation of overweight and obesity was performed
by calculating the Body Mass Index (BMI = weight / height^2 (kg /m2)), which are respectively
defined as BMI > 25 kg / m2, and BMI > 30 kg / m2, weight and height were measured according
to the recommendations of the World Health Organization (WHO), glycemic control was carried out
by a blood test for glycosylated hemoglobin and fasting glucose. The standards are 7% for glycated
hemoglobin and 0.70g/L to 1.10g/L for fasting glucose. Results: The mean age of patients is between
8 months and 80 years, with a dominance of diabetics from urban areas (74%) compared to those
from the rural areas (26%). Overweight affects the whole of this population. The average BMI of
women tend toward obesity (BMI≈30): (29.21kg/m2 ± 3.1) for gestational diabetes and (29.15 kg/
m2 ± 3.2) for type 2 diabetes. The glycemic control values are higher than the standards: with 8.5%
± 2.6 > 7% and glycosylated hemoglobin 1.5g/L ± 1.3 > 1.10g/L in fasting glucose. The difference
between the values of glycosylated hemoglobin between males (8.5 ± 2.6 7%) and women (8.1 ±
2.3%) was not significant (P>0.05), same thing for capillary Fasting glucose: for men (1.44 g/L ±
1.1) and women (1.43g/L ± 1.2). The correlation coefficients are highly significant (P <0.005); firstly
between BMI and fasting blood glucose (r = 0.5) and secondly between BMI and the values of
glycosylated hemoglobin (r = 0.4).
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Assay development for DNA methylation analysis of regulatory regions of genes
GMNN and EZH2 and their application in evaluation of DLBCL subtypes
Acman M., Vukovic V.
Cancer research pointed to the importance of genes involved in replication and reestablishment of
chromatin in oncogenesis. Gene dysfunction in tumours is often associated with epigenetic changes.
The aim of this study was to analyze DNA methylation of regulatory regions of genes GMNN and
EZH2 in diffuse large B-cell lymphoma (DLBCL) subtypes. Methylation assays were developed for
the analysis of those regions at single CpG site resolution. Primers for PCR-amplification of bisulfite
treated DNA fragments were designed. PCR conditions were optimized for the amplification of three
and four fragments of regulatory region of GMNN and EZH2, respectively. Subsequently, optimal
conditions for pyrosequencing were determined. Finally, one assay per gene was created. Newly
developed assays were used in the analysis of diffuse large B-cell lymphoma subtypes. The results
showed some statistically significant difference between the subtypes which needs to be confirmed
on a larger group of patients. Since the analysis covered only a small part of the regulatory regions
of GMNN and EZH2, the study should be expanded to additional CpG sites.
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Identification of genes involved in the scnRNA pathway using mutagenesis as an
approach
Bhullar S., Arnaiz O., Denby Wilkes C., Pellerin G., Malinsky S., Sperling L., Nowacki M., Meyer
E.
Genome rearrangements during macronuclear development in Paramecium tetraurelia have been
pro-posed to be guided by meiosis-specific small RNAs, called scnRNAs, which are produced from
micronuclear transcripts by the Dicer-like proteins Dcl2 and Dcl3. ScnRNAs are likely bound by
the Piwi proteins Ptiwi01 and Ptiwi09 and are required to target the excision of a subset of MICspecific sequences in the developing MAC, including maternally controlled short, dispersed, singlecopy sequences, Internally Eliminated Sequences (IESs): silencing of both Dicer-like or both Piwi
genes during autogamy results in genome rearrangement defects and in cell death. To obtain viable
mutants in scnRNA-pathway genes, we designed a mutagenesis screen based on mating type
reversal, which relies on the hypersensitivity of the mtA promoter IES to the slightest perturbation
of the scnRNA path-way. Mating type O is normally determined during MAC development by the
excision of the promoter of the mtA gene as an IES. This excision event is impaired by the silencing
of a single gene from the Dcl2/Dcl3 or Ptiwi01/Ptiwi09 pairs, which results in mating type E viable
progeny, whereas other IESs are hardly affected. Furthermore, the promoter-retaining version of the
mtA gene is dominant over the promoter-excised version, since it allows expression of the gene,
while retention of intragenic IESs results in non-functional genes. Thus, screening populations of
mutagenized O cells for E-expressing progeny should allow us to recover non-lethal mutations that
only partially impair the scnRNA pathway, such as null alleles of genes with redundant ohnologs or
hypomorphic alleles of essential genes. This scheme allowed us to isolate 2 mutants: one is a null
allele of a developmentally regulated zinc finger protein with a WGD1 ohnolog, called mtG, and the
other is a missense mutation in Ptiwi09. I will discuss the effect of the mutation and possible roles of
mtG in genome-wide rearrangements.
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Dissecting the peptidoglycan trafficking machinery in human near-haploid cells
using CRISPR-mediated genome engineering
Brenner C., Boneca I.
The aim of the project is to unravel the peptidoglycan (PGN) signaling pathway and the host’s
recognition system in near-haploid human cells. Retroviral gene trap mutagenesis is applied to
knock down genes at random, and generate stable cell lines containing a GFP reporter. These cells
will then be stimulated with purified fluorescently labelled PGN. Cells not binding the PGN will be
sorted by FACS, be expanded and gene trap insertion sites will be amplified by inverse PCR. PCR
products will be subjected to next generation sequencing, and mapped to the human genome. The
mutant clones will then be used to identify the PGN-transport in and -scavenging pathways out of the
host’s cytosol. Finding of distinct scavenging and transport pathways are expected. The identified
host factors will be verified using CRISPR-mediated genome editing and silencing in relevant cells
lines such THP1 cells or different epithelial cell lines in collaboration with the team of Emmanuelle
Charpentier. If successful, the biological importance of selected targets will be investigated in
respective mouse models of infection.
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Epigenetic control of ribosome biogenesis homeostasis
Deraze J., Thomassin-Bourrel H., R’kiki I., Bloyer S., Peronnet F.
Ribosome biogenesis is an essential yet energy-demanding process. Proper coordination of its
hundreds of factors requires monitoring mechanisms to assess the rate and quality of ribosome
synthesis. Increasing evidence shows that ribosomal proteins possess regulatory functions outside
the ribosome, which have been linked in many occasions to the regulation of proliferative and
stress pathways in response to perturbation of ribosome biogenesis. Thus, they may act both as
sensors and regulators of ribosome homeostasis. We found that Drosophila Ribosomal Protein L12
(RpL12/uL11) may possess such function. Indeed, RpL12 can be trimethylated on lysine 3, and
this modification is recognized by the chromodomain of the epigenetic cofactor Corto (CortoCD).
RpL12 and Corto bind the same loci on polytene chromosomes and regulate the same genes, which
are mainly involved in ribosome biogenesis (Coléno-Costes, 2012). To determine the biological
meaning of this interaction, we have created an RpL12 variant whose lysine 3 is mutated to an
alanine (RpL12K3A), preventing its interaction with Corto. We found that RpL12K3A was associated
to actively translating ribosomes, showing that RpL12 methylation is not required for translation.
RpL12K3A expression rescues the cell lethality induced by RNAi-mediated depletion of RpL12 in
wing imaginal discs but not in adult wings, suggesting that it retains but a part of endogenous
RpL12 functions. To test whether RpL12 methylation underlies a role in regulation of transcription,
we overexpressed RpL12, RpL12K3A or CortoCD in wing imaginal discs and sequenced their
transcriptome. We found that ribosome biogenesis genes were repressed by RpL12 and CortoCD,
yet insensitive to RpL12K3A overexpression, showing that they are specifically targeted by
methylated RpL12. These data suggest a role for RpL12 methylation in transcriptional regulation of
ribosome biogenesis, possibly involving the epigenetic complexes associated with Corto.
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Mapping Topoisomerase IV binding and activity sites on the E. coli genome
El Sayyed H., Le Chat L., Lebailly E., Vickridge E., Pages C., Cornet F., Cosentino Lagomarsino
M., Espéli O.
Catenation links between sister chromatids are formed progressively during DNA replication and are
involved in the establishment of sister chromatid cohesion. Topo IV is a bacterial type II topoisomerase
involved in the removal of catenation links both behind replication forks and after replication during
the final separation of sister chromosomes. We have investigated the global DNA-binding and
catalytic activity of Topo IV in E. coli using genomic and molecular biology approaches. ChIP-seq
revealed that Topo IV interaction with the E. coli chromosome is controlled by DNA replication.
During replication, Topo IV has access to most of the genome but only selects a few hundred specific
sites for its activity. Local chromatin and gene expression context influence site selection. Moreover,
strong DNA-binding and catalytic activities are found at the chromosome dimer resolution site, dif,
located opposite the origin of replication. We reveal a physical and functional interaction between
Topo IV and the XerCD recombinases acting at the dif site. This interaction is modulated by MatP,
a protein involved in the organization of the Ter macrodomain. These results show that Topo IV,
XerCD/dif and MatP are part of a network dedicated to the final step of chromosome management
during the cell cycle.
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New technologies for following centrosome and histone fates
Evano B., Tajbakhsh S.
During regeneration of adult muscles, satellite cells undergo a proliferative expansion where
symmetric and asymmetric divisions occur. Tg:Pax7-nGFP mice are used to isolate Pax7-nGFPHigh
cells that performs asymmetric cell divisions at 5 days post muscle injury. Two types of asymmetry
were observed: 1) non-random DNA segregation (NRDS) where old and new DNA strands segregate
to different daughter cells, and this can be followed by pulse-chase labelling of respective DNA
strands using nucleotide analogues; 2) asymmetric distribution of transcription factors Pax7 (stem)
and Myogenin (differentiation). We are investigating how non-random DNA segregation is regulated.
In addition, we are studying if other cellular determinants are asymmetrically distributed in the Pax7nGFPHigh subpopulation. Epigenetic features and centrosomes might be at a crossroads of this
process. SNAP-tag (20 kDa) reacts specifically and rapidly with benzylguanine (BG) derivatives,
leading to a covalent labeling with a synthetic probe. SNAP substrates come in different flavors
(cold, fluorescent, biotin) and many are cell-permeable and non-toxic, thus allowing multiple uses
such as live imaging, pulse-chase, pull-down, and FRET. We established reporter mouse lines
based on the SNAP-tag technology to investigate the distribution patterns of old vs. new histone
variants as well as mother/daughter centrosome inheritance in Pax7-nGFPHigh cells. These novel
technologies will be presented in the context of assessing muscle stem cell fates.
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ICF1-specific DNMT3B mutations interfere with the pre-mRNA processing
affecting the intragenic epigenetic signature
Gagliardi M., Gatto S., Franzese M., Leppert S., Papa M., Cammisa M., Grillo G., Velasco G.,
Francastel C., D’Esposito M., Angelini C., Matarazzo M.R.
Understanding the role of intragenic DNA methylation and its functional crosstalk with histone
methylation in fine-tuning gene expression in higher organisms is, to date, one of the major challenge
in epigenetic field. Although the function of these epigenetic signals in regulating the promoter
accessibility is rather clear, their role within the exon/intron regions is still unknown. Recently, it
was proposed the intriguing possibility that the intragenic DNA methylation would play a role in
processing the transcripts during transcription modulating the elongation or splicing. Indeed, a
kinetic model in which the epigenetic modifications affect the rate of transcriptional elongation, and/
or a recruitment model, in which adaptor proteins bind to epigenetic modifications recruiting splicing
factors have been proposed to explain the mechanism. Even more interesting is the finding that the
intragenic methylation of highly transcribed genes is exclusively dependent on the DNMT3B function.
Nevertheless, whether a DNMT3B-dependent epigenetic regulatory network modulates exon usage
and transcription of alternative isoforms remains to be determined. Through a large-scale integrative
study we show that human DNMT3B germline mutations perturb its intragenic methyltransferase
activity, affecting the relative abundance of transcript isoforms in the context of Immunodeficiency,
Centromeric instability, Facial anomalies syndrome type-1 (ICF1). This correlates with changes of
H3K4me3 and H3K27me3 at isoform-specific transcription start sites. Notably, the newly identified
DNMT3B target genes might significantly contribute to ICF1 phenotype.
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Human Leukocyte Antigen-G: a promising prognostic marker of disease
progression to improve the control of human African trypanosomiasis
Gineau L., Courtin D., Camara M., Ilboudo H., Jamonneau V., Dias Fabricio C., Tokplonou L.,
Milet J., Mendonça P., Castelli E., Camara O., Camara M., Favier B., Rouas-Freiss N., Moreau
P., Donadi E., Bucheton B., Sabbagh A., Garcia A.
Background. Human African Trypanosomiasis (HAT) caused by Trypanosoma brucei gambiense
(Tbg) can be diagnosed in early haemolymphatic stage (S1) or meningoencephalitic stage (S2).
It is noteworthy that individuals presenting antibody against Tbg antigens and remaining negative
in parasitology (SERO TL+) are suspected to control infection. When followed-up, some of them
remain SERO TL+ but others develop the disease (SERO TL+/HAT). Human Leucocyte Antigen
(HLA)-G, an immunosuppressive molecule could play a critical role in this variability of evolution
between infection and disease. Methods. Soluble HLA-G (sHLA-G) was measured in plasma for
SERO TL+ (n=65), SERO TL+/HAT (n=14) and HAT (n=268) and in cerebrospinal fluid (CSF) for
S1 (n=55), early S2 (S2E) (n=93) and late S2 (S2L) (n=110). Associations between these different
status and soluble level or genetic polymorphisms of HLA-G were explored. Results. Plasmatic
sHLA-G levels were significantly higher in HAT patients (p=6 10-7) and SERO TL+/HAT (p=0.007)
as compared to SERO TL+ individuals. No difference was observed between the SERO TL+/HAT
and HAT groups. High level of sHLA-G in CSF was significantly associated with S2L compared to
S2E group (p=0.035). No genetic association was found with HLA-G polymorphisms between SERO
TL+ and HAT patients. However, within the HAT group specific haplotypes (HG010102 and HG0103)
displayed increased frequencies in S1 (p=0.013) and S2L (p=0.036) respectively. Conclusions.
These results strongly suggest the involvement of HLA-G in HAT disease progression. Importantly,
high sHLA-G levels in the plasma of SERO TL+ were prognostic of subsequent disease development
and could thus represent an important serological marker to help taking the appropriate therapeutic
decision concerning these individuals.
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Hypomethylation of LINE1 in ovarian cancer plasma
Heidary M., Houy A., Pierga J-Y., Stern M-H, Proudhon C.
Ovarian cancer is the main cause of gynecologic cancer death. Complexity of ovarian cancer is
not only due to genetic alterations. Epigenetic changes such as hyper- or hypo-methylation of
specific promoter-associated CpG islands (CGIs) at tumor suppressor or oncogenes respectively,
are involved in ovarian cancer initiation and progression. Moreover, genome-wide hypomethylation
has been reported to be a hallmark of cancer. Hypomethylation of repeat DNA sequences, which
encompass half of the genome, can contribute greatly to this phenomenon. Long interspersed
nucleotide elements 1 (LINE1), which account for 17% of the human genome, are normally heavily
methylated. Several studies have described hypomethylation of LINE1 elements in the majority
of ovarian cancer patients and has been linked to genome instability. Moreover, hypomethylation
of LINE1 has been correlated to high grades, advanced stages and poor prognosis in ovarian
cancer patients. As DNA methylation is reflected within circulating DNA, detection of tumor-specific
DNA methylation in plasma is a promising cancer biomarker. Although there are many reports of
methylation alterations in ovarian cancer, only few studies have studied it in the context of tumorspecific circulating DNA (ctDNA). There is also no report for hypomethylation of LINE1 in ovarian
cancer plasma. In our study, we aim to investigate the methylation status of LINE1 in ctDNA from
benign and malignant human ovarian tumors. In order to validate our study, we will first analyze
methylation status of LINE1 in several ovarian cancer cell lines using targeted bisulfite sequencing.
We will then examine the methylation levels of LINE1 in matched tumor and plasma samples from
patients with ovarian cancer. In conclusion, analysis of ctDNA methylomes may be informative to
develop clinically valuable biomarkers for early detection, prognosis and risk assessment of cancer.
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Genetic analysis of complex traits in an isolated population
Herzig A., Nutile T., Babron M-C., Ciullo M., Bellenguez C., Leutenegger A-L.
Discoveries of genetic variants associated with complex traits have largely been made through
genome-wide association studies. However a part of the heritability for many complex diseases
remains unknown. The study of rare variants could help to better characterize the genetic etiology
of complex traits. Studying rare variants is problematic as few individuals harbor such variants.
Population isolates offer advantages for the search for genetic associations from rare variants. The
frequency of some variants may differ compared to the original population due to an initial founding
even and there are benefits from reduced genetic and environmental heterogeneity. By studying
genetic data from the Cilento isolate, we will search for genetic variants involved in the traits relating
to cardiovascular diseases. The Cilento hill villages have all features of a population isolate following
a bottleneck due to the plague in the 17th century. Cost-efficient next-generation approaches have
been proposed in such populations where a subset of individuals is sequenced and then data are
imputed into the rest of the sample. The study sample is of 2137 individuals with deep phenotyping
with 1625 individuals having dense marker genotypes and exome sequences for a subset of
250. A first challenge is to perform phasing and genetic imputation. We have performed a large
simulation on the pedigree structure of one village (Campora) to ascertain an optimal strategy in
such a population. The inbreeding and relatedness present in this population isolate pose additional
challenges; as all individuals will be related, simple linear models are not appropriate. We require
the use of linear mixed models to perform association analysis, with the dependence between
individuals specified by a pairwise relatedness (kinship) matrix. Existing methods for estimating
the relatedness do not account for specific characteristics of sequence data. We propose to adapt
current methodologies for sequence data.
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DNMT3C : a new de novo methyltransferase
Humblot C., Barau J., Bourc’his D.
DNA methylation is an important, widespread epigenetic modifier of the mammalian genome. DNA
methylation is either maintained or applied de novo by specific enzymes: the DNA methyltransferases
(DNMTs). DNMT3s are the main known actors of de novo methylation, which mostly takes place
in the germline and early embryos. During primordial germ cell (PGC) development, the genome
reaches its lowest methylated state under physiological conditions and gets subsequently
remethylated during spermatogenesis and oogenesis. During spermatogenesis, DNA methylation is
essential to repress the activity of transposable elements (TEs). Interestingly, a lack of methylation
of TEs has been shown to lead to meiotic catastrophe, germ cell death and ultimately to complete
male infertility, in the context of a very severe testis size reduction. A new gene, DNMT3C, has
recently been found in our lab in a forward genetic screen for small testis, conducted in the mouse
model. In this project, we explore the link between DNMT3C and TE repression during development
and meiosis. This will allow us to understand how DNMT3C functions and therefore reveal a new
actor in the protection of genome integrity and fertility in mammals.
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From egg to adult: piRNA-mediated silencing throughout germline development
in Drosophila
Marie P., Ronsseray S., Boivin A.
In metazoan germ cells, transposable element activity is repressed by small noncoding PIWIassociated RNAs (piRNAs). Numerous investigations in Drosophila have enlightened the mechanism
of this repression in the adult germline. However, very little is known about piRNA-mediated
repression during germline development. Nevertheless, to maintain the integrity of the genome,
repression should occur throughout lifespan of germ cells. Here, we show that piRNA-mediated
repression is active in the female germline from late embryonic to pupal primordial germ cells, and
that genes related to the adult piRNA pathway are required for repression during development.
Rhino-dependent piRNAs exhibiting the molecular signature of the piRNA pathway “ping-pong”
amplification step are detected in larval gonads. Furthermore, as in adult ovaries, we can observe an
incomplete, bimodal and stochastic repression resembling variegation at all developmental stages.
We strongly suggest, using clonal analyses, that this variegation reflects a cellular memory of an
early repression decision taken in embryonic germ cells. This study shows that piRNAs and their
associated proteins are the epigenetic components of a continuous repression system throughout
germ cell development.
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Mutations in the mitochondrial intermediate peptidase (MIPEP) cause
psychomotor retardation, cerebellar syndrome and axonal neuropathy
Pulman J., Bole-Feysot C., Nitschké P., Munnich A., Rötig A., Metodiev M.D.
Mitochondrial diseases represent a large group of rare and heterogeneous genetic disorders that are
associated with different disease mechanisms. Here, we report a novel mechanism of mitochondrial
disease: abnormal processing of precursor proteins by the mitochondrial intermediate peptidase
(MIPEP). Most nucleus-encoded mitochondrial proteins are synthesized in the cytosol as precursor
proteins carrying an N-terminal targeting signal that is cleaved upon import into mitochondria by
the matrix processing peptidase (MPP) and in some cases by other processing peptidases, like
MIPEP. Those cleavages ensure protein stability and functionality, essential for the proper function
of the mitochondria. Human MIPEP is poorly characterized unlike its yeast orthologue Oct1, whose
substrates have been identified using proteomic approaches, revealing that Oct1 regulates different
mitochondrial functions. Using exome sequencing, we identified mutations in the MIPEP gene in a
patient presenting psychomotor retardation, cerebellar syndrome and axonal neuropathy. Western
immunoblotting against MIPEP showed that the protein is strongly decreased in subject’s fibroblasts.
Blue-native PAGE analysis of respiratory chain (RC) assembly demonstrated specific complex IV
and V deficiency in subject’s fibroblasts in agreement with the multiple RC deficiency detected in
muscle biopsy from the subject. Moreover, western immunoblotting against MRPL12, a known
MIPEP substrate, showed an accumulation of its long isoform in subject’s fibroblasts consistent
with an impaired precursor processing. Using a CRISPR/Cas9-mediated MIPEP knockout we will
characterize the complete set of MIPEP substrates by mass spectrometry, which will enable us
to gain an insight into the molecular pathomechanisms of dysfunctional precursor processing in
mitochondria.
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Deciphering molecular bases and physiopathology of Juvenile Idiopathic
Arthritis through exome sequencing and functional analysis
Tran Mau-Them F., Sanchez E., Grandemange S., Isidor B., Tran T.A.,Pillet P., Louis-Plence
P., Cren M., Bessis D., Coubes C., Frouin E., Seygers M., Girard M., Guignard T., Rivière J.B.,
Tiriau S.,Poignant S., Journot B., Coudert A., Costes V., Rodiere M., Carbasse A., Jeziorski E.,
Portales P., Mondain M., Jorgensen C., Apparailly F., Hoppenreijs E.,Touitou I., Genevieve D.
Juvenile idiopathic arthritis (JIA) is the main cause of inflammatory rheumatisms in childhood.
Prevalence is estimated around 1/5000 child. JIA is a highly clinically heterogeneous condition
and is subdivided in seven subgroups based on the number of the articulations involved, extraarticular features and the positiveness or normality of the rheumatoid factor. JIA is considered as
a multifactorial disease namely the genesis of the disease is due to a combination of genetics
and environmental factors. Until recently, Genome Wide Association Study as well as candidate
genes studies failed to explain the genetic bases of JIA. New genetic tools (i.e. next generation
sequencing) allowed to unravel a part of the genes involved in JIA namely LACC1, COPA and
STAT3, and confirmed that some JIA could be Mendelian diseases (monogenic disorders). In an
attempt to identify novel genes involved in JIA, we performed 126 whole-exome sequencing (42
trios), spread in the 7 subgroups. We performed fluorescence-activating cell sorting analysis in
the more promising cases. No patient presented with mutation in LACC1, COPA or STAT3. Among
thousands of variations, we have selected 61 candidate genes (mean of 1-2 genes per family)
involved in different pathways. We focus on three genes. Two genes recently described in knownrelated disorder namely SLC29A3 and CECR1. We also describe NLRP1, responsible for a novel
form of JIA/autoinflammatory disorder. Despite the molecular heterogeneity, the 3 reported patients
had mature B lymphocyte impairment. Altogether, these results confirm that some JIA are Mendelian
diseases. Better knowledge of the physiopathology should lead to identify new therapeutic targets
and improve specific treatment. For example, in the patient with the CECR1 mutation, introduction
of anti-TNF treatment had markedly decreased the symptoms.
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Design of the method for detecting of nanoparticles in the multicellular
organisms
Akhatova F.S., Fakhrullina G.I., Fakhrullin R.F.
Every year new nanomaterials are synthesized and used and their detection in living organisms is very
complex. Visualization of particles using a conventional light microscope virtually impossible, while
electron microscopy of biological samples require the multi-step sample preparation and expensive
reagents. At this point, method of hyperspectral analysis is a promising one for the detection and
visualization of nanoparticles. We used different living organisms: bacteria, algae, yeast, and
soil nematode as the carriers of nanoparticles. And for this study we chosen widely used silver
nanoparticles, gold, magnetite particles and nanoparticles with clay nature. In this study 8 different
nanoparticles with differ in nature, origin, structure, shape, dimensions. Examining the quantitative
and qualitative characteristics of the particles, we found that the most important parameters were
diameter and surface charge of nanoparticles. Since these indicators directly affect the penetration
of nanoparticles into a living organism. For the controlled delivery of nanoscale particles into or
onto of living objects we have modified nanoparticles with corresponding polyelectrolytes, which
change the zetta-potential of particles. The cell wall of the microorganism has a different chemical
composition, and has a certain surface charge. This property allows them to be layered the
surface by oppositely charged polymers with doping nanoparticles into them or directly applied
polymer-stabilized nanoparticles. For delivery of nanoparticles to multicellular organism, such as,
C.elegans, they must be attached to the surface of cells of microorganisms, the food for worms.
Such microorganisms as carriers for nanoparticles which allow them penetrate within the nematode
body. Using the method of dark field microscopy we have demonstrated the dense immobilization of
nanoparticles on the surface of bacteria, algae and yeast. Spectral photography of nanoparticles or
living objects also obtained. This opens perspectives of the development of a method for detecting of
nanoparticles in living objects. The advantage of this technique of cells covering with nanomaterials
is the preservation of the nano-modified cells viability. This work was supported by RSF N°14-1400924.
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The dynamics of evolutionary genetics: mathematical models in search of
empirical data?
Bertoldi N.
Mathematical models have played a major explanatory role in the framework of the “Modern
Evolutionary Synthesis, especially in the field of population genetics. R. A. Fisher, for instance, drew
inspiration from statistical mechanics and accountancy models in order to establish a formal link
between the rate of increase of a population’s average fitness and its “genetic variance in fitness”.
His aim was to capture the dynamics of evolutionary change in a “Fundamental Theorem of Natural
Selection” (FTNS), which could in principle be translated into a single differential equation. In the
same years, Sewall Wright proposed another approach to the study of the evolutionary genetics
of populations by suggesting a metaphorical, geometric model that aimed at representing the
relationship between all possible “harmonious combinations” of genes (genotypes) and mean fitness
values, for a given population, through a “fitness landscape” (FL). Such approaches have been
seminal in promoting the advancement of both population genetics and mathematical theorizing in
evolutionary biology. However, even though they both rely on the assumption that natural selection
is a force driving populations to a sort of optimum, they also differ in important respects. FTNS
focuses on the progressive modification of a population’s genetic structure through additive genetic
effects, whereas FL models deal with interdemic group selection and allow quantification of nonadditive effects. Although they both faced criticism for different reasons, FTNS and FL models have
proven more and more useful for contemporary research in the causes of evolution. This talk aims
at comparing the two approaches, in light of their more recent applications, while focusing on two
major problems: the existence of evolutionary fitness optima and the adequacy of both theoretical
frameworks for interpreting the growing amount of empirical data made available by more and more
effective gene sequencing technologies.”

214

YOUNG RESEARCHERS IN LIFE SCIENCES
At Institut Pasteur, MAY 18-20, 2016

ECOLOGY & EVOLUTION
POSTER

Irena CHACON

Session No.: 3
Poster No.: 17

irena.chacon@pasteur.fr
Institut Pasteur
Viruses and RNA interference
25-28 Rue du Docteur Roux
75015 Paris
France

Exploring the impact of innate immune pathway on viral diversity and evolution
Chacon I., Mongelli V., Dorey V., Petit M., Blanc H., Frangel L., Saleh M.C.
Host-pathogen relationships are based in the interaction between host defense and pathogen
counter-defense mechanisms, this process triggers selective pressures on both interaction partners.
It is widely believed that pathogens are a major selection pressure in all natural host populations. It
was shown that host immunity related genes evolve faster than genes devoted to other functions,
which indicates that adaptive evolution is occurring on host genes in response to pathogen. On their
side, RNA viruses accumulate mutations at very high rates, property that derives in very diverse viral
populations containing several genomes that diverge from the parental consensus sequence. Such
diversity is critical for efficient transmission and full pathogenicity of the virus. It is thus likely that
innate immunity, through an array of antiviral responses, shapes the diversity of viral populations.
Our goal is to conduct a comprehensive study, under laboratory-controlled conditions, of the link
between insect innate immunity and viral evolution using D. melanogaster as model insect and its
natural pathogen Drosophila C virus (DCV). In order to do so, we generated Toll, Imd, and RNAi
immunity deficient mutant flies and serial passaged DCV through those fly mutants. Viral population
diversity will be assessed by deep sequencing after serial passages in the different innate immunity
deficient flies.
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Disentangling the co-option of molecular functions: the T4P/T2SS/Tad/Com/
Archaellum conundrum
Denise R., Abby S., Rocha E. PC
Protein secretion systems are spread in many bacterial and archaeal species and are important for
bacterial virulence. Many of these systems were co-opted in complex evolutionary processes from
other molecular structures. Biochemical, phylogenic and structural evidence show that the family of
molecular machineries including T2SS (involved in protein secretion), type IV pilus (T4P, involved in
cell motility, adherence and virulence), Tad pilus (idem), the competence apparatus (Com, involved
in natural transformation) and the archaeal flagellum (Archaellum, motility) share homologous genes
and have a similar genetic organization. Our goal is to know if we can distinguish all these different
machineries based on their components and genetic organization. If so, what was the order of
innovation of the different functions, i.e. which machineries were co-opted from which. Finally, to
understand the specificity of the different machineries we would like to characterize the additional
components of the system that were added in the process. We have identified the key components
of these systems on a dataset of more than 2500 complete bacterial genomes using appropriate
models with a computational tool developed in the lab that uses protein profile searches and genetic
organization to look for specific molecular machineries. For each key component, we established a
phylogeny using maximum likelihood. We put together data on the different phylogenies to produce
an evolutionary model of the evolution of the systems. The systems analyzed are probably the most
complex network of molecular co-options analyzed to date and should provide an excellent basis to
(i) infer the frequency of horizontal transfer of each type of derived molecular system, (ii) distinguish
it from events of parallel co-option, and (iii) study the evolution of genetic organization of the loci
encoding these systems.
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Predation impact of cats on continental biodiversity
Bradshaw C., Ducros D., Bonnaud E., Doherty T., Castañeda I., Dickman C., Courchamp F.
Predation by domestic cat (Felis catus) has been a major driver of island species extinctions, and is
still suspected to threaten mainland species today. However, its continental impact remains unclear
as only predation rates were estimated, with no quantification of corresponding effects on prey
populations. Here, we assessed the role of cat predation on prey species dynamics and biodiversity
loss on continents. We built the largest cat predation database ever-constructed, comprising all
mainland cat preys. We focused our analysis on Australia, Europe and the United States (USA).
We show that most prey species are not considered threatened by the IUCN (>94.5% of least
concern species) and a majority of prey populations is currently not declining. Prey population sizes
are generally high, and thus safeguarded from stochastic events or genetic erosion. These major
results have nonetheless to be moderated for Australia. This country has a higher proportion (22%)
of threatened mammals, and 86% of all the preys listed as threatened are from Australia. Therefore,
cat predation impact may be low for Europe and the USA, but could constitute a substantial threat
in Australia. This difference may be explained either by: 1) the relative time of coexistence between
F. catus and its preys between the three continents and the absence of native felids prior to cat
establishment in Australia, leading to a difference in co-evolution between cats and their preys
and less effective anti-predator behaviors for Australian species; 2) an actual elimination of all cat
predation sensitive preys already completed in Europe and the USA, but still in process in Australia.
Demographic modelling is currently being carried out in order to study the quantitative effect of cat
predation on preys’ future population trends and assess the decline or extinction risks for the most
endangered species of our database.

217

YOUNG RESEARCHERS IN LIFE SCIENCES
At Institut Pasteur, MAY 18-20, 2016

ECOLOGY & EVOLUTION
POSTER

Thierry HALTER

Session No.: 3
Poster No.: 20

halter@biologie.ens.fr
Institut de Biologie de l’Ecole Normale Supérieure (IBENS)
Ecology and Evolutionary Biology
45 rue d’Ulm
75005 Paris
France

Impact of active DNA demethylation on the transcriptional control of plant
immune-response genes
Halter T., Wang J., Lastrucci E., Amesefe D., Birkenbihl R., Somssich I., Navarro L.
DNA methylation is an epigenetic mark that silences transposable elements and repeats. In
Arabidopsis, CG and CHG methylation marks are maintained by MET1 and CMT3 respectively, while
CHH methylation is maintained by the RNA-directed DNA methylation (RdDM) pathway. Furthermore,
the demethylase REPRESSOR OF SILENCING1 (ROS1) actively erases cytosine methylation
in all sequence contexts. MET1 and RdDM components negatively regulate resistance against a
virulent strain of Pseudomonas syringae, and accordingly, siRNAs and DNA methylation directly
control several immune-response genes. By contrast, ROS1 positively regulates plant defense
against this bacterium by demethylating promoters of some defense genes, thereby facilitating their
transcriptional activation. However, the extent to which ROS1 controls the transcriptional status of
defense genes at the whole genome level remains ill defined. Here, we have conducted wholegenome mRNA-, small RNA- and bisulfite-sequencing analyses in ros1 mutant and have retrieved
the whole set of immune-response genes that are controlled by ROS1. Their regulation by ROS1
during elicitation and their functional relevance in antibacterial resistance will be presented. I will
additionally discuss the possible contribution of this regulatory mechanism to the adaptive plasticity
of plants.
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Stress as a bio-indicator of habitat degradation? An experimental study on
Lacerta vivipara
Josserand R., Le Galliard J.F., Meylan S.
Global warming is one of the changes induced by the anthropisation during the late twentieth century
(Wanner, 2008) modifying abiotic and biotic conditions of habitats. Fragmentation and destruction of
habitat, polluant rejection, urbanization, agriculture or tourism are other perturbations of environment.
All together, these global changes increased the exposition of organisms to perturbation. During a
perturbation, the hypothalamo-adrenal axis is stimulated resulting in the secretion of glucocorticoids
and cathecholamine. Glucocorticoids are known to generate a large physiological and behavioral
response range that allows an individual to avoid potential deleterious effects of a perturbation
and which are depending of duration and intensity. The allostatic model (McEwen & Wingfield,
2003) provides a good theoretical support to assess the response to a perturbation. Based on this
theoretical framework, we tested the effect of habitat degradation on semi natural population of
common lizard, Lacerta vivipara, on both physiological traits and fitness, using three environmental
treatments between spring 2014 and spring 2015. Our results show that habitat degradation led
to change in life history traits like survival rate and living newborns, but also on physiological traits
as corticosterone concentration. These traits are not affected in the same ways according to age
and sex, but they both tend to show deleterious effects. Our results are in line with the Cort-fitness
Hypothesis (Bonier et al., 2009) and the allostatic model even if the use of corticosterone alone is
not sufficient to indicate population health.
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Assessment of graphene oxide influence on Aeolosoma hemprichi
Nebaykina M.L. , Fakhrullin Rawil F.
In recent years it has become important research of new materials such as fullerenes, carbon
nanotubes and graphene. It has a unique electromagnetic, thermal, and optical absorption properties.
The more interesting is graphene because of its practicality. Graphene is a nanomaterial consisting
of carbon atoms and its thickness is just 1 atom. Graphene oxide using is promising in different
areas of biomedicine. The unique properties of graphene provide the ability to detect cancers in the
early stages of indicators. Another important area of graphene oxide using is a system for targeted
delivery of diagnostics and medicines. The aim of this work is the study of the effect of graphene
oxide on worms Aeolosoma hemprichi. Experiments were performed in 96-well plates. Worms are
previously washed in distilled water at 3 times. Then, each sample was placed to 1 probe, to which
was added graphene oxide concentrations studied. The solution was stirred until homogeneous using
a dispenser. Surveillance of worms behavior and viability was carried out, as well as the time of their
death was being recorded. The particle size of the graphene oxide was 2175± 185.6 nm; charge
-42,1 ± 1,45 mV. The measurements were executed with Malvern Zetasizer Nano ZS. Graphene
oxide concentration: 0.1; 0.01; 0.001; 0.0001 mg / ml were investigated. At these concentrations
100% of worms survival was observed. Then graphene concentration was increased to the following
values: 0.1; 0.2; 0.3; 0.4; 0.5 mg/ml. When applying higher concentrations of graphene (0.3 mg/ml)
the worms died within the first 5 minutes of the experiment. Also, our studies have been continued
at concentrations of 0.01; 0.03; 0.05; 0.07; 0.09 mg/ml. The results showed that at a concentration
of 0.05 mg/ml surviving of worms maximum of 9 hours, while a third of worms died during the first 30
minutes. The work was supported by the RSF, N°14-14-00924.
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Investigating the phylogeny of brain morphology using geodesic distance: A
perspective based on the dual origin concept.
Osoianu A., Oligschläger S., Huntenburg J.M., Margulies D.S.
The dual origin concept of cortical evolution postulates that the neocortex can be divided in two
parallel and spatially organized trends of cellular development and differentiation originating in
archi- (hippocampus) and paleocortex (piriform) and developing in opposite directions around the
hemisphere (Abbie, 1940, Dart 1934, Pandya & Yeterian 1985, Sanides 1970). Changes in the
cellular organization are also accompanied with changes in large-scale morphology: secondary and
tertiary sulci vary markedly in their configuration, location and relationship to architectonic areas
compared to primary sulci (Sanides 1970). Based on this concept, we examine the relationship of
the geodesic distance from the two origins with brain morphology in human and macaque monkey.
We use morphological variability as a proxy for cortical expansion and characterize its relationship
with the distance along the two trends. Geodesic distance from regions homologues of paleo- and
archicortex in the human (Van Essen et al. 2012b) and macaque monkey (Van Essen et al. 2012a)
cortical surfaces was calculated to every other surface node using the exact geodesic algorithm for
triangular meshes (Mitchell et al. 1984). The morphological variability map of the human cortical
surface was created by calculating the standard deviation of of the sulcal depth and correlated
with the geodesic distance values (Van Essen et al. 2012b). The geodesic distance from archiand paleocortex along the human and macaque cortices both converge near the deepest sulcal
landmarks of the lateral wall. Despite the differences in size and shape of their brains, the dividing
line equidistant from origins follows similar rostro-caudal pattern. Sulcal variability is found to be
correlated with geodesic distance from the origins (r = 0.76). Hence, the overlap in the frontal,
parietal and temporal lobes of the two trends is consistent with high morphological variability of
these regions in the human brain.
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Planktothrix lifestyle paradigm and link to their toxin potential
Pancrace C., Gugger M., Humbert J-F.
Cyanobacteria are photosynthetic prokaryotes proliferating in many ecosystems worldwide. This
phylum is also known to produce a wide range of bioactive natural products, notably cyanotoxins
linked to animal deaths and human health hazards through drinking and recreational waters.
Cyanobacterial natural products are complex peptides, polyketides and hybrids metabolites such as
the well-studied hepatotoxin microcystin. Current strategies for cyanotoxin-related risk assessment
are based on detection of the known producers or of the already characterized toxic compounds.
This strategy does not take into account the larger cyanobacterial potential recently uncovered with
genomic and metagenomic as well as metabolomic analyses. Furthermore, emerging toxins are not
monitored or regulated. We studied Planktothrix genetic potential dedicated to the biosynthesis of
natural products. Diversity and distribution was established by in silico genomic analysis of newly
sequenced isolated strains of diverse origin. Natural products were also characterized by mass
spectrometry analyses to detect variants of the known peptides and novel natural products of this
cyanobacterial genus. This multidisciplinary analytical approach could be broaden and extended
with molecular biology tools for early detection of toxic potential of HABs in environmental samples.
Most of the time even in the case of known compounds such as the toxin microcystin, the cellular
and ecological function of the metabolite remains unknown. The understanding of regulation of
natural product synthesis, as well as the cyanoHABs internal population regulation is only at its first
steps. The use of genome mining strategies on NGS environmental and experimental data will lead
to a more systematic survey of potential hazards. Although challenging, closing this knowledge gap
between producers and their genetic potential, regulation and metabolites detection will give rise to
a better risk assessment in freshwater ecosystems.
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A fresh look on Leptospira spp.: insight on the diversity of leptophages
Schiettekatte O., Lucas-Staat S., Picardeau M., Bourhy P.
The genus Leptospira belongs to the phylum of spirochetes, and includes 22 pathogenic and
saprophytic species. Genomic variability and diversity of Leptospira may influence their ability
to adapt to different environment and animal reservoirs. Bacteriophages have been shown to be
important for bacterial adaptation. However only three leptophages have been discovered and
characterized since 1990, and all of them are specific to Leptospira saprophytic strains. More recently,
extrachromosomal replicons (plasmids and putative prophages) were also identified in pathogenic
Leptospira species. In this study, we cultivated different Leptospira strains in presence of mitomycin
C. Putative inducible prophages were precipitated with polyethylene glycol and purified with cesium
chloride density gradient ultracentrifugation. Samples were then observed by transmission electron
microscopy. We described a new inducible Caudovirus in a pathogenic Leptospira strain, but
surprisingly we also observed other phages with unexpected shapes (rhabdovirus-like and others) in
most of the Leptospira strains studied. To characterise these new viruses we will use metagenomic
Next Generation Sequencing technologies (RNA and DNA) to identify the viriome in Leptospira
spp. Our preliminary analysis shows that leptophages seem to be more abundant and diverse than
previously expected. We will continue the inventory of phages and prophages within Leptospira spp.
and evaluate their role in Leptospira ecology, evolution and diversity.
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The role of Galectin-7 in collective cell migration and intercellular adhesion
Advedissian T., Pichard E., Nkosi R., Poirier F., Viguier M., Deshayes F.
After epidermal wound, re-epithelialization is achieved through collective cell migration of basal
keratinocytes. In this process, intercellular adhesion, and in particular adherent junctions, allows
the cells to support tension forces and to have a coordinated movement and thus, an efficient
collective migration. In our lab, we identified galectin-7 as a new partner of some components of
adherent junctions, which might influence collective migration. Hence, our aim is to characterize
the role of galectin-7 in the establishment and/or the maintenance of adherent junctions and the
consequences of galectin-7 loss on collective cell migration behaviour. Galectins are a family of
animal lectins characterized by a conserved carbohydrate recognition domain and a high affinity
for beta-galactosides. These proteins are involved in multiple biological processes such as cellular
trafficking and membrane domain organization. Galectin-7 is expressed in stratified epithelia such
as the epidermis. To study the role of galectin-7 in adherent junctions and collective cell migration,
we benefit from our in vivo mouse models and in vitro cellular model using immortalized human
keratinocytes (HaCaT cell line) expressing or not a shRNA directed against Galectin-7. Depletion
of galectin-7 causes a decrease in the migratory potential of keratinocytes, both in vivo and in vitro.
Individual cell tracking of HaCaT cells indicate that the directionality is affected during collective
migration after galectin-7 depletion, which is consistent with a role of galectin-7 at adherent
junctions. Indeed, our preliminary results indicate that adherent junctions are weakened after
galectin-7 depletion and that E-cadherin stability at the plasma membrane is impaired. We now aim
at deciphering the underlying mechanisms by which galectin-7 participates at adherent junctions
stability and, in consequence, affect cell behaviour during collective migration.
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Addressing the biological function of nucleus centration in mammalian oocytes
Bertho A., Almonacid M., Verlhac M.H.
Mammalian oocytes undergo two asymmetric divisions in terms of size allowing to preserve their
maternal stores essential to sustain early embryogenesis. Nucleus centration, in Prophase I of
meiosis, correlates with the ability of the oocyte to achieve these asymmetric divisions (Brunet
& Maro, 2007). But, the exact biological function of nucleus centration in mammalian oocytes
remains unknown. Female mice, invalidated for the formin 2 gene, an F-actin nucleator, are sterile
suggesting and oocytes from formin 2 knockout display eccentric nuclei. Recently, we discovered
an original mode of nucleus centration in the oocyte (Almonacid, 2015). The reintroduction of
formin 2 in fmn2 -/- oocytes allows nucleus centration by promoting the formation of a dynamic
F-actin cytoplasmic meshwork via active diffusion of actin-coated vesicles. We took advantage
of this assay to address the biological significance of nucleus centration in mouse oocytes. We
compared nuclear architecture in fmn2 -/- versus +/- oocytes. Nuclear envelope of fmn2 -/- nuclei is
invaginated, the chromatin being more spread and displaying more regions of contact with Lamin A,
suggesting possible defects in gene expression. Consistent with a perturbed nuclear architecture,
RNA sequencing analysis of fmn2 -/- versus control oocytes shows about 2300 misregulated genes
(p<0,05). We consider a direct and non-canonical role of fmn2 in gene expression. Our preliminary
data from a yeast two hybrid screen on a mouse ovaries cDNA library using the N-terminal part
of fmn2 as a bait revealed that fmn2 interacts with elements of the cytoskeleton as well as with
chromatin modifiers. Two-subunits from the same repressive complex have been isolated: LSD1
and RCOR1 from the REST complex. We want to determine how Fmn 2 regulates this repressive
complex to better understand the non-canonical function of this actin nucleator in gene expression.
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Novel regulation in Hedgehog signaling, a link to post-transcriptional regulations
Bruzzone L., Alvisi G., Sanial M., Argüelles C., Bécam I., Boccaccio G., Plessis A.
The aim of this project is to analyze post-transcriptional regulations in a major metazoan
developmental and oncogenic signaling pathway: the Hedgehog (HH) pathway. Post-transcriptional
regulations play important roles in the development of multicellular organisms. By controlling
localization, stability and translation of mRNAs, they constitute an important mechanism for a
dynamic, spatio-temporal control of gene expression. Recently, our lab has identified an mRNA
binding protein (POS) as a novel regulator of HH signaling. POS is known to regulate the fate of
numerous mRNAs during fly development by recruiting proteins that control their degradation or
translation. Our data indicates that POS interacts with Smoothened (SMO), a G protein-coupled
receptor (GPCR) required for HH transduction, regulating its levels in an mRNA binding domain
dependent manner. Our first goal is to understand how POS acts on SMO/HH signaling. We will
therefore identify mRNAs and proteins bound to POS in this context. Our data also indicates that
SMO activation leads to POS phosphorylation; thus we have undertaken the determination of the
phosphorylation sites as well as the kinases involved. We hope this work will shed light on the link
of mRNA regulation and the HH signal transduction.
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The role of the Lysine Methyltransferase SMYD3 in myogenesis
Codato R., Perichon M., Fung E., Sotiropoulos A., Medjkane S., Weitzman J.
Dynamic changes in chromatin act in combination with tissue-specific transcription factors to
regulate the gene expression programs which underlie lineage commitment and differentiation.
Skeletal muscle differentiation is mainly orchestrated by transcription factors of the MyoD and MEF2
families. Recent discoveries have highlighted the role of histone modifications in myogenesis and the
regulation of muscle-specific genes. Genome-wide mapping technologies also revealed the extent
of dynamic epigenetic remodeling underlining myogenesis. Several studies have focused on Histone
Lysine Methyltransferases (KMT) which specifically modify H3K9/H3K27 residues, associated with
transcriptional repression. Less is known about the role of KMTs that methylate H3K4 to drive
gene expression. We study the role of the SMYD3 (SET and MYND domain-containing) protein,
a H3K4 methyltransferase belonging to a family of highly conserved proteins implicated in histone
modification and gene regulation. SMYD3 can recognize and bind specific sites on DNA and it is
upregulated in many cancers. Members of the SMYD family are implicated in cardiac and skeletal
myogenesis during development in zebrafish, drosophila and mice. We are currently investigating
the role of SMYD3 in the epigenetic regulation of myogenesis by using an in vitro system of human
and mouse myoblasts. Our results of gain- and loss-of-function suggest a critical role for SMYD3
in epigenetic regulation of gene expression during muscle differentiation. In particular, inhibition of
SMYD3 expression by siRNA is linked to a delay in muscle differentiation, whereas its overexpression
induces the expression of specific differentiation markers. In order to better understand the role of
SMYD3, we are also studying the dynamics of its subcellular localization, as well as its interaction
partners and non-histone targets by using a proteomic analysis. A ChIP-seq approach will also help
us unrevealing SMYD3 targets during myogenesis.
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Regulatory control of cranial skeletal muscle stem cells: Implications in
development and disease
Comai G, Robert-Moreno A., Dupa V., Sakai H., Pietrosemoli N., Sharpe J., Tajbakhsh S.
Head muscles are essential for eye movements, mastication, facial expression as well as pharyngeal
and laryngeal function. Despite the fact that all skeletal muscles throughout the body are composed
of striated fibers, recent reports have uncovered an unexpected heterogeneity between head and
trunk muscles with respect to their embryological origins, transcriptional programs, and regenerative
capacity. Muscle heterogeneity is highlighted further by the variable sensitivity of specific subsets
of muscles to genetic mutations that give rise to muscular dystrophies. In this context, extraocular
muscles (EOM) are of particular interest as they are spared in Duchenne muscular dystrophy. From
a developmental perspective, it is currently unknown how the correct arrangement of six EOM
around the eyeball, which is essential for the coordinated movements of the eyes, is established.
From a stem cell biology perspective, it is unclear whether specific traits of EOM myogenic stem
cells could determine the preferential sparing of this muscle group in muscular dystrophy. Here,
we exploit a combination of mouse genetic and 3D-imaging approaches and unravel critical cellcell interactions and signaling from adjacent tissues for establishing the stereotyped patterning of
the EOM. In addition, the use genome wide approaches will help us understand the unexpected
biological variations among cranial skeletal muscles groups and their resident stem cells.
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Hippo/ YAP signaling contributes to neural crest cell fate and migration
Condurat A.L., Hindley C. J., Menon V., Thomas R., Azmitia L. M., Davis J. A., Pruszak J.
The Yes-associated protein (YAP) is a transcriptional regulator that acts downstream of the Hippo
pathway, a highly conserved tumor suppressor signaling cascade involved in tissue homeostasis.
The nuclear activity of YAP as a transcriptional coactivator is limited by the Hippo core kinases,
mammalian STE20-like protein kinase 1 and 2 (MST1/2) and large tumor suppressor 1 and
2 (LATS1/2), which promote YAP phosphorylation and thus its subsequent sequestration in the
cytoplasm. YAP plays a major role in the regulation and maintenance of various stem cell niches.
In our study, we aim to investigate the role of Hippo/YAP-signaling in the development of neural
crest cells, a transient population of multipotent and highly migratory cells that emerge at the edge
of the neural plate. To this end, we used multiple human in vitro stem cell models, including human
embryonic stem (hES) and human induced pluripotent stem (hIPS)-derived cell systems, together
with different neural differentiation models. Our results show that YAP expression is associated
with immature neural precursors and decreases upon neural differentiation. Furthermore, YAP
expression is enhanced in low density-conditioned neural stem cells (NSCs), presenting a neural
crest (NCR) phenotype with enriched expression of specific surface antigens, CD44 and CD49d.
Further analysis, using gain and loss-of function approaches, reveal that Hippo/YAP signaling and
retinoic acid (RA) signaling jointly participate in the maintenance of the CD44+/CD49d+/YAP+
population and the regulation of its migratory potential. Together, our results illustrate the importance
of YAP modulation and its contribution to the complex signaling network that directs neural crest cell
development.
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Role of Pou3f proteins during pronephros development in Xenopus
Cosse-Etchepare C., Gervi I., Buisson I., Riou J-F., Umbhauer M., Le Bouffant R.
The kidney is a vital organ that allow the excretion of body waste. The high occurrence of kidney
congenital diseases makes of kidney development an essential research subject. But the mechanisms
involved remain largely unknown. Analyzing the expression profile of Pou3f transcription factor
family members during embryonic development, we showed that Pou3f3 and Pou3f4 are regionally
and differentially expressed in the developing Xenopus and mouse kidney. Taking advantage of the
Xenopus model and its simple and conserved kidney organization, we studied the role of Pou3f3 and
Pou3f4 during kidney formation via gain and loss of function approaches. Pou3f4 depletion prevents
intermediate tubule marker gene expression and leads to a decrease of differentiation marker gene
expression in the distal tubule. Pou3f4 overexpression induces an expansion of intermediate tubule
marker gene expression and an increase of differentiation marker gene expression in the distal
tubule. Pou3f3 loss of function also prevents intermediate tubule marker gene expression and leads
to a decrease of differentiation marker gene expression in the distal tubule. Pou3f3 and Pou3f4 play
crucial roles in tubule segmentation and differentiation. We also showed that various members of
Eph/Efrin signaling are interesting potential direct targets of Pou3f during kidney development.
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Identification of a gene regulatory network involved in abdominal pigmentation
and its thermal plasticity in Drosophila melanogaster
De Castro S., Peronnet F., Le Mouchel-Vielh E., Gibert J-M.
In animal species, many traits are influenced by environmental factors such as nutrition, presence of
predators or temperature. This phenomenon is named phenotypic plasticity. Importantly, phenotypic
plasticity can be adaptive when the phenotype is optimal for the environment. It can also participate
in evolution, as it broadens the range of phenotypes produced by a given genotype. As a model of
phenotypic plasticity, we study the posterior abdominal pigmentation in Drosophila melanogaster
females. Indeed, this trait is temperature sensitive, the posterior abdomen of females being darker at
18°C than at 29°C. We showed that the expression of tan, encoding an enzyme involved in melanin
production, is strongly modulated by temperature in the epidermis of female posterior abdomen.
Furthermore, genetic experiments revealed that tan plays a major role in the plasticity of female
abdominal pigmentation. The effect of temperature on tan expression is mediated, at least partly,
by the t-MSE enhancer, which drives tan expression in the abdominal epidermis. Our goal is to
elucidate the gene regulatory network responsible for the establishment of the pigmentation and
to understand how this network responds to temperature. The first step of the project is to identify
regulators of tan expression in the abdominal epidermis. By performing an RNAi screen against
transcription factors expressed in this tissue, we have identified several potential tan regulators.
Their role on tan regulation is currently analyzed using reporter constructs in transgenic lines.
Genetic interaction experiments will be performed to hierarchize the regulators of tan and compile
a gene regulatory network. The direct targets of some relevant regulators will be identified by ChIPseq and RNA-seq experiments in abdominal epidermis. Finally, the modulation of the network by
temperature will be analyzed using reaction norms in wild type flies and in fly mutants for genes of
the network.
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Involvement of a collagenous type II transmembrane protein, Col25a1, during
myogenesis
Goncalves T., Chanoine C., Armand A-S.
Collagens are important and major proteins of extracellular matrix in body. 28 types of collagen are
identified and described. There are divided into two groups according to there structures: fibrillar
and non-fibrillar. Among the non-fibrillar collagen, some are Membrane Associated Collagens
with Interrupted Triple Helices (MACIT): collagen XIII, XVII, XXIII, XXV. The collagen XXV alpha
1 (col25a1) is also called CLAC-P (collagen-like Alzheimer amyloid plaque component-precursor),
since it was identified in 2002 as a component of amyloid plaque in brain during Alzheimer
disease (Hashimoto et al., 2002). Col25a1 is also expressed in skeletal muscle during embryonic
development (Tanaka et al., 2014). However its role in myogenesis is not known yet. We described
the expression of Col25a1 during muscle differentiation and muscle development. We found that its
expression is regulated by a muscle specific microRNA, miR-208b, during myogenesis.
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Redox status of the human trophoblast during first trimester of pregnancy:
pathophysiological implications
Hernandez I., Fournier T., Chissey A., Zerrad-Saadi A., Beaudeux J.L.
The chorionic villi (CV) is the structural and functional unit of human placenta. The CV develops in
a low-oxygen environment over the first trimester due to obstruction of the uterine vessels. Between
10-12 gestationnal week (GW), trophoblastic plugs disappear allowing an unrestricted flow of
maternal blood to the intervillous space in direct contact with the CV. This leads to an increase in
O2 levels from about 20 to 60 mmHg. The redox status during this critical oxygen change remains
unknown, but it appears to regulate the environment during the first trimester of pregnancy, thus
providing useful informations for placenta pathophysiology. We aimed to characterize the redox
status of human trophoblast during the first trimester of pregnancy and project to investigate the
associated redox sensitive pathways involved in the placental development and function. Early
trophoblasts (7-9 and 12-14 GW) were collected from volunteers for abortion (Paris Cochin ethic
committee, n°18-05). VCT were isolated for primary culture, and villi explants were collected. We
observed a significant increase in the gene (p<0.05), protein expression (p<0.01) and enzymatic
activity (p<0.05) of catalase in the CV (n=5) and in the VCT (n=4) at 12-14 GW. Similar results were
found for SOD1. We also found a significant increase of gene expression (VCT:n=4; p<0,001) and
enzymatic activity (VCT:n=4; CV:n=5; p<0,001) of GPX1. We showed a preferential localization of
catalase and SOD1 in VCT than in ST. Our data showed an activation of the cellular sources of
reactive oxygen species. We also observed a significant decrease of the NADPH oxidase p47phox
subunit in the VCT cytosolic fraction (n=5; p<0.01), resulting in the activation of NADPH oxidase
activity. Additionally, gene expression of the redox sensitive pathways (NF-kB/c-Jun/Nrf2/P53/Bcl2)
appeared unchanged. All these data showed a significant modulation of the redox status in human
trophoblast during the early stage of pregnancy.
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Redox equilibrium and retinal stem cell proliferation
Lainé A., Perron M., Locker M.
Reactive oxygen species (ROS) were long considered as harmful and detrimental molecules, which
when overproduced can affect a wide range of cellular functions. Oxidative stress is in particular
involved is the pathogenesis of several diseases including neurodegenerative ones. However, it is
now widely accepted that ROS also play physiological roles at basal levels as modulators of key cell
behaviors. Although they recently emerged as crucial regulators of proliferation and determination
of both pluripotent embryonic and adult stem cells, only a few studies addressed so far their
functions in adult neural stem cell.Thus, their potential requirement in the control of neural stem cell
activity, using the Xenopus retina as a model system, is sought. Specifically, we will address how
ROS production imbalance (too much or too few) affects CMZ stem cell proliferative behavior in
physiological conditions.Another aspect of the project is to investigate how retinal stem cells protect
themselves from oxidative stress. Among potential candidates to control redox homeostasis in these
cells is the Hippo pathway effector YAP. Our team recently showed that this factor is specifically
expressed in Xenopus retinal stem cells and required to ensure their genomic integrity. Besides,
multiple lines of evidence suggest that the Hippo pathway is critically involved in cellular stress
responses. YAP was in particular recently shown to stimulate the antioxidant transcriptional program
in the heart and liver. In this way, we will address whether the hippo pathway acts as a sensor of
ROS levels and participates to redox homeostasis in retinal stem cells by inducing oxidative stress
in a first step, and then by analysing the antioxidant response in a YAP loss-of-function context.
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Lymphoid gene up-regulation on circulating progenitors participate to their T
lineage commitment
Michaels Lopez V. , Zepponi V. , Legrand A. , Zavala F., Ezine S.
The lymphoid-primed multipotent progenitors (LMPPs) and their subsequent progenitor, the
common lymphoid progenitors (CLPs), produce T cells, but the precise nature and contribution of
this production is a contentious issue. Blood T cell progenitors have been detected, but their source
in the bone marrow (BM) remains unclear. Prospective purification of BM-resident and circulating
progenitors, together with RT-PCR single-cell analysis and in vivo transplantation, were used to
evaluate and compare LMPPs and CLPs for their intrinsic T cell potential. Molecular analysis of
circulating progenitors in comparison with BM-resident progenitors revealed that CCR9+ progenitors
are more abundant in the blood than CCR7+ progenitors. Second, although Flt3- CLPs are less
common in the BM, they are abundant in the blood and have reduced Cd25+-expressing cells and
downregulated c-Kit and IL7R-alpha intensities. Third, in contrast, stage 3 LMPP (MPP3) cells, the
unique circulating LMPP subset, have upregulated Il7r-alpha, Gata3, and Notch1. To gain insights
into this progenitors’ T cell specificities, we evaluated the source of splenic T cell precursors (LinThy1.2+CD25+IL7Ra+) after grafting recipient nude mice. 15 days after transfer, MPP3 cells were
the most effective subset to generate splenic T cells precursor in comparison with CLPs. Our study
results show that the MPP3 population represents the reservoir of T-cell-progenitors in the BM and
among circulating progenitors, due to the quantitative up-regulation of Notch1 expression and others
T commitment genes. We conclude that CLPs have reached the point where they cannot be a
Notch1 target, a limiting condition on the path to T cell engagement.
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Single cell transcriptional profiling of mouse embryonic stem cells across cellcycle stages
Natarajan K.N., Teichmann S.
Cell cycle is fundamental process occurring in most cells and progression through cell cycle stages
(G1, S and G2M) impacts transcription, gene regulation, chromatin architecture, cellular-response
and cell-fate decisions. We profile 333 Hoechst-stained, single mES cell transcriptomes (2i-LIF)
across different cell cycle stages. Cellular-size (Hoechst-staining) is directly linked to the ratio
of sequencing reads-to-ERCC reads across single-cells. Principal Component Analysis (PCA)
captures the cell cycle contribution and expression variation (~20%) predominantly across two PCs
and projecting PCA-loadings to independent published data revealed strong correlation between
both datasets (albeit different media conditions). We developed and previously published scLMV
(Single Cell Latent Variable Model) algorithm to remove cell cycle variation from single-cell data.
We observe heterogeneous expression of several G1-(Hspa4, Slbp, Cdkn3), S-(Ccd14, Insig2)
and G2M-(Plk2, Pknox1) markers that are masked in bulk studies as well as consistent differential
expression (SCDE and DESeq) and Gene Ontology enrichment for Mitosis (6.2x10e-8), Cytokinesis
(1.7x10-5) for G2M and transcriptional regulation (3.4x10-4) in G1 cells. Pseudo-time ordering of
single cells achieves high correlation between identified states and pre-determined classification
and remarkably captures cyclic path starting and finishing at G1 cells (Spanning G1-to-S-to-G2M).
We identify novel G1-and S-marker genes with peak expression with roles in metabolism (Dlat1),
chromatin remodeling (Suv420h1), embryonic development (Klhl1, Gmcl1). For validation, we
develop new mES strain expressing Cas9 protein and FUCCI reporters for targeted gene knockout
and assess impact on cell cycle length, pluripotency and differentiation potential. The identification
of new functional markers and their cell cycle roles will allow researchers to better manipulate stem
cells, their differentiation and for cellular reprogramming.

239

YOUNG RESEARCHERS IN LIFE SCIENCES
At Institut Pasteur, MAY 18-20, 2016
DEVELOPMENT
POSTER

Mimouni NOUR

Session No.: 3
Poster No.: 39

houdaa05@gmail.com

Institut Cochin
Laboratory of Epigenetic, Genomic and Physiopathology of reproduction
22 Rue Mechain
75014 Paris
France

Integrin-beta1: A new molecular actor required for the sperm-egg interaction
during fertilization in mice and humans
Nour M., Radio C., Wolf J-P., Vaiman D., Ziyyat A.
Among the various mechanisms occurring in living organisms, gamete interaction is by far the least
understood, although it is the key of the biological process. In fact, only 3 major molecular actors in
the adhesion and fusion process have been identified: Izumo1, CD9 and Juno. Therefore, the aim
of this study is to investigate the role one of these potential molecules: the Integrin-beta1. Our team
previously showed that the inhibition of the integrin-beta1 by antibody leads to a drastic decrease
in fertilization rates. So, in order to explore the role of this molecule two conditional knock out
mouse models were created using a Cre-lox strategy, where the integrin-beta1 has been specifically
deleted in the oocyte and the sperm. Our first aim was to study the impact of the integrin-beta1
deletion on fertility in vivo and the preliminary data show that the fertility is strongly altered resulting
in a complete absence of gestation after 30 days of mating. Our hypothesis is that the loss of
integrin-beta1 both in the oocyte and in the sperm leads to the absence of adhesion between the
two gametes and that the presence of B1 on one of the two gamete membranes can rescue the
fertilization process, this hypothesis is further supported by the exchange of membrane fragments
occurring between gametes prior to fusion. Furthermore, we studied the impact of the integrinbeta1 deletion on fertility in vitro through two approaches: 1) In Vitro Fertilization (IVF) using the
KO mouse models; 2) Human IVF after sperm preincubation with a blocking anti-integrin-beta1.
Finally, a combination of two biophysical approaches will provide us with an accurate functional
characterization of the integrin-beta1 in the adhesion process: 1) Biomembrane Force Probe that
allows probing single molecular bonds; 2) Dual Pipette Assay that measures the interaction strength
between two adhering live cells. Hopefully, these results will expand our knowledge of the molecular
process of the sperm egg adhesion and fusion.
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Notch1 receptor marks self-renewing and castration-resistant prostate
progenitors
Ori C., Charawi S., Lilja A., Fre S.
The prostate is a secretory gland composed of a pseudostratified epithelium, consisting of basal,
luminal and neuroendocrine cells. The ability of the prostatic epithelium to undergo several rounds of
regression and regeneration following androgen ablation and restoration, respectively, indicates that
the prostate contains a long-term surviving population of Prostate Stem Cells (PSCs). Recent lineagetracing studies have implied the existence of PSCs in both luminal and basal prostate epithelia,
but the prostate epithelial lineage hierarchy remains inadequately defined. As Notch signaling is
strongly associated with stem cells in several tissues and is essential for prostate cell differentiation
during tissue development, we investigated which cells express the Notch1 receptor in the prostate
in vivo. To this aim, we used Notch-driven inducible genetic lineage tracing experiments in mice,
to gain insights into the cellular hierarchy that governs prostate postnatal development. I crossed
N1CreERT2 mice to two different reporter mice: R26mTmG double fluorescent mice, where traced
cells express membrane-bound GFP, and the multicolor R26-Confetti mice. This latter reporter line
allows distinguishing clones of cells derived from individual progenitors. I have analyzed Notch1expressing cells and derived lineages at different developmental stages, in adult homeostasis, as
well as during prostate regeneration. In this case, I performed lineage tracing experiments in mice
that had been castrated to induce prostate degeneration, and that subsequently received androgens
to induce regeneration. I found that the Notch1 receptor is expressed primarily in unipotent luminal
cells but also in a rare population of bipotent basal cells. In addition, analysis of the regressed and
regenerated prostates indicated that Notch1-expressing cells are castration resistant and contribute
to prostate regeneration, demonstrating self-renewal capacity.
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Essential role of pancreatic ducts in acinar cell homeostasis
Quilichini E., De Vas M., Fabre M., Cereghini S., Guerra C., Barbacid M. Haumaitre C.
The exocrine pancreas consists of acinar cells that produce digestive enzymes transported to the
intestine through a branched ductal epithelium. Pathologies associated with the exocrine pancreas
include pancreatitis and pancreatic ductal adenocarcinoma (PDAC). We aim to investigate the role
of pancreatic ducts in exocrine homeostasis. As a strategy, we inactivated Hnf1b in vivo in mouse
pancreatic ductal cells postnatally. The transcription factor Hnf1b is first expressed in pancreatic
progenitors, then restricted to ductal cells from late embryogenesis, whereas it is not expressed in
acinar cells. We have previously shown that Hnf1b is crucial for pancreas morphogenesis but its
postnatal role was still unelucidated. Interestingly, perinatal Hnf1b inactivation induces a severe
pancreatitis leading to a dramatic destruction of the exocrine pancreas. Hnf1b mutant pancreata
display dilatation of ducts, loss of acinar cells, acinar-to-ductal metaplasia and lipomatosis. This
was associated with downregulation of cystic disease-associated genes, primary cilia defects, and
deregulation of Notch and Hippo pathways. In adult, we found that Hnf1b is required for acinar
regeneration, as Hnf1b mutant mice exhibited a defective regeneration of acinar cells after a ceruleininduced pancreatitis. Pancreatitis is related to PDAC which is characterized by expansion of a
metaplasic ductal epithelium and fatty infiltration. These features are reminiscent of those observed
with perinatal Hnf1b-inactivation. We currently evaluate if Hnf1b deletion may trigger pancreatic
neoplasia in mice predisposed to PDAC. This study demonstrates the unexpected role of ductal
cells in the maintenance of acinar cells and the requirement of Hnf1b in acinar cell homeostasis.
Our findings suggest that Hnf1b deficiency may contribute to diseases of the exocrine pancreas and
could gain further insight into the etiology of pancreatitis and risk of neoplasia.
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Mechanical activation of beta-catenin signalling
Roeper J.C., Mitrossilis D., Waharte F., Farge E.
During embryonic morphogenesis, cells do not only generate forces necessary for shape changes
and tissue movement but also sense and respond to the forces exerted on them by neighbouring
cells and tissues. Recent studies demonstrate, that these forces can act as mechanical cues during
development regulating cytoskeletal remodelling, cell proliferation and gene expression. However,
in most cases the molecular mechanism by which cells sense and transduce a mechanical signal
into a biochemical signal remains to be discovered. Therefore, I am trying to find the primary
mechanosensitive element during Drosophila gastrulation that initiates the activation of the betacatenin pathway in stomodeal cells in response to mechanical strain that leads to the release of
beta-catenin from adherens junctions (AJ) and its translocation to the nucleus, where it activates the
transcription of a key regulator gene. In order to identify the molecular mechanism that translates
a mechanical strain signal into a biochemical signal I am analysing the AJ complex in vivo for
molecular changes in its dynamic interaction and conformation upon mechanical deformation during
gastrulation. For this, I make use of advanced fluorescent microscopy techniques in conjunction
with classical biochemical assays. Recent experiments using FRAP to determine the molecular
dynamics of adherents junctional proteins and FLIM-FRET data between E-cadherin and betacatenin will be shown.
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Characterization of human skeletal muscle stem cells by transplantation
Sakai H., Tajbakhsh S.
Cell therapies for treating myopathic diseases with healthy donor cells have been proposed. Although
satellite cells, which are mononuclear skeletal muscle stem cells and have the ability to self-renew
and form new muscle fibers, are strong candidates for cell therapy as determined by studies with
mice, human satellite cells are considerably less well understood. To investigate human satellite cell
properties, we transplanted them into the muscle of immunodeficient Pax7DTR/+:Rag2-/-:gamma-C
-/-mice (Sambasivan, R. et al., 2011), in which endogenous mouse Pax7+ satellite cells can be
depleted by the injection of diphtheria toxin. Upon transplantation, human satellite cells contribute
to new muscle formation in vivo as assessed by the presence of human lamin A/C integrated in the
host mouse muscle fibers. We are currently testing whether they could occupy the satellite cell niche
in vivo, expand in the niche, and be re-isolated from host muscle to assess whether human satellite
cells have self-renewal properties in mouse, and to what extent the mouse and human niches are
compatible.
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Histone variant H3.3 phosphorylation at residue 31 is critical for Xenopus laevis
development
Sitbon D., Lacoste N., Quivy JP., Almouzni G.
Proper packaging of eukaryotic DNA into chromatin is required for functional genome organization.
This involves the use of a fundamental motif, the nucleosome, which is comprised of DNA wrapped
around histones. Its composition defines distinct chromatin landscapes, typical of individual cell
types. In mammals, several H3 variants contribute to these landscapes, including the replicative
forms H3.1 and H3.2 and the replacement form H3.3. H3.3 differs only from H3.1 and H3.2 by
five and four amino acids, whereas their respective functional roles are still not accurately
characterized. Previous work in the lab revealed that downregulation of H3.3 expression leads to
major developmental defects during Xenopus laevis gastrulation, which can only be rescued by
H3.3 itself. This highlights the importance of H3.3 during a key developmental transition. In line with
this observation, we aimed to identify H3.3 residues that are critical for Xenopus laevis development,
taking advantage of an in vivo complementation strategy to test the ability of exogenous H3.3
constructs mutated at single amino acids to rescue the loss of endogenous wild-type H3.3. This
allowed us to unravel the importance of a phosphorylation at the serine 31 of H3.3 that is required to
allow the embryo to pursue its development. We are currently dissecting the underlying mechanisms
associated with this critical residue. This work should give valuable information regarding H3.3 roles
from cell function to development.
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kartiksoni23@gmail.com
Institut Pasteur
UMR3738
25-28 Rue du Dr Roux
75015 Paris
France

Characterising mouse skeletal muscle stem cell behaviour during muscle injury
and repair
Soni K., Tajbakhsh S.
Skeletal muscle stem cells have been studied extensively during growth, homeostasis and
regeneration. While intrinsic cues define their cell fate, extrinsic factors such as extracellular matrix
and components that make up the niche, are also critical in directing cell fate decisions. We are
using dynamic and static imaging of myogenic cells in the mouse skeletal muscles to investigate
myogenic cell properties and behavior. Using transgenic mice to report Pax7 expression, a marker
for skeletal muscle stem cells, we could monitor the dynamics of stem cell activation in extensor
digitorum longus (EDL) muscle in tissue explants. Ongoing experiments are designed to assess
the behavior of satellite cells following muscle injury to assess the fate of activated muscle stem
cells during the time course of muscle injury and during repair. In addition, ongoing experiments are
designed to assess the relationships between satellite cells and other cell types following muscle
injury to determine how a variety of extrinsic cues impinge on their cell fate. To this end we use static
imaging to analyze the relationships between muscle stem cells and other cell types during injury
response. This would help us gain insights into the involvement of the niche in muscle regeneration
post injury.
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AP-HP Saint-Antoine Hospital
UMR-S938
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75012 Paris
France

Consequences of hypertrophic chondrocyte differentiation on osteochondral
angiogenesis in osteoarthritis
van Eegher S., Perez-Lozano ML., Citadelle D., Pigenet A., Berenbaum F., Houard X.
Background. Osteochondral angiogenesis is an important step in the remodeling of the cartilage/
subchondral bone junction in osteoarthritis (OA). Cellular and molecular stimuli of osteochondral
angiogenesis in OA are largely unknown. We hypothesize that osteochondral angiogenesis in OA
is controlled by the hypertrophic differentiation of chondrocytes, as it occurs in the endochondral
ossification process during development and growth. Methods. Chondrocyte hypertrophy was
detected by osteocalcin immunostaining in human OA knee tissues. OA was evaluated by modified
Mankin score and osteochondral angiogenesis by the number of vascular channels reaching the
non-calcified cartilage. The expression of angiogenic/angiostatic factors and chondrocyte markers
was determined by RTqPCR, ELISAs and immunoblotting in an original model of hypertrophic
differentiation of primary cultures of mouse articular chondrocytes. Results. Osteochondral
angiogenesis (p=0.252, p=0.017, n=105) and chondrocyte hypertrophy (p=0.833, p=0.002, n=15)
were linked to OA progression. Hypertrophic chondrocytes and osteochondral angiogenesis were
positively correlated (p=0.604, p=0.024, n=15). Expression of chondrocyte markers sox9, aggrecan
and col2A1 dropped with hypertrophic differentiation in vitro, whereas runx2, osteocalcin and osterix
mRNAs levels significantly increased. Hypertrophic chondrocytes were also characterized by strong
matrix calcifications. Hypertrophic differentiation also stimulated the expression of angiogenic factors,
including VEGF and bFGF. Angiostatic factors showed distinct expression patterns with a drop in
chondromodulin-1 mRNA level and a biphasic curve for TSP-1 and ANGPTL-4 with the strongest
expression observed in prehypertrophic cells. Conclusions. Together, these results suggest a pivotal
role of chondrocyte hypertrophy in osteochondral angiogenesis and thus in the remodeling of the
cartilage/subchondral bone junction in OA.
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Talks and Travel Grants Selection
Transparency is very important for us. Thus we would like to explain you in 5 steps
how Talks are selected and Travel Grants allocated during YRLS.
1. After the closing of abstracts submissions, all works are anonymized.
2. Potential Talks and Travel Grants abstracts are sent, according to each Topic
to at least two specialists in the field (researchers, professors and post-docs)
for a scientific evaluation based on 4 criteria Clarity, Originality, Impact and
Results.
3. Once these judges have evaluated abstracts, grades are compiled. Inside
each session abstracts are ranked.The four first abstracts become then, the
selected talks for each session.
4. All selected talks asking for a Travel Grant automatically got it. For the remaining abstracts going to posters session, they are both ranked and remaining
Travel Grants are allocated to participants at the top of the list.
5. Thus, if you got a Talk and/or a Travel grant, congratulations, because selection is demanding!
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