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CENTURI co-authorship black hole-y network  - © Michaël Pierrelée (IBDM -team Habermann)
This network was made from the list of CENTURI PIs' papers retrieved from PubMed database. Co-authors were 
extracted and are represented by the nodes ("black holes"), while an edge (= a link) is at least one paper shared 
by two authors. Size of nodes correspond to the node degree (= number of edges linked to a node), in log2-base. 
Blue edges represent the shared papers between CENTURI PIs. Interestingly, highest-degree nodes are PIERRE 
P. (3435), HABERMANN B. (602) and DALOD. M (527). Data were get by Rentrez, processed by Networkx and 
visualized with Cytoscape 3.
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Introduction – overview of the 
Turing Centre for Living Systems

1. Introduction – overview of the Turing Centre for Living Systems

1.1 Philosophy of the project

The Turing Centre for Living Systems (CENTURI) is an interdisciplinary research centre, located in Marseille 
(France). CENTURI aims to develop an integrated interdisciplinary community, to decipher the complexity of 
biological systems through the understanding of how biological function emerges from the organization and 
dynamics of living systems. The project federates more than 50 research laboratories from 15 higher education 
and research institutes in biology, physics, mathematics, computer science and engineering (all of them in 
Marseille, 75% on the Luminy campus). CENTURI focuses on Research, Education and Engineering, 3 missions 
that hold interdisciplinarity as their core principle. Ultimately, CENTURI wishes to foster new collaborations, 
transform practices, attract new talents and thereby contribute to making the Luminy campus a leading site 
for the interdisciplinary study of biological systems.

Over the past decade, biologists at Luminy have initiated an increasing number of collaborations with physicists 
from excellent institutes on campus. From 2012 onwards, the research network Labex INFORM (INformation 
Flow and ORganization at the Membrane), provided a structure for biology-physics collaborations. It was 
focused on the study of quantitative aspects of signalling in biology. Nevertheless, the community of theorists 
and computational scientists, in physics, mathematics or informatics, collaborating with biologists in Luminy 
remained small. The Labex INFORM, however, did create a sufficiently strong research basis and community 
to make the CENTURI project possible. By developing an interdisciplinary community through the recruitment 
of researchers, students and engineers in computational and theoretical approaches to life sciences, CENTURI 
has significantly extended the scope of the LABEX INFORM: 

- Broader biological environment
- More “dry science”, with the integration of theoretical physics, computer science and mathematics in the

scope of the project and the priority set to recruit researchers
- Focus on modeling, with the scientific objective to decipher the complexity and dynamics of living systems

CENTURI has the following core principles:
- Interdisciplinarity
- Collaborative projects
- Open to a broad scientific community
- Formal selection processes, with the evaluation of proposals from research teams by ad hoc committees

1.2 Structure and environment

75% of CENTURI research groups are located on the Luminy campus, while other groups are based in Saint 
Jerome (20 km away from Luminy, 2% of research groups), Chateau Gombert (20 km away from Luminy, 16% 
of research groups) and Joseph Aiguier (4 km away from Luminy, 7% of research groups). 
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Luminy is one of the 5 campuses of AMU, the largest French University. It is an outstanding location at the 
heart of the Calanques National Park, but with fast access to the city. Luminy is one of two AMU campuses 
that was selected by the Opération Campus, and therefore benefited from very substantial investments to 
improve student life, the research environment and interactions, principally through a restructuring of the 
campus and the renovation of its buildings. The Luminy Campus is dedicated to basic research and comprises 
institutes in biology, physics and mathematics that have acquired a worldwide reputation over the years. In 
Life Science, the IBDM is internationally recognized in Developmental Biology, the CIML is a very prestigious 
research institute in Immunology, and INMED is one of the most famous Neuroscience centres in France. In 
addition, Luminy hosts renowned institutes in Mathematics (I2M), Informatics (LIS) and theoretical physics 
(CPT). This campus thus comprises an especially strong community of researchers and professors dedicated to 
high profile basic research and also to BSc/MSc teaching.

http://www.ibdm.univ-mrs.fr/
http://www.ciml.univ-mrs.fr/
http://www.inmed.fr/en/
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List of CENTURI research institutes

Biology
- Institut de Biologie du Développement de 
Marseille (IBDM)
- Institut de Neurobiologie de la Méditerranée 
(INMED)
- Centre d'Immunologie de Marseille-Luminy 
(CIML)
- Laboratoire Adhésion & Inflammation (LAI)
- Laboratoire de Chimie Bactérienne (LCB)

Physics
- Centre de Physique Théorique (CPT)
- Centre Interdisciplinaire de Nanoscience de 
Marseille (CINaM)
- Institut Fresnel
- Institut Universitaire des Systèmes 
Thermiques Industriels (IUSTI)
- Laboratoire de Mécanique, Modélisation & 
Procédés Propres (M2P2)
- Institut de Recherche sur les Phénomènes 
hors Équilibre (IRPHE)

Computer sciences
-  Laboratoire d’Informatique et Systèmes (LIS)

BioInformatics
- Theories and Approaches of Genomic 
Complexity (TAGC)
- Marseille Medical Genetics (MMG)

Maths
- Institut de Mathématiques de Marseille (I2M)
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In 2017, at the beginning of the project, CENTURI included a total of 105 researchers and research engineers, 
40 lecturer-researchers and 21 support staff (engineers, technicians, administrative staff). From 2017 to 2025, 
CENTURI will recruit a total of 144 people: 

- 10 new PIs
- 40 postdoctoral fellows
- 84 PhD students
- 10 engineers. 

CENTURI’s workforce will also increase by affiliating new research groups to the project, after an evaluation 
of their application by the steering committee.

1.3 Research themes

Life is based on dynamic systems whose organizational principles remain unclear due to their complexity. 
Such complexity has different origins. Living systems are the product of a long evolutionary history and are 
intrinsically dynamic as they develop, renew their components, adapt to their physiological environments and 
are trained. This is illustrated for instance in the development of embryos and organs, and in the function of the 
immune and nervous systems. Understanding biological complexity is one of the most significant challenges 
for the future. It will impact both basic research and medicine, since diseases emerge from anomalies in the 
organization and dynamics of living systems. This stimulates a highly interdisciplinary community, involving 
especially physicists, mathematicians and computer scientists who, together with biologists, provide the means 
to base experimental studies on solid quantitative grounds, to identify new questions and conceptualize new 
ways of understanding the complexity of living systems. 

The Turing Centre addresses the nature of the information underlying biological processes, and the 
organization and dynamics of biological structures. Five over-arching questions bringing together biologists 
interested in development, neuroscience and immunology along with physicists, computational biologists and 
mathematicians will underlie the research effort:

- How does genetic information impact on cell fates and cell states?

- How do signalling dynamics impact on cell differentiation?

- How is information encoded in collective cellular dynamics?

- How do networks of cell interactions form and function collectively?

- How does mechanics impact on cell and tissue organization and dynamics?
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1.4 Education and Training

CENTURI believes that the next generation of life scientists will work at the interface between biology, 
physics, mathematics and computer science. To prepare students for this transition, CENTURI has set up 2 
interdisciplinary Master’s programs and several PhD training courses: 

- Physics of Living systems, within the Physics Master’s degree
- Computational and Mathematical Biology

For its PhD students, CENTURI has created several training courses responding to their needs and tries to foster 
interactions among them, to create a full-fledged graduate program. CENTURI encourages the participation 
of its PhD students in training courses and in the project’s scientific life in general. CENTURI tries to create  an 
optimal envronment for PhD students, and to ensure that research teams can count on the full dedication 
of the PhD students in their project. CENTURI ambitions to create the best conditions for the success of the 
projects and for the future career of the PhD students. 

The details of these Master’s programs and of CENTURI actions for PhD students are presented in the Education 
and Training section below (page 33).

1.5 Tech transfer and Engineering

One major objective of CENTURI is to involve engineers in the experimental and conceptual challenges 
of systems biology, while developing industrial partnerships. CENTURI hopes to fill the gap between a 
proof-of principle, built on a bench and a first prototype useful for life science researchers and engineers, 
and subsequent licensing to companies. This gap is difficult to fill because it requires engineering expertise in 
academic labs. With this aim in mind, we created a CENTURI multi-engineering platform, as well as events and 
training programs dedicated to students with an engineering background. 

More information about these activities is presented in the Tech Transfer and engineering section below (page 
39). 

1.6 Funding mechanism - budget

CENTURI is the recipient of “Institut Convergences” funding, from the “Programme des investissements 
d’avenir” / Investments for the future program (PIA), with Aix-Marseille Université as its host institution. The 
project benefits from funding of € 21.3 million (€ 19.7 after deduction of Aix-Marseille Université management 
fees), from the National Research Agency (ANR) and the A*MIDEX Foundation (the A*MIDEX university 
foundation supports the Aix-Marseille Excellence Initiative, winner of the national label obtained as part of the 
Investments for the future). The current funding of CENTURI covers the period starting in January 2017 until 
the end of November 2025. An extension of funding will be discussed with Aix-Marseille Université. 
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The CENTURI budget is split between: 

- € 16.9 million for wages
- €2.3 million for running costs
- € 0.5 million for investment expenditures

CENTURI covers only salaries for research groups, except for the groups of the PIs recruited by the project. In 
that case, running costs up to 25K€ / year are provided. All other research groups rely on their own grants for 
running costs.

Investment costs

Running costs

Wages

86 %

3 %

11 %

CENTURI’s first 12 months, in 2017, were dedicated to building a governance structure based on the 
principles of collegiality, expertise and trust. It was necessary to set up a scientific governance structure 
adapted to a large scientific community (more than fifty research groups involved from fifteen research 
units). This governance structure is based on the committees created by CENTURI with the aim of involving 
researchers in the governance of the project (see below, page 15). 

In 2018, CENTURI focused on the recruitment of high-level group leaders. In 2019, CENTURI prioritized the 
recruitment of PhD and postdocs, leading to a strong increase in the number of PhD students and postdocs 
in the project. 

In this context, CENTURI spent 235 K€ from the beginning of the project to December 2018. With the gover-
nance structure and administrative team fully operational, CENTURI expenditures increased significantly, and 
reached approximately €1.5 million in 2019. CENTURI’s budget will keep on growing in 2020 and 2021, with 
new calls for PhD students, postdocs, PIs and engineers, leading to an estimated budget of €2.6 million in 
2020 and of €3.6 million in 2021. 

CENTURI total budget
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2. Governance

This section describes the governance structure. To ensure a proper management of the project, CENTURI 
had to set up a scientific governance structure adapted to a large scientific community. The creation of these 
committees and their proper functioning required considerable time and efforts. The principal body responsible 
for the implementation of research, training and technology transfer/engineering activities of the project and 
for the overall supervision of the project is the Steering Committee. It is composed of thirteen members, 
and is chaired by CENTURI Director Thomas Lecuit. Together with committees and with an administrative 
team, he is responsible for the supervision of all project activities and missions, ensuring in particular that the 
requirements of interdisciplinary research, excellence, innovation and collaboration are met.

2.1 Committes

- The Steering committee (or COPIL) is CENTURI’s governing and decision-making body. Other CENTURI 
committees act under the responsibility of the COPIL. Heads of four CENTURI sub-committees are 
members of the steering committee. Other members represent the various disciplines and institutes of 
the center. Meetings are organized weekly to discuss the activities of CENTURI and are key moments to 
facilitate the management and decision-making process of the project. Chair: Thomas Lecuit

- Research committee (or CORES), in charge of research questions within CENTURI. On a monthly basis, the 
CORES discusses various CENTURI calls (for PIs, postdocs and PhD), eligibility of the projects, organization 
of scientific events, etc. Chair: Pierre-François Lenne. 

Thomas Lecuit

Project manager: 
Simon Legendre

Chair: Thomas Lecuit 
(IBDM)

Chair: 
Pierre-François Lenne
(IBDM)

MSc commi�ee’s 
Chair: 
Elisabeth Remy (I2M)

PhD commi�ee’s 
Chair: 
Alphée Michelot 
(IBDM)

Chair: 
Rosa Cossart (INMED)

Research 
Committee

Education 
Committee

Engineering & 
Tech transfer 
Committee

Administrative 
team

Steering 
Committee

Director
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- Tech Transfer and Engineering Committee (or COTECH), in charge of CENTURI Tech transfer and prototype 
development. On a monthly basis, the COTECH discusses CENTURI multi-engineering platform, prototype 
development, organization of Tech Transfer events and of the summer school. Chair: Rosa Cossart.

- PhD training Committee, in charge of CENTURI PhD program and training courses. CENTURI PhD training 
committee meets when needed to discuss PhD seminars, training sessions, organization of events for PhD 
students, etc. Chair: Alphée Michelot.

- Master's committee, in charge of the implementation of the two Master's programs. CENTURI Master's 
committee meets when needed to discuss the Master's’ programs and implementation. Chair: Elisabeth 
Remy. 

An agenda is prepared before every committee meeting and shared with the participants. Minutes of the 
meetings are also shared with the committees’ members, highlighting the decisions of the committee. To 
ensure a fair representation of the community, CENTURI committees are renewed by a third every year. The first 
renewal took place in September 2019, on a voluntary basis. New members are selected by the committees, 
which try to make sure that parity is respected and all disciplines are covered by the members. 

CENTURI steering committee has also established a governance charter, to facilitate the daily running of 
the project, to specify CENTURI’s scope, to define the rights associated with the participation in CENTURI, 
the expectations from member teams and the requirements for new affiliation. As such, this charter is a key 
document helping to structure the project and potentially integrate additional research teams. 

2.2 Administration and management of the project

An administrative team also contributes to the proper management of the project. This team is key to the 
daily life of the project and is involved in the organization of events, recruitment, training courses, scientists’ 
travel, etc. Building an efficient and effective administrative team has been a long and difficult process. In 
2017, the administrative team did not have enough manpower to organize calls for PhD and postdocs in 
optimal conditions. The pre-existing LABEX team was co-opted into CENTURI management and had to deal 
with a very significant amount of work. Some of the team members did not fulfill CENTURI expectations and 
two people had to be replaced. CENTURI was confronted with severe difficulties with its former administrative 
and financial manager, leading to payment delays, mistakes in financial management and major human 
resources problems. The person in question left and was replaced by a manager fully responding to CENTURI 
expectations. CENTURI was also faced with a maternity leave, a sick leave and the scientific manager position 
was unoccupied for more than three months. The 2018 calls for PhD and postdocs again suffered from these 
difficult conditions. A project director was recruited in August 2018, contributing to improving the situation. 
This was followed by further recruitments, so that CENTURI now can rely on a fully operational, competent 
and reliable administrative team, able to perform all the actions planned in the project.

This team now includes:

- A project director, Simon Legendre, who oversees the governance team together with Thomas Lecuit, 
and takes care of the project’s management together with the program coordinators and the members of 
the Steering committee. The position was created in August 2018, following the departure of the former 
scientific manager of CENTURI, Magali Michaud, in May 2018. 
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- An events and student’s life coordinator, Mélina de Oliveira, taking care of the organization of CENTURI 
events (conferences, seminars, international recruitment) and in part, student welfare. 

- An administrative and financial manager, covering the financial and administrative aspects of the 
projects, now Marlène Salom (since January 2019).

- A communication manager, Gaël Le Méhauté, in charge of the communication about the project.

- A HR manager, Jasmina Stamenova (since September 2019), in charge of the Human resources 
management of the project. 

2.3 SAB

The Scientific Advisory Board is in charge of examining the scientific output of the projects and generally 
to globally evaluate CENTURI. During the SAB meetings, CENTURI outputs will be carefully evaluated (new 
collaborations between groups, number of PhD, of publications, etc.). The Scientific Advisory Board consists of 
the following members: 

- Pr. Alexander Bockmayr - Chair of Mathematics in Life Sciences, Freie Universität, Berlin
- Pr. Gaudenz Danuser - Chairman Lyda Hill Department of Bioinformatics, E. Haggerty Distinguished Chair

in Basic Biomedical Science, CPRIT Scholar in Cancer Research, UT Southwestern, Dallas
- Pr. Kenneth Harris - Professor of Quantitative Neuroscience, Institute of Neurology, Faculty of Brain

Sciences, University College London
- Dr. Alfonso Valencia - Director of the Spanish National Bioinformatics Institute and the Life Sciences

department at Barcelona Supercomputing Center
- Dr. Aleksandra Walczak - Laboratoire de Physique Théorique, Ecole Normale Supérieure, Paris

CENTURI first SAB meeting will take place on January 30-31, 2020. 

2.4 Trustees committee

Acting above the committees and the administrative team, the Trustees Committee is the decisional authority 
gathering the different administrative representatives of the CENTURI partners (namely CNRS, INSERM, 
AMU, A*MIDEX and École Centrale). The Trustees meet generally on a yearly basis. The last meeting took place 
in October 2019. Thus far, they have validated all aspects of the organizational structure and scientific strategy 
put forward by the Director and the Steering Committee.



Time spiral - © Anais Bailles (IBDM - team Lecuit)
These images are taken during the development of the embryo of the fly Drosophila melanogaster.
They span 30 hours of development from stage 4 to stage 17 (plus the larva birth).
The cytoskeleton is made visible by a fluorescent protein, GFP (in white).
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CENTURI aims to develop an integrated interdisciplinary community, to decipher the organization 
and dynamics of living systems and to study fundamental biological functions. CENTURI will do so by 
recruiting researchers, postdocs, PhD students and engineers in theoretical / computational sciences along 
with experimental quantitative biology. This section will describe CENTURI research activities, in particular 
regarding the recruitment of new principal investigators, postdoctoral fellows and PhD students. 

3.1 Recruitments of new investigators

Over the course of the project, CENTURI plans to recruit a total of 10 new Principal Investigators (PIs). The 
reason behind this strategy is simple: there has been a historical lack of theoretical labs in physics, computer 
science and mathematics on the Luminy campus able and willing to engage in collaborative projects with 
biology researchers. Attracting such researchers to Luminy is therefore central to the success of CENTURI. As 
well as being an aim in itself, CENTURI considered that the recruitment of PhD and postdocs at the interface 
between biology and other disciplines would be facilitated by the presence of new theoretical labs. CENTURI 
therefore focused a substantial effort in 2018 on the recruitment of new PIs.

An international PI call was organized, attracting a total of 66 applications. The selection committee auditioned 
11 high-level candidates in May 2018: 5 candidates were offered a position and 4 accepted. The successful 
candidates joined CENTURI in early 2019 to start research groups. As part of their recruitment, CENTURI 
provided them with a start-up package of three positions (PhD and/or postdocs), an installation budget of 
€25,000 and annual running costs of €25,000 per team. CENTURI new principal investigators are: 

- Matthias Merkel (CPT - Center for Theoretical Physics) - Self-organization and collective effects in living
systems team

- Jean-François Rupprecht (CPT) - Out-of-equilibrium Mechanics (OM) team
- Hervé Rouault (CPT and INMED - Institute of Mediterranean Neurobiology) - Neural networks for the

representation of 3D environments team
- Paul Villoutreix (LIS – Computer Science and Systems Laboratory) - Marseille Machine Learning Team

Two of these new PIs have obtained CNRS permanent positions, Jean-François Rupprecht in 2018 and Hervé 
Rouault in 2019, highlighting the scientific excellence of these new PIs, as well as CENTURI’s attractiveness. 
This success could be considered a first step for the sustainability of our new interdisciplinary community.

3. Research

3.2 Presentation of CENTURI new PIs

3.2.1 Presentation of Matthias Merkel, “Self-organization and collective effects in
living systems” team

Background
- February 2019 - present | CENTURI group leader
- 2015 - 2018 | Postdoctoral fellow, Syracuse University (USA)
- 2010 - 2015 | Ph.D. in physics and Postdoctoral fellow, Max Planck Institute for the Physics of Complex

Systems, and Technical University of Dresden (Dresden, Germany)
- 2003 - 2009 | Diploma in physics, Max Planck Institute for the Physics of Complex Systems

(Dresden, Germany)
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Research fields (keywords): Biophysics, Self-organization of biological tissue, Mechanics of disordered systems

Summary
The Merkel group is interested in the mechanics of disordered materials and in collective behavior of biological 
cells. We are establishing close interdisciplinary collaborations with experimental and biology groups, while at 
the same time addressing fundamental theoretical questions in the areas of bio- and soft matter physics that 
arise out of these collaborations.

Self-organization of biological tissue
During animal development, tissues form complex patterns and shapes in a self-organized manner. We want 
to understand how these processes arise from the biochemical and mechanical interplay between individual 
cells.

Tissue patterning. One of the first cell differentiation and patterning steps during animal development is the 
differentiation of embryonic stem cells into germ layers, which is closely linked to the establishment of the 
primary body axes. The Merkel group has started collaborating with the experimental groups of Pierre-François 
Lenne (IBDM, Marseille), Vikas Trivedi (EMBL, Barcelona), and Verena Ruprecht (CRG, Barcelona) to study the 
emergence of a primary body axis in stem-cell-based in-vitro structures called gastruloids, which mimic the 
process of gastrulation and axis formation in vivo. We will study this question, closely interacting between 
theory and experiment, and are currently applying for external funding on this project. The shared Ph.D. 
student Katia Barrett started working on this project at the end of 2019.

Tissue deformation. Throughout animal development, many examples exist for tissue deformation processes 
that are oriented. We want to understand from a theoretical perspective how self-organized, oriented tissue 
deformation can be robust – despite the fact that many existing physical theories for such oriented actively 
deforming materials predict instabilities. Using both continuum models and cell-based vertex models, we are 
studying how the occurrence of such instabilities can be prevented (or even harnessed) during developmental 
processes and establish quantitative criteria for that. The Ph.D. student Muhamet Ibrahimi started working 
on this project in October 2019. We will also compare our theoretical results to the deformation of gastruloids 
(see above).

Tissue forces. In a collaboration with Elsa Bazellières (IBDM, Marseille), the shared Ph.D. student Niels 
Gouirand, who started in September 2019, is developing microbeads as in-situ force sensors for biological 
tissue. Without external force, these elastic beads have a spherical shape, so that when embedded in tissue 
the force distribution applied to their surface can be inferred from their surface shape. We will use these force 
probes to study in vitro how forces and apico-basal polarity interact to organize epithelial structure. Moreover, 
these beads will also be useful to map stress distributions in gastruloids.

Epithelial folding. In a collaboration with Thomas Lecuit (IBDM, Marseille) and his postdoc Bandan Charkrabortty, 
whom I co-supervise, we are studying the emergence of a tissue-scale wave of epithelial invagination during 
Drosophila embryonic development. Using continuum and vertex models, we are dissecting how interactions 
between tissue visco-elasticity and bending rigidity combined with adhesion and active stresses and torques 
can induce directed tissue flows and invagination.
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Mechanics of disordered systems.
How do large-scale properties of disordered systems arise from the complex interplay between their microscopic 
constituents? This question is important to understand a large class of materials both living and non-living. In a 
recent publication we have already shown that one can make surprisingly general analytical predictions about 
the elastic macroscopic properties of the broad class of athermal, under-constrained materials. This is relevant 
to understand systems as diverse as semiflexible polymer networks like collagen and cell-based vertex models 
for biological tissue. We want to extend these ideas in particular with regards to biopolymer networks, for 
instance to include a fiber bending rigiditiy, finite temperatures, and reversible cross-linkers. These extensions 
will allow us to reasonably compare to existing experimental data. A postdoc will be hired on this project at 
the beginning of 2020.

Interdisciplinary collaborations – PhD/Postdoc projects

- Ph.D. student Muhamet Ibrahimi, working on oriented tissue deformation
- Shared PhD student Niels Gouirand, with Elsa Bazellières (IBDM, Marseille), working on in-situ force

sensors
- Shared PhD student Katia Barrett, with Pierre-François Lenne (IBDM, Marseille) and Félix Rico (LAI,

Marseille), working on gastruloids
- Co-supervision of postdoc Bandan Charkrabortty, hired by Thomas Lecuit (IBDM, Marseille), working on

epithelial invagination

3.2.2 Presentation of Hervé Rouault,  “Neural networks for the representation of
3D environments” team

Background
- January 2019 - present | CENTURI group leader
- 2012 - 2018 | Postdoctoral fellow then research associate, Janelia Research Campus, HHMI
- 2010 - 2012 | Postdoctoral fellow, Institut Pasteur (Paris)
- 2005 - 2009 | PhD, Theoretical Physics, ENS Paris and Université Paris Diderot - Genetic networks and

spatio-temporal dynamics of cellular assemblies
- 2004 - 2005 | MSc Degree, Theoretical and Statistical Physics, ENS, Lyon
- 2002 - 2005 | Interuniversity Magister in Physics, ENS Paris

Institute: CENTURI (CPT & INMED)

Summary
How do animals transform their visual stimuli into internal representations of objects or environments that 
they can use to behave in a meaningful way? Answering this question would provide a basic understanding 
of many cognitive abilities. Navigation relies on an internal neural representation of the external world, built 
using multi-sensory information. Although we live in a three-dimensional world, the modeling and analysis 
of navigation tasks often assume two-dimensional exploration only, limiting our understanding of neural 
activities. Recently, neural representations of 3D orientations have been characterized, and mechanisms of 
internal representations have been determined in great details using model organisms.

We propose to leverage modeling approaches and powerful theoretical tools in order to understand and 
conceptualize the representations animals use for their 3D spatial environment. We will attempt to establish 
models for the sensory network that computes the 3D orientation of scenes or objects, making use of recent 
advances in artificial neural networks. 
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We will then construct neural network models able to sustain these representations independent of sensory 
activity. The different neural network architectures obtained in silico will be studied and compared to actual 
animal implementations. We will generalize our approach to the combination of orientation and spatial 
localization in a scene. This work will guide the interpretation of the neural activities, including the receptive 
fields of the neurons present in the visual system and the persistent activities observed in deeper brain areas. 
By understanding the space of neural activity, we will provide insight into important properties of the neural 
code, such as its dimensionality and how it shapes the organization of brain regions implicated in spatial 
representations. This more integrated view on the function of multiple interconnected brain areas will shed 
light on another open problem in neuroscience — how visual inputs drive the higher cognitive representations.

Team
- Recruitment of Shrisha Rao Balappa, postdoc, project Study of the neural dynamics supporting internal

spatial representations
- Cosupervision of two PhD students in a CENTURI project: 

- Mathieu Loizeau, project Functional transformations of sensory information in the brain: the mouse o
factory system as a model, supervised with Jean-Claude Platel

- Alla Solod, project Understanding large-scale spatial navigation using virtual reality, multisite
electrophysiological recordings in the hippocampus and computational modeling, supervised with 
Jérôme Epsztein

3.2.3 Presentation of Jean-François Rupprecht, “Out-of-equilibrium Mechanics
(OM)” team

Background
- February 2019 - present | CENTURI group leader
- 2015 - 2018 | Postdoctoral fellow, Mechanobiology Institute, NUS (Singapore)
- 2014 - 2015 | Postdoctoral fellow, Laboratoire de Physique Statistique - ENS Paris
- 2012 - 2014 | Diploma thesis research in physics, Université Pierre et Marie Curie (Paris, France)
- 2009 - 2012 | M.S. Degree in physics, ENS Paris

Institute: CPT - CENTURI

Summary
The objective of the OM team is to develop generic theoretical frameworks that have a predictive value and which 
can inspire new experiments in biophysics. We aim at answering questions inspired by embryonic development 
that we model as a fluctuating hydrodynamics problem. Current active matter theories predict that a viscous 
material can display spontaneous flows due to its local energy consumption (e.g. the ATP consumption by 
cells). We propose to tackle the following questions: within developing embryonic tissues, what tames such 
expected generic active matter instability into well-controlled flow patterns, eventually leading to functional 
organs with well-controlled structures? Are these patterns robust to cell-scale fluctuations? Conversely, could 
these fluctuations play a role during embryogenesis?
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We think of these questions as exciting opportunities to explore the relation between force generation 
processes at the microscopic scale (e.g. molecular motor contraction at the cellular scale) and emerging 
mechanical properties at the macroscopic scale (e.g. embryonic tissue), with the objective of gaining a new 
perspective on what drives pattern formation either in vivo (embryogenesis) or in artificial systems such as cell 
monolayers, cancer spheroids or organoids.

Our project objectives are highly relevant for several experimental teams.

Team
- Nicolas Tizon-Escamilla, postdoc – project What can we learn from fluctuations in living active materials?

In recent years, there has been a surge in techniques to insert deformable droplets or to exert forces on 
beads within biological tissues, opening the way to the development of micro-rheology setups; however, 
given the non-thermal nature of fluctuations in living materials, there is a lack of theoretical framework 
to interpret such data. 

- Shao-Zhen Lin, postdoc, project Covariant Hydrodynamic Theories of Epithelial Flows. While the behaviour
of single cells within curved geometries has been the subject of several studies over the last years, the 
question of collective flows within curved confluent epithelial tissues remains unexplored; such study is 
now becoming possible thanks to the design of new 3D micropatterning and 3D imaging techniques. 

3.2.4 Presentation of Paul Villoutreix, “Learning Meaningful Representations of
Life” team

Background
- February 2019 - present | CENTURI group leader
- 2017 - 2018 | Postdoctoral fellow, Weizmann Institute of Science (Israel)
- 2015 - 2017 | Postdoctoral fellow, Princeton University (USA)
- 2011 - 2015 | PhD, Mathematical Biology, Paris Descartes University
- 2010 - 2011 | MSc degree in Interdisciplinary Approaches to Life Sciences (AIV), Paris Diderot University

(Paris VII - CRI)
- 2008 - 2011 | Supélec Engineering School Degree (MSc)

Institute: LIS

Summary
Embryogenesis is the process by which a single fertilized egg gives rise to a multicellular organism. This 
remarkable transformation involves the dynamic interplay of processes at multiple scales of biological 
organization, from molecular components and molecular machines, to single cells, tissues, and organs. The 
understanding of how an embryo forms is at the foundation of our comprehension of many fundamental 
processes, such as evolutionary dynamics, reproduction, tumorigenesis, or the formation of the immune 
system. Studies of dynamics in developing embryos are also driving the design of man-made tissues and 
organs and inspire the synthesis of active materials. Many open questions remain in our understanding of 
how the shape of multi-cellular systems emerges from and regulates molecular dynamics of gene expression 
within cells. Answering them requires harnessing massive microscopy imaging and single cell RNA datasets 
and developing new computational and mathematical methods.

Paul Villoutreix's team is part of the QARMA team (Marseille Machine Learning Team)
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Team
- Postdoc: Solène Song, cosupervision with Olivier Théodoly (LAI) and Mark Bajenoff (CIML) project “Long

range collective dynamics of cilia, mucus transport and tissue polarity in bronchial epithelium”
- PhD student: Vahideh Reshadat, project “The intrinsic geometry of a developing embryo”

3.3 Recruitment of PhD students and postdoctoral fellows

On top of recruiting new PIs, CENTURI has planned the recruitment of a total of 84 PhD students and 40 
postdoctoral fellows for the duration of the project. We select only interdisciplinary projects, in accordance 
with CENTURI’s objectives and eligibility criteria, as defined by the Research committee and Steering 
committee. Every PhD and postdoc project has its eligibility validated by the Research committee before 
being published. This step ensures that all funded projects are coherent with CENTURI scientific objectives. 
Every recruited PhD student and postdoctoral fellow is co-supervised between at least two PIs, from two 
different laboratories (for all PhD students and for 75% of postdocs, also from different research units). 

CENTURI gives priority to new collaborations between theoretical and experimental groups from different 
research units, addressing a biological question of interest to the CENTURI research community. Such projects 
can be initiated by the theoretical group or by the experimental group. Other projects are also considered 
eligible:

- The extension of an existing collaboration between groups from different disciplines.
- Recruitment of theoreticians or computational scientists in experimental groups, provided that supervisory

support is available.
- Recruitment of theoreticians or computational scientists in theoretical/computational groups, provided

that the major research question is linked to biological problems addressed within the CENTURI biology 
community.

- Recruitment of experimental scientists developing and applying quantitative approaches in biology groups
that have not taken such approaches before.

- Projects involving instrumentation development, providing that the new experimental system is expected
to be available to biology groups in Luminy within the timeframe of the project.
Projects between two experimental groups in biology are not eligible if there is no theoretical or
quantitative approach.

Projects are selected based on the following criteria: interdisciplinarity (i), scientific interest (ii), innovative 
and collaborative dimension (iii). Groups which already have a PhD or postdoc funded by CENTURI can submit 
projects, but the number of CENTURI PhD students / postdoctoral fellows simultaneously supervised by a 
researcher is limited to 3. Candidates are selected based on the following criteria:

- Scientific level and publications
- Ability to work in a multidisciplinary research environment
- Ability to work on a collaborative research project
- Enthusiasm and communication skills

3.3.1 Selection criteria
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3.3.2 Recruitment

After the success of the call to hire new PIs in 2018, the recruitment of high-level PhD students and 
postdoctoral fellows was CENTURI’s priority for the academic year 2018-2019. The results of the 2018 calls 
for new PhD students and postdocs have been mixed: after a thorough evaluation process, only one new PhD 
student and two postdoctoral fellows joined CENTURI laboratories in 2018. Based on this experience, CENTURI 
decided for its 2018-2019 calls to broaden and define more precisely selection criteria (of both projects 
and students). Collaboration between experimental scientists and theoreticians remains a priority, but a 
more progressive collaborative approach was made possible, including experimental biology and biophysics. 
Similarly, PhD students and postdoctoral fellows are now allowed to submit their own projects.
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With a total of 13 PhD students and 16 postdocs recruited in 2019, CENTURI significantly accelerated its pace, 
which will reinforce the scientific interactions within the project. The graph below shows the cosupervision 
links between CENTURI research institutes (the width of the links represents the number of cosupervisions, 
the color of the nodes represents the number of PhD and postdocs supervised).
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The graph shows that various research teams participate in the supervision of at least one PhD student or 
postdoctoral fellow and shows the most common supervisions between institutes. We can see that IBDM and 
CIML are the two institutes with the most cosupervisions, but also that smaller institutes (such as the TAGC, 
LAI or M2P2) are really active in CENTURI scientific life.

3.3.3 List of recruited postdocs and PhD students (see annex for the description of
research projects)

CENTURI first postdoc call attracted 2 postdoctoral fellows who joined our projects in October 2018:

- Marie-Anne Burcklen  - " Smart-scans for live imaging of morphogenetic processes"
- Charlotte Rulquin  - " Computational study of cell pattern emergence in embryonic and tumorigenic

tissues"

CENTURI second postdoc call attracted a total of 8 postdoctoral fellows for interdisciplinary research projects 
who joined CENTURI from April to September 2019: 

- Damien Courtine  - “Global and local genome sequence analysis to understand fungal virulence”
- Maxime Lucas  - “A Multiscale Analysis of Cell Polarity Transitions in a Bacterium - Using higher-order

biological networks to explore temporal patterns in cellular oscillators”
- Fabio Manca  - “Modeling mechanosensing of T cells: from ligand-receptor bonds to cytoskeleton

dynamics”
- Olivier Mesdjian - "Long-range collective dynamics of cilia, mucus transport and tissue polarity in bronchial

epithelium”
- Saswati Saha  - “Systems genetics: developing new approaches integrating network analyses and modeling

to elucidate the genetic mechanisms underlying cardiac aging in Drosophila”
- Stefania Sarno  - “Why animals learn the way they do? An experimentally driven computational 

approach"
- Clara Sidor  - “Muscle building: bridging molecular order to macroscopic morphogenesis”
- Sham Tlili - “Mechanics of gastrulation in mammals using a minimal in vitro system”

The third postdoc call led to the recruitment of 5 postdoctoral fellows, who joined CENTURI from September 
2019 to March 2020:

- Céline Dinet - “A multiscale analysis of cell polarity transitions in a bacterium - reconstitution of a
biochemical oscillator inside liquid droplets”

- Stefan Harmansa - “Emergence and dissipation of mechanical stress during epithelial growth
- Rikesh Jain  - “Functional and bioinformatics analysis of predator prey interaction in bacteria
- Maria-Mandela Prünster  - “Evolution of protein interactions involved in epithelial building and patterning”
- Solène Song  - “Deciphering chemical signals guiding T cells towards and in lymph node”

CENTURI first PhD call in 2018 led to the recruitment of only 1 PhD student: 
- Sébastien Choteau - "Understanding uORF functions through dendritic cells biology and computational

approaches"
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CENTURI PhD call in 2019 allowed CENTURI to welcome a total of 11 PhD students in 2019 (two more have 
been recruited directly by CENTURI new PIs), to work on interdisciplinary projects:

- Achyuth Acharya  - “Instructing myofibrillogenesis in human muscle by forces and shapes”
- Athullya Baby  - “Quantitative analysis and simulation of fluid flows powered by cilia in vivo
- Anthony Baptista  - “Genetic and phenotypic comorbidities between Mendelian and common diseases

from a network perspective”
- Katia Barrett  - “Mechanical environment and fate specification during mammalian morphogenesis”
- Ammar Sabir Cheema - “Deciphering the activation states of plasmacytoid dendritic cells, their dynamical

relationships and their molecular regulation”
- Naveen Gajendra Kumar  - “Visualizing deep hippocampus neuronal functional activity in vivo using ultra

thin 2-photon endoscopes”
- Niels Gouirand  - “Deciphering the interplay between cell polarity and inter-cellular forces in epithelial 3D

organization”
- Mathieu Loizeau  - Functional transformations of sensory information in the brain: the mouse olfactory

system as a model
- Thomas Morvan  - “Are you sure where to go? Studying algorithm(s) for decision-making and confidence

in an ethological framework”
- Varun Puthumana - “Modeling T cell plasma membrane phase separation”
- Alla Solod   - “Understanding large-scale spatial navigation using virtual reality, multisite electrophysiological

recordings in the hippocampus and computational modeling”
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Summary

- 4 new PIs recruited (2019 target: 3 to 4; 2025 target: 10)
- 18 postdocs recruited (initial 2025 target: 14 postdocs for three years, modified by CENTURI Steering

committee to reach 40 postdocs for two years)
- 14 PhD students recruited (initial 2019 target: 28 PhD students; 2025 target: 84 PhD students)
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To foster a dynamic scientific life, CENTURI organizes very frequent events: 

a) External and internal Seminars
b) Welcome days
c) CENTURI scientific days
d) Annual scientific conference

4. Scientific life

4.1 Recruitment of PhD students and postdoctoral fellows

CENTURI organizes very frequent research seminars (one-hour long) for its interdisciplinary community. 
In 2019, these seminars occurred in average twice a month, giving the opportunity to the entire CENTURI 
Community to meet and discuss. With a total of 14 seminars in 2018 and 22 seminars in 2019, CENTURI 
researchers can meet on a regular basis for interdisciplinary seminars, contributing to creating new scientific 
interactions. External and internal speakers for these seminars are asked to remain as accessible as possible 
to a very diverse audience of biologists, physicists, mathematicians and computer scientists, including senior 
scientists, but also young PhD students and Master students. 

CENTURI seminars are organized by a subcommittee of the Research Committee. Seminars proposals are 
collected within the CENTURI community. They are then discussed by the Seminars Committee, which 
shortlists the seminars proposals based on the speaker’s international profile, the interdisciplinary character 
of his/her research and the perceived interest from the CENTURI community. The list of seminars is approved 
by the CORES. 

In 2019, CENTURI has organized a total of 22 seminars (13 external, 9 internal), gathering the entire CENTURI 
community. The list is presented below: 

- Marcelo Nollmann (CBS Montpellier, France) - Imaging nuclear organisation at the nanoscale
- Vincent Calvez (ENS Lyon, France) - Mesoscopic models for propagation in biology
- Ulrike Feudel (Carl von Ossietzky Universität, Odenburg, Germany) - Concepts of dynamical systems theory

in environmental science
- Arezki Boudaoud (ENS Lyon, France) - Variability and robustness in morphogenesis
- Claire Wyart (ICM, Paris, France) - Investigation of interoceptive sensory pathways involved in physiology

of the spinal cord and organogenesis
- Georges Debregeas (UMPMC, Paris, France) - Whole-brain imaging in zebrafish larva reveals neural

mechanisms underlying phototaxis
- Atef Asnacios (Université Paris Diderot, France) - Interplay between single-cell mechanics and functions
- Michael Way (Francis Crick Institute, London, UK) - New levels of complexity in actin polymerization
- Alain Goriely (Oxford University, UK) - Modeling Dementia
- Raymond Goldstein (University of Cambridge, UK) - Upside-Down and Inside-Out: The Biomechanics of

Cell Sheet Folding
- Marie Doumic (Inria, Paris, France) & Wei-Feng Xue (University of Kent, UK) - The Division of Amyloid

Fibrils – Theory, Experiments and Predictions
- Patrick Tabeling (ESPCI, Paris, France) - Microfluidics, droplets, foams, photonics, cell culture
- Carl-Philip Heisenberg (Institute of Science and Technology, Klosterneuburg, Austria) - 

Mechanosensation of tight junctions by ZO-1 phase separation and flow
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- Sophie Brasselet (Institut Fresnel, Marseille, France) - Structural imaging in cells and tissues by polarized
fluorescence and nonlinear microscopy

- Matthias Merkel (CPT, Marseille, France) - Self-organization and collective effects in living systems
- Paul Villoutreix (LIS, Marseille, France) - From large image datasets to scientific insights in Developmental

biology
- Jean-François Rupprecht (CPT, Marseille, France) - Fluctuations in active viscous system: from the cell

cortex to tissues
- Fanny Mann (IBDM, Marseille, France) - Neural plasticity in cancer: for better or for worse?
- Herve Rouault (CPT, Marseille, France) - Brain representations of spatial environments
- Cécile Capponi (LIS, Marseille, France) - An humble testament of the couple bio/Machine learning

research: when a variety meets another variety
- Kheya Sengupta (CINAM, Marseille, France) - Physics of cell adhesion: from model membranes to T-cells
- Philippe Pierre (CIML, Marseille, France) - Translating Immunity

CENTURI started to organize in October 2019 short internal seminars, given by PhD students and 
postdoctoral fellows from the CENTURI community (i.e. working in a laboratory which is part of CENTURI). 
CENTURI organizes these PhD and postdoc seminars before internal CENTURI seminars, which usually take 
place once a month, on the Luminy campus. The PhD and postdocs seminar last a total of 20 minutes (15 
minutes of presentation and 5 minutes of questions) and are followed by an internal CENTURI seminar given 
by a PI. These short seminars are a great opportunity for PhD students and postdocs to present their work 
to a broad interdisciplinary audience. Presentations are made on a voluntary basis. However, CENTURI PhD 
students and postdoctoral fellows are required to give at least one short seminar during their contract.
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4.2 Welcome days

To integrate newcomers, CENTURI has organized two Welcome Days in 2019, aimed respectively at new PIs 
and at PhD students. A cocktail was organized by CENTURI in February 2019 to celebrate the arrival of four 
new brilliant scientists in the CENTURI community. 

In October 2019, a Welcome day for new CENTURI PhD students was organized. After a general introduction 
and the presentation of CENTURI PhD program, current PhD students from the CENTURI community were 
asked to present their PhD work in 180 seconds, to show new PhD students the richness and diversity of 
research conducted within CENTURI. New PhD students were also asked to present their PhD project to their 
fellow PhD students, to encourage interactions within the group. The event ended with a small afternoon 
cocktail, again to encourage interactions among students. 

4.3 CENTURI Scientific Days

CENTURI also organizes, twice a year, CENTURI scientific days, which are half-a-day meetings (or an entire 
day meeting for the last CENTURI day, in November). These scientific days aim to foster new interdisciplinary 
collaborations and projects within our community and to encourage applications to CENTURI PhD and 
postdoc calls. To do so, researchers give short oral presentations (8-10 minutes), focusing on new collaboration 
projects and/or needs. Presentations focus on the interdisciplinary projects researchers would like to develop 
and for which they are looking for a partner lab. Poster sessions are also organized, to facilitate scientific 
interactions. In 2019, two CENTURI scientific days were organized, in May and November. 
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The May edition, focusing on Modeling, gathered more than 110 participants, for a program composed of 16 
short talks from almost all CENTURI institutes. The November edition focused on Imaging and included a total 
of 21 short talks and a keynote conference by Christophe Zimmer, from the Institut Pasteur. More than 120 
CENTURI members attended this fourth CENTURI scientific day. From 2020, CENTURI will continue organizing 
two CENTURI days every year, but will alternate between a “classical” CENTURI day, giving mostly permanent 
scientists and PIs the opportunity to present and a PhD and postdoc day, giving CENTURI PhD students and 
postdoctoral fellows the opportunity to present their research work in front of the entire CENTURI community. 

So far, CENTURI has organized a total of 4 CENTURI days: one to start the project, in 2017, one 18 months after 
the first one, to encourage new collaborations and two in 2019, to keep on expanding and encouraging new 
scientific interactions. 

4.4 Conferences

CENTURI Scientific meetings are interdisciplinary scientific symposia organised every year, which aim to gather 
scientists from various disciplines (biology, physics, mathematics, computer science) to discuss about a wide 
range of topics in life sciences. CENTURI organizes every other year a week-long conference at the Institut 
d’Etudes Scientifiques de Cargese (IESC, Corsica), continuing a series which started with the LABEX inform in 
2012. Every other year, CENTURI organizes the conference Physics of Living Matter, together with Cambridge 
University and the Institute for the Physics of Living Systems. 

4.4.1 Physics of Living Matter

In 2018, CENTURI hosted in Marseille the 13th edition of the symposium Physics of Living Matter (PLM), 
together with Cambridge University and the Institute for the Physics of Living Systems (UCL-IPLS). The PLM 
series started in 2005 from an interest to promote the interface between the Life and Physical Sciences in 
Cambridge. Over the years, PLM has grown from a local meeting to a popular international event that attracts 
interdisciplinary scientists from all around the world. Since 2018, CENTURI has partnered with Cambridge to 
organize the conference, alternatively in Cambridge and in Marseille. The Physics of Living Matter symposium 
aims at bridging Physics and Biology by bringing together scientists from life sciences, physics and computational 
sciences from all over the world. In 2018, more than 130 participants from all over the world gathered in 
Marseille for two days to share their latest research findings. 

The 15th edition of the 
symposium Physics of 
Living Matter will take 
place October 01 & 
02, 2020 at the Palais 
du Pharo (Marseille, 
France). 
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4.4.1 Self-organization in multicellular systems

In 2019, CENTURI organized a conference on Self-Organization in multicellular systems, in Cargèse, Corsica. 
This CENTURI scientific Meeting 2019 (CSM2019) welcomed about 90 participants from September 30 to 
October 04. 

The conference brought together scientists developing experimental, theoretical as well as modeling approaches 
in the search for principles that underlie the similar spatial and temporal organisation and dynamics across 
scales and biological contexts. Spatial and temporal patterns can be found in various biological contexts: in 
the nervous systems, during cell migration and tissue morphogenesis or in cell shape changes, cell polarization 
and cell movement, etc. Our symposium was organized around two guiding threads: how do such spatial and 
temporal dynamics arise? What are the respective contributions of biological regulation and self-organization 
(i.e. local interactions)? Various disciplines were represented, from cell biology and biophysics to neuroscience 
and immunology. Despite different backgrounds and the variety of questions that scientists tackle, participants 
were able to speak a common language. 

Two long poster sessions also gave PhD, postdocs and permanent scientists a wonderful opportunity to 
exchange about their research findings and insights.

Summary

- Total of 14 research seminars organized in 2018 (11 external, 3 internal) and 22 organized in 2019 (13
external, 9 internal)

- One major conference a year, alternatively Physics of Living Matter in partnership with Cambridge and
at the IESC in Corsica
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This section describes CENTURI activities in the field of education and training. These activities include 
CENTURI participation in Master’s programs and the various PhD training courses and events proposed to 
our students.

5. Education and Training activities

5.1 Master's programs

CENTURI believes that the next generation of life scientists will be at the interface between biology, 
physics, mathematics and computer science. To prepare students for this transition, CENTURI is setting 
up interdisciplinary Master's and PhD level training programs. A major objective of CENTURI is to train an 
interdisciplinary community of scientists, able to tackle the complexity of biological systems. The success of 
the research initiative requires that different, and often disjointed communities of students and researchers be 
brought together in a network: namely academic researchers in biology, physics, mathematics and computer 
science, who in France are usually trained in Universities, as well as engineers present in Engineering Schools. 

To do so, CENTURI is deeply involved in two Master’s degrees. 

5.1.1 Major Physics of Complex Systems

CENTURI is involved in the Major “Physics of Complex systems”, within the AMU Master of Fundamental 
Physics which aims to teach physics for biology to students with a background in general Physics. Through 
the choice of courses, students have the opportunity to reinforce their training in dynamical systems, 
complex fluids, complex networks and biomechanics. The knowledge acquired in physics will help to better 
understand these issues. Students study and conduct projects alongside biologists, mathematicians and 
computer scientists. Interdisciplinary courses were created in 2018-2019, only for the first year of the Master’s 
program (M1). New interdisciplinary CENTURI courses were created in 2019-2020, for M1 and M2 students. 
In 2018, for the first cohort, around 10 students attended these CENTURI courses within the Master, out of 
42 M1 students in the Fundamental Physics Master. They confirmed in 2019 by their participation in the M2 
teaching units specific to the project: « soft matter » (6 students), « Physics of living systems » (7 students). 
They represent an important part of the complex systems orientation where 9 students attend « Statistical 
Physics » and « Dynamical systems » and 14 study « Complex systems and introduction to deep learning ». 
The number of M1 in the Physics Master's program has been halved in 2019-2020 compared to 2018-2019. 
CENTURI and the Master's directors do need to recruit some external participants for the M2 year in 2020 and 
reinforce the communication about the Master's to avoid this kind of fluctuation next year. Several internships 
led to very fruitful interactions between biologists and physicists, contributing to a strong interaction between 
teaching and research activities of both students and advisors. 
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5.1.2 Master Computational and Mathematical Biology (CMB)

The CMB Master is a highly selective international Master of science dedicated to the analysis and the 
modeling of complex biological systems, created as a part of the graduate school of CENTURI. Its global 
objective is to prepare the next generation of scientists working on interdisciplinary projects between biology, 
mathematics and computer science, by studying the analysis and modeling of complex biological systems. The 
Master’s program targets bachelor students in mathematics, computer science and biology (with a minor in 
maths or computer science) and offers students the opportunity to specialize in a specific major (Mathematics 
and Biology). This interdisciplinary Program is divided into three different Master's: two Master's programs in 
Mathematics, and a Master's program in Bioinformatics. While specializing in a major in their field, students 
will share interdisciplinary courses and projects. 

- In the mathematics-focused study path, the main courses are dedicated to the main mathematical tools
for modeling (deterministic or stochastic models, dynamical systems) or the statistical tools for interpreting 
biological data (statistical test, parametric estimation). Other courses allow in parallel to develop skills in 
computing and biology.

- Courses of the biology-focused study path are dedicated to the analysis of interaction networks involved
in different types of biological processes (embryonic developmental, nervous system, immune response) 
in order to understand the relationship between network structure and the behavior of complex biological 
systems.

A strong emphasis is also put on students’ future professional career and lectures are taught in English, to 
keep it open for international students and prepare students for a potential career in academia. CMB offers 
a program by and for scientific research, with many opportunities to pursue studies towards a PhD or to 
be hired in a company with a R&D Department. This Master opened in September 2019 with a total of 13 
students in M1. Four fellowships have been granted by CENTURI, on the basis of student’s academic excellence 
and motivation. The Master will be able to welcome 20 students in both M1 and M2 from September 2020. 
Up to 10 fellowships (4 for M1, 6 for M2 students) will be offered. With these fellowships, the Master aims to 
attract high-level students from all over the world and to gain exposure. After a few years of existence, CMB 
hopes to benefit from a high-level reputation and to attract enough applications from high-level students to 
stop offering fellowships.

The CENTURI community is deeply involved in these two Master’s programs, through the participation of 
both lecturer-researchers and researchers of the CENTURI community. Most teachers from these two Master’s 
programs are part of CENTURI and dedicate a significant amount of their time to teaching. CENTURI new 
principal investigators are also asked to participate in these Master’s programs. 

5.2 PhD program

CENTURI has planned the recruitment of a total of 84 PhD students over the course of the project. CENTURI 
PhD fellowships are open to talented and highly motivated students interested in interdisciplinary approaches 
to decipher biological processes. PhD projects’ eligibility to CENTURI funding is evaluated by CENTURI Research 
Committee, based on the scientific quality of the project and on its interdisciplinary dimension. CENTURI gives 
priority to new collaborations between theoretical and experimental groups from different research units, 
addressing a biological question of interest to the CENTURI research community. This step is designed to 
ensure that CENTURI only funds truly interdisciplinary PhD projects.
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5.2.1 PhD Charter

CENTURI has defined a PhD charter, to guarantee that PhD students funded by CENTURI will benefit from 
a high-quality PhD program. CENTURI PhD charter aims to clarify and define the rules associated with 
the recruitment of PhD students funded by CENTURI, on top of the rules included in the University’s PhD 
Charter. This Charter aims to define key principles and objectives for students and host research teams, to 
avoid both scientific and personal issues during the PhD. CENTURI wishes that every PhD student finds an 
optimal environment for his/her research, and that research teams can count on the full dedication of the PhD 
students in their PhD project. CENTURI ambitions to create the best conditions for the success of the projects 
and for the future career of its PhD students. 

CENTURI PhD students will benefit from the advice of a tutor. The role of the tutor is different from the 
role of the PhD supervisor. The tutor is a privileged point of contact for the PhD candidate to discuss about 
any difficulty encountered during his/her PhD. Other functions of the tutor may include advising the PhD 
student about his/her orientation, for postdoctoral fellowships opportunities, scientific advice, etc. The tutors 
also ensure that the PhD student benefits from good working conditions in their host laboratory, follows the 
expected training sessions, ensures that the Thesis Advisory Committee sessions are organized in due time 
(in relationship with the PhD supervisor, who is responsible for the organization of these sessions). In case 
of difficulties between the host laboratory and the PhD candidate, the tutor may act as a mediator to find 
a suitable solution for all parties involved (PhD student, doctoral school, PhD supervisor, head of the host 
laboratory and CENTURI). The PhD student’s tutor also participates in the thesis advisory committee sessions. 

Tutors are chosen by PhD students themselves, within 3 months after the start of their PhD, providing that 
their choice respects the eligibility conditions, i.e. work in a CENTURI laboratory, be a permanent scientist 
or hold a contract valid for the entire duration of the contract of the PhD student and work in a different 
laboratory than the PhD student.

The PhD Charter also defines rules for the PhD thesis committees or Thesis Advisory committees  - TAC. 
The TAC must include the PhD supervisor, an external expert (outside of Aix/Marseille) who is not involved in 
the thesis work, a member designated by the doctoral school in which the student is enrolled and the PhD 
student’s tutor. The first TAC session must take place at the latest 12 months after the PhD start date, the 
second session at the latest 27 months after the PhD start date. Each session must result in an official report, 
written by the doctoral school representative or the external expert. CENTURI administrative team ensures 
that TAC sessions are planned according to the rules of the PhD charter. 

5.2.2 Training course

CENTURI welcomes new PhD students with a Welcome day (first one organized in October 2019), to create a 
united community of PhD students for the duration of the project and to foster interactions between new and 
current PhD students.



36

Education and Training activities

To make it as attractive as possible, CENTURI proposes several training courses for CENTURI PhD Students:

- A focus on Imaging – internal training course
A focus on Imaging is an introductory course to different microscopy techniques, dedicated to PhD students 
willing to explore the most advanced and popular techniques used for biological applications. The course 
is being held, in Luminy, in various biology institutes. The training session includes theoretical courses 
on the techniques basics and principle and hands-on practical work in research labs, in small groups (4 
students). By the end of the training course, participants are expected to have a good understanding of 
basic optics, wide-field microscopy, confocal microscopy, F-techniques (FRAP), electron microscopy, atomic 
force microscopy, dyes, detectors, single molecule imaging, super-resolution, light sheet microscopy, image 
processing and quantitative analysis. Students are encouraged to follow this course in the first year of their 
PhD, in order to know which techniques are available on campus for the duration of their PhD.

- Cell biology by the numbers – external training course, by Rob Phillips (Caltech)
The use of centralized, curated and quantitative data is becoming increasingly important in today’s biology. 
The course « Cell biology by the numbers » highlights the key numbers which describe the lives of the 
cells and the necessary efforts to provide definitive statements about their value. This course, intended for 
biologists, provides participants with the appropriate mathematical tools to apprehend and explore the key 
numbers of cell biology and many key physico-chemical processes. The course gives key examples about 
sizes, concentrations, energies and key quantities that describe the living world, in both an entertaining and 
surprising fashion. Practical sessions, dedicated to programming (Python), are organized every afternoon. 
The course is taught by Prof Rob Philipps, from Caltech. The course gathered a total of 37 participants in 
2018,42 in 2019.

-Oral communication (external training course)
CENTURI organized in May and December 2019 two sessions of a two-day training course on “Oral 
communication”, open to PhD students (limited to 8 participants/session). This course is aimed to teach 
students how to create interesting oral presentations, customized for the audience. This course will become 
mandatory for new students during the first year of their PhD, in order to teach them how to communicate 
on their projects to specialized or non-specialized audiences.

- Paper writing (external training course)
CENTURI organized in September 2019 a three-day training course on Paper writing, aimed to teach 
participants how to write a scientific paper and to get it published. In this course, participants learn rigorous 
methodologies to write clearly and concisely, an algorithm to write a scientific paper, principles to design 
clear and intuitive figures, techniques to ensure logical connections, etc. To make it as effective as possible, 
the course is limited to 12 participants/session. This course will become mandatory for students in the 
second or third year of their PhD, when they need these skills to write their publications and theses.

CENTURI has also involved PhD students in the discussion regarding the content of the PhD program, to make 
sure that the proposed training courses respond to their expectations and needs. Every year, one student will 
be responsible for the interface between all the students and the committee.
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5.2.2 Training course

CENTURI PhD students are expected and strongly encouraged to actively participate in the project’s scientific 
life, i.e. CENTURI seminars and events, to take part in some of CENTURI courses and training activities such 
as PhD modules or the summer school, to add CENTURI to their affiliation for their public presentations, on 
webpages, social media and in publications. 

On top of training courses, CENTURI offers PhD students and postdoctoral fellows the opportunity to give 
short seminars, in front of the entire CENTURI community. The PhD and postdocs seminar last a total of 
20 minutes (15 minutes of presentation + 5 minutes for questions) and are followed by an internal CENTURI 
seminar given by a PI. This is a great opportunity for PhD students and postdocs to present their work to a 
broad interdisciplinary audience. 

CENTURI also offers PhD students the opportunity to participate in tutored seminars. To do so, CENTURI asks 
speakers to send two research articles a few weeks before the seminar: 

- One about the content of the conference (usually, but not always, of the speaker himself)
- One which will help students better understand the scientific background: literature review, scientific

articlewith a contradictory point of view, etc.

Articles are sent to participating PhD students before the conference. CENTURI tutored seminars now respect 
the following format: 

- Preparatory meeting a few days before the seminar, where participants can discuss the research articles
with the host of the visit (usually, a researcher from the same field)

- Scientific seminar 
- Informal meeting between the speaker and PhD and postdoc participants right after the seminar, to

discuss the content of the conference, the speaker’s career history, etc. 

New PhD students funded by CENTURI will now have to attend at least four tutored seminars / year, to 
encourage their participation in interdisciplinary events and foster the interactions between PhD students of 
the CENTURI community. 

Summary

- 10 students followed the “Physics of complex systems” courses in 2018-2029
- 13 students in the CMB Master in 2019-2020
- 13 PhD students recruited in 2019 (target: 14), for a total of 14 CENTURI PhD students in January 2020



Engineers' breakfact / open desk #2 - December 10, 2020
INMED (Campus de Luminy - Marseille, France)
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This section describes CENTURI activities and achievements so far in the field of technology transfer and 
engineering, which represents a key CENTURI mission. CENTURI develops three kinds of actions in this field: 
the creation and operation of a multi-engineering platform open to the entire CENTURI community (i), the 
organization of internal tech transfer and development call (ii) and the organization of a summer school 
aimed at engineering students (iii). A Tech Transfer and Engineering Committee meets once a month and is in 
charge of the CENTURI Tech Transfer mission, prototype development, CENTURI multi-engineering platform, 
organization of engineering events and of CENTURI summer school. This committee is comprised of 12 
members, representing various CENTURI institutes and is headed by Rosa Cossart, Director of the INMED. 

Research at the interface between Engineering/Physics/Biology very often leads to intellectual property and 
technology transfers. Advances in biology strongly rely on technological developments and it is therefore 
essential to remain at the forefront of technological innovation. The major research questions of the Turing 
Centre rely strongly on cutting-edge equipment and facilities and we strongly believe that supporting ambitious 
engineering and tech transfer projects will ultimately benefit these research questions. 

6. Tech Transfer and Engineering

6.1 CENTURI Multi-engineering platform

One major objective of CENTURI is to involve engineers in the experimental and conceptual challenges 
of systems biology, while developing industrial partnerships. CENTURI hopes to fill the gap between a 
proof-of principle, built on a bench and a first prototype useful for life science researchers and engineers, 
and subsequent licensing to companies. This gap is difficult to fill because it requires engineering expertise 
in integration that is not found in academic labs. This objective resulted in the creation of CENTURI multi-
engineering platform. 

CENTURI research institutes already benefit from state-of-the-art core facilities in imaging and information 
technology. CENTURI multi-engineering platform has been created to provide additional expertise in 
bioinformatics, image processing, optics, mechatronics and software development. Our engineers are here 
to help and advise the CENTURI community in their daily research questions and/or participate in longer 
term projects. By organizing events and connecting different CENTURI labs, the platform hopes to build a 
strong cooperative spirit and facilitate the dissemination of information between the teams and the platform. 
Moreover, the platform develops cutting-edge experimental set-ups and transfers technologies to the scientific 
community and to companies.

CENTURI multi-engineering platform hosts common services for bioinformatics and image analysis, software 
engineering, optics and mechatronics, open to researchers. This platform aims to gather in a single place 
the research engineers recruited by CENTURI, in order to bring together complementary high-level scientific 
expertise, to have a one-stop shop open to scientists to advise them on their engineering issues (data 
analysis, etc.) and to stimulate scientific collaboration between research teams using this expertise. A platform 
dedicated to biological data analysis (image data, neuroscience data, bioinformatics) answers a clear need for 
the research teams on the Luminy campus. In this context, the platform works on cutting-edge projects and 
helps developing algorithms which could be useful for the entire CENTURI community. 

As part of the creation of CENTURI Multi-engineering platform, a call for research engineers was organized to 
identify high-level engineers, able to fill the engineering gaps identified by the research community and the 
Tech Transfer and Engineering Committee.
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So far, CENTURI has structured the organization of this Multi-engineering platform, which will welcome 10 
engineers by the end of the project. CENTURI has already recruited four research engineers, in the following 
fields: 

- Optics (Sophie Brustlein), in April 2018
- Data analysis – bioinformatics (Thomas Vannier), in September 2019
- Data analysis – image data processing (Benoit Dehapiot), in September 2019
- Software engineering (Masoud Sharbaf), in July 2019

CENTURI launched in June 2019 a new call to attract high-profile engineers, for the following positions: a 
second position of data analyst – bioinformatics, a second position of data analyst – image data processing, 
a data neuroscientist and a data curation and database management engineer. Three engineers have been 
recruited so far after a thorough evaluation process and will join CENTURI Multi-engineering platform between 
February and May 2020, for a renewable two-year contract. The second data analyst – bioinformatics is yet 
to be recruited. CENTURI has also recruited a mechatronics engineer, in charge of developing mechanical 
and electrical systems and solutions that are shared for various applications for the CENTURI community. 
The recruited engineer will join CENTURI in May 2020 and will work both on one of the internal Tech Transfer 
projects and on CENTURI multi-engineering platform. 

Since October 2019, CENTURI engineers have organized an open desk, once a month, open to all CENTURI 
researchers. These sessions aim to encourage new scientific interactions within our community and to propose 
an open desk where scientists can ask all their engineering questions to the platform’s engineers. Researchers 
are asked to bring their datasets, or to describe their experimental set-ups to benefit from consulting & advice. 
All recruited engineers work in a single place (CINAM, at the heart of Luminy campus), to create a community 
of complementary engineers able to advise researchers on their engineering and data analysis issues. 

For very short-term projects, CENTURI engineers help and advise the researchers without requiring any for-
mal project submission. However, for more complex questions, the research teams need to formally submit a 
project. Projects are then evaluated by the Tech Transfer committee, which meets once a month.

6.2 Tech Transfer and Development

One of the main objectives of the CENTURI Tech Transfer Platform is to promote the development of cutting-
edge experimental set-ups of general interest to the scientific community of the Turing Center. In this 
context, CENTURI organized in 2018 a call to identify projects capable to provide CENTURI scientists with 
innovative and easy to use systems and to foster industrial partnerships. Therefore, only proposals that had 
already demonstrated the viability of a system were accepted (Technology Readiness Level TRL 4). Seven 
applications were submitted for this call. After a thorough evaluation process, two projects were laureate of 
the Tech Transfer and Development call:

- PolarImaging Project - Polarization split module to access protein conformation dynamics and organization,
presented by Sophie Brasselet

- FIP Project  - Flexible multimodal Imaging Probe, presented by Hervé Rigneault
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The two winning projects benefit from a dedicated equipment budget of 50 to 70K€ and the assignment of an 
engineer dedicated for one year to the project, funded by CENTURI. At the end of the project, the recruited 
engineers will be assigned to the CENTURI multi-engineering platform and will have a consulting / support role 
within the CENTURI community. A new call will be launched in 2020, to fund new prototypes. 

Funded projects

• FIP Project – Flexible multimodal Imaging Probe
The project aims to develop an engineer grade version of the multimodal flexible imaging (FIP) probe 
that has been in development at the Fresnel Institute over the last 5 years. The current development has 
reached TRL4. Most of the technical steps have been demonstrated and validated but the full device remains 
a demonstrator that cannot be exported in application labs and imaging platforms, neither it can be operated 
easily with a user friendly interface. The team has identified several mechanical, optical, electronic and 
computer programming steps that need to be addressed within the scope of CENTURI Tech Transfer project to 
bring the FIP technology to the level of a usable device for the CENTURI community. 

The FIP technology targets several applications within the field of:

- Neuroscience: brain network activity imaging especially with freely running animals.
- Immunology: tissue imaging (surface and buried organs), inflammation imaging, cancer tissue imaging. 
- Developmental biology: tissue formation, fluorescent reporters in living animal tissue formation.

Altogether the FIP technology wishes to bring to the CENTURI community a handheld fluorescence and 2P 
microscope with extended abilities to perform nonlinear label free imaging (SHG, CARS). The FIP technology 
can be developed along several directions depending the application (1P, 2P or 3P fluorescence, or SHG/CARS), 
it is just a question of designing the correct fiber, detector and laser source). Therefore, the FIP technology is 
very versatile and can be valuable for the broad CENTURI community

• PolarImaging Project - Polarization split module to access proteins conformation dynamics and organization
Polarization splitting imaging is now mature enough to be applied to a large variety of systems and to be made 
a user-friendly module, with dedicated image processing for real time orientational imaging. PolarImaging 
aims to bring together competencies in mechanical engineering and software developments to build a 
polarization splitting imaging module of compact dimensions, which can be temporarily attached to any 
existing microscope of the CENTURI experimental community. The definition of the system (image splitting) 
makes it applicable to both wide field/TIRF ensemble imaging and super-resolution imaging (STORM, PALM, 
sptPALM), as well as for live spinning disk live imaging when positioned in the detection part (Figure 2). This 
module will therefore be compatible with laser ablation experiments, homoFRET anisotropy measurements, 
multicolour imaging extensions. Note that the information gained is beneficial to a large range of other 
explorations: used in FRET imaging, it permits to properly interpret signals by providing unbiased inter-
molecular distance estimations; it can produce valuable information for the interpretation of tension sensors 
signals, or viscosity measurements obtained by anisotropy. This new module will thus be of interest in a wide 
community of biologists, but also for biophysicists since new insights can be gained the relation between 
proteins organization and physical properties of cells and tissues. Making PolarImaging a compact, robust 
movable module will thus provide a fast growth of the system capabilities. 
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This project consists in (1) designing a compact module of polarized image splitting, using a compact (<20cm 
length) optical layout and optics, compatible with both ensemble and super-resolution imaging modalities; 
(2) adding a modality for 3D orientation monitoring by the control of the back focal plane aperture detection; 
(3) implementing a user-friendly data processing and analysis software able to monitor molecular order 
(orientation and fluctuation extent) in real time.

PolarImaging aims to provide a new and unique tool that does not exist in the CENTURI community yet. 
Its intension is to bring the local knowledge on polarized optics toward a usable device for the community, 
without any counterpart at the international level since the project integrates both engineering and software 
components. The potentially interested laboratories are those performing fluorescence imaging, with the goal 
to access anisotropy (homoFRET inter-distance estimation, measurement of rotational mobilities of proteins 
in cells and tissues, estimations of local viscosity, …), structural information (F-actin organization in cells and 
tissues, lipis and membrane proteins organization in cells and tissues, organization of proteins in aggregates, 
…), or conformational information (membrane protein receptors, proteins of the focal adhesion sites in cells, 
adhesion proteins in Drosophila tissues, etc.). 

6.3 CENTURI Summer School

The first edition of the CENTURI Summer School entitled “From data to biology and back” took place from June 
3 to June 12, 2019. It was associated with 3-to-6-month research internships in our laboratories. In 2019, a 
total of 5 students benefited from this opportunity. 

The CENTURI Summer School (CSS) provides an original learning experience. Participants are given the 
opportunity to explore the main challenges in systems biology with interdisciplinary questions and to 
interact with expert scientists. The CENTURI Summer School is aimed at MSc students and students from 
engineering schools with backgrounds in physics, mathematics and computational science who are interested 
in applying their skills towards problems in biology. The goal is to build bridges between scientists and 
engineers, allowing them to exchange and work together on interdisciplinary projects. 

The first edition of the CENTURI Summer School, entitled "From data to biology and back - Reverse engineering 
biological networks", welcomed 21 students. With a duration of 10 days, participants could improve their skills 
in biological data analysis. The 2019 Summer School was divided in 2 parts:

- Morning courses, where students explored open questions in biology and discovered experimental
approaches in biology

- Group projects in the afternoon, where students worked in small groups (3-4 students) on biological data
analysis challenges, using state-of-the-art technologies



43

Tech Transfer and Engineering

The summer school gathered the following prominent speakers in 2019: Stanislas Dehaene (Collège de France), 
Thomas Lecuit (Collège de France), Karl Neuberger (Quantmetry) and Eric Vivier (CIML, Innate Pharma). 
Overall, 95% of participants were either satisfied or very satisfied of the summer school and 80% felt more 
confident in analysing biological data sets after participating in the summer school. 
CENTURI will organize a second edition in 2020, from June 16 to June 25, 2020, taking into account the 
feedback from instructors, tutors and participants. This edition will be aimed both at engineering students 
and at Master students in Physics, Mathematics and Computer science. New prominent speakers have been 
targeted to participate in the 2020 edition, to present to the audience the great challenges that biology offers 
for engineering, Physics, mathematics and computer science students. 

Summary

- 8 research engineers recruited so far (target: 10, for the duration of the project)
- 2 prototyping projects funded (target: 4, for the duration of the project)
- 1 summer school organized (target: one summer school a year for the duration of the project). 
- 0 gap year for engineering students funded by CENTURI (target: 30, for the duration of the project)



4th CENTURI Scientific Day  - November 22, 2019
LCB (Joseph Aiguier Campus - Marseille, France)
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Strengths 
After a year to set up its governance structure and a year to attract high-level international group leaders, 
CENTURI has focused its efforts in 2019 on the recruitment of PhD students, postdocs and engineers. The 
Turing Centre is now fully operational and will prioritize in 2020 the extension of its recruitment drive, with 
an objective to recruit two additional principal investigators, 8 postdocs, 16 PhD students and 4 engineers. 
CENTURI can rely on a solid governance structure, a trustworthy and effective administrative team to 
expand, and with the increase of its international visibility, to attract more high-level candidates to our calls. 
The attractiveness of Luminy campus and of CENTURI has been confirmed by the high number and quality of 
the candidates for our PI call. The challenge to attract theoretical scientists is showing results and encourages 
us to pursue our efforts. Similarly, the fact that CENTURI only funds collaborative and interdisciplinary projects 
shapes a truly interdisciplinary community and starts to show promising results. 

Weaknesses
Of the four PIs recruited by CENTURI, two have obtained a permanent CNRS position, while the other two 
hold 5-year contracts. With the expected recruitment of two additional PIs in 2020, CENTURI could host 4 PIs, 
whose situation at the end of their contract remains unclear. The same can be said about the multi-engineering 
platform staff: CENTURI still needs to find a solution to stabilize these key researchers and engineers, either 
via the CNRS or the University. Permanent positions in the University can be obtained but are associated with a 
heavy teaching load, reducing the time dedicated to research activities. The expected Research Programming 
Law, announced in 2020, could facilitate the recruitment in Universities without (or with a light) teaching load. 
In any case, we also hope to attract more female applicants at all levels, to reach a better gender balance.

The number of students in CENTURI Master’s programs remains limited, in spite of our efforts to attract 
French and international students. The reinforcement of these Master’s programs will require some time, to 
convince Physics students of the exciting scientific challenges in biology. 

CENTURI has also been confronted with some serious issues regarding human resources in the administrative 
team, but these problems are now solved. 

Opportunities and perspectives
The new President of Aix-Marseille Université was elected in November and will start his mandate early 2020. 
His program is a continuation of his predecessor’s, which should facilitate productive discussions regarding 
CENTURI’s future. CENTURI wishes to establish partnerships with foreign research institutions conducting 
similar initiatives or interested in welcoming CENTURI PhD students and postdocs for training courses or 
exchange programs. 

8. Conclusion and perspective



3rd CENTURI Scientific Day  - May 10 , 2019
Hexagone (Luminy Campus - Marseille, France)
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Postdoc project 1 – 2018 – Marie-Anne Burcklen - Smart-scans for live imaging of 
morphogenetic processes
 
Lead Supervisor: Frederic Galland (Institut Fresnel) 
Co-Supervisor: Loïc Le Goff (Institut Fresnel) - Vincent Bertrand (IBDM)

Recruited candidate: Marie-Anne Burcklen

Background: 
October 2018 - present | CENTURI postdoctoral fellow
2013 - 2018 | PhD, Optical design and image processing- Institut d’Optique Graduate School (Palaiseau - France)
2013 | SupOptique engineering degree - Institut d’Optique Graduate School (Palaiseau - France)

Scientific background 

Fluorescence bio-microscopy is in constant need of better temporal dynamics, larger volume of view and 
reduced phototoxicity. This is particularly true for tissue imaging in the context of morphogenesis.

Biological tissues are highly organized structures. In embryos, they are often organized in 2D surfaces
(epithelia) curved in 3D. We propose to develop a scanning microscope designed to image and quantify shapes 
of curved epithelial structures using the least amount of light. In order to do so, the system will actively 
search for surfaces of interest, and focus scanning there. At the heart of our approach is a deep connection 
between signal processing and image acquisition. Real-time data processing, using the tools from information 
theory, will determine surfaces of interest, their shape and topology, with a well-defined precision to guide 
the scanning process. We expect to considerably reduce light irradiation and to speed up acquisition. It will 
demonstrate the benefits of our approach in the study of curved Drosophila wing imaginal discs and C. elegans 
epidermis and nervous system, which are dynamic tissues that are very sensitive to light.

Objectives of the project

1. Develop a smart- -scan microscope that adapts to the shape of tissues. We illustrate the principle with
an example (figure). Conventional raster scans (A) are inefficient in imaging a curved epithelium. What 
we need is to scan only the shell that encloses the tissue (A’). In the plane of the tissue, what we need 
is only to scan the contour of cells (B’ vs B).

2. Explore image sampling requirement in link with morphometric quantifications. How sparse can
imaging be in order to measure the shape of an epithelium or the deformation of cells therein? Shape 
description is related to at least two characteristics: the complexity of the shape and the precision of 
its estimations. A goal of the proposed study will be to investigate how information theory methods 
can be useful for such a problem. In particular, it will be analyzed if precision analysis with techniques 
such as the Cramer- -Rao bound allows one to predict appropriate strategies for adaptive estimation 
approaches with minimal illumination. Furthermore, it will also be investigated if the Rosanne stochastic 
complexity can be useful for estimating the appropriate complexity for the shape description (single- - 
multi- -, closed surfaces). 
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3. Apply the technology to the imaging of Drosophila wing imaginal discs. This proliferative tissue
undergoes significant 3D shape changes, which we analyze in a biomechanical context. Collaborations 
with groups of the Luminy campus in Marseille will also be sought to test other model tissues.

Proposed approach for the project (experimental / theoretical / computational)

The microscope will rely on a DMD (digital micro device) to illuminate spatial patterns down to the pixel scale. 
Ensembles of point- -illumination combined with spatial filtering of the emitted fluorescence will provide optical 
sectioning. Because excitation is fully addressable, image processing can analyze in real time the acquired data 
to search for regions that are rich in information and orient illumination there. The amount of information can 
be rigorously obtained using measures such as the Fischer information or the Cramer-Rao bound. We will use 
several approaches to guide illumination patterns:

-  Random access: a sparse illumination (~1/1000 voxels) will provide global features of the tissue. In the
case of epithelia, the tissue will be modeled by mathematical surfaces (such as polynomial, or piece- -
wise polynomial). It will be also analyzed if not only the shape, but also the topology (single- - multiple- - 
surfaces, close surfaces) can be determined automatically using quantitative criteria based on the 
stochastic complexity of the combined data and model.

-  Propagative imaging: Local features of the tissue (outline of cells) will be determined by an iterative,
propagative imaging. Starting from seeds determined by an initial sparse sampling, each iteration will
reveal new elements of the structure by a local search.

-  Use of temporal redundancy: Rather than identify cell outline from scratch at each time points, 
variations from the previous time point will be sought.

Results
1- Since her arrival, MA Burcklen has obtained several results on the optimization of the acquisition

strategies for the estimation of the location and thickness of epithelial tissues in confocal fluorescence 
microscopy. We have shown that it is possible to optimize the acquisition strategy based on predictions 
of estimation performance based on Cramér-Rao boundaries. We then proposed a two-step adaptive 
acquisition strategy, allowing measurements to be made only at a small number of points in the 3D 
volume, in order to minimize the amount of light sent to the sample while controlling the estimation 
precision of the parameters of interest. This acquisition strategy has then been tested on confocal 
microscopy images for which the entire volume was acquired, allowing digital simulation and comparison 
of different acquisition strategies.

In parallel to this analytical/numerical work, other members of the team have pushed the experimental side of 
the project, leading to the following outcome:

2- We have built a random access microscope for fluorescence imaging, which relies on a Digital Micro
Mirror Device (DMD). 

3- We have implemented the analysis/acquisition paradigm which allows to robustly identify epithelial
surfaces of interest from a very sparse sampling (1/1000th voxels) and subsequently constraints the 
scanning-imaging along this surface. We successfully demonstrated the approach on Drosophila wing 
imaginal discs.

4- We are currently in the process of testing experimentally an algorithm for propagative imaging of more
complex shapes of interest that a surface (ex: the “mesh” of cell outlines on an epithelial surface).
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Postdoc project 2 – Charlotte Rulquin - Computational study of cell pattern 
emergence in embryonic and tumorigenic tissues
 
Lead Supervisor: Raphaël Clément (Team Lenne, IBDM)
Co-Supervisor: Cédric Maurange (IBDM) - Andrea Pasini (Team Kodjabachian, IBDM)

Recruited candidate: Charlotte Rulquin

Background: 
September 2018 - present | CENTURI postdoctoral fellow
2017 - 2018 | Postdoctoral fellow, Commissariat à l'Énergie Atomique (CEA Saclay, France)
2014 - 2017 | PhD, Laboratoire de Physique Théorique de la Matière Condensée (UPMC, Paris, France)
2014 | MSc degree in Theoretical Physics of Complex Systems - Sorbonne Université Campus Pierre et Marie 
Curie (Paris, France)

Scientific background 

The ability of tissues to self-organize into regular patterns of cells with different identities is central to animal 
morphogenesis and depends on both biological and physical factors. Mathematical models derived from 
mechanics, dynamical systems and statistical physics have proven relevant to study how interactions between 
cells with different behaviors can drive tissue self-organization and morphogenesis. We propose to investigate 
numerically the formation of multicellular patterns observed in two distinct types of tissues often opposed 
for their stereotyped vs seemingly disorganized structure: the embryonic epithelium and brain tumors. The 
numerical framework will be based on observations made on experimental systems amenable to genetic 
manipulations: the amphibian Xenopus laevis and the fly Drosophila melanogaster. In Xenopus, we will study 
how epidermal multiciliated cells (MCCs) distribute in a regularly spaced pattern upon intercalation into an 
epithelial layer, and explore how the pattern is established and maintained through a balance between mutual 
repulsion among MCCs and attraction between MCCs and outer layer epithelial cells. In Drosophila brain 
tumors, we will study how clusters of cancer stem cells (CSCs) form and how they affect tumor progression. 
We will investigate how physical (tension, adhesion) and biochemical cues (growth and differentiation factors) 
contribute to segregate clusters of proliferating cells with different self-renewing potentials, regulate their size 
distribution and density, and thus determine tumor growth rate. These projects will be investigated numerically 
with cell-based Monte Carlo simulations, and will be carried out in close collaboration with experimentalists.

Objectives of the project

- Modeling of tumor growth: Our project is based on previous results obtained through a collaboration
between Raphael Clément and the team of Cédric Maurange (Genovese et al. 2019, eLife, DOI: 10.7554/
eLife.50375). In this study, we have uncovered that a type of Drosophila brain tumor is governed by a finely-
tuned hierarchical scheme that reproducibly leads to a predictable cellular heterogeneity. This suggests 
the existence of robust tumor-intrinsic mechanisms ruling tumor hierarchy. Using lineage analysis and 
numerical modeling, we have determined the probabilities for the different types of divisions defining 
various fates along the hierarchy. However, our study does not elaborate on the mechanisms regulating 

https://doi.org/10.7554/eLife.50375
https://doi.org/10.7554/eLife.50375
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the hierarchy. We have also observed that the different types of cells that constitute the tumors exhibit a 
characteristic spatial organization in tumors. In particular, cells at the top of the hierarchy, constituting a 
population of CSC-like cells, are grouped in clusters of various sizes. 
Our objective is to investigate whether the spatial organization of cells reflects self-organizing principles 
that determine the probability for each division types along the hierarchy, leading to predictable tumor 
heterogeneity. We aim at determining these principles by elaborating a 3D computational model of tumor 
growth that will be nurtured by quantitative experimental data. Predictions made by the model will be 
tested genetically in Drosophila.

 - Xenopus embryo: Multiciliated cells have been shown to position themselves below vertices of the
epithelial layer before they intercalate into the epithelium. The regular spacing between MCCs is already 
observed prior to intercalation, suggesting that MCCs movement in the outer layer is already guided 
by cues that allow self-organisation. We plan to determine the minimal set of interactions required 
to account for the observed regular pattern of multiciliated cells. We plan to assess numerically the 
pattern resulting from the inactivation of a subset of these ingredients, and to test the corresponding 
perturbations experimentally, either using drugs or morpholinos.

Proposed approach for the project (experimental / theoretical / computational)

We propose in both cases to develop Monte Carlo simulations based on an effective energy taking into 
account steric interactions between cells and differential affinities among cell types. This will allow to study 
the emergence of spatial organization as a direct consequence of cellular interactions.

These interactions can be mechanical (differential adhesion/tension) or biochemical (signaling from the micro-
environment). In the case of tumors, these interactions are supplemented with cell divisions. 

We expect that the model will allow to rule out a subset of possible scenarios and suggest new experiments.

Results

- We have now generated a 3D model of tumor growth on which various rules can be implemented. We
have shown that implementing the probabilities, for the different types of divisions, as cell-intrinsically 
controlled events does not reconstitute CSC clusters as observed in vivo. This rules out the possibility that 
CSC clusters are just the result of cell-intrinsically-controlled decisions. We are now testing numerically 
three main hypotheses that may account for the formation of clusters and stable cellular heterogeneity 
within tumors: 1- Differential adhesion/tension among cells of different identity; 2- Probabilities of the 
different division types determined by cell micro-environment (identity of adjacent cells); 3- A combination 
of 1 & 2.

- In the xenopus embryo, we have established that a combination of repulsion among MCCs of the inner
layer and affinity with junctions of the outer layer is sufficient to drive the observed regular intercalation 
pattern. We are now developing clone simulations and clone experiments in which a subset of cells from 
the outer layer lack the ligand responsible for the affinity.
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Postdoc project 3 – Damien Courtine - Global and local genome sequence analysis 
to understand fungal virulence
 
Lead Supervisor: Jonathan Ewbank (CIML)
Co-Supervisor: Laurent Tichit (I2M) - Guillaume Blanc (MIO)

Recruited candidate: Damien Courtine

Background: 
April 2019 - present | CENTURI postdoctoral fellow
2014 - 2018 | PhD, Microbiology- University of Western Brittany (Brest, France)
2014 | MSc degree in Bioinformatics- Blaise Pascal University (Clermont-Ferrand, France)

Scientific background 

We study the interaction between C. elegans and its natural pathogen Drechmeria coniospora, using a Swedish 
isolate of the fungus. After 20 years of culture in the laboratory, with serial passage in C. elegans, the strain has 
evolved to become more virulent. A separate Danish isolate is even more virulent. A superficial comparison 
of their genomes indicated high local sequence similarity, but surprisingly extensive genome rearrangement 
(Lebrigand et al. PLoS Genetics, 2016). We plan to use ONT nanopore sequencing to establish the extent of this 
unexpected genome plasticity across several Drechmeria strains and its link with virulence. ONT sequencing 
suffers from miscalling of homopolymer sequences, rendering local comparison problematic. New algorithms 
are needed to deal with this problem, to allow ONT-only comparative genomics.

Objectives of the project

- Conduct comparative global sequence analysis of different Drechmeria coniospora isolates

- Develop methods to overcome systematic errors in homopolymer sequences

- Conduct comparative sequence analysis of the different isolates, at the local scale to identify (i) gene
loss and gain, (ii) functionally-relevant polymorphisms between strains (iii) candidate virulence genes and 
mechanisms.

Proposed approach for the project (experimental / theoretical / computational)

Genomic DNA prepared by the Ewbank lab will be sequenced at the EMBL Genecore facility. For global genome 
analyses, sequences will be assembled and compared using state-of-the art methods, in collaboration with 
Guillaume Blanc. As even the best basecallers still have systematic error (https://zenodo.org/record/1188469) 
in parallel, in collaboration with Laurent Tichit, the post-doc will develop new methods to improve accuracy. 
This will be based on anti-consensus, or outlier approaches, seeking raw read support for statistically probable 
homopolymer sequences. Gene sets will be predicted on the basis of these fully polished genomes and evaluated 

https://zenodo.org/record/1188469
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using BUSCO. Comparative in silico analyses will reveal gene losses and gains. Candidate virulence mechanisms 
will then be experimentally validated in vivo using CRSIPR-based genome engineering by researchers in the 
Ewbank lab.

Results 

Our original genome assembly of a single D. coniospora strain, based on short reads was very fragmented 
(Lebrigand et al. PLoS Genetics, 2016). Using ONT long reads (average coverage >100x) we have now been able 
to generate a chromosome-level assembly for this strain and 3 other strains of D. coniospora. This gives a full 
picture of some remarkable chromosomal rearrangements (Figure 1). Since making the proposal, base-callers 
have improved considerably, but homopolymer sequences are still poorly predicted. As a result, on the basis of 
an analysis of 305 proteins fully conserved between the Swedish and Danish isolates, we calculate that the rate 
of correct prediction of protein-coding genes, solely on the basis of an ONT genome assembly, to be less than 
70%. Surprisingly, we found that single base additions to homopolymer stretches occurred almost as often as 
the expected base deletions. Additionally, and again unexpectedly, there was no correlation between accuracy 
of gene prediction and the number of homopolymers (Figure 2). As a first step towards improving polishing 
of homopolymer regions, we are currently characterising the read support for the correctly predicted and 
mis-predicted regions. In parallel, as it is apparent that ONT-only sequencing is still not of sufficient quality to 
allow accurate gene annotation, in collaboration with V. Benes at EMBL, we are now conducting short-read 
sequencing on the strains for our comparative study of gene-level changes. 

Figure 1: Global analysis of D. coniospora genome structures.
On the left, red rectangles represent the reorganised genome consolidating the genome 
previously published by Lebrigand et al., (Swedish strain). On the right, grey rectangles 
represent chromosomes of the Danish strain (Zhang et al., 2016, Sci. Reports). Links show 
regions of sequence similarity > 20kb. 

Figure 2: Homopolymers in genes 
fully conserved between the Swedish 
and Danish isolates.

The two left graphs depict the relationship between homopolymer composition of a gene and its correct prediction in the parental (ATCC) and child 
(OUR) genomes of the Swedish strain. On the right, same relation is shown for the Danish strain and its parental genome (CBS).

This work was recently submitted (https://www.biorxiv.org/content/10.1101/866020v1).

https://www.biorxiv.org/content/10.1101/866020v1
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Postdoc project 4 – Céline Dinet - A Multiscale Analysis of Cell Polarity Transitions 
in a Bacterium - Reconstitution of a biochemical oscillator inside liquid droplets
 
Lead Supervisor: Alphée Michelot (IBDM)
Co-Supervisor: Tam Mignot (LCB)

Recruited candidate: Céline Dinet

Background: 
January 2020 - present | CENTURI postdoctoral fellow
2017 – 2019 | Post-doctoral Research Associate and Junior Research Fellow Durham centre for soft matter. 
Department of physics. University of Durham. England. Advisor: Dr. Margarita Staykova. 
2013 - 2016 | PhD in Bio-Physics and material science - Interdisciplinary Centre of Nanoscience at Marseille

(France)
2011 - 2012 | M2 in Nano-sciences and functional materials - Lebanese University (Tripoli, Lebanon)
2011 - 2012 | M1 in chemistry - Lebanese University (Tripoli, Lebanon)
2010 - 2011 | BSc in Chemistry - Lebanese University (Tripoli, Lebanon)

Scientific background 

Cell decisions are governed by complex regulatory networks that integrate changes in the environment and 
convey a cellular response. Understanding the functioning of these networks is a major challenge because they 
are generally obtained from fragmentary datasets that lack both quantitative and spatiotemporal information. 
As a result, the genetic pathways mostly consist of blueprints that capture the interactions between 
the components but generally fail to contain mechanistic and thus predictive value. Given that molecular 
interactions are in essence only amenable to low-throughput analyses, any first attempt in modeling dynamic 
networks must focus on highly tractable experimental systems. In this project, five CENTURI teams, Mignot and 
Michelot, and Habermann, Tichit and Barrat will develop an interdisciplinary collaboration to elucidate how 
bacterial cells (Myxococcus xanthus) make directional decision using an evolutionarily-conserved G-protein 
cell polarity oscillator. The two intertwined projects will combine biophysical cell mimetic assays, genetic live 
experiments and computational simulations of higher-order networks to provide a first spatiotemporal model 
of the protein-protein interactions that drive protein oscillations. In the long run, this work will serve as a 
framework to study single cell decisions in multicellular contexts, a question of general significance in higher 
organisms. This proposal is principally experimental.

Objectives of the project

Myxococcus xanthus cells change their direction of movement in response to environmental signals by a 
mechanism involving a polarity change under the control of receptor-activated signal transduction (herein 
called the Frz pathway). At the core of this mechanism, the biochemical oscillations of a small G-protein (MglA) 
govern cell polarity, which involves sequential and spatial interactions of MglA with regulators of its nucleotide 
state at opposite cell poles (ie the MglB GAP at the lagging pole and the RomR GEF, at the leading pole). 
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However, how Frz control the period of the oscillations and which biochemical interactions it perturbs is 
currently unknown due to a lack of knowledge of the stoichiometry and time sequence of protein interactions. 
In the course of this project, we will first study protein interaction quantitatively in a cell-free biomimetic system 
and test their importance in vivo. Knowledge from these experiments will be used to construct a motility 
model, computing Higher-Order Networks (HON) from First Order Networks (FON) in close collaboration with 
postdoc selected from other teams. The predictive power of the model will then be tested experimentally.

Proposed approach for the project (experimental / theoretical / computational)

In the past interactions between MglA and its binding partners (MglB, RomR) have been inferred from cell 
extracts or in solution, assays that provide valuable inputs but have either low quantitative value or arguably 
do not capture the intracellular environment where local concentrations and stochastic fluctuations drive 
biochemical reactions constantly away from steady-state. In the course of this project, we will use a new cell 
mimetic system, in which MglA and MglB interactions will be reconstituted inside lipid droplets. Specifically, 
we have shown that MglB interacts with lipids and MglA could displace MglB from the membrane at the 
pole to initiate the switch with the help of other Frz factors. We will test this hypothesis directly in liquid 
droplets using purified fluorescently labeled proteins and test how specific mutations and Frz effectors affect 
the dynamics of this interaction. The relevance of any new interaction thus discovered in vitro will be tested 
in a cellular system where the effect of genetic mutations can be tested directly on single cell motility and 
protein subcellular oscillations and dynamics. All together these experiments should identify concurrent and 
consecutive protein binding events in the polarity oscillator complex, which we will use to feed a first HON 
constructed from available data.
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Postdoc project 5 – Stefan Harmansa - Emergence and Dissipation of Mechanical 
Stress during Epithelial Growth
 
Lead Supervisor: Thomas Lecuit (IBDM)
Co-Supervisor: Raphaël Clément (IBDM)

Recruited candidate: Stefan Harmansa

Background: 
September 2019 - present | CENTURI postdoctoral fellow
2017 - 2019 | Postdoctoral fellow - IBDM (Aix-Marseille University, CNRS)
2016 - 2017 | Postdoctoral fellow - University of Basel (Switzerland)
2012 - 2016 | PhD "Nanobodies as novel tools to study morphogen function in vivo" - University of Basel

(Switzerland)
2010 - 2011 | MSc in Molecular Biology, Major in Development - University of Basel (Switzerland)
2007 - 2010 | BSc in integrative Biology - University of Basel (Switzerland)

Scientific background 

Epithelia are a major tissue type in animals lining the outer surface of the body and organs, the surface of 
blood vessels and inner organ cavities. During development epithelial tissues drastically grow in size due to cell 
growth and proliferation. During epithelial growth physical stresses can emerge resulting in the mechanical 
deformation at the cell and tissue level. How such mechanical stresses emerge initially and how dissipation 
occurs is not well understood. We here propose to investigate the emergence and impact of mechanical 
stress patterns on epithelial growth and morphogenesis. We will use a combination of live-imaging and force 
inference to identify cellular behaviours that either promote or dissipate tissue stress. This will provide a detailed 
understanding on how growing epithelia cope with mechanical stress in 2D and foster future investigations on 
stress dissipation in 3D and the emergence of organ shape.

Objectives of the project

We will use the growing Drosophila wing disc as a model system to delineate the role of growth on the
emergence of mechanical stress. A gradient of cell size, with densely packed cells in the centre, is observed 
during wing disc growth. We want to (1) assess whether the gradient of cell density is an indicator of mechanical 
stress gradients; (2) assess whether growth is involved in causing this gradient, and (3) assess whether the rate 
of growth impacts the emergence of the stress pattern, which is expected in a simple viscoelastic scenario if 
dissipation is too slow to fully compensate growth induced pressure.

Proposed approach for the project (experimental / theoretical / computational)

Force inference observations suggest that the cell size gradient correlates with a stress gradient forming during 
early wing disc growth as predicted. To investigate stress emergence, we aim to live image disc development; 
however, for technical reasons live imaging of wing discs is highly challenging. 
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We have established a new long-term ex vivo imaging setup that is optimized to image early wing disc 
development for up to 10h. (1) Segmented and tracked movies of E-Cadherin: GFP disc (which marks cell 
outlines) will allow to assess the dynamics and pattern of cell proliferation, growth and rearrangements. (2) 
We will relate these dynamics to changes in the stress pattern (assessed by force inference) to identify the 
contributions of the individual behaviors to stress accumulation or dissipation. Furthermore, (3) perturbation 
of cell proliferation (cdc2 temperature-sensitive mutant), growth (akt/dtor mutants) and rearrangements 
(p120 mutant) tissue wide and clonally will allow to challenge and assess their respective contribution to 
stress pattern formation.
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Postdoc project 6 – Shao-Zhen Lin - Covariant Hydrodynamic Theories of 
Epithelial Flows
 
Lead Supervisor: Jean-François Rupprecht (CPT) / Out-of-equilibrium Mechanics (OM) team

Recruited candidate: Shao-Zhen Lin

Background: 
October 2019 - present | CENTURI postdoctoral fellow
2015 - 2019 | PhD in Biomechanics - Institute of Biomechanics and Medical Engineering, Tsinghua University 
(Beijing, China).
2009 - 2013 | BSc & MSc in engineering mechanics - Department of Engineering Mechanics, Tsinghua University 
(Beijing, China)

Scientific background 

Context: Epithelia form the outer cellular layer of organs and act as mechanical and chemical barriers. 
During embryogenesis, these tissues grow, stretch and bend to acquire complex shapes. In vivo epithelia are 
intrinsically curved surfaces. Yet most epithelial tissue models (both experimental and theoretical) have been 
investigated on flat geometries. New in vitro and in vivo experiments are questioning the role of curvature on 
the onset of flows in such tissues.
Previous work on curved hydrodynamics: Three recent theoretical works1-3 introduced covariant hydrodynamic 
theories describing the Drosophila embryonic flows - with some limitations: while Ref1 does not attempt to 
describe the long-time tissue flows, Refs2-3 does not attempt to describe the evolution of cellular forms. 
Previous work on active instabilities: Considering two-dimensional geometries, theoretical models predicted 
that the interplay between flows and a local nematic orientation field could induce spontaneous shear flows19. 
Similar shear flows and cell orientation patterns were subsequently observed in confluent monolayer tissue of 
RPE-1 cells on adhesive flat stripes5. 

Objectives of the project

We will establish a covariant (i.e. valid in curved geometry) hydrodynamic theory predictive of both cellular 
forms and tissue flow patterns within curved geometries. We will investigate the role of curvature on the 
onset of spontaneous flows generated by the cell shape/flow feedback. We will determine phase diagram of 
flow patterns within idealized geometries, e.g. ellipsoids, which model the shape of the Drosophila embryo, or 
corrugated channels, which mimic the geometry of the gut villi. Building upon previously published code, we 
will benchmark these results to three-dimensional vertex model simulations6. 
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Proposed approach for the project (experimental / theoretical / computational)

Using a combination of analytical theories and numerical simulations, we will obtain predictive maps of cellular 
deformations and tissue flows that will be compared to experimental maps for both (i) the Drosophila germ 
band extension in vivo and (ii) curved cell monolayers and organoid villi.

[1] R. G. Morris, & M. Rao, Covariant Active-Hydrodynamics of Shape-Changing Epithelial Monolayers, PRE, 100, 2 (2019).
[2] M. Dicko, et al., Geometry can provide long-range mechanical guidance for embryogenesis, PLoS Computational Biology 13, 1 (2017).
[3] S. J. Streichan et al., Global morphogenetic flow is accurately predicted by the spatial distribution of myosin motors, eLife 7 (2018).
[4] R. Voituriez, J.-F. Joanny, and J. Prost, Spontaneous flow transition in active polar gels, EPL 70, 7 (2005) .
[5] G. Duclos et al., Spontaneous shear flow in confined cellular nematics Nat. Phys. 14, 728 (2018).

[6] J.-F. Rupprecht, K. H. Ong, J. Yin, A. Huang, A. P Singh, S. Zhang, W. Yu, T. E Saunders, MBoC, 28, 25 (2017).
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Postdoc project 7 – Maxime Lucas - A Multiscale Analysis of Cell Polarity 
Transitions in a Bacterium
 
Lead Supervisor: Bianca Habermann (IBDM)
Co-Supervisor: Laurent Tichit (I2M) - Alain Barrat (CPT)

Recruited candidate: Maxime Lucas

Background: 
June 2019 - present | CENTURI postdoctoral fellow
2015 - 2019 | PhD, Synchronisation and stability in nonautonomous oscillatory systems - Lancaster University

(UK) and University of Florence (Italy)
2014 | MSc. degree in Physics - Université Libre de Bruxelles (Brussels - Belgium)

Scientific background 

Cell decisions are governed by complex regulatory networks that integrate changes in the environment and 
convey a cellular response. Understanding the functioning of these networks is a major challenge because they 
are generally obtained from fragmentary datasets that lack both quantitative and spatiotemporal information. 
As a result, the genetic pathways mostly consist of blueprints that capture the interactions between 
the components but generally fail to contain mechanistic and thus predictive value. Given that molecular 
interactions are in essence only amenable to low-throughput analyses, any first attempt in modeling dynamic 
networks must focus on highly tractable experimental systems.

This project will combine biophysical cell mimetic assays, genetic live experiments and computational 
simulations of higher-order networks to provide a first spatiotemporal model of the protein-protein interactions 
that drive protein oscillations. In the long run, this work will serve as a framework to study single cell decisions 
in multicellular contexts, a question of general significance in higher organisms.

Objectives of the project

The correct and timely interaction of molecules is essential for all cellular functions. In Myxococcus xanthus, as 
an example, cells change the direction of their movement by sequential and spatial interactions of three key 
molecules, MglA, MglB and RomR, which are regulated by a receptor-activated signal transduction pathway, 
the Frz pathway. The interactions of proteins within a cell are usually represented as a first order protein-
protein interaction network (PPIN), where proteins are the nodes that are connected if they interact. Yet, the 
representation of PPIs as simple networks has limitations. It does not consider PPIs that are mutually exclusive 
and have to follow a specific timely order. In this project, we plan to use higher-order networks to represent 
mutually exclusive binding in protein-protein interaction networks (PPINs). We will compare biological higher-
order networks (HON) to classical binary PPI networks and specifically test whether the information gain of 
HONs can address the problem of temporal order in cellular PPIs. 
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We will use available knowledge on the regulatory system controlling the Frz pathway, as well as data on 
temporal and spatial order of binding between key components emanating from proposal 1 to build a HON 
as a first spatio-temporal model of protein-protein interaction driving protein oscillation. We will examine its 
predictive power and test resulting hypotheses experimentally.

Proposed approach for the project (experimental / theoretical / computational)

We will follow the subsequent steps to build a HON of the Frz pathway: 1) Reconstruct the Frz pathway, 
including known binding events outside the pathway. 2) Identify spatio-temporal binding events, fed by data 
from proposal 1. 3) Construction of the HON using the known concurrent and consecutive interactions. Starting 
from an ordinary network (ON) with nodes i and links (ij) representing interactions between nodes, HONs 
are built with nodes (ij) representing the links in the ON, and links (ij->jk) representing causally admissible 
successions of links (interactions) of the ON. 4) Comparison of the performance of the HON to classical PPINs 
and multi-layered networks; this includes a) the adaption of community-design algorithms for HONs; b) 
comparison of results from the 3 network types w.r.t. current biological knowledge (benchmark: M. xhantus 
extended Frz-pathway); c) comparison of 3 network types w.r.t. hub node bias, or anti-correlated expression 
of nodes. Resulting predictions will be passed on to proposal 1 for experimental testing.
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Postdoc project 8 – Fabio Manca - Modeling mechanosensing of T cells: from 
ligand-receptor bonds to cytoskeleton dynamics
 
Lead Supervisor: Laurent Limozin (LAI)
Co-Supervisor: Kheya Sengupta (CINaM) - Pierre-Henri Puech (LAI)

Recruited candidate: Fabio Manca

Background: 
September 2019 - present | CENTURI postdoctoral fellow
2018 - 2019 | AESS - Université Libre de Bruxelles (Belgium)
2016 - 2018 | Postdoctoral fellow - ENS Paris
2014 - 2016 | Assistant Professor - Ecole Centrale Lille
2013 - 2014 | Postdoctoral fellow - IEMN (Lille, France)
2010 - 2013 | PhD in "Condensed Matter Physics" - Physics Department, University of Cagliari (Italy)
2003 - 2009 | Master in Electronic Engineering - Department of Engineering, University of Cagliari (Italy)

Scientific background 

Mechanosensitivity in the living world is expressed at different length-scales - from the molecular to the cellular 
or higher level. A big current challenge is to bridge the different scales. This has particular importance in the 
context of T cell immune response since the T cell receptor (TCR), which is at the heart of the first steps of 
recognition of foreign invasions, appears to be force sensitive. TCR mediated mechanosensitivity of T cells is 
still not fully explored but seems to be atypical, exhibiting a biphasic spreading response with varying substrate 
stiffness. In the current project, we wish to extend our meso-scale semi-analytical model linking the mechanics 
and kinetics of adhesion molecules to cell spreading area, to account explicitly for the involvement of individual 
molecular species and the linkage between the ligand-receptor pair and the cytoskeleton. The post-doc fellow 
will (i) extend our current phenomenological model which is coupling bond kinetics and cytoskeleton applied 
force, (ii) work on the analysis and interpretation of data obtained in the lab to relate single molecule and 
cellular scales.

Objectives of the project

The overarching objective is to develop a model to link measured molecular parameters to cell spreading 
dynamics and force traction in the context of the atypical mechanosensing of T lymphocytes. Theoretical 
modeling effort will go towards setting up a simulation based on current work to include two or more ligand 
species with different molecular parameters, and introduction of experimentally measured values into the 
model with the aim of eliminating free fitting parameters, thus endowing it with predictive power.
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Proposed approach for the project (experimental / theoretical / computational)

The modeling will rely on the previous collaborative work of the supervisors, which accounts analytically for 
the local and global scale effect of substrate elasticity on bond kinetics and will be backed-up by independent 
experiments (PhD of Farah Mustapha, DOC2AMU, jointly supervised by partner 2 and 3). A first approach 
will extend the current model, where actin polymerization at the cell edge drives cell spreading and actin 
retrograde flow. The flowing actin is frictionally coupled to receptors which are in turn bound to ligands 
mechanically linked to the substrate. Equations governing the conservation of mass and force balance on the 
actin are solved either analytically or numerically. However, the molecular kinetics at the actin/receptor link 
and the receptor-ligand link are bundled into an “effective” bond kinetics. We plan to first explicitly account for 
each of these links, and then to introduce a second molecular species (to model the presence of both TCR and 
integrins). In a second approach, we will set-up simulations where the stochastic dynamics of ligand-receptor 
interaction and actin polymerization will be coupled to growth dynamics, accounting for several mutually 
interacting ligand-receptor pairs.
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Postdoc project 9 – Olivier Mesdjian - Long-range collective dynamics of cilia, 
mucus transport and tissue polarity in bronchial epithelium
 
Lead Supervisor: Julien Favier (M2P2)
Co-Supervisor: Annie Viallat (CINaM)

Recruited candidate: Olivier Mesdjian

Background: 
September 2019 - present | CENTURI postdoctoral fellow
2016 - 2018 | Postdoctoral fellow - ENS Paris
2018 - 2019 | Teacher - Bergson high school (Paris)
2018 | Postdoctoral fellow - Laboratory of Physics and Mechanics of Heterogeneous Media (Paris)
2015 - 2017 | PhD - Institut Pierre-Gilles de Gennes for the Microfluidics (Paris)
2012 - 2014 | MSc Physics, Soft matter and fluid mechanics, concepts and applications - ENS LYON

Scientific background 

Airway epithelium is protected by the active transport at its surface of a layer of a complex fluid, the mucus. 
It is powered by the coordinated beats characterized by a strong long-range orientational order of billions 
of microscopic cilia carried by epithelial cells. Recently, we experimentally showed that, during ciliogenesis, 
large milling patterns of ciliary beats leading to mucus vortex flows spontaneously emerged on reconstituted 
epitheliums and that the removal of mucus and further addition of model fluids could destroy and reconstitute 
this order, respectively. Our objectives are to understand the emergence and the maintain of the collective 
dynamic order of ciliary beats, which involve the mechanical cilia-mucus coupling mediated by long-range 
hydrodynamic interactions, and the active mechanotransductive response of ciliary beats. We propose to 
combine an in-vitro experimental approach on cultures at Air Liquid Interface and an in-silico approach based 
on Lattice Boltzmann simulations to build a reliable numerical model of mucus transport.

Objectives of the project

The objectives of this experimental-numerical project are to understand: 
- how microscopic active cilia self-organize and coordinate their beating in terms of directions and phases

to generate deterministic and periodic fluid flow patterns and a nematic order at the tissue level. 
- the role of long-range hydrodynamic interactions on the emergence of a collective dynamics of ciliary 

beats and how the mechanical feedback of mucus on cilia impacts the epithelium organization and 
dynamics?
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Proposed approach for the project (experimental / theoretical / computational)

Experimental: We will use advanced optical microscopy techniques on a large panel of human bronchial 
cultures at Air Liquid Interface provided by Pr. Chanez’s lab (La Timone) and by the Epithelix company from 
day 14th (cilia apparition) and until day 35th. We have developed efficient image processing techniques that 
enable determining ciliary beat orientation, frequency, and phase maps on live cultures. We will characterize 
surface-fluid flows by tracking of particles and of molecules whose fluorescence is locally laser-triggered. 
Computational approaches: We will use an in-house lattice Boltzmann solver combined with the immersed 
boundary method to capture the motion of flexible cilia. The multiphase environment will be tackled using an 
evolution of the Shan-Chen model. The non-Newtonian character of mucus will be treated using a Herschel–
Bulkley model, to incorporate the shear-thinning and yield stress behaviour in the simulations.
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Postdoc project 10 – Maria Mandela Prünster - Evolution of protein interactions 
involved in epithelial building and patterning (EPIE)
 
Lead Supervisor: André Le Bivic (IBDM)
Co-Supervisor: Emmanuelle Renard (IMBE) - Bianca Habermann (IBDM)

Recruited candidate: Maria Mandela Prünster

Background: 
September 2019 - present | CENTURI postdoctoral fellow
2015 - 2018 | PhD - Sorbonne Université (Paris)
2007 - 2013 | MSc in Zoology - University of Vienna (AT)
2006 - 2007 | BSc in Zoology - University of Vienna (AT)

Scientific background 

The emergence of epithelial layers is one of the key innovations characterizing the Metazoan lineage. The 
criteria defining an animal epithelium (basement membrane, junctions, cell polarity) were based on the 
observation of bilaterian models only, pushing aside the structural diversity of epithelia found in non-bilaterian 
lineages (Porifera, Ctenophora, Placozoa and Cnidaria). To decipher the minimal and ancestral toolkit of 
animal epithelia and trace back how and when the bilaterian epithelial features emerged, computational and 
experimental comparative analyzes on non-bilaterian animals are needed. This project aims at determining 
the proteins involved in the junctions of homoscleromorph sponges, the only sponge class where adherent-
like actin-rich junctions were described as adherence junctions (AJ): this work will enable to test the homology 
of these structures with bilaterian AJs.

Objectives of the project

The project has 3 main objectives: 1) To determine the expression signatures of the two epithelial layers 
of Oscarella lobularis, pinacoderm and choanoderm, and compare them with recently published data on 
another class of sponges devoid of adherens-like junctions, 2) To predict protein domains and interactions 
between newly identified protein candidates in silico and test predicted interactions in vitro; 3) To perform (co)
localization assays of proteins/junctions with the help of specific antibodies.

Proposed approach for the project (experimental / theoretical / computational)

Aim 1: to identify potential candidate genes for early metazoan AJ in sponges, an unbiased whole organism 
single cell transcriptomic approach will be performed in Oscarella (at EMBL with chromium 10x technology). 
This high throughput sequencing data will enable us 1) to separate epithelial (choanocyte + pinacocyte 
populations) vs mesenchymal (mesohyl cell populations) specific genes in this species and 2) to identify 
epithelial genes specific to a sponge with AJs by comparison with data published in a sponge devoid of AJs. 
Candidates will be verified by in situ hybridization.
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Aim 2: we will identify protein domains (Hidden Markov Model comparisons) and predict protein-protein 
interactions (by using protein interaction databases and domain-based interaction prediction algorithms). We 
will test predicted interactions by biochemical approaches (pull down + mass spectrometry). 
Aim 3: co-localization of candidate proteins and junctions will be done by immunolocalization (raised specific 
antibodies) using SEM/STED.
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Postdoc project 11 – Shrisha Rao Balappa - Study of the neural dynamics 
supporting internal spatial representations
 
Lead Supervisor: Hervé Rouault (CPT-INMED)

Recruited candidate: Shrisha Rao Balappa

Background: 
2014- 2018 | Phd, Université de Paris, Descartes, France
2011- 2013 | Msc, Eberhard Karls Universität Tübingen, Germany
2006- 2010 | Bachelors, Electrical Engineering, VTU, India

Scientific background 

Spatial navigation constitutes an essential ability for animal survival. It materializes into diverse strategies of 
exquisite complexity. The neural substrate for these behaviors is only very partially understood and is the subject 
of many recent studies. In rodents, for instance, it appears clearly that the bain stores internal representations 
of the environments, in the form of cognitive maps. For instance, neurons encoding the position of the animal, 
as well as their head direction with respect to the environment, have been characterized. Moreover, as the 
animal explores the environment, assemblies of cells are activated in sequence, whereby neurons are active 
in a reproducible temporal order.

It is not understood how these neural networks form and what are the circuit mechanisms that underlie their 
activities. Studying the development of these circuits and following the activity of the neurons at an early stage 
of animal development should shed light on the basic mechanisms that generate cognitive maps.
Moreover, increasing the diversity of the spatial spaces that animals explore (size or topological structure of 
the environments) should help in understanding the flexibility and capacity of the circuits to represent space.

Objectives of the project

The group of Rosa Cossart, our collaborators at the Institut de Neurobiologie de la Méditerranée, has recorded 
with two-photon imaging, the activity of the neurons that encode the spatial position of the animal at the adult 
stage in the region CA1 of the hippocampus from 5 days after birth until about 40 days. It has been observed 
that at these latest stages, the neuronal population displays sequences of activity, similarly to the adult. Earlier, 
the visual observation of the activity raster plots shows that the dynamics undergoes transitions to several 
different regimes of activity. The characterization of these different regimes requires a precise quantification, 
and a population level description. These quantifications should then help to formulate theories for the 
emergence of activity patterns in the hippocampus.
In parallel, the group of Marius Pachitariu, our collaborators at Janelia Research Campus, HHMI, have recorded 
regions ranging from the visual cortex up to regions immediately upstream of the hippocampus while animals 
were watching moving 3D scenes. The analysis of the activity of the numerous cells in these regions (more 
than 8000 cells were followed) should help us understand what visual signals are fed into the hippocampus 
and help decipher the mechanisms for their activities.
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Proposed approach for the project (experimental / theoretical / computational)

The analysis of the simultaneous activity of many neurons is a difficult task. Indeed, dynamics in spaces of 
large dimensions are notoriously hard. We will first use modern machine learning algorithms to reduce the 
dimensionality of the datasets. Then, we will extract the structure of the different states explored by the 
system and determine the internal dynamics of the networks. The transitions to the different activity regimes 
should correspond to bifurcations in the dynamics of the networks. We will study these bifurcations with 
dynamical systems techniques.
We will apply similar strategies to analyze the neurons belonging to networks upstream of the hippocampus.

Results 

We started to develop machine learning strategies to analyse the evolution of the activity in the hippocampus 
through animal development. We have found ways to characterize and visually represent the emergence of 
sequences in the neuronal population. We are now trying to extend these methods to the other stages of 
development.
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Postdoc project 12 – Jain Rikesh - Functional and bioinformatics analysis of 
predator prey interaction in Bacteria
 
Lead Supervisor: Tam Mignot (LCB)
Co-Supervisor: Bianca Habermann (IBDM)

Recruited candidate: Jain Rikesh

Background: 
November 2019 - present | CENTURI postdoctoral fellow
2015 - 2019 | PhD in Neurobiology - National Centre for Biological Sciences (Bangalore, India)
2007 - 2012 | BSc & MSc in Medical Biotechnology - Sardar Patel University (Gujarat, India)

Scientific background 

Myxobacteria, which are well-known predators of the bacterial world, prey on a broad range of bacterial
species including E. coli. Their predatory behavior involves moving or gliding (socially and individually) towards 
the prey, secreting specialized molecules (secondary metabolites and hydrolytic enzymes) to kill and digest the 
prey. It has been observed that their predatory performance varies significantly with the type of prey: some 
preys show more resistance than others. In addition, many prey bacteria have been shown to develop diverse 
defense mechanisms such as biofilm formation and toxin secretion, to confer resistance against predation. 
As per the Red Queen Hypothesis, predators living in the same environment with prey should also evolve in 
parallel. The co-evolutionary interactions may not only reshape the prey defense system but also the predatory 
kill system. In this project, I will combine bioinformatics and experimental approaches to study the enforced 
predator-prey co-evolution/co-adaptation at phenotypic, transcriptomic and genomic levels. This study will 
help in identifying the evolutionary active components of prey and predator during co-evolution.

Objectives of the project

By using the different predator-prey combinations in controlled co-evolution experiments, I aim to characterize 
the various mechanisms of successful predation and bacterial resistance. By analyzing the short term – by 
transcriptomics and phosphoproteomics – and long term – by genomics and phenotypic characterization – 
changes during co-evolutionary adaptations, I want to identify the genomic regions, pathways and phenotypes 
actively involved in reshaping the predatory activity and prey defense system.

Proposed approach for the project (experimental / theoretical / computational)

Using the classic predation assay, I will first screen for various predators (A and B) that differ extremely in their 
predation efficiencies against the same prey (a and b) (Fig 1). Alternatively, I can screen for the preys that show 
different levels of resistance (diameter of the zone of inhibition) against the same predator. The identified 
predators and preys, satisfying the above criteria, will be co-incubated. 
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This will be followed by the screenings of adapted mutant phenotypes to identify the predators and preys with 
higher predation efficiency and higher resistance, respectively. I will collect transcriptomic, phosphoproteomic, 
genomic and phenotypic data of both predator and prey during the different co-adaptation stages. This will 
include immediate/short term reposes as well as long term adaptive changes. The computational integration 
of the three different data types (genomic, transcriptomic and phosphoproteomic) will enable me to identify 
adaptive changes at different regulatory levels: 1) genomic analysis will help in detecting the active genomic 
regions and the genes involved in the co-evolutionary adaptation and yield information on functional adaptation 
of genes; 2) combining genomic and transcriptomic data will help in recognizing the gene regulatory processes 
leading to functional adaptation of predators/prey; 3) finally, phosphoproteomic approaches will pinpoint the 
signalling events involved in predator/prey interaction and co-evolution. Eventually, I will perform gene knock-
out studies to functionally characterize the candidate genes identified as potential components of the kill and 
defence system that are important for predator-prey interactions.
 

Fig. 1
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Postdoc project 13 – Saswati Saha - Systems genetics: Developing new approaches 
integrating network analyses and modeling to elucidate the genetic mechanisms 
underlying cardiac aging in Drosophila
 
Lead Supervisor: Christine Brun (TAGC)
Co-Supervisor: Laurent Perrin (TAGC)

Recruited candidate: Saswati Saha

Background: 
April 2019 - present | CENTURI postdoctoral fellow
2016 - 2019 | PhD in Medical Statistics, University of Bremen (Germany)
2014 - 2015 | Business analyst, Genpact (Bengaluru, India)
2013 - 2014 | Consultant, Ernst & Young (Mumbai, India)
2011 - 2013 | MSc degree in Statistics - Indian Statistical Institute (Kolkata, India)

Scientific background 

Senescence is a major determinant of life expectancy in an aging population and heart disease and disorders 
increase with age. However, the genetic basis for interindividual variation in cardiac senescence remains 
largely unknown. Our objective is to identify the genetic architecture of cardiac aging in a natural population 
of Drosophila, the Drosophila Genetic Reference Panel (DGRP). Our Genome Wide Association (GWA) analyses 
and epistatic interactions have identified a large number of genes involved, hindering intuitive and knowledge-
based analyses. However, in order to reveal the gene/protein network(s) of interactions, dependencies and 
regulations underlying the cardiac aging phenotypes, we need to identify (i) the biological processes involved 
and (ii) the more relevant candidates for further experimental investigations. For this, we propose to couple 
machine learning and network analyses linked in an innovative iterative framework allowing unblocking 
bottlenecks encountered by previous GWA published analyses.

By considering the effect of the genetic variations at all scales, in a systems genetics framework, this research 
program is highly interdisciplinary, at the interface of biology and computer science. It relies on the alliance 
between a team specialized in the genetics of cardiac aging and a team specialized in network biology at TAGC. 
We will capitalize on our joined expertise in Drosophila genetics, biostatistics and bioinformatics to decipher 
the natural variations associated with cardiac senescence.

Objectives of the project

The objectives are to develop computational approaches that will improve our ability to elucidate the genetic 
architecture of complex traits, starting from GWA analyses and epistatic interactions. 
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Proposed approach for the project (experimental / theoretical / computational)

Starting from several hundreds of Single Nucleotide Polymorphisms (SNPs) associated to cardiac aging that we 
recently identified, the approach will aim to:

1- Discover relationships between SNPs using neural networks. Regression methods such as neural networks
(NN) can be used to obtain information about the structure underlying the input data. In our case, 
neural networks will transform and combine the input SNPs in order to find the best combinations able 
to model the phenotypes. As output of the analysis, groups of SNPs will be weighted according to their 
importance.

2- Multiplex network analyses to identify the biological processes and molecular mechanisms underlying
the phenotypes. Classical approaches consist in mapping the SNP-containing genes on pathways, 
on protein-protein or genetic interaction networks. However, because the molecular nature of the 
interactions represented in these networks is different in each of these, they all have their own regulatory 
meaning. As a consequence, investigating only one type of network is reductive. To circumvent this 
bottleneck, we will analyze multiplex networks, i.e. collection of networks sharing the same nodes (the 
genes/proteins), but in which the edges represent interactions of a different nature, using dedicated 
partitioning methods previously developed at TAGC and I2M: ‘Modularity for Multiplex’ and ‘Random 
walk across Multiplex’.

The iteration of this process between NN and network analysis should allow convergence towards more 
relevant information with a decreasing noise level.

Results 

In six months, Saswati Saha has developed several models:

A statistical model of mixed linear regression allowing the discovery of variants associated with cardiac aging. 
This model has several advantages over existing tools: (i) it allows a "longitudinal" study with only two time 
points; (ii) it exploits individual fly data and thus avoids the use of averages by genetic lines; (iii) it allows 
correction on several covariates and random factors (measurement date, contamination, phenotype/lines/
age relationship). The model has been applied on a subset of variants and is currently running on the whole 
dataset.

A regression model based on Random Forest to study epistatic relationships between variants associated with 
cardiac aging. This model allows the detection of epistatic associations by variant pairs and provides a score for 
each association. This score is then used by unsupervised clustering methods to obtain groups of variants in 
epistatic associations. The model will be soon applied to the variants identified with the previous model. Beside 
its usage in the cardiac aging study, these epistatic associations will be mapped on the protein-protein and the 
genetic interaction networks in order to better understand the links between epistatic statistical associations 
and epistatic genetic interactions. 

She will soon explore the performances of neural networks as autoencoders in her models. 
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Postdoc project 14 – Stefania Sarno - Why animals learn the way they do? An 
experimentally driven computational approach
 
Lead Supervisor: David Robbe (INMED)
Co-Supervisor: Christophe Eloy (IRPHE)

Recruited candidate: Stefania Sarno

Background: 
April 2019 - present | CENTURI postdoctoral fellow
2012 - 2017 | PhD in Biophysics, Universidad Autonoma de Madrid (Cantoblanco, Spain)
2007 - 2010 | MSc degree in Theoretical Physics - Universitá di Pisa (Pisa, Italy)

Scientific background 

By constantly interacting with their environment, animals are capable of developing adaptive strategies to 
maximize reward collection, avoid punishments and minimize energy expenditure. The biological algorithms 
underlying trial-and-error learning are largely unknown. To address this question, we will examine whether 
different computational models can reproduce the learning dynamics and behavioral strategy of rats in a 
laboratory-based task. The data to model are already acquired and come from experiments in which animals, 
engaged in a multi-trial time estimation task, converged progressively towards a conserved embodied strategy. 
Learning models will be based on classical reinforcement techniques and more recent developments coming 
from artificial intelligence (deep learning). In this project, the back and forth interaction between experiments 
and theory will further the understanding of the mechanisms underlying learning and trial-by-trial adjustment 
in performance.

Objectives of the project

The project will have three aims: (Aim1) Examine whether specific parametric spaces of different models 
reproduce (and how they diverge from) the behavioral strategy progressively developed by the rats; (Aim 
2) Generate behavioral predictions from the best models when the task parameters are altered or when 
sudden changes in reward/punishment contingencies are applied after learning; (Aim 3) The best model will 
be embodied in a robot that will be tested in a similar environment than the rat.

Proposed approach for the project (experimental / theoretical / computational)

This project is based on behavioral experiments carried out at INMED over the past 4 years (and still ongoing) 
in which rats try to maximize reward collection while saving energy during a multi-trial time estimation task. 
During learning, all animals progressively converged toward a similar embodied strategy: they perform a 
running sequence whose duration match the time to estimate1. In total, a database of more than 200 rats 
trained daily on automatized testing units is available. This data will be used to parametrize a variety of learning 
algorithms derived from reinforcement learning theory2 and AI. 
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A simple virtual environment replicating the experimental conditions will be used. Once a realistic (i.e., 
replicating rat behavior) learning algorithm is identified, its validity will be examined by testing the impact of 
specific new alterations of the task parameters and environment on the performance of real or virtual animals. 
Finally, if time permits, a robotics-driven approach will be used to embody the selected algorithm into a small 
robot.
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Postdoc project 15 – Clara Sidor - Muscle building: Bridging molecular order to 
macroscopic morphogenesis
 
Lead Supervisor: Franck Schnorrer (IBDM)
Co-Supervisor: Sophie Brasselet (Institut Fresnel)

Recruited candidate: Clara Sidor

Background: 
May 2019 - present | CENTURI postdoctoral fellow
2018 - 2019 | Postdoctoral fellow, Francis Crick Institute (London, UK)
2013 - 2018 | Postdoctoral fellow, University of Cambridge (Cambridge, UK)
2007 - 2012 | PhD in Developmental Signaling, University College London (London, UK)
2005 - 2007 | MSc degree in Molecular and Cellular Biology - Université Pierre et Marie Curie (Paris, France)

Scientific background 

Sarcomeres are force-generating and load-bearing devices of muscle. Each sarcomere contains a pseudo-
crystalline order of bipolar actin, myosin and titin filaments. During development sarcomeres assemble into 
long periodic chains called myofibrils that span the entire muscle. How sarcomeric components organize 
into molecularly ordered structures (molecular order) while assembling long myofibrils (macroscopic order) 
is an important unsolved question. Within this project, we use genetic, mechanical and advanced imaging 
approaches to tackle this question. Clara Sidor is implementing a live imaging approach based on polarization 
resolved microscopy to probe the molecular order of sarcomeric components in developing Drosophila muscles 
in vivo and also in human iPS-derived muscles in vitro. She will test the role of mechanical tension for order 
generation. The originality of the project relies on the integration of quantitative approaches to bridge from 
the molecular to the macroscopic scale to explain how large muscle fibers build their contractile machines.

Objectives of the project

Aim 1: Develop and apply live probes for measuring molecular order of actin, myosin and titin and map the 
ordering process locally and across myofibrils in Drosophila and human muscles.
Aim 2: Manipulate tension optically (laser severing) or genetically (titin mutations) and quantify the 
consequences for order generation. This will be essential to bridge from protein order generation and 
mechanical tension to macroscopic morphogenesis of myofibrils.

Proposed approach for the project (experimental / theoretical / computational)

Biology: Previously, w quantified build-up of actin order in Drosophila muscles using fixed probes (Loison et 
al., PLoS Biology 2018). Here, we will design new live probes to quantify order dynamics of muscle myosin and 
titin, and we will apply live actin probes established in the Brasselet lab (Mavrakis et al., in prep). Our strategy 
will truncate linkers or introduce rigid linkers to preserve molecular order or the protein. 
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In particular, inserting a fluorophore into titin, which is under strong mechanical tension, will test the link 
between order and tension. CRISPR-based tools to insert probes are well established the Schnorrer lab (Zhang 
et al., G3 2014). 
Physics: We will use polarization resolved microscopy to probe molecular order, using a fast confocal imaging 
system combined with a polarization-resolved system, developed by the Brasselet lab (Kress et al., Biophysical 
J 2013). We will optically manipulate tension using laser microlesions. To our knowledge, this study will be the 
first attempt to probe and manipulate the dynamics of molecular order in living tissues.

Results 

During the first months of this project, we have successfully expressed the live actin probes developed in the 
Brasselet lab in Drosophila flight muscles and characterised the muscle morphology. Hence, these samples can 
now be used for order measurements. 
We have further generated flight muscles in which the two Drosophila titin genes have been genetically knock-
down. The molecular consequences on sarcomere morphogenesis and actin order generation will now be 
investigated.
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Postdoc project 16 – Solène Song - Deciphering chemical signals guiding T cells 
towards and in lymph node
 
Lead Supervisor: Olivier Theodoly (LZI)
Co-Supervisor: Marc Bajenoff (CIML) - Paul Villoutreix (LIS) 

Recruited candidate: Solène Song

Background: 
September 2019 - present | CENTURI postdoctoral fellow
2015 - 2019 | PhD - Laboratory Matière et Systèmes Complexes & Institut Jacques Monod (University Paris-
Diderot and CNRS)
2014 - 2015 | M2 Biological Systems and Physical Concepts - Université Paris-Sud (France)
2013 - 2014 | M1 Fundamental Physics - University College London (UK)
2012 - 2013 | BSc in Fundamental Physics - Université Paris-Sud (France)

Scientific background 

Lymph nodes are complex 3D environments in which precise events take place such as the encounter 
between a T-cell and its cognate antigen. Multiple cues can guide the T cells migration: mechanical, chemical 
or architectural. Our project is to 1) explore how does the weak interstitial flow affect chemical guiding 2) 
characterize the 3D scaffold of conduits wrapped with stromal cells that structures the lymph node in the 
paracortex, and the role it may play in the T cell guiding, and 3) test mechanistic hypothesis using reductionist 
in vitro approaches. We will combine in vivo imaging and quantitative in vitro approaches (e.g. microfluidics, 
protein printing) to decipher chemical signals guiding T cells towards and in lymph node.

Keywords: Chemotaxis, lymph node traffic, microenvironnement, quantitative reductionist approaches, 
microfluidics, protein printing.

Objectives of the project

- Develop innovative microfabricated tools to control chemical
- Identify and decipher biomechanical and biochemical signals guiding cells in lymph node
- Track and model the hapto- and chemo-tactic phenotypes in a multicellular population of immune cells

Proposed approach for the project (experimental / theoretical / computational)

The multicellular systems of interest imply different sub-sets of dendritic cells, T cells and stromal cells 
that will be prepared at CIML on mice models. The isolated cells will then be exposed to controlled in vitro 
microenvironments prepared by a combination of microfluidics and protein printing. Analysis of multicellular 
phenotypes in 2D and 3D versus the spatiotemporal stimuli of biochemical signals emitted by companion cells 
and/or a diffused by a controlled source will require advanced image analysis routines. An important modeling 
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effort will then be instrumental to interpret the intercellular behavior as well as the intracellular signaling 
machinery accessible by use of biosensor. 

Interdisciplinarity

This project combines the expertise in immunology of Marc Bajenoff, which studies lymph node trafficking by 
in vivo imaging, the expertise in biophysics of Olivier Theodoly, which develops quantitative in vitro approaches 
to decipher biological mechanisms, and the expertise of Paul Villoutreix in image data analysis. The project 
implies pure immunology concerning the step of cell preparation/isolation for in vitro assays and the step of in 
vivo imaging to validate in vitro quantitative results in animal model. 
The project also implies a strong aspect of biotechnological and biophysical developments to design and perform 
in vitro assays. Computing expertise will then be essential to track and analyze 3D migratory characteristics of 
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Postdoc project 17 – Nicolas Tizon-Escamilla - What can we learn from fluctuations 
in living active materials?
 
Lead Supervisor: Jean-François Rupprecht (CPT) / Out-of-equilibrium Mechanics (OM) team

Recruited candidate: Nicolas Tizon-Escamilla

Background: 
Present | Postdoctoral fellow - Out-of-equilibrium Mechanics team (CPT - CENTURI)
2014 - 2019 | PhD, University of Granada (Spain)
2013 | MSc degree in Physics and Mathematics, University of Granada, Spain

Scientific background 

Experimental relevance: In recent years, several experimental groups have developed techniques to insert 
and apply forces on tracers within embryos , e.g. using nano-beads1 (Pierre-François Lenne at the IBDM) 
or oil/ferro-magnetic droplets2-5. These techniques open the way to the development of micro-rheology 
setups. Micro-rheology is a soft-matter technique to measure the mechanical properties of a medium from 
the trajectories of embedded tracers. It is routinely used to characterize microgels, paints, clays or colloidal 
systems. Agitated by random thermal forces, tracer fluctuations are all the more correlated that the material 
is rigid; mathematically, in frequency space, the two-point correlation function Cij(ω) is related to the material 
response χ(ω) through the fluctuation-dissipation relation: 
Cij(ω) χ(ω) = ∆(ω),  (equation 1)

where the stress spectrum is related to T the room temperature through the fluctuation-dissipation relation:
∆(ω) = 2kbT Im[χ(ω)]/ω,  (equation 2)

with Im[χ(ω] the imaginary component of the mechanical response χ(ω). 
Knowing the value of T, optical measurements of the two-point correlations Cij(ω) are then sufficient to infer 
χ(ω)9.

Position of the problem: For an active system (e.g. tissues agitated by motor-driven fluctuations locally 
consuming energy), no universal fluctuation-dissipation relation holds for the stress spectrum ∆(ω), precluding 
the identification of the material property based on the sole analysis of tracer trajectories.

Objectives of the project

The broad objective of the project is to derive new theoretical tools (eg. generalised fluctuation-dissipation 
theorems) paving the way to a new understanding of the relation between forces and flow in flowing active 
materials (eg. epithelial tissues or embryos). We will turn the breakdown of the fluctuation-dissipation 
theorem (equation 2) into profit: combining active and passive microrheology, our objective is to evaluate 
the stress spectrum ∆(ω), which contains information on the symmetries of the local cellular force generation 
processes6. For example, based on a self-propelled rod model, hydrodynamic calculations show that density 
fluctuations can be responsible for the experimentally observed ∆(ω) ~ ω−1/2 spectrum of tracers placed in 
bacteria baths7-8; in contrast, fluctuations in the bacterial body axis orientation would lead to ∆(ω) ~ ω−3/2.
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Proposed approach for the project (experimental / theoretical / computational)

Method: We will develop a fluctuating linearized hydrodynamic theory of tissues extending the framework 
proposed in Ref9. We will evaluate our analytical predictions using the newly developed vertex model currently 
developed in the team and based on the rheology presented in Ref. 10. 
In particular, we will evaluate the response against an oscillatory force applied to rigid tracer embedded within 
a simulated tissue. 

Expected results: Comparing experimental measurements of the mechanical stress spectrum ∆(ω) from 
Collab. 1 (in vivo) and Collab. 2 (epithelial monolayers in vitro) to my analytical & numerical predictions with 
alternative assumptions on the cell-scale force generation symmetries (e.g. polar/nematic/chiral).

Perspectives: Characterizing through measures and predictions the stress spectrum ∆(ω) in tissues would 
allow us to design a technique to estimate the tissue mechanical response χ(ω) that is non-invasive i.e. based 
on the two-point correlations Cij(ω) of endogeneous tracers (eg. nuclei or tri-cellular junctions), which can be 
estimated by optical tracking methods. 

Bibliography
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Postdoc project 18 – Sham Tlili – Mechanics of gastrulation in mammals using a 
minimal in vitro system
 
Lead Supervisor: Pierre-François Lenne (IBDM)
Co-supervisor: Xavier Leoncini (CPT) - Olivier Théodoly (LAI)

Recruited candidate: Sham Tlili

April 2019 - present | CENTURI postdoctoral fellow
2015 - 2019 | Postdoctoral fellow, Mechanobiology institute, National University of Singapore.
2011 - 2015 | PhD in Physics, Laboratoire Matiere et Systemes Complexes, University Paris 7 (France).
2010 - 2011 | MSc degree in Soft Matter Physics - International Centre for Fundamental Physics (ENS, Paris,

France)

Scientific background of the project

Over the last years, numerous studies have shown that mouse and human Embryonic Stem Cells (ESCs) can 
spontaneously organize in a dish into 3D structures similar to mouse or human embryos. These structures 
called embryonic organoids grow, change morphologically and differentiate over a few days, recapitulating the 
first days of mammalian embryogenesis. Many efforts have been recently put to study the spatio-temporal 
pattern of gene expression within these organoids to determine their similarities and differences with embryos. 
However, it is now widely recognized that the gene regulatory networks in a developing embryo are coupled 
with the mechanical constraints resulting in and from tissue development. These interactions are key to 
impose the self-organization of the highly stereotypical temporal sequence of cell division, cell differentiation 
and cellular reorganization leading to the formation of organs with reproducible shapes. One indication that 
understanding the mechanical aspects of embryonic organoid development is of major interest is that they 
display a relatively large variability in shape when mechanically isolated, while this variability is decreased 
when mechanically confined. Understanding the origins of embryonic organoids variability and the means to 
reduce such variability is thus crucial to our understanding of embryonic development and a step needed for 
future medical research using embryonic organoids as it requires highly reproducible standardized protocols. 

Objectives of the project

The proposed project aims at investigating quantitatively the role of mechanical forces during the first days 
of 3D mouse embryonic organoid development by characterizing (i) the patterns of cellular movements and 
mechanical stress generated during the first days of organoid development (ii) how these mechanical patterns 
are coupled with cellular growth, division, apoptosis and gene expression (iii) how internal and imposed external 
mechanical constraints contribute to organoid developmental variability in space and time. For that, we will 
use a combination of live imaging, image analysis, biophysical tools to control the mechanical environment of 
the organoids and measure forces within them, and physical modeling.
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Experimental and theoretical approaches

The Gastruloids will be made from various mESCs with different live reporters facilitating the imaging and 
enabling to determine the fate evolution of the cells (i) to determine what cellular events lead to the Gastruloid 
polarization and elongation, we will image single Gastruloids with bi-photon microscopy over many days. We 
will use nuclei and membrane marker to establish 4D velocity, tissue strain-rate, cell and nuclei strain and 
division maps from these timelapses. We will then correlate these mechanical maps with gene expression 
maps. (ii) we will mechanically confine Gastruloids in agarose channels to determine what is the impact of 
mechanical confinement on the elongation process and its variability. (iii) we will develop deformable micro-
beads that will be embedded in the Gastruloids to establish maps of the mechanical stress within the tissue. 
(iv) the impact of the initial size of the Gastruloid will be studied to see how genetic patterning and tissue flows 
scale with the tissue size. To study systematically the impact of size on the polarization process and its variability 
and obtain high statistics, we will image 96 Gatruloids in 96 wells with phase contrast and epifluorescence over 
multiple days.

The analysis of these experiments will require to use/develop state of the art image analysis technics, eventually 
using Deep Learning technics to detect cell contours and track them.

To integrate these results, we will use physical modeling incorporating the tissue mechanics (visco-elasticity 
of the tissue due to single cell properties, cell divisions and rearrangements) and potentially differential 
adhesion due to the apparition of different cell populations within the tissue. Both agent-based simulations 
such as vertex model and continuum modeling will be used to gain understanding of the polarization process 
and predict new behaviors by affecting the mechanical confinement. These predictions will then be tested 
experimentally.

Results:

From April to September the candidate has : 

(i) Learned how to generate gastruloids in a reproducible way
(ii) Established an imaging protocol to image over multiple days at subcellular resolution developing

gastruloids using bi-photon microscopy using Sulforhodamine B
(iii) Generated 4D timelapses of polarizing and elongating gastruloids
(iv) Established a protocol to mechanically confine the gastruloids
(v) Started analyzing the timelapses generated.
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PhD Project 1 – Sébastien Choteau – Understanding uORF functions through 
dendritic cells biology and computational approaches
 
Lead Supervisor: Philippe Pierre (CIML)
Co-supervisor: Christine Brun (TAGC)

Recruited candidate: Sébastien Choteau

October 2018 - present | CENTURI PhD student
2016 - 2017 | Agronomist engineer degree, Biology and biotechnologies for health and microbial or vegetal

production - AgroParisTech
2014 - 2016 | Agronomist engineer degree, Nutrition and Human health - Agrocampus Ouest (Rennes, France)

Scientific background of the project

Upstream open reading frames (uORFs) are known as gene expression cis-regulatory elements. In half of 
eukaryotic mRNAs, one or more uORFs precede the initiation codon of the main coding region. By reducing the 
efficiency of translation initiation of the main downstream ORF or by triggering mRNA decay, uORFs participate 
to the translation regulatory mechanisms, notably during stress. However, translation of small peptides 
encoded by uORFs led to the assumption that they may play additional functional roles in trans beside their 
regulatory functions, calling for further studies. In this context, the CIML and the TAGC combine their efforts in 
an interdisciplinary project aiming at understanding the nature, the regulation and the functions of uORFs in 
the context of dendritic cells development and activation, in the light of a thorough computational predictive 
analysis of their pattern of expression and macromolecular interactions. The project requires developing 
computational biology approaches and analyses, complemented with experimental biology to identify uORFs 
and predict their expression and function in dendritic cells (DC), an important professional antigen presenting 
cell type that orchestrates both the innate and adaptive immune responses. Whereas the CIML brings the 
expertise in regulation of protein expression by uORFs in stress and pathogenic conditions, the TAGC provides 
the network computational biology skills and the experience in protein multifunctionality analysis necessary 
to the project.

Objectives of the project

We are interested in understanding the nature, the regulation and the function of uORFs in the context of DC 
development and activation and we will achieve 3 main objectives within this collaboration.

a) Using all the proprietary and public genomic databases on DCs, we will determine the pool of mRNA
expressed in DCs and carrying specifically uORFs in their 5’ sequences. The nature of the mRNAs bearing 
uORFs and the biophysical characteristics of identified uORFs (codon, amino acids, numbers etc.) will be 
determined. Particular patterns of regulation (for example are the ATF4 and its targets in DCs displaying 
a particular uORF organization?) will be also evaluated.

b) Given the variation in eIF2α-phosphorylation observed during DC activation, we will engage in a
predictive analysis of the expression levels of different genes bearing uORFs in DCs and their likelihood 
to be translated during activation. 
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c) Knowing the exact DC gene transcription landscape and the likelihood of these uORFs to be translated,
the interaction network of uORF products in DCs will be inferred and analyzed to point possible novel 
uORF derived peptides functions.

d) The in silico predictions for gene regulation by uORFs and their potential translation or novel functions
will be tested and validated using DC in vitro cultures and advanced cell biology and immunobiology 
techniques. An open access database of uORF organization and potential antigenic function will be 
established and connected with antigenicity prediction softwares.

Proposed approach for the project (experimental / theoretical / computational)

Regular computational and statistical analyses will be performed using state-of-the-art public tools to reach 
the first objective. The second one will be achieved by applying generalized linear regressions to produce a 
predictive model of uORF-bearing genes expression in DCs. Workflows developed at TAGC will be used to 
predict the interaction networks of uORF peptides (objective c). They consist first, in scanning the uORFs 
sequences for the presence of known protein domains and eukaryotic Short Linear Motifs (SLiMs), that 
contain 3-10 contiguous amino-acids residues, often mediating transient PPIs with low affinity (a preliminary 
investigation of the SLiM content of 204 human uORFs showed that 37% contain a PPI-mediating SLiM and 
60% contain a degradation motif). Second, the interactome of each uORF peptide is (i) inferred using available 
template of domain-domain and SLiM-domain interactions, and (ii) integrated with the whole interactome of 
DCs to bring a broader picture of the possible role of the uORF peptides in DCs. As the human interactome 
is composed of functional network modules, defined as group of densely interacting proteins involved in the 
same biological process, detecting the functional modules to which the uORF peptides belong using the OCG 
algorithm that we developed (Becker et al., Bioinformatics 2012), should inform on their possible cellular 
functions. We already successfully used such approach to identify moonlighting proteins (Chapple et al., Nat 
Comm 2015) and perturbed human sub-networks by bacterial virulence proteins (Zanzoni et al., Microbiome, 
2017). 
uORFs translation in specific mRNA will be tested by introducing in the uORFs a short sequence coding for a 
peptide (SIINFEKL) capable of being processed and presented efficiently by MHC I. After mRNA transfection of 
the mRNA bearing antigenic modified uORFs, the produced peptides will be detected using specific T cells (OT1) 
capable of detecting less that 100 peptides/MHCI complexes at the cell surface, thus providing an exceptional 
sensitivity to demonstrate the variation of different uORFs derived peptides expression and degradation during 
DCs activation. Other strategies based on immunoproximity ligation or split GFP complementation assays will 
also be implemented to further test predicted PPI and validate our modeling approaches.

Results

The first year of the PhD has been dedicated to a comprehensive gathering of the small ORFs (among which 
are the uORFs), in order to build a resource database onto which the analyses will be grounded. Six human and 
4 mouse datasets of small ORFs, identified by Riboseq, proteomic experiments and predicted bioinformatically 
have been integrated in the database. It currently contains 3 and 2 million entries for human and rodent, 
respectively. The curation and the merging of these data represent the originality and the added value of the 
database, which will be released and published, once an interface will be available. Shortly, the information 
contained in the database will be used to perform the prediction of the small ORFs interactome. In parallel, 
it will be exploited for a thorough investigation of the possible regulation by uORFs, of the targets of stress-
induced transcription factors, important for DC activation. 



85

Annex 1.2: description of CENTURI collaborative project
PhD projects

PhD project 2 – Achyuth Acharya - Instructing myofibrillogenesis in human 
muscle by forces and shapes
 
Lead Supervisor: Frank Schnorrer (IBDM)
Co-supervisor: Olivier Theodoly (LAI)

Recruited candidate: Achyuth Acharya

September 2019 - present | CENTURI PhD student
2015 - 2019 | Technology Assistant - Centre for Cellular and Molecular Platforms (Bangalore, India)
2015 - 2017 | Junior Research Fellow - Institute for Stem Cell Biology and Regenerative Medicine (Bangalore,

India)
2013 - 2015 | MSc in Regenerative Medicine - Manipal University, School of Regenerative Medicine (Bangalore,

India)
2007 - 2011 | BSc in Biochemistry and Molecular Biology - Boston University, College of Arts and Sciences (USA)

Scientific background of the project

Skeletal muscle fibers are large multinucleated cells, which mechanically connect two skeletal elements. The 
contractile forces are generated by highly regular mini-machines called sarcomeres, which are organized in long 
periodic chains called myofibrils. How can such long and regular myofibrils form during development? Using the 
fly model, the Schnorrer lab developed the tension-driven self-organization hypothesis of myofibrillogenesis, 
which suggests that mechanical tension acts as a compass to coordinate the assembly of many sarcomeres 
into long myofibrils. This hypothesis needs to be tested in human muscle.

Objectives of the project

We aim to generate human muscle fibers of defined sizes and shapes by 2D- or 3D-micropatterning and 
quantify the assembly and regularity of the sarcomeric pattern (Aim1). We then want to directly manipulate 
the forces by using stretchable PDMS-derived substrates and observe the impact on myofibrillogenesis (Aim2). 
Finally, we will directly quantify the forces generated by the differentiating muscle fibers by monitoring the 
deformation of the substrate with embedded beads (Aim3).

Proposed approach for the project (experimental / theoretical / computational)

In this inter-disciplinary PhD-project we will generate human muscle fibers using induced pluripotent stem 
cells. To do so we are collaborating with the Pourquie lab (Harvard) and have adapted their protocol to 
differentiate millimeter long human muscle fibers in vitro. The interesting new twist will be to differentiate 
these fibers on micropatterned surfaces that can be functionalized with integrin ligands. As integrins are the 
main force transducing attachment receptors of muscles this should result in defined attachments and thus 
defined muscle fiber shapes. Myofibril development in these fibers will be quantified by high resolution time-
lapse imaging of GFP and Kate2-tagged sarcomeric proteins to link shape with myofibril assembly kinetics.
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To manipulate forces we will apply stretchable PDMS-derived substrates and quantify the impact of external 
forces on myofibril assembly and regularity. The application of embedded beads will allow to dynamically 
monitor the deformation of the substrate and thus directly quantify the myofibrillar forces.

Results (optional)

Achyuth has just arrived 3 weeks ago in Marseille. He has started to familiarise himself with the myoblast cell 
culture system that he will use throughout his PhD.
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PhD project 3 – Athullya Baby - Quantitative analysis and simulation of fluid 
flows powered by cilia in vivo
 
Lead Supervisor: Laurent Kodjabachian (IBDM)
Co-supervisor: Annie Viallat (CINAM) - Julien Favier (M2P2)

Recruited candidate: Athullya Baby

October 2019 - present | CENTURI PhD student
2014 – 2019 | BS-MS (Dual Degree Program) - Indian Institute of Science Education and Research, Bhopal

Scientific background of the project

Ciliated epithelia are present throughout evolution and serve functions ranging from locomotion of marine 
larvae to mucociliary clearance of pathogens from human airways. These functions are supported by the 
coordinated beating of myriads of motile cilia at the surface of multiciliated cells (MCCs), which generates 
robust and regular waves of fluid. The production of such waves depends on multiple parameters integrated 
across micrometric to millimetric scales, such as MCC density and cilia orientation. These parameters can be 
adequately studied in the larval mucociliary skin of the amphibian Xenopus, which is organized like the human 
airway epithelium, but is much easier to manipulate and film. This project will bridge the gap between biology, 
physics and numerical simulation to bring a new perspective to the understanding of respiratory diseases 
characterized by altered cilia-driven mucociliary transport, such as COPD or cystic fibrosis.

Objectives of the project

The aim of this PhD project is to link quantitative experimental analysis to numerical simulation to build a 
global model of ciliated epithelium organization and activity. The ambition is to generate a multi-parametric 
model able to explain the emergence of cilia-driven fluid flows at the level of an entire organ. To this aim 
quantitative live imaging of cilia will be implemented on the 3D Xenopus embryo, which has never been done 
before. Numerical models will be challenged in silico and through experiments to test their predictive capacity.

Proposed approach for the project (experimental / theoretical / computational)

Live imaging (teams 1 and 2): The PhD student will adapt light-sheet microscopy to film fluorescent beating 
cilia in all MCCs of the Xenopus embryo at various developmental stages. 
Image processing (teams 1 and 2): Methods developed in team 2 will be applied to extract quantitative 
information regarding cilia beating frequency and orientation, so as to build a global map of the embryo.
Numerical simulation (team 3): The quantitative experimental parameters thus acquired will be used to 
feed Lattice Boltzmann-based simulations, with the aim of generating numerical paradigms to explain the 
emergence of metachronal ciliary beat waves and spatial flow patterns. 
Validation (teams 1, 2 and 3): In silico challenges (changes in ciliated cell density or orientation) will be 
introduced to predict outcomes on flow patterns, which will be verified through our experimental pipeline.
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PhD project 4 – Anthony Baptista - Genetic and phenotypic comorbidities 
between Mendelian and common diseases from a network perspective
 
Lead Supervisor: Anaïs Baudot (MMG)
Co-supervisor: Aitor Gonzàlez (TAGC)

Recruited candidate: Anthony Baptista

September 2019 - present | CENTURI PhD student
2019 | MSc in Biophysics - UPMC (Paris)
2018 | MSc in Fundamental physics - UPMC (Paris)
2016 - 2017 | BSc in physics - UPMC (Paris)

Scientific background of the project

Mendelian diseases show phenotypes triggered usually by monogenic mutations, whereas common diseases 
are associated to phenotypes that depend on numerous weak polygenic variations. However, Mendelian and 
common diseases share both molecular and phenotypic features, leading to comorbidity relationships [1]. 
For instance, mutations in the transcription factor (TF) GATA5 cause congenital heart defects (CHD), and SNPs 
variations around the same gene are involved in hypertension [2]. Hypertension is also a classical complication 
of CHD. We propose here to study these relationships between Mendelian and common diseases, but from 
a biological interaction network point of view. To this goal, we will map disease features (e.g., SNP variations, 
mutations, phenotypes) to networks containing interactions between diseases, between genes/proteins but 
also interactions with non-coding genomic regions, and develop innovative algorithms to extract comorbidity 
subnetworks from these multiplex multipartite networks.

Objectives of the project

In this project, we plan to investigate the shared architecture between Mendelian and common diseases both 
at the phenotypic and molecular levels by identifying subnetworks enriched in mutations and variations. As 
a consequence, this approach will also help predicting the relevant variations (SNPs, eQTLs) implicated in 
common polygenic diseases, or acting as modifier to modulate Mendelian diseases.

Proposed approach for the project (experimental / theoretical / computational)

We will create first a disease-disease network containing links between diseases sharing phenotypes. Then,
we will build a classical multiplex network composed of different layers of biological relationships. It will contain 
protein-protein interactions, but also molecular complexes and pathway interactions [3; 4]. We will extend this 
multiplex framework to consider networks of relationships with non-coding DNA loci by including TF-DNA [5], 
and DNA-DNA/HiC interactions. 
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Then, mutation and variation loci linked to Mendelian and common polygenic diseases will be mapped. 
Dedicated algorithms, such as random walks with restart and community detection strategies, will be developed 
and adapted to explore these extended multiplex and multipartite networks. 
They will help defining subnetworks enriched in comorbid associations, thereby predicting regulatory 
interactions and biological processes linking the different disorders.
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PhD project 5 – Katia Barrett - Mechanical environment and fate specification 
during mammalian morphogenesis
 
Lead Supervisor: Pierre-François Lenne (IBDM)
Co-supervisor: Félix Rico (LAI) - Mathias Merkel (CPT)

Recruited candidate: Katia Barrett

Novembre 2019 - present | CENTURI PhD student
2017 – 2019 | MSc Interdisciplinary Approaches to Life Sciences - Centre for Research and Interdisciplinarity

(Paris, France) 
2013 – 2016 | Master of fine Art, Research based practice - Dutch Art Institute (Arnhem, Netherlands)
2007 – 2010 | BSc in Science & Art - Goldsmiths University (London, UK)

Scientific background of the project

It has been shown that given the right morphogenic stimulus embryonic stem cells self-organise and reliably 
establish an anterior-posterior axis, which marks an early critical step in embryonic morphogenesis. With 
such a minimal in-vitro system, called embryonic organoid, we are able to probe fundamental principles 
guiding early embryonic morphogenesis, difficult to study in-vivo. Whilst many approaches to understanding 
embryonic patterning were limited to mapping temporal morphogenic signalling, we would like to build on 
growing evidence that regional differences in mechanical properties arising in early embryogenesis likely 
play an important role in guiding this process. Mechanical regional differences in embryonic organoids are 
mainly given by the physical constraints impeded by multicellular aggregate formation, cell-cell interactions, 
and extracellular matrix. We will characterise the dynamic microenvironment of the cells, paying particular 
attention to the extracellular matrix as it exhibits unique regional topographies that are known to interact 
with cells, influencing responsiveness to signalling molecules and guiding differentiation. We will determine 
possible crosstalk between biochemical and biomechanical contributors of axial elongation by comparing 
differentiation of embryonic organoids in 2D spatially constrained and 3D free-boundary conditions.

Objectives of the project

The PhD would consist of analysing the changes in mechanical properties and responsiveness to known 
polarising biochemical signalling (Wnt) of embryonic stem cells while these cells undergo cell differentiation 
during morphogenesis. We hypothesise that their responsiveness to Wnt signalling is dependent on their 
interaction with other cells and extracellular matrix.

Proposed approach for the project (experimental / theoretical / computational)

Experimental approach - Aggregates of mouse embryonic stem cells stimulated with specific morphogens, Wnt 
in particular, will trigger axial elongation. Aggregates will be grown over the course of a few days and imaged 
at cellular resolution. 
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We will probe the evolving mechanics of the aggregates with compressible hydrogel micro-beads inserted 
in the aggregates to register the local stress as well as using live reporters to track the extracellular matrix 
production and deformation in response to Wnt (Lenne group and collaboration with Elsa Bazellieres, IBDM). 
To study the mechanical properties of the differentiation states, we will couple this approach with a simplified 
2D system (collaboration with Rosanna Dono, IBDM): cells seeded on micropatterns that also self-organise 
(Warmflash et al, Nat Methods 2014). We will use atomic force microscopy (AFM) on this 2D system to look at 
regional differences in elastic and viscous moduli during fate patterning (collaboration with Felix Rico, LAI). We 
will compare our experimental data with a continuum model describing both tissue mechanics and morphogen 
dynamics (collaboration with the group of Matthias Merkel). 
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PhD project 6 – Ammar Sabir Cheema - Deciphering the activation states of 
plasmacytoid dendritic cells, their dynamical relationships and their molecular 
regulation
 
Lead Supervisor: Thien-Phong Vu Manh (CIML)
Co-supervisor: Marc Dalod (CIML) - Marco Pettini (CPT)

Recruited candidate: Ammar Sabir Cheema

November 2019 - present | CENTURI PhD student
2017 – 2019 | MSc in Bioinformatics - Quaid-i-Azam University (Islamabad, Pakistan)
2014 – 2017 | BSc in Bioinformatics - COMSATS Institute of Information Technology (Sahiwal, Pakistan)

Scientific background of the project

Functional heterogeneity exists within each cell type, such as the restriction of cytokine production to only 
a fraction of activated immune cells. The underlying mechanisms largely remain to be identified. Single cell 
transcriptomic and epigenetic profiling revealed intra-type heterogeneity in immune cells already at ground 
state. Its biological meaning remains puzzling. Here, we will study a striking example of this phenomenon: 
the control of type I interferon (IFN-I) production by mouse and human plasmacytoid dendritic cells (pDC). 
Indeed, pDC IFN-I production is tightly regulated in time and in space, including in our mouse model of viral 
infection. Interestingly, this regulation is altered in breast tumors. To understand the molecular regulation 
of IFN-I production by pDC, we will investigate their functional heterogeneity, by combining various high-
throughput single cell measurements, their integrated bioinformatics analysis and mathematical modeling.

Objectives of the project

We aim at characterizing the activation states of pDC, their relationships and their functional specialization, 
to advance our understanding of the physiological functions of these cells and their molecular regulation. 
Specifically, we want to decipher how specific functions of individual pDC, including IFN-I production, are 
controlled molecularly, likely by the integration of a combination of exogenous instructive signals, from the 
tissue microenvironment including infected/tumor cells, and from cell-intrinsic stochastic events.

Proposed approach for the project (experimental / theoretical / computational)

Experimental: We use a reporter mouse expressing a fluorescent protein under the control of the Ifnb1 
promoter, for ex vivo enrichment of IFN-I-producing pDCs by flow cytometry prior to transcriptomic and 
epigenetic single cell profiling (scRNAseq & scATACseq). Computational analysis of scRNAseq experiments 
identified distinct splenic pDC clusters/activation states during viral infection. Pseudo-temporal analyses have 
been performed to model pDC activation trajectories. Kinetics experiments are ongoing to correlate pseudo-
time with real time. Combined single cell transcriptomic and phenotypic profiling (CITE-seq) and epigenomic 
data (ATAC-seq) remain to be generated and integrated, as well as data in other pathophysiological contexts. 
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To infer how pDC activation is controlled molecularly, mathematical predictive dynamic models will be 
established using different formalisms, based on the regulatory circuits differentially expressed between pDC 
activation states, and refined by iterative confrontation to experimental testing.

PhD student’s profile

Our interdisciplinary project is at the interface of immunology, computational biology and mathematics. It 
integrates various types of approaches, including wet lab experimentations, computational analyses and 
mathematical modeling of the regulatory networks differentially expressed between pDC activation states, 
to infer how pDC activation and functions are molecularly regulated. We have selected a candidate with solid 
bases in computational biology and a strong interest in data integration and mathematical modeling. The 
recruitment is being finalized and the PhD contract should start sometimes in November 2019.
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PhD project 7 – Naveen Gajendra Kumar - Visualizing deep hippocampus neuronal 
functional activity in vivo using ultra-thin 2-photon endoscopes
 
Lead Supervisor: Hervé Rigneault (Fresnel Institute)
Co-supervisor: Rosa Cossart (INMED)

Recruited candidate: Naveen Gajendra Kumar

October 2019 - present | CENTURI PhD student
2016 – 2019 | MSc in in Photonics - Aix-Marseille University (France)
2014 – 2016 | MSc in Technology in Nanotechnology - Natonal Insttute of Technology Karnataaa (Surathaal, 
India)
2008 – 2012 | BSc in Technology in Electronics and Communicaton - University of Kerala (India)

Scientific background of the project

Most brain functions are encoded by specific neuronal activity patterns with characteristic temporal and spatial 
dynamics. This proposal will focus on the hippocampus, a brain region supporting memory and encoding spatial 
and temporal information. Hippocampal dynamics result from the interaction between self-organized internal 
dynamics and various external inputs from the environment. We want to know how development shapes the 
final functional organization of adult hippocampal networks: do they self-organize through the interaction of 
active neurons or do they emerge in reference to a blueprint determined by early developmental programs 
like genetic factors? To image and record the deep hippocampus neuron activity we have been developing an 
ultra-thin flexible endoscope that is able to perform 2-photon imaging deep in the brain at depth location that 
are inaccessible using 2-photon microscopy.

Objectives of the project

The goal of this PhD project is to develop and use 2-photon ultra-thin lensless endoscopy to image in vivo the 
activity patterns of hippocampus regions CA3 and CA1 in mice brain, in a minimally invasive manner and in 
varying environmental contexts. This will allow for the study of spatio-temporal information transfer from the 
deep CA3 region to the more organized CA1 region. This first major biological question is proving the drive for 
a technological development that will obviously pave the way to image deep brain structures in living animal 
models.

Proposed approach for the project (experimental / theoretical / computational)

Experimental: In this PhD project we will first consist in finalizing the development of the ultra-thin lensless 
endoscope and use it to record neural activity either in CA1 or CA3 in freely moving mice or simultaneously 
in CA1 and CA3 in mice running on a treadmill. In this second case, recording in CA1 will be performed using 
2-photon microscopy while CA3 activity will be performed using the ultra-thin lensless endoscope technology. 
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The PhD project specifically aims at determining how CA1 cell assemblies and sequences are shaped by the 
spatio-temporal patterning of activity in CA3 and how these patterns hold in 2D environments.

Results

The applicant, Naveen Gagendra Kumar, has been working on the project during his mater thesis at the Fresnel 
Institute and has characterized a novel optical fiber with a twisted geometry that is resilient to the optical fiber 
bending. This is a significant step forward in the development of the lensless endoscope.
The results have been published recently in one of the highest impact factr journal in optics: Optica (Optical 
Society of America): V. Tsvirkun, S. Sivankutty, K. Baudelle, R. Habert, G. Bouwmans, O. Vanvincq, E. R. Andresen, 
and H. Rigneault, "Flexible lensless endoscope with a conformationally invariant multi-core fiber," Optica 6, 
1185-1189 (2019).
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PhD project 8 – Niels Gouirand - Deciphering the interplay between cell polarity 
and inter-cellular forces in epithelial 3D organization
 
Lead Supervisor: Elsa Bazellières (IBDM) 
Co-supervisor: Matthias Merkel (CPT)

Recruited candidate: Niels Gouirand

September 2019 - present | CENTURI PhD student
2016 - 2018 | MSc Neuroscience - Aix-Marseille University (France)
2013 - 2016 | BSc in Physiology and Neurosciences - Aix-Marseille University (France)

Scientific background of the project

Epithelial tissues are 3D cell sheets that display a high degree of organization, including cell polarity (reflected 
in an asymmetric localization of polarity proteins), characteristic cell shapes, and a layered structure. 
However, this organization is lost during cancer progression, when cells start to migrate. How exactly epithelial 
organization is controlled has remained elusive, but biophysical studies point towards complex interactions 
between chemical, genetic, and mechanical signals like inter-cellular forces. Within this project, we will study 
how epithelia with different genetic backgrounds adapt their organization and forces in response to their 
mechanical environment.

Objectives of the project

We want to (i) create hydrogel beads that can be embedded inside of the tissue, which will allow us to 
measure the forces exerted by the surrounding cells, (ii) investigate the mechanisms that couple cellular force 
generation to the localization of polarity proteins, and (iii) study how these mechanisms depend on the cellular 
microenvironment in 3D cell aggregates.

Proposed approach for the project (experimental / theoretical / computational)

Deformable hydrogel beads will be used as force reporters, which will be encapsulated in 3D wildtype or 
mutant aggregates. Bead coating (different cadherins or integrins) and bead rigidity will be tuned to mimic the 
overall adhesion and mechanics of the surrounding cells, where bead rigidity can be gauged using atomic force 
microscopy (AFM). Actin dynamics and bead deformation will be imaged on a spinning disk microscope. From 
the bead deformation, cellular forces will be extracted by refining existing computational inversion methods.
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Results

Niels started on September 16, 2019, and within his first two weeks of work, he was already able to produce 
microbeads and 3D Caco2 cysts. The production of microbeads is done in collaboration with Etienne Loiseau 
(CINAM), and Niels is adapting a microfluidic device they have designed to produce polyacrylamide microbeads. 
By applying differential pressure between the oil and the pre-gel interface, he is able to efficiently produce 
polyacrylamide microbeads (Figure1).

Figure 1: Microfluidic set up 
to produce microbeads. 

a)Oil and Pre-Gel meeting in the crossroads b)Pre-Gel neck formation and c) Oil cuted 
Droplet to further form beads, *pre-gel compartement, arrowhead oil compartement.

While becoming familiar with the existing literature on hydrogel beads, epithelial cell polarity, and mechanics, 
his next steps will be to find out how to best gauge the elastic properties of the beads, and embed them in the 
3D cell aggregates.
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PhD project 9 – Muhamet Ibrahimi - Conditions for self-organized oriented 
deformation of biological tissue
 
Lead Supervisor: Matthias Merkel (CPT) 

Recruited candidate: Muhamet Ibrahimi

October 2019 - present | CENTURI PhD student
2017 – 2019 | MSc in Science - İhsan Doğramacı Bilkent University (Ankara, Turkey)
2013 – 2017 | BSc in Science - İhsan Doğramacı Bilkent University (Ankara, Turkey)

Scientific background of the project

During their development from egg cell to adult, multi-cellular organisms acquire intricate shapes and patterns 
robustly and in a completely self-organized manner. One of the fundamental processes allowing this is the 
oriented deformation of involved tissues. From a physical perspective, oriented tissue deformation is possible 
because living tissues are active materials, i.e. materials that locally transform chemical energy into mechanical 
energy. However, general physical theories for active materials predict instabilities in oriented deformation 
processes. Thus, one key question relevant for the development of any animal is: How are such instabilities 
prevented (or even harnessed) in biological tissues?

Objectives of the project

The goal is to formulate general necessary and/or sufficient criteria under which self-organized tissue 
deformation is possible. One part of this will be to study how active tissue deformation interacts with 
gradients of proteins called morphogens. Another part will study in how far previous results on active oriented 
materials can be applied to biological tissues. Theoretical and computational work will be combined with close 
collaborations with experimentalists, in particular with the group of Pierre-François Lenne on gastruloids (i.e. 
embryonic organoids).

Proposed approach for the project (experimental / theoretical / computational)

To study these questions both in 2D and 3D, the analytical and numerical study of continuum models for active 
oriented materials will be combined with simulations of cell-based tissue models. For the latter, the focus will 
be on vertex models, which describe the biological tissues as networks of polygons (2D) or polyhedra (3D).



99

Annex 1.2: description of CENTURI collaborative project
PhD projects

Results

Muhamet’s contract started on October 7, 2019. Besides becoming familiar with the literature on active matter 
and its applications to biological tissues, his first goal will be the development of a numerical, Greens-function-
based solver for Stokes flow for periodic boundary conditions and later for open boundary conditions with a 
surface tension. Such a solver will be useful both to answer general theoretical questions on self-organized 
tissue organization as well as for studying self-organized gastruloid deformation
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PhD project 10 – Mathieu Loizeau - Functional transformations of sensory 
information in the brain: the mouse olfactory system as a model
 
Lead Supervisor: Jean-Claude Platel (IBDM/ Cremer team) 
Co-supervisor: Hervé Rouault (CPT/INMED)

Recruited candidate: Mathieu Loizeau

September 2019 - present | CENTURI PhD student
2017 - 2019 | MSc Neuroscience - Aix-Marseille University (France)
2014 - 2017 | BSc in Animal Physiology and Neuroscience - Poitiers University (France)

Scientific background of the project

In rodents, odor stimuli generate collective activities in neuronal populations of the olfactory system. In the first 
sensory layer, olfactory sensory neurons project into discrete units called glomeruli, within the main olfactory 
bulb. Combinations of excited and inhibited glomeruli encode odors by forming spatial maps of activity. This 
system constitutes an ideal model to study how the brain receives and process information from the outside 
world. This process has been extensively studied both at the experimental and theoretical levels, but important 
gaps remain in the understanding of its information processing. Here, our objective is to examine the function 
of local synaptic signaling by a population of glutamatergic interneurons (the External Tufted Cells, or ETC) 
within glomeruli and to establish its role in olfactory processing. The experimental data will be obtained using 
a new genetic model developed in the Cremer lab coupled with in vivo two-photon calcium imaging. Analysis 
and computational modeling will be performed in the Rouault lab. The PhD student will ideally perform in vivo 
recording, analyze and implement a new computational model of the olfactory processing to take into account 
the new preponderant role of the glutamatergic interneuron population.

Objectives of the project

The principal objective of this project will be to understand how the glomerular network processes sensory 
information before its transfer in the olfactory cortex. Based on neuronal activity measurements using in vivo 
calcium imaging, in particular ETCs, the PhD student will develop a firing-rate model of the olfactory bulb signal 
processing to generate new hypotheses/predictions on the role of these populations. This will be initially based 
on currently used models for the balanced state of excitation and inhibition as proposed in the neocortex.

Proposed approach for the project (experimental / theoretical / computational)

Biology: New mouse models (ND6-Cre and ND6 CreERT2) will enable us to label both local interneurons and 
projection neurons (Angelova, Platel et al J comp Neurol 2018) in the olfactory bulb glomeruli. Using in vivo 
two-photon calcium imaging we will reconstruct individual neuron morphology as described previously (Platel 
et al eLife 2019) and in parallel record odor-evoked activity of the same cells.
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Statistical analysis: Activity traces of the recorded neurons will be fitted by linear-nonlinear neuronal models. 
Inhibitory/excitatory properties of the neurons will be assessed and confronted with their type, ie projection 
and/or interneuron. Establishing the diversity of cell responses to odor presentation will serve the next goal of 
establishing a neural network model for the odor processing and encoding.
Computational: Current models of the olfactory system rely on strong local inhibition to generate sparse 
activity on the glomeruli output. However, such models based on winner-take-all dynamics do not explain 
the observed lack of correlation of the output upon presentation of combinations of odors. We propose that 
local excitation, as generated by the ETC, could provide a source of mixing of the input, by amplifying small 
differences, a mechanism at play in networks displaying a balanced state of inhibition and excitation. We 
will explore these ideas by comparing firing rate simulations of the dynamics with input-output relationships 
measured experimentally in the olfactory bulb.
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PhD project 11 – Thomas Morvan - Are you sure where to go? Studying algorithm(s) 
for decision making and confidence in an ethological framework
 
Lead Supervisor: Ingrid Bureau (INMED)
Co-supervisor: David Robbe (INMED) - Christophe Eloy (IRPHE)

Recruited candidate: Thomas Morvan

October 2019 - present | CENTURI PhD student
2016 - 2018 | MSc Cognitive Neurosciences – Strasbourg University (France)
2016 | BSc in Psychology – Strasbourg University (France)

Scientific background of the project

We take decision with various degrees of confidence depending on context/sensory ambiguity, internal state 
(motivation, fear ...) and past experiences. In well-known/easy contexts, we quickly decide what the best action 
to execute is. In new or difficult situations, or following mistakes, we are cautious and take more time before 
acting. The understanding of the main constraints that influence the decision process and their neuronal 
underpinning is still fragmentary. The goal of this project is to combine behavioral science, engineering, and 
model-based data analysis to understand how rodents take decision in a whisker-guided choice task. The 1st 
objective will be to develop a decision making task in an ethologically valid environment allowing a 24x7 on-
demand testing. In the 2nd objective, drift-diffusion modeling and reinforcement learning will be combined to 
characterize behavioral dynamics and generate prediction on decision making mechanisms. 

Objectives of the project

1) Design a modified Y maze based-task in which parameterized sensory cues (patterned texture)
provideinformation about where animals should go when it reaches the maze’s intersection.

2) Include this task in an automatized 24h/7d on-demand environment to eliminate human intervention.
3) Analyze behavioral performance of animals using modeling approaches (drift-diffusion model

andreinforcement learning)

Proposed approach for the project (experimental / theoretical / computational)

 We will use a grating pattern that animals can detect with their whiskers when they run in the central stem of 
the Y-maze. The pattern direction (upward or downward) will provide an indication of which arm the animal 
must enter to obtain a reward. The ambiguity of this sensory signal will be controlled on a trial-by-trial basis by 
varying the angle of the pattern. We will use open-source software and hardware to control task events and 
collect data. Data analysis. We will record animals’ positions through video tracking and photo-detectors to 
track decision and confidence (which correlates with reaction time and running speed). 
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The data will be used to parameterize and optimize (using reinforcement learning) a drift-diffusion model 
of decision (Dunovan & Verstynen, bioRxiv, 2017) and provide mechanistic prediction and possible neural 
implementation in the cortical-striatal network.
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PhD project 12 – Varun Puthumana - Modeling T cell plasma membrane phase 
separation
 
Lead Supervisor: Marc Jaeger (M2P2)
Co-supervisor: Rémi Lasserre (CIML)

Recruited candidate: Varun Puthamana

October 2019 - present | CENTURI PhD student
2014 – 2019 | BSc & MSc in Physics - Indian Institute of Science Education and Research (Bhopal, India)

Scientific background of the project

Recent studies including those from the CIML host team suggest that upon T Cell Receptor triggering (TCR) 
by antigenic ligands, T cell plasma membrane undergoes a rapid change that allows the liquid-liquid phase 
separation segregating signaling molecules essential for the initiation of T cell activation. This event seems 
to be associated with significant changes in the membrane topography. Our hypothesis is that a modification 
of membrane curvature or a local change in membrane tension induced by TCR-ligand interactions could 
underline the phenomenon of phase separation observed in the T cell membrane.

Objectives of the project

In order to better understand the physical parameters that control this phase transition process, the PhD work 
will mainly concern the development of a mathematical and numerical modeling approach, using M2P2’s 
modeling expertise in the mechanics of biomimetic soft objects like vesicles. The modeling base developed 
at M2P2 includes: in plane surface elasticity and viscosity, curvature elasticities, mechanical interactions with 
cytoskeleton, surrounding fluids and substrates. Now, to address the question of signaling molecule diffusion 
in the fluid membrane, modeling this phenomenon must be considered.

Proposed approach for the project (experimental / theoretical / computational)

M2P2 has developed a boundary element approach implemented in object-oriented language on CPU-
GPU architecture with which the evolution of the membrane’s mechanical properties in interaction with his 
environment can be computed. Starting from this base and to address not only the diffusion of surface species 
but also phase separation, the Cahn-Hilliard’s theory of statistical physics will be investigated. Finding out the 
right form and parameters needs to couple to experiments and eventually to coarse graining simulations. CIML 
will provide live-imaging data describing membrane liquid phase behavior and molecular dynamics in live T 
cells interacting with TCR ligands or with adhesion molecules that don’t drive liquid phase separation. Also, a 
detailed description of the T cell topography, of the local membrane tension and of the cytoskeleton will be 
provided using advanced imaging techniques. Finally, according to modeling data, CIML will use strategies to 
modify membrane composition, tension or curvature to test the different hypotheses.
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PhD Project 13 – Vahideh Reshadat - The intrinsic geometry of a developing 
embryo
 
Lead Supervisor: Paul Villoutreix (LIS)

Recruited candidate: Vahideh Reshadat

October 2019 - present | CENTURI PhD student
2017 – 2019 | MSc in Software Engineering - Shabestar Branch of Islamic Azad University (Shabestar, Iran)
2014 – 2017 | BSc in Software Engineering - Hashtrood Branch of Payame Noor University (Hashtrood, Iran)

Scientific background of the project

A developing embryo such as the Drosophila melanogaster is a complex system involving dynamics at multiple 
scales, from single molecules, to cells, to tissues, to organs. The recent years have witnessed a tremendous 
development in measurement techniques for developmental biology, from in toto imaging to single cell RNA 
sequencing. Each of these measurement techniques brings out unique features of a developing embryo (cell 
differentiation, morphogenesis, ..) leading to the generation of large amounts of heterogeneous data. There 
is therefore a need to integrate them into a common representation to extract and understand correlations 
between multiple scales. On the other hand, machine learning methods such as manifold learning or deep 
learning offer unprecedented ways of fusing heterogeneous data by learning mappings between high 
dimensional spaces from empirical data, therefore opening new ways for quantitative integrative developmental 
biology.

Objectives of the project

We want to develop a general framework for data integration in developmental biology using the fly Drosophila 
melanogaster as a model system. We will take advantage of the intrinsic geometry of the data to integrate 
multiple views of a developing embryos from various experimental systems. The various specificities of a 
developing embryo such as its time dependency and its spatial organization provide constraints that can be 
taken advantage of when designing algorithms for data integration. Various structures can be extracted from the 
data such as low dimensional manifolds and be used to find relations between heterogeneous measurements.

Proposed approach for the project (experimental / theoretical / computational)

We propose to first develop a general machine learning methodological framework for data integration in 
a developing embryo seen as a complex system. We will then design specific algorithms and test them on 
open data sets of live microscopy and single cell RNA sequencing data. This should lead to the development 
of a library that could be used by many researchers around the world. This work could pave the way for 
collaboration with experimental laboratories at the Turing Centre for Living Systems.
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PhD project 14 – Alla Sollod - Understanding large-scale spatial navigation using 
virtual reality, multisite electrophysiological recordings in the hippocampus and 
computational modeling
 
Lead Supervisor: Jérôme Epsztein (INMED)
Co-supervisor: Hervé Rouault (CPT)

Recruited candidate: Alla Solod

September 2019 - present | CENTURI PhD student
2018 - 2019 | MSc Integrative biology and Physiology - Aix-Marseille University (France)
2013 - 2017 | BSc in Biology - Kyiv-Mohyla Academy (Kiev, Ukraine)

Scientific background of the project

Animals can flexibly navigate their environment by computing different paths to similar targets. This ability 
is thought to rely on an internal cognitive map. To date, spatial navigation has been wellstudied in rodents 
navigating small, un-cued laboratory environments. However, the mechanisms of large-scale navigation in 
more complex, cue-rich environments are far less understood. Place cells in the hippocampus, a key structure 
for spatial navigation, are pyramidal neurons which fire action potentials whenever an animal is at a specific 
position within its environment. Interestingly, the resolution of place cells spatial code differs between the 
dorsal and ventral parts of the hippocampus. During large-scale navigation, different part of the environment 
could be coded at different spatial resolution through “nested hierarchies” of coarse and fine grain coding. 
This hypothesis is difficult to test in regular sized laboratory environments. In this PhD project, we propose to 
take advantage of newly developed virtual reality systems for rodents to study large-scale spatial navigation. 
The project will combine behavioral analyses using virtual reality for rodents, multisite recordings of neuronal 
activity in dorsal and ventral parts of the hippocampus and computer modeling.

Objectives of the project

Aim1: Adapt and further develop an existing virtual reality setup to create a large-scale navigation task for
rats. 
Aim2: Perform multi-electrode recordings of dorsal and ventral hippocampal neuron activity during this task. 
Specifically, we will ask how the dorsal and ventral parts of the hippocampus interact during such
navigation. 
Aim3: Build a Continuous Attractor Neuronal Network (CANN) model fed by experimental data to decipher 
specific computational requirements for large-scale spatial navigation.

Proposed approach for the project (experimental / theoretical / computational)

Experimental: The project will involve the development of a navigation task for rats in custom designed 
largescale naturalistic environments using a virtual reality system for rodents already in use in the Epsztein lab. 
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Places within the environment will differ in complexity and availability of external sensory cues (visual,
tactile). In a second step, multi-site (silicon probe) recordings of neuronal activity will be performed in both
the dorsal and ventral hippocampus which provide precise and coarse spatial coding, respectively.

Computational/theoretical: The place cell firing patterns are thought to result from the recurrent interactions 
in the CA3 layer of the hippocampus (among others) resulting in a continuous attractor network. Models 
integrate the interactions between grid cells for path integration (update of the firing map without local cues) 
and place cells. This project proposes to revisit these models for large-scale navigation where the constraints 
on cell connectivity are much stronger. We will explore how several scales (coarse vs. refined) of spatial coding 
can interact and modify existing continuous attractor models of place cells.
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Immunobiology of lymphoid stromal cells
 
PI: Marc Bajénoff
Institute: CIML

Research fields (keywords): Fundamental research in immunology

Summary

The immune system is composed of billions of motile immune cells that continuously patrol our organism and 
defend it against pathogens. The immune response takes place in dedicated organs such as lymph nodes (LN) 
or spleen. These organs are composed of 95% white blood cells and 5% of sessile stromal cells that form the 
skeleton of these organs. Without these architectural stromal cells, lymphoid organs would not exist and the 
entire immune responses would be compromised. Our laboratory is studying these stromal cells and seeks to 
understand their function, origin and dynamics.

Axis 1: Lineage tracing of stromal cells. We are using several “multicolour fluorescent reporter” mouse models. 
In these mice, stromal cells stochastically acquire a color upon a given treatment (green, red, blue or a mixture 
of each color). This choice is random and genetically encoded, which means that every labelled cell transfers 
its color to its progeny. When a cell divides multiple times locally, it creates a monocolor cluster of cells around 
it (see figure below) and helps us understanding (i) where the cell has divided in the tissue, (ii) if the cell has 
divided few or many times (depending on the size of the cluster), (iii) if all the cells of a given lineage divide 
or not, (iv) if some cells give rise to other cell types (eg: if a cell type A creates a cluster that also contains cell 
type B, it means that cell type A could be the progenitor of B).

Axis 2: Macrophage/ stromal cell interactions. All tissues contain macrophages (Mϕ) that sustain tissue 
homeostasis within the body, not only as immune cells, but also through trophic, regulatory and repair 
functions.  Although the myeloid community recently made tremendous progress in understanding the origin 
and roles of tissue-resident Mϕ, we still lack a comprehensive view of how Mϕ homeostasis is regulated. The 
concept of the Mϕ niche postulates that Mϕ homeostasis is locally regulated by “niches” that provide both an 
anchoring and nurturing scaffold to Mϕ. Although this concept has recently found great appreciation in the 
field, the very nature of these niches and the molecular basis and functional role of the dialog they establish 
with Mϕ in vivo remains elusive. We have recently demonstrated that stromal cells nurture Mϕ in vivo, thus 
representing essential components of the Mϕ niche in several organs. Owing to our unique dual expertise in 
stromal and Mϕ biology, a large collection of mouse models and solid preliminary data, we will establish the 
first integrative atlas of Mϕ niches across tissues and decipher the molecular mechanisms underlying stroma- 
Mϕ crosstalk. 

Interdisciplinary collaboration

A research project co-headed by O. Theodoly and P. Villoutreix has been initiated via CENTURI. The overarching 
goal of this project is to understand if and how stromal cells located in lymphoid organs foster the encounter of 
rare immune cells mandatory to the initiation of immune responses. To this aim, Solene Song, a post-doctoral 
fellow, has been hired in September 2019.
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Dendritic cells and antiviral defense 
 
PI: Marc Dalod
Institute: CIML

Research fields (keywords): Systems biology, immunology

Summary

Our work is mainly focused on understanding the identities (cell types) and functions (cell states) of a family of 
immune cells called mononuclear phagocytes.

Mononuclear phagocytes are endowed with tissue maintenance and repair, microbicide, pro-inflammatory, 
antigen presentation or immunoregulatory functions. Therefore, these cells play critical roles in the initiation, 
functional polarization, maintenance and termination of immune responses. Mononuclear phagocytes 
encompass monocytes, macrophages and dendritic cells. Monocytes are mainly viewed as pro-inflammatory 
cells as well as precursors of macrophages. Macrophages are primarily endowed with tissue maintenance and 
repair or microbicide functions. Dendritic cells are the most potent cells of the body for antigen presentation 
and in particular for the activation of naïve T lymphocytes. However, there is further heterogeneity as well as 
functional plasticity within each of these subfamilies of cells. Within monocytes, macrophages or dendritic cells, 
different cell types can be identified based on i) their expression of distinct core gene expression programs, 
which are evolutionarily conserved, ii) developmental dependency on different sets of transcription factors, 
and iii) a higher efficiency for specific functions. However, depending on the context, i.e. on its activation state, 
each type of mononuclear phagocyte can exert any of the functions mentioned above.

Currently, a big challenge in the study of the biology of mononuclear phagocytes is to rigorously identify cell 
types and cell states, in order to properly associate specific functions with well-defined combinations of cell 
types and cell states. This is a critical pre-requisite to be able to manipulate mononuclear phagocytes in the 
clinic to promote health over disease in many pathophysiological contexts including infections, cancer and 
autoimmune or inflammatory diseases.

To address this issue, we are developing an integrated approach going through three major steps. The first step 
consists in using comparative genomics to identify cell types and cell states, by comparing the gene expression 
programs of cells isolated ex vivo from various tissues and several animal species under different activation 
conditions, ideally at the single cell level. We need to collaborate with bioinformaticians and mathematicians 
or physicists to analyse, interpret and model our data, in order to refine criteria to identify cell types versus 
cell states, to infer activation or differentiation trajectories between cell types/states, and to predict potential 
functions and their molecular regulation for each combination of cell type and cell state. The second step 
consists in engineering and interrogating mutant mouse models to test the hypotheses generated in the 
first step, with the aim to characterize the orchestration of immune responses in time and space. This will 
involve perturbing the system through depletion of specific cell types, impeding the triggering of particular 
signalling pathways, or interfering with the induction of given cell states, and measuring how this affects 
immune responses. We will need collaboration with bioinformaticians and mathematicians or physicists for 
i) the identification and quantification of cell types and cell states on static tissue section or dynamically for 
intravital imaging analysis, and ii) integrating data from steps one and two, to model cellular interactions in 
time and space and their molecular regulation. 



110

Annex 2: description of CENTURI research teams

The third step consists in testing whether the most interesting results obtained in mouse in the second step 
hold true for the functioning of the immune system of primates.

Interdisciplinary collaborations 

PhD project: Deciphering the activation states of plasmacytoid dendritic cells, their dynamical relationships 
and their molecular regulation

Lead Supervisor / team: Thien-Phong Vu Manh (CIML)
Co-Supervisor / team: Marc Dalod (CIML) - Marco Pettini (CPT)

Recruited candidate: Ammar Sabir Cheema

Abstract: Functional heterogeneity exists within each cell type, such as the restriction of cytokine production 
to only a fraction of activated immune cells. The underlying mechanisms largely remain to be identified. Single 
cell transcriptomic and epigenetic profiling revealed intra-type heterogeneity in immune cells already at ground 
state. Its biological meaning remains puzzling. Here, we will study a striking example of this phenomenon: 
the control of type I interferon (IFN-I) production by mouse and human plasmacytoid dendritic cells (pDC). 
Indeed, pDC IFN-I production is tightly regulated in time and in space, including in our mouse model of viral 
infection. Interestingly, this regulation is altered in breast tumors. To understand the molecular regulation 
of IFN-I production by pDC, we will investigate their functional heterogeneity, by combining various high-
throughput single cell measurements, their integrated bioinformatics analysis and mathematical modeling.
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Innate immunity in C. elegans
 
PI: Jonathan Ewbank and Nathalie Pujol
Institute: CIML

Research fields (keywords): Fundamental research in immunology

Summary

We use Caenorhabditis elegans and its natural fungal pathogen Drechmeria coniospora to understand better 
host-pathogen interactions. We apply a broad range of techniques, from genetics, to biochemistry, imaging, 
bioinformatics, and functional genomics, and have built up a detailed picture of nematode innate immunity. 
With regards interdisciplinary research, on the host side, to understand the cell biology underlying innate 
immune signalling, we follow the dynamical interplay of defence proteins and the cytoskeleton, and apply 
quantitative approaches to be able to interpret these complex interactions.
We have evidence that leads us to hypothesise that mechanical sensing of membrane tension might play a 
role in the initiation of the innate immune response. We are using AFM and EM tomographic approaches to 
characterise the links between the cuticle and underlying epidermal plasma membrane.
One way to address the question of the specificity of immune responses is to compare infected worms with 
worms that have been sterilely wounded. In order to be able to wound sufficiently large numbers of worms 
for transcriptomic and proteomic studies, we have established a robust procedure to fabricate sharp silicon 
arrays.

Very recently, we have expanded our research to include a molecular and cellular dissection of fungal virulence 
mechanisms. We are addressing the strategies deployed by D. coniospora to infect C. elegans, and investigating 
co-evolution of pathogen virulence and host defences, using bioinformatics and experimental approaches. 
For example, we have developed a semi-automated method for acquiring images to be able to compare the 
survival kinetics of different worm strains infected with diverse fungal isolates. Automated image analysis is 
not straightforward and we are working on the development of a new method.

Interdisciplinary collaborations – PhD/Postdoc projects

CENTURI-funded post-doc: Damien Courtine; see separate sheet.

Jean-François Rupprecht (CPT): quantitation of particle movement in microscopy (https://www.biorxiv.org/
content/10.1101/512632v1; in revision at eLife).

Paul Villoutreix (LIS): automated image recognition for large-scale lifespan studies.

Igor Ozerov (CiNAM): development of microfabricated wounding devices (https://www.biorxiv.org/
content/10.1101/776302v1; in revision at Scientific Reports).

https://www.biorxiv.org/content/10.1101/512632v1
https://www.biorxiv.org/content/10.1101/512632v1
https://www.biorxiv.org/content/10.1101/776302v1
https://www.biorxiv.org/content/10.1101/776302v1
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Immunology and cell biology of pathogen-host cell interaction
 
PI: Jean-Pierre Gorvel
Institute: CIML

Research fields (keywords): Immunology, microbiology, vaccine

Summary

The complex immune system of mammals is the result of co-evolutionary forces that include battles against 
pathogens, as sensing and defeating intruders is a prerequisite to host survival. The various microorganisms 
have evolved multiple mechanisms to evade both arms of the immunity: the innate and the adaptive immune 
systems.

The main purpose of our project is the depiction of the alteration of the dendritic cell membrane after its 
association with cyclodextrin molecules.

Projects: 

• Five years ago, we developed a research program on the impact of cyclodextrines of bacterial origin
on the immune system. The cyclic glucan of Brucella turned out to be a strong activator of dendritic cells 
(Martirosyan et al., PloS Pathogens, 2012). It is the basis for an interesting research programme since 
cyclic dextrans may have promise as a new generation of adjuvants. Previous observations in our lab 
revealed a key role for cyclic β–1,2–glucans (CβG) in procuring a full virulence to Brucella On the basis 
of its structural similarity to cyclodextrin molecules, which are efficient at separating cholesterol from 
biological membranes, CβG was also shown to interact with cholesterol on lipid-rafts (Arellano et al., Nat 
Immunol, 2005). Moreover, it is proven that the diminution or reorganisation of cholesterol produces a 
complete remodelation and change in plasma membrane dynamics, while signal transduction pathways 
are usually altered. We used fluorescence correlation spectroscopy (FCS), a technique especially suited 
for characterizing the dynamic behaviour of diffusing molecules across the cell membrane. Afterwards, 
the heterogeneity in diffusion can be deduced from diverse domain organizations, by applying a diffusion 
law to average temporal data. In the frame of CENTURI, we would like to create a model of CβG/plasma 
membrane interaction and have access to biophysical parameters of this interaction.

• Salmonella is an intracellular bacterium. It replicates inside host cells in a membranous compartment
named the Salmonella-containing vacuole. This vacuole is characterized by the presence of membrane 
tubules that emerge from it and extend towards the cell periphery along microtubules. These tubules 
are formed by the action of Salmonella effector proteins. These proteins are injected by the bacterium 
into the infected cell cytosol. They behave as intracellular toxins by reprogramming the cell and favouring 
the replication of the bacterium. Considering the importance of these tubules in Salmonella virulence, 
it is important to understand how these tubules form, are stabilized and their function. The aim of 
this project is to develop a minimal in vitro system that reconstitutes the membrane tubulation that is 
observed in infected cells and controlled by Salmonella effectors. This system involves artificial membrane 
vesicles as biomimetics of the bacterial vacuole, recombinant Salmonella effectors and host components 
(microtubules and cytosol). Tubulation and membrane deformations are recorded by fluorescence 
microscopy (time-lapse, confocal) and atomic force microscopy.
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Integrative B cell immunology
 
PI: Pierre Milpied
Institute: CIML

Research fields (keywords): immunology, single-cell genomics, bioinformatics

Summary

Antibodies are lifesaving biomolecules – major effectors of vaccines efficacy and powerful therapeutics for 
cancer treatment. In natural immunity, highly potent antibodies are produced by the descendants of a single 
antigen-specific B cell after complex processes of cellular and molecular maturation. In the aim of designing 
new therapies for challenging infections and cancers, our laboratory gathers expertise in cellular immunology, 
single-cell genomics, and bioinformatics, to decode B cell responses in health and disease.
We have developed novel methods for integrative single-cell analyses of phenotype, B cell receptor mutations, 
and transcriptome in mouse and human B cells and their clonal progeny, in order to produce high-resolution 
single-cell models of the transcriptional changes occurring during differentiation to long-lived progeny, 
protective immunity against solid tumors, or transformation of B cells into malignant lymphomas.
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Genomic instability and human hemopathies
 
PI: Bertrand Nadel 
Institute: CIML

Research fields (keywords): Cancer Science, immunology, genetics

Summary

Group 1 (P. Milpied): Integrative single-cell analysis of normal and neoplastic B cells
We study normal immune cells (B lymphocytes) that are involved in protection against pathogens after infection 
or vaccination. We also study the cancer cells (lymphoma) that derive from B lymphocytes. We develop single-
cell analysis tools to model and quantify those cellular systems in in vivo mouse models and human patients’ 
samples.
We aim to gather gene expression measurements at single-cell resolution and to integrate those data to other 
biological data (protein expression, genetic mutations) and metadata (time after stimulus, location of cell). We 
use those data to model and quantify the biological behavior of our cell types of interest.
We are particularly interested in algorithmic methods for dimensionality reduction, differentiation trajectory 
inference, sparse data analysis, data integration, quantitative agent-based modeling.

Group 2 (D. Payet-Bornet; D. Potier): Thymopoiesis & T-cell acute lymphoblastic leukemia (T-ALL)
T-ALL are malignant proliferation of T-cell progenitors abnormally arrested at various stages of thymopoiesis, 
they result from various combinations of genes alterations, among them, PTEN loss is one of the most potent. 
Recently, we showed that TCR signaling directly affects the genesis of T-ALL mediated by Pten loss. We then 
undertook to decipher mechanisms determining Pten-deficient thymocytes fate toward leukemia or cell 
death.  To do so, we are using multidisciplinary tools: mouse genetics; T-ALL patients derived xenografts (PDX); 
cutting-edge single-cell approaches (scRNAseq/CITE-seq, ID-seq/CyTOF); bioinformatics (reconstruction of 
transcriptional trajectory of thymocytes differentiation or undergoing leukemic transformation, gene regulatory 
network inference from single cell expression data and network dynamic analysis); as well as mathematical 
modeling  (construction of logical models that might pinpoint modules of interest that can be further tested 
experimentally). In fine, we expect to acquire a global view of molecular circuitry in the different cell state 
(physiological, pretumoral and tumoral).

Interdisciplinary collaborations – PhD/Postdoc projects

-Saran Pankaew (DOC2AMU PhD program) co-supervised by D. Payet-Bornet (CIML) and E. Remy (I2M). Thesis 
project: Modeling PTEN & TCR signaling network in thymocytes
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Tissue inflammation and immunity
 
PI: Philippe Naquet
Institute: CIML

Research fields (keywords): Immunity and inflammation

Summary

We are working in the field of tissue immunity and its application to understanding disease evolution such as 
inflammatory diseases and cancer. Our basic question is to understand how a tissue copes with a chronic stress 
imposed by a pathology and how immune responses adapt their behavior to the chronically damaged tissue, 
raising the issue of communication modes between two major cell compartments: tissue and infiltrating 
immune cells.

Stress imposes severe constraints to the tissue forcing it to handle tissue damage, to induce repair processes 
while preserving its functional activity. Metabolic adaptation is critically involved in this regulation. We 
have identified a novel metabolic pathway involving Vnn genes and linked to vitamin B5 which controls its 
bioavailability in tissue. Vitamin B5 is the precursor of coenzyme A in cells, and therefore at the origin of major 
energetic resources.

We showed in various pathologies that modulating the Vnn pathway changes the outcome of the pathology. 
Applied to a cancer models (soft tissue sarcoma), we showed that the expression of the Vnn1 isoform was 
associated with a good prognostic of tumor evolution due to its restricted growth potential, enhanced 
cell differentiation and improved anti tumoral immune response. When exploring the link between these 
phenotypes, we found that some are tumor-cell autonomous whereas other involve communication between 
tumor and immune cells, in part through the production of energetic metabolites able to act as second 
messengers (metabokines) for immunocytes. Therefore, by adapting their metabolic pathways, cells can either 
compete or collaborate for energetic resources and exchange numerous soluble signals including cytokines 
and metabokines which in the end condition disease evolution.

Modeling this complex signaling network by quantifying a fraction of these molecular signatures and their 
interplay should allow a better prediction of tumor evolution.
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Dendritic cell biology 
 
PI: Philippe Pierre
Institute: CIML

Research fields (keywords): Immunology

Summary

The laboratory of dendritic cell biology focuses on gaining fundamental knowledge of the biology of dendritic 
cells (DC) in normal and pathogenic conditions. Present in the blood, mucous membranes and lymphoid organs, 
DCs provide a dual role as sentinels, but also as conductors of the immune orchestra. Surveying the entryways 
used by pathogens, DCs locate infectious agents, ingest them and release biochemical signals to alert the 
first line of defensive cells in the body and draw them to the site of the infection. Once the intruder has been 
digested, DCs, which are professional antigen presenting cells, also  present on their surface, fragments of the 
pathogen: the antigens (antigenic peptides) via Major Histocompatibility Complex (MHC) molecules to T Cells. 
Upon  migration via the lymphatics to secondary lymphoid organs (spleen, lymph nodes, mucosa-associated 
lymphoid tissue of the digestive tract and lungs),  DCs have the unique capacity to initiate primary immune 
responses by stimulating naive T cells and interact with B lymphocytes to initiate immune responses and 
ensure eradications of the infectious agents. Our laboratory is interested in the biochemical changes occurring 
during DC activation by microbial products and pathogens. Our team carries-out the functional dissection 
of these various processes, providing new insights to how a complex immune response could be potentially 
modulated for therapeutic purposes. Our laboratory has accumulated an extensive scientific know-how in the 
study of DCs, and repetitively proven that it is able to transform innovative concepts in coherent projects that 
are all integrated in one global experimental strategy (Claudio et al., 2013, Arguello et al., 2015, 2016; Pierre 
P. 2019). In the recent years, we have focused on the importance of protein synthesis and of its regulation 
for antigen presentation and cytokines production, as well as the membrane traffic steps necessary for DC 
activation. Our expertise allowed us to explore uncharted research areas, bringing a broader understanding 
of the essential biochemical functions required for the acquisition by DCs of their unique immune-regulatory 
functions.

Interdisciplinary collaborations – PhD/Postdoc projects

Project Title: Understanding uORF functions through dendritic cells biology and computational approaches. 
(With the laboratory of C. Brun (TAGC))

Upstream open reading frames (uORFs) are known as gene expression cis-regulatory elements. In half of 
eukaryotic mRNAs, one or more uORFs precede the initiation codon of the main coding region. By reducing the 
efficiency of translation initiation of the main downstream ORF or by triggering mRNA decay, uORFs participate 
to the translation regulatory mechanisms, notably during stress. 
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However, translation of small peptides encoded by uORFs led to the assumption that they may play additional 
functional roles in trans beside their regulatory functions, calling for further studies. In this context, the Center 
for  Immunology (CIML) and the Theories and Approaches of Genomic Complexicity (TAGC) institute on the 
Marseille-Luminy campus are combining their efforts in a project aiming at understanding the nature, the 
regulation and the functions of uORFs in the context of dendritic cells development and activation, in the 
light of a thorough computational predictive analysis of their pattern of expression and macromolecular 
interactions. The project requires developing computational biology approaches and analyses, complemented 
with experimental biology to identify uORFs and predict their expression and function in dendritic cells. 
Whereas the CIML team brings the expertise in regulation of protein expression by uORFs in stress and 
pathogenic conditions, the TAGC team provides the network computational biology skills and the experience 
in protein multifunctionality analysis necessary to the project. 
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Development of the immune system
 
PI: Serge van de Pavert
Institute: CIML

Research fields (keywords): Developmental immunology

Summary

Lymph nodes are important for the adaptive immune system and formation starts in the embryo with the 
interaction of 2 cell types at pre-destined locations. Our goals are to comprehensively study these cell types, 
in order to understand how these cells can interact and remain at specific locations within the embryo to form 
a lymph node.
First, we study differentiation of the cells involved, what are their precursors and what are the cues required to 
generate these cells. To do so, we perform transcriptome analysis on sorted populations and single cells. The 
analysis of this data requires the aid of bio-informaticians/ mathematicians in order to analyse gene expression 
sets and obtain knowledge on pathways involved. 
Second, we study the location of lymph node initiation. Since lymph nodes are always formed at exactly the 
same position within the embryo, cues from the surrounding must aid the attraction and differentiation of the 
cells involved. Based on previous studies, we postulated that neurons might be involved. We are testing this 
hypothesis by studying embryos from mouse models in which the location of these neurons has been slightly 
altered. When this hypothesis is correct, changing location of the neuron should also alter the location of the 
lymph node. In order to observe and compare embryonic lymph node location and neurons, we generate 
3D reconstructions of whole fluorescently stained embryos. To compare lymph node locations between the 
different mouse models, we are looking for (mathematical) methods to quantify their changes in shape and 
location within the whole embryo.

Our group is specialized in embryonic development of the immune system and ontogeny of an involved cell 
type. Our niche is between immunology, developmental biology and neurobiology. We can assist with the 
analysis of cells within whole tissues and/or organs up to 1 cm3, e.g. embryos, tumours, brains, etc.  We hope 
to discuss with- and get input from- participants of the CENTURI network on the profiling of these cells and to 
aid us in the structural calculations within the embryo. We ultimately aim to understand and form a model on 
how several cells can interact at a given space and time to form an organ.
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Physical mechanisms at cellular and subcellular scales
 
PI: Emmanuèle Helfer
Institute: CINaM

Research fields (keywords): Biological physics, in vitro approach, cell mechanics and dynamics, pathologies, 
actin-based processes, membrane physics

Summary

We are interested in biomimetic approaches combining microfluidics and microscopy to decipher biological 
processes, from the subcellular scale to the multicellular scale.

At the subcellular scale, we reconstitute in vitro actin-based processes with minimal systems (synthetic 
membranes, purified proteins) in order to control physical and biochemical parameters. From mesoscopic 
observations (with optical microscopy techniques) we derive molecular interplays and self-assembly dynamics 
(protein-protein, protein-membrane interactions). We are currently reconstituting a minimal adhesion 
complex, in collaboration with K. Sengupta (CINaM, CENTURI) and external groups (Gif-sur-Yvette, Bordeaux), 
to decipher the relationship between focal adhesion regulation and acto-myosin force. Another project aims 
at investigating the role of the actin cytoskeleton in intracellular endosomal trafficking, more precisely how 
actin contributes to membrane/protein partitioning at the endosomal membrane.

At the cellular/multicellular scale, we investigate the dynamics of cells under mechanical constraint, in healthy 
and pathological conditions. A first project, in collaboration with A. Viallat (CINaM, CENTURI), is dedicated 
to deciphering the physical mechanisms of red blood cell splenic filtration, using innovative microfluidic 
devices. A second project, joint with a biologist in Marseille, recently started which aims at understanding 
the senescence mechanism related to nuclear envelope defects, in the frame of premature aging syndromes. 
From studies on single cells we plan to develop with JF. Rupprecht (CPT, CENTURI) a physical model of nucleus 
rheological properties. In parallel we investigate the mechanotransductional response of cell assemblies to 
mechanical stresses. We expect our results will lead to an understanding of the pathway to atherosclerosis.

Interdisciplinary collaborations – PhD/Postdoc projects

In 2020, I plan to apply for PhD or post-doc CENTURI positions in co-supervision with JF Rupprecht on the 
senescence project.
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Nano bio soft
 
PI: Kheya Sengupta
Institute: CINaM

Research fields (keywords): Biophysics of membranes, cell adhesion/mechanics

Summary

Our current research is focused on adhesion of living and model cells. The adhesion of cells is a fundamental 
biological process with implications for functions ranging from tissue morphogenesis to immune response. Very 
often, the primary focus in cell adhesion research is on identifying the relevant adhesion proteins and signaling 
pathways. However, for a complete description, it is essential to also understand the physics underlying the 
processes that govern the adhesion. In order to study a complex phenomenon like cell adhesion, in-vitro 
experiments using cell mimetic systems are often useful since the experimental conditions can be better 
controlled. Moreover, the simplicity of such systems facilitates theoretical modeling. The insight gained from 
such bio-mimetic studies can then be applied to real cells. In our research, on one hand we try to make realistic 
models of adhering cells using giant unilamellar vesicles/supported lipid bilayers and on the other hand we 
study the adhesion and activation of T lymphocytes under biomimetic conditions, hoping to ultimately link the 
insights gained from model systems to cellular observations. 

In particular, our current interests include:

1. Development of new protocols for Nano-patterning of biomimetic and soft substrates. Collaboration: 
Anne Charrier (CINaM/CENTURI).

2. Fluctuations and adhesion of lipid membranes. Collaboration: Rudolf Merkel (Forschungszentrum
Julich), Ana Smith, (University of Erlangen-Nuemberg), and Udo Seifert, (University of Stuttgart, Germany). 
Reconstituting a focal adhesion. Collaboration: Emmanuelle Helfer (CINaM/CENTURI), Christophe Le 
Clainche (I2BC, Paris), Gregory Giannone (IINA, Bordeaux)

3.Structure, dynamics and mechanics of the immune-synapse. Developments in interference imaging.
Collaboration: Laurent Limozin and Pierre-Henri Puech (LAI/CENTURI), emerging collaboration with 
Jacques Nunes (CRCM/IPC). 

Interdisciplinary collaborations – PhD/Postdoc projects

Common CENTURI funded Post Doc with Limozin/Puech (LAI/CENTURI)
Common DOC2AMU funded PhD with Puech (LAI/CENTURI)
ANR-DFG funded interdisciplinary project with Ana Smith (University of Erlangen-Nuemberg, Germany)
ANR funded project combining biochemistry, cell biology and physics with LeClainche/Giannone (Paris/
Bordeaux)
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Active matter - Biofluids physics - Fluid and elasticity in living systems
 
PI: Annie Viallat  
Institute: CINaM

Research fields (keywords): Biological physics, blood cell dynamics in microflow, fluid and elasticity, active 
matter, physics of the muco-ciliary clearance

Summary

Today, our interests are on active matter, applied to the dynamics of complex biological fluids (muco-ciliary 
dynamics), blood cells and vesicles (coupling between fluid and deformable objects) and biomimetic tools 
(microcapsules and microbeads, physiological micro-flows created in specific microfluidic devices, devices for 
measuring cellular migration in 3D). We are particularly interested in fluid-elasticity coupling in living matter.

Our main projects are

- to understand the passage of red blood cells in interendothelial splenic slits. We have designed a
microfluidic device that contain slits of submicron sizes whose dimensions are those of splenic slits. By 
measuring transit time, retention rate, shapes et shape relaxation time, we are interested in the whole 
process from the activation of mechano-sensitive membrane ion channels to changes in cell volume and 
deformability and to their ability to be transported in the microcirculation. This device could also help 
to check that modified red blood cells (engineered or treated with a drug) can pass through splenic slits.

- to conceive low-cost devices to measure specific mechanical markers of red blood cell deformability for
applications in genetic diseases such as sickle cell anemia and hereditary spherocytosis. We are working 
with the laboratory of medical genetics in La Timone. We are interested in applications for diagnosis and 
prediction of vaso-occlusive crises.

- to understand the physics of the mucociliary clearance. We study the spatial and directional organization
of the ciliary activity that generates mucus transport and the role of mucus rheology on the self-
organization of ciliary beat directions. 

Interdisciplinary collaborations – PhD/Postdoc projects

We have a postdoc project with M2P2 on the role of hydrodynamic interactions between cilia and mucus on 
the self-organization of ciliary beats.
We have a PhD project with IBDM and M2P2 on the flow on the skin of xenopus embryos, driven by the ciliary 
beats on multiciliated cells and the function of cilia at a given stage of development.
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Immuno-phenotyping Module
 
PI: Hervé Luche
Institute: CIPHE

Research fields (keywords): Cell Biology

Summary

Over the past decade, a major change in biology has occurred with the development of large-scale projects 
(large sequencing projects, intelligent databases for DNA genotyping, proteomics and metabolomics). Cell 
biology has followed the same trend, particularly with the latest developments in multiparametric flow 
cytometry (MFC) and mass cytometry (CMM). The performance of flow cytometers has been improved by 
using high-power LEDs for optimal excitation of fluorochromes over the full range of the light spectrum. The 
Helios (Fluidigm Inc) mass cytometer, a hybrid instrument between a flow cytometer and a mass spectrometer, 
has acquired up to 40 parameters at the single cell level. On the reagent side, the development of a series 
of new-order bright fluorochromes (fluorescent polymers of Syrigen type BV and BUV) in CMF as well as a 
chemistry allowing the coupling on antibodies of many rare earth elements in CMM, has opened the way 
to analyses with very high information content at the cellular level describe the cellular heterogeneity of a 
sample.
This massive increase in the number of markers studied simultaneously at the single cell level leads us to take a 
methodological step forward in data analysis. In order to reveal the most relevant cellular immuno-phenotype 
that can be correlated to the biological effect studied, the biologist is unable to use manual methods of 
supervised fenestration of events. He must move to unsupervised approaches to analysis in order to reduce 
the complexity of his dataset to the variations most relevant to his study. To this end, two main types of 
methods can be used, or even combined in an analysis pipeline. The events of one or more samples can be 
classified according to their phenotypic proximity in the multidimensional space (example: SPADE or Citrus 
algorithm). Variations in marker expression within the same cluster can then be studied between individuals. 
The other type of approach consists in using PCA or tSNE dimension reduction methods to redistribute events 
in two dimensions by taking into account their variability as markers used for clustering. Other methods based 
on machine learning approaches. It would be relevant to evaluate, in the context of the CENTURI Institute, 
the implementation of other techniques in TDA (topological data analysis) to more effectively understand the 
structure of multi-parametric data as is being done in INRIA's Datashape initiative.

Most of the tools available for advanced data analysis of multiparameter cytometry datasets are developed 
in R language as software packages. In most cases, these tools must be combined in analytical pipelines to 
ensure data control, analysis and visualization of results. In order to improve the quality and speed of the 
immunophenotyping analyses proposed in our service activities, the CIPHE immunophenotyping module 
recruited a bioinformatician (Q. Barbier) to apply new analytical methodologies. However, due to the absence 
of biological interfaces, the advanced analyses established cannot be transferred to a large user base. This 
question is very critical, as the interpretation of this analysis is rather slow: biologists are not able to use 
these tools themselves, verify their results and study the biological significance of these new observations 
(Chattopadhyay PK, Am. Transplantation 2015). 
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In order to unleash the power of unsupervised automated data analysis, new interfaces should be developed 
to provide R-scripts to the broader community of cytometrists in a "biologist-friendly" manner. The use of 
R-shiny, a web application interface for R scripts, analysis pipelines built in R language can be transformed into 
interactive web applications. This type of effort would benefit greatly from the input of mathematicians in the 
design of pipelines for methods applied to multiparametric data analysis.

In view of the growing needs in computational cytometry analysis, it also seems more than necessary to 
integrate an EU on methods of data analysis in automated multiparametric cytometry into a master's degree 
course in bioinformatics in Marseille.
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Statistical physics and complex systems
 
PI: Alain Barrat
Institute: CPT

Research fields (keywords): Complex networks

Summary

Many systems of different nature and origin can be described as networks (sets of nodes and links): from 
transportation networks to social networks, foodwebs, gene regulation networks, neural networks, etc. Despite 
their differences, many of these networks share common properties such as the presence of heterogeneities. 
It is therefore of widespread interest to characterize these properties and to understand their impact and 
role on processes occurring on these networks or described by these networks. We have worked in these 
directions, mainly in relations to (i) infrastructure networks, (ii) social networks (both online networks and real 
life contact networks) and in relation with epidemiological studies. Our recent focus is on temporal networks: 
how to characterize them, how to design models, how processes on networks are influenced by their temporal 
variation. While we started to study these questions in the framework of temporal contact networks between 
individuals and in link with epidemiology, such issues arise also in brain networks and in particular concerning 
functional connectivity dynamics.

Interdisciplinary collaborations – PhD/Postdoc projects

Collaboration with Demian Battaglia (INS): “Temporal networks: from network theory to brain science and 
neurology”, co-supervision of Nicola Pedreschi (PhD student) on developing new techniques of temporal 
network analysis suited to dynamic functional connectivity data.

Collaboration with Bianca Habermann (IBDM) and Laurent Tichit (I2M): co-supervision of Maxime Lucas 
(CENTURI-funded postdoc), on a project to develop new higher-order approaches going beyond the usual 
network representations of protein-protein interaction networks.
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Dynamical systems, theory and applications
 
PI: Xavier Leoncini
Institute: CPT

Research fields (keywords): Dynamical systems, nonlinear dynamics, statistical physics, plasma physics

Summary

Our research is mainly concerned with transport properties in dynamical systems and the emergence of 
collective phenomena of systems with many degrees of freedom. We recently got interested in dynamical 
properties defined on complex networks, and even more recently on the problematics of growing networks 
with given ressource allocations.

Interdisciplinary collaborations – PhD/Postdoc projects

One PhD student Olivier Bui (doctoral grant obtained outside CENTURI through doctoral school 352) is in his 
last year of PhD. The project on growing trees with allocation rules is pursuing its target.
One postdoc Sham Tlili has been hired in a joint call collaborative projects, with P.F Lenne and O. Theodauly. 
She has started in april 2019, but for now is mainly focused with experiment in P.F Lenne’s laboratory, and 
collaborative work is supposed to start later.
One PhD student, Andrea Espana joint program (co-tutelle) with the Autonomous University of San Luis de 
Potosi, has been started, the thesis is mainly concerned with defining routes to synchronization in dynamical 
systems with many degree of freedom, but the results may have an impact in their aftermath, in analysing 
and characterizing some biological behaviours (for instance in neurons or flocking of birds). The project just 
started, she  will spend one year in CPT during the year 2020-2021.

Possible publications of interests for CENTURI obtained in the last 2 years:
[1] Olivier Bui and Xavier Leoncini, Growth of a tree with allocation rules. Part 1: kinematics, Eur. Phys. J. B 
(2019) 92: 151
[2] Xavier Leoncini, Alexei Vasiliev, Anton Artemyev, Resonance controlled transport in phase space, Physica D 
364 (2018) 22–26
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Nonlinear dynamics and applications
 
PI: Marco Pettini   (Professeur des Universités, classe exceptionnelle)
Institute: CPT

Research fields (keywords): Nonlinear dynamics, biophysics, statistical mechanics, complex systems

Summary

From the physics point of view, one of the striking and challenging problems arising from molecular biology 
stems from the observation that a large number of biochemical reactions and processes involving a huge 
number of actors (nucleic acids heteropolymers, microtubules homopolymers, and proteins) are coordinated 
simultaneously and efficiently sequenced in time thus giving rise to well organized dynamic systems. The 
right molecule has to be at the right place, at the right moment, in the right sequencing with respect to other 
intervening molecules in any biological elementary action. Hence it seems hard to explain the extraordinary 
accuracy of these molecular encounters only on the basis random diffusion. In fact, a longstanding proposal 
surmises that the encounters of distant cognate partners of biomolecular reactions could be actively driven 
by selective (resonant) attractive forces of electrodynamic nature. As these electromagnetic interactions can 
only be activated when biomolecules undergo out-of-equilibrium collective vibrations they can be switched 
on and off by suitable environmental conditions. These collective vibrations can entail strong resonant dipole 
interactions between biomolecules oscillating at the same frequency or with the same pattern of frequencies. 
This resonance mechanism would thus result in the selectivity of the interaction. For several years now we 
have been working on both the theoretical and experimental sides of the above surmised scenario. The 
experimental part has been carried on, and is still ongoing, with two teams of experimental physicists at the 
Institut d’Electronique des Systèmes, University of Montpellier, and of the Physics Department, University of 
Rome “La Sapienza”, respectively, with whom we have for the first time found an out-of-equilibrium pseudo-
Bose condensation of the vibrational modes of a protein, pre-requisite for the activation of long-range 
electrodynamic interactions. The experimental part on the core problem of detecting the activation of these 
electrodynamic interactions between biomolecules has been carried on, and is still ongoing, in collaboration 
with two teams of biologists of the CIML (directed by P. Ferrier and D. Marguet, respectively); at present 
preliminary and very promising results have been found. We expect to develop this research project – which 
has been hitherto in the “proof of concept” phase - within CENTURI by moving in the direction of understanding 
whether and to what extent these phenomena actually play some relevant role in living cells. In a strictly 
related direction, We may propose to work also on the potential benefits of electromagnetic fields (EMFs) in 
the fight against cancer. Indeed, recently, and in parallel to conventional anti-proliferative treatments, there 
has been a steadily growing number of interesting observations and results regarding the inhibition of cancer 
cell growth using external EMFs, though in the absence of a convincing rationale; if a strong evidence will be 
found of the role of electrodynamic interactions within cells then this gap could be most likely filled, with an 
obvious positive impact beyond the domain of pure science.
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Applied analysis – group modeling and interactions with biology
 
PI: Florence Hubert
Institute: I2M

Research fields (keywords): Applied mathematics, PDE, mathematical modeling for biology

Summary

Our main research domain concerns biological modeling based on partial differential equations (PDE). We have 
been working  for a longtime with biologists, pharmacologists, physicians. One of our collaboration is already 
involved in the CENTURI network and we wish to  intensify our  participation through new collaborations. Here 
are some example of past or ongoing projects in our group :

Interactions with Institut National de Recherche en Agronomie, Avignon
Team : M. Cristofol, F. Hamel , collaboration with L. Roques. Keywords : Inverse problems in parabolic PDEs 
modeling diffusion in biological systems, evolution of populations, diffusion of genes…. Biological invasions, 
adaptative dynamics, selection-mutation.

Interactions with the Center for Research in Oncolobiology and oncopharmacology, Marseille
Team : A. Benabdallah, G. Chapuisat, C. Gomez,  F. Hubert, M. Tournus,  collaboration  with N. André, D. 
Barbolosi, M. Carré, J. Ciccolini, S. Honoré Keywords : Models of metastatic spreading, impact of combined 
therapy (Developpment of news indicators of the metastatic state of patients, a step towards individual 
optimized therapies) Models of tumor growth under metronomic therapy. (A step at the cell level for a better 
understanding of  the metronomic paradigm) Models at the cell level  the resistance to chemotherapy. (A step  
for a better understanding of the chemotherapy resistance with the aim of designing new protocoles) Models 
for the dynamical instability of microtubules with the possibility to involve  microtubule targetting agents. (A 
way to get a better insight of the  low dose action of the  drug at the mesosscopic level )

Interaction with physicians in  APMH timone, Marseille
Team :  F. Hubert collaboration with Pr Grob Group. Keywords : Metastatic melanoma under anti-BRAFi 

Interaction  with Adhesion & Inflammation Lab, Marseille
Team : F. Hubert, J. Olivier collaboration with O. Theodoly Keywords : modeling cell migration in confined 
domains

Interaction with IBDM, Marseille
Team : F. Hubert,  P. Pudlo (I2M, team ALEA) collaboration with F. Mann, S. Chauvet Keywords : modeling the 
impact of  axogenesis in pancreas cancer.

Interaction with INRIA Paris and  Department of biosciences, Kent Univ. UK
Team : M. Tournus  collaboration with M. Doumic and Wei-Feng Xue. Keywords : modeling amiloyd fibrils.

Interaction with INRIA Paris and Institut de Biologie Physico-chimique, Paris
Team : M. Tournus, A. Rat collaboration with M. Doumic, T. Teixeira, Zhou Xu. Keywords : Yeasts, cell cycle, 
ageing, telomere.
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Statistics 
 
PI: Pierre Pudlo
Institute: I2M

Research fields (keywords): Statistics (theoretical, computational and applied)

Summary

Despite its small size, the statistical team of the mathematical unit I2M is interested in a wide range of subjects.

A first half of our group is focused on theoretical properties of data processing algorithms whose tuning 
parameters are automatically adapted on the data itself. Some of the algorithms we study (to show that they 
are optimal or almost optimal) are Lasso or Dantzig-selector regression, nonparametric regression, and so on. 
Other algorithms that we study are indeed statistical tests on high dimensional data.

The second half of our group is more applied and studies various topics such as:

• Multiple tests
• Multivariate extremal analysis
• Statistical modeling of the risk
• Times series and long memory process
• Bayesian data analysis (multivariate regression, statistical models with a high number of unobserved

variables) with MCMC (Markov Chain Monte Carlo) algorithms or ABC (Approximate Bayesian 
Computation)

• Statistical analysis of data on graphs with Markov random fields
• Unsupervised learning and data clustering.

Recently recruited researchers, that have experimented inter-disciplinary work, may represent an opportunity 
to focus part of our research on the design of statistical model and efficient statistical algorithms for system 
biology.
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Mabios team (Mathematics and algorithms for systems biology) 
 
PI: Elisabeth Remy
Institute: I2M

Research fields (keywords): Systems biology- Biological networks – Mathematical modeling and analysis, data 
mining

Summary

MaBios (Mathématiques et Algorithmique pour la Biologie des Systèmes) is an interdisciplinary team of the 
Institut de Mathématiques de Marseille (I2M).

Our group is composed of CNRS researchers and AMU assistant professors trained in different scientific fields: 
mathematicians, computer scientists and bioinformaticians.

Our main goal is to develop innovative network-based approaches to investigate biological interaction 
networks, following two main axes:

• Modeling and analysis of dynamical regulatory networks:
o Modeling specific biological processes and study impact of given perturbations, such as disease

induced perturbation;
o Studying dynamical properties of discrete logical models, and structural properties of the regulatory

network;
• Exploiting large-scale interaction networks to study the genotype-phenotype complexity

o Studying gene and protein cellular functioning thanks to community-detection algorithms;
o Predicting disease-associated genes thanks to local network explorations.

To undertake these tasks, we rely on concepts coming from different mathematical fields such as graph theory, 
discrete dynamical systems, logic, stochastic processes, combinatorial algorithmics. We further combine our 
different backgrounds while remaining closely focused on biological applications

Interdisciplinary collaborations – PhD/Postdoc projects

Collaborations with CIML (D. Payet-Bornet, Amidex); MMG (A. Baudot, Amidex); LCB (P. Mandin); CRCM (E. 
Duprez, Amidex).
Postdoc CENTURI: Maxime Lucas (with IBDM-CPT); Damien Courtine (with CIML-MIO)
Postdoc Amidex: S. Chapman(with CRCM); Ozan Ozisik (with MMG)
PhD: E. Novoa (Conacit; with MMG); L. Herault (interED; with CRCM); S. Pankaew (doc2amu; with CIML).
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Signal and image
 
PI: Frédéric Richard
Institute: I2M

Research fields (keywords): Mathematics applied to signal, image processing

Summary

The Signal and Image team at I2M specializes in developping mathematical tools and models for signal and 
image processing problems. The main mathematical research themes are

1. Statistical models, non-stationary random processes and applications,
2. Variationnal methods, optimisation and applications,
3. Multiresolution, time-frequency analysis and approximation.

There is furthermore a close collaboration with the Statistical Learning team QARMA of the LIF.
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Polarization and binary cell fate decisions in the nervous system
 
PI: Vincent Bertrand
Institute: IBDM

Research fields (keywords): Development, neurobiology, polarity, transcription

Summary

Our team is analyzing how the nervous system is built during animal development, and subsequently 
maintained during adulthood. To address this question we are using quantitative live imaging approaches and 
the invertebrate C. elegans as a model organism. More precisely, we are addressing two main questions:

1) Polarization of a field of neuronal precursor cells

Neurons are produced by the asymmetric divisions of neuronal precursor cells. We are trying to understand 
how the divisions of the neuronal precursors are regulated and coordinated in space. We have identified 
secreted ligands, receptors and intracellular transducers involved in this process. In collaboration with the 
team of Pierre-François Lenne (IBDM) we are currently using quantitative live imaging methods to analyze the 
dynamics of these molecular players during the polarization process in vivo. Interactions with modelers will be 
important in the future to integrate these quantitative data into a general model of tissue polarization.

2) Specification and maintenance of neuronal identity

A high diversity of neurons is generated during the development of an animal. These neurons subsequently 
maintain their identity throughout the life of the animal. Because defects would lead to the generation 
of an abnormal complement of neurons during development or to the progressive loss of some neuronal 
populations during aging, this process has to be strictly controlled. The identity of neurons is regulated by 
networks of transcription factors, but how these networks can ensure a reliable specification and maintenance 
of neuronal fate despite the noise present in gene expression and the variability in environmental conditions is 
unclear. To address this question we are using CRISPR based genome engineering approaches and live imaging 
to analyze the dynamics of a network of transcription factors involved in the regulation of neuronal cell fate. 
Collaborations with modelers will be important to build a model of this network and to better understand its 
response to perturbations such as physiological stresses.
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Molecular control of neurogenesis
 
PI: Harold Cremer
Institute: IBDM

Research fields (keywords): Development, neurobiology

Summary

Understanding neural stem cell diversity and differentiation at the molecular level: Genes and microRNAs

A key question in developmental neurobiology concerns the molecular mechanisms that control the 
specification of stem cells to produce neurons with defined neurotransmitter phenotype, positions and 
connectivity. Combinatorial expression of transcription factors, highly controlled in space and time, has been 
shown to underlie the determination events that lead to neuronal diversity. Historically these endogenous 
factors have been considered to act in an « all-or-nothing » fashion. However, it is now clear that many of these 
factors act highly dose-dependent.

Using adult neurogenesis in mice as the experimental model we found that small differences in transcription 
factor concentration in neighboring neural stem cells, fine-tuned by the superposed action of specific 
regulatory non-coding RNAs (microRNAs), lead to distinct neuronal fates. Moreover, neuronal fate decisions 
are not restricted to the stem cell compartment, but can occur at later stages of neuronal differentiation.

To systematically investigate the expression, interaction and function of mRNAs and microRNAs during adult 
neurogenesis in space (in different stem cell populations) and in time (from stem cells to neurons) we labeled 
and isolated defined neural stem cell populations and their entire lineages directly from the mouse brain. 
Based thereon we generated unique high-resolution gene- and microRNA expression data. 
It is evident that these datasets have to be analyzed using complex statistical modeling approaches to access 
the full extent of the contained information. Therefore, in the context on the CENTURI project we collaborate 
highly with computational biologists, in particular with the group of Bianca Habermann, to exploit the available 
data and develop new models for gene-miRNAs regulations and identify candidate interactions for functional 
analyses. 
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Stem cells and brain repair
 
PI: Pascale Durbec
Institute: IBDM

Research fields (keywords): Neurobiology, brain plasticity

Summary

Despite the existence of reservoir of stem cells and progenitors, the central nervous system shows really limited 
regenerative properties after lesion or in neurodegenerative conditions. An important issue in neuroscience 
is to characterize these stem/progenitor cell populations in physiological and pathological contexts and to 
design future cell based therapeutic strategies to promote brain regeneration. A spontaneous regenerative 
process involving the production of new mature oligodendrocytes (OLG) the myelin forming cells of the brain, 
has been observed after demyelination in Multiple Sclerosis patients. This process is rarely effective and the 
loss of myelin (demyelination) is accompanied by a disruption in the ability of the nerves to conduct electrical 
impulses to and from the brain. The objective of the team is to describe this regenerative process in rodent.

Stem and precursor cells of the adult Sub-ventricular zone (SVZ) are implicated in this spontaneous regenerative 
process. In physiological conditions, SVZ stem cells generate mainly neuronal progenitors, which migrate to the 
olfactory bulb, where they differentiate into interneurons. Several studies have shown that in demyelinating 
conditions, some SVZ-derived neuronal progenitors are mobilized and migrate toward lesions. This surprising 
observation changes our vision of cell commitment and raised important questions concerning post-lesional 
cell plasticity in the adult brain: how a cell committed to a specific lineage can change fate? Can neuronal 
progenitors generate OLG by transdifferentiation or do they need to first de-differentiate to change fate? What 
are the molecular mechanisms regulating this fate switch in the adult brain?

Using single cell RNA-sequencing, we show that SVZ neuroblasts fate conversion proceeds directly, through 
formation of a non-proliferating transient cellular state co-expressing markers of both neuronal and 
oligodendrocyte identities. Transition between the two identities starts immediately after demyelination 
and occurs gradually, by a stepwise upregulation/downregulation of key transcription factors and chromatin 
modifiers. Each step of this fate conversion involves fine adjustments of the transcription and translation 
machineries as well as tight regulation of metabolism and migratory behaviors. Together, these data constitute 
the first in-depth analysis of a spontaneous direct cell fate conversion in the adult mammalian CNS. 

In a short term, we will benefit from interaction with mathematicians to theoretically describe and model this 
cell reprogramming even. Based on single cell transcriptomic data, we could perform modeling and machine 
learning techniques for the analysis of gene regulatory networks to map the landscape between the dynamic 
cellular states identified during in vivo cell reprogramming and to model the genomic modifications due to 
lesion induction.
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Transcriptional regulatory networks in development and disease
 
PI: Laurent Fasano
Institute: IBDM

Research fields (keywords): Developmental biology

Summary

As a developmental biologist, I aim to understand how cells initially identical become different by expressing 
different set of genes.

Decoding the temporal control of gene expression patterns is key to the understanding of the complex 
mechanisms that govern developmental decisions during organ/tissue development. My team has identified 
the teashirt (Tshz) genes family that encode evolutionarily conserved zinc finger transcription factor (TSHZ). 
Our research centres on understanding how TSHZ3-related transcriptional networks help cells taking on 
gradually a final identity within the context of normal and pathological development.

Recently, we identified TSHZ3 as the critical gene for a syndrome whose characteristic clinical manifestations 
are autism spectrum disorders and congenital anomalies of the kidneys.

To identify the key mechanisms that contribute to the initiation, development and maintenance of autistic-
type phenotypes along the temporal axis we perform a multilevel study, from behaviour to molecule, using 
mouse models. At the molecular level, we use genome-wide expression profiling technologies (i.e. microarray 
and next-generation sequencing) to analyse spatio-temporal changes in gene expression in response to spatio-
temporal targeted Tshz3 deletion experiments.

We need to perform integrative functional analyses to identify critical temporal windows and cell types that 
are key for ASD and/or kidney pathogenesis.
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Mechanisms of gene regulation by transcription factors
 
PI: Yacine Graba & Andrew Saurin
Institute: IBDM

Research fields (keywords): Developmental biology and transcription

Summary

The team activity is centred on the function transcription factors in developmental and evolutionary processes, 
taking Hox proteins as a paradigm. This is achieved by combining classical molecular genetics, genomics and 
proteomics to uncover physiological function controlled by Hox proteins, and biochemistry, structural biology 
and molecular modeling to grasp the atomic details of the mechanisms uncovered. Past and current work has 
significantly remodelled our representation of Hox protein function. First, the identification of flexible protein 
domain folding and plastic protein interactions for Hox transcription factor function provide  a molecular 
support for Hox protein functional diversity, specificity and evolvability. Second, the finding that Hox protein 
also act without paralog specificity in controlling developmental and starvation induced autophagy  highlights 
a fundamental yet poorly explored generic feature of Hox proteins. Third we found that Hox proteins control 
transcription pausing, a key step in metazoan gene regulation though the local modification of epigenetic 
chromatin features, providing a close link to the transcription process. Finally we also uncovered a key function 
of Hox proteins in controlling mitochondria metabolisms. 
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Computational Biology 

PI: Bianca Habermann
Institute: IBDM

Research fields (keywords): Developmental biology; Computational Biology

Summary

Computer-driven analysis has complemented biological research for a long time. With the beginning of 
sequencing and deciphering the genetic code, methods were develop that help analyse this type of data. The 
sequencing of parts of or entire genomes has for instance enabled us to establish a fine-tuned view on the 
evolution of species.

In recent years, large-scale screens and next generation sequencing is generating a tremendous amount of 
data, which cannot be analysed – or understood – without the help of computational techniques. Our lab is 
working in computer-assisted analysis of biological data.

Our team works on two aspects in computational biology:

First, we want to make use of the vast amount of biological information available to date and put it into the 
perspective of biological systems in development or disease. We have chosen mitochondria to demonstrate 
the usefulness of large-scale data integration to understand a biological system. Mitochondria are the so-
called power-houses of the cell. They provide not only energy to the cell, but are tightly involved in a multitude 
of metabolic functions in the cell. Their central role in cellular development and also homeostasis makes them 
a perfect target to investigate changes taking place in the mitochondrial system. We develop methods for the 
interpretation and integration of biological data and apply them to understand the – change of – function of 
mitochondria in a developing tissue or in a disease like Parkinson disease or cancer.

Second, we are working with protein sequence similarities in the so-called midnight zone: two related proteins 
have undergone so many mutations that it is difficult to detect the similarity in their sequence. We have 
developed methods for detecting remote homologs, remotely conserved functional domains, as well as 
remotely conserved orthologs – which depicts proteins that are directly evolved from each other. Currently, 
we are working on methods for the de novo prediction of short, functional motifs in proteins: can we, without 
any prior information, identify a short stretch of sequence in a protein, which performs a specific function, 
such as binding another protein or binding to a ligand? We are approaching this problem using either only the 
protein sequence or only its structure in three-dimensional space.

Interdisciplinary collaborations – PhD/Postdoc projects 

In the course of the CENTURI institute, we have started novel collaborations to complement our research. This 
has also allowed us to open new research fields in the lab. 
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1. Using Higher-Order Networks in Biology

In collaboration with Alain Barrat (CPT) and Laurent Tichit (I2M), we are exploring the usage of higher-order 
networks (HONs) in biology to include the component of successive interactions in time. Static networks in 
biology are widely used to identify pathways, communities or integrate -omics data with the interactome. 
However, at least in some biological systems, such as for instance the progression through the cell cycle, 
protein-protein interactions are tightly controlled in a time-dependent manner: this means that there is a 
successive order of binding events in the network. Such time-dependent and event-driven interactions are not 
represented in static networks. Therefore, we have teamed up with Alain Barrat from CPT and Laurent Tichit 
from I2M to introduce and apply HONs in biological systems. A shared CENTURI postdoc, Maxime Lucas, has 
been hired on this project.

2. Evolution of protein interactions involved in epithelial building and patterning (EPIE)

Together with the team of Andre le Bivic (IBDM) and in collaboration with the team of Carole Borchiellini (IMBE) 
we are looking at the emergence of epithelia in the metazoan lineage and want to address the question, how 
epithelia have evolved. More specifically, we are interested in the emergence of epithelia in non-bilaterians 
such as Porifera (sponges). Based on single-cell and bulk RNA-seq data, we aim to define the expression 
signature of epithelial cells in the sponge Oscarella lobularis and identify those proteins that are involved in 
formation of adherens junctions (AJs) in Oscarella. As Oscarella proteins have substantially diverged when 
compared to other sequenced and well annotated proteomes, we will perform remote orthology searches 
of the Oscarella proteome using algorithms developed in our lab (RemOtF and morFeus). Based on proteins 
expressed in epithelia-like cells, we will furthermore identify potential AJ proteins by classifying candidates 
for the presence of specific conserved domains known to be involved in AJ formation. In situ hybridization 
and protein localization studies will be used to test predicted candidates for their presence and localization in 
epithelia-like structures in Oscarella. Maria-Mandela Prünster is a shared CENTURI postdoc hired to work on 
this project.

3. Functional and bioinformatics analysis of predator prey interaction in Bacteria

Myxobacteria are well-known predators of the bacterial world. They are able to feed on a broad range of 
bacteria, archaea and even fungi. Their predatory success is strongly dependent on the prey they are invading: 
some preys are more resistant than others. The Red Queen Hypothesis states that predators co-existing with 
prey should evolve in parallel. In this project proposed by the CENTURI postdoc Rikesh Jain and in collaboration 
with the team of Tam Mignot (LCB), we want to combine bioinformatics and experimental approaches to study 
the enforced predator-prey co-evolution at phenotypic, transcriptomic and genomic level. In this study, we will 
therefore identify evolutionarily active modules of prey and predator. This will not only help identify essential 
genes for predation or evolution of resistance, but also help model co-evolutionary adaptation between 
species. This project will start in February 2020 and be conducted by Rikesh Jain.  
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Genetic control of heart development
 
PI: Robert G. Kelly
Institute: IBDM

Research fields (keywords): Developmental biology

Summary

Our group is interested in understanding the genetic and cellular mechanisms underlying organogenesis of the 
four chambered mammalian heart. In particular we study an epithelial progenitor cell population known as 
the second heart field that gives rise to a large part of the heart by addition to the poles of the elongating heart 
tube in the early mouse embryo (Cortes et al., 2018, Circ Res 122:142-54). Defects in the deployment of second 
heart field cells result in congenital heart defects. The second heart field is derived from a larger, evolutionarily 
conserved progenitor cell field, termed cardiopharyngeal mesoderm, that also gives rise to skeletal muscles 
of the head and neck (Diogo et al., 2015, Nature 250:466-73). Our group studies the mechanisms underlying 
patterning, differentiation and cell dynamics in this progenitor field using mouse genetics, embryo culture 
and time lapse imaging (Francou et al., 2017, Nat Comm.  8:14770; De Bono et al., 2018 Hum Mol Genet 
27:3747-60). In addition, we are investigating the later development of specialised conducting cells of the  
Purkinje fiber network that regulate electrical activity in the ventricles (Choquet et al., 2018, PLoS Genet 2018, 
14:e1007610).
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Cellular interactions, neurodegeneration and neuroplasticity (IC2N)
 
PI: Lydia Kerkerian - Le Goff
Institute: IBDM

Research fields (keywords): Neuroscience

Summary

Our research activity is centered on the normal and pathological functioning of a network of brain structures 
called basal ganglia (BG), which plays a major role in motor control and sensorimotor learning and whose 
dysfunction is associated with movement disorders, as in Parkinson’s disease.

Our physiological level of analysis of BG circuit function and dysfunction, which includes histology, tract-tracing, 
EEG, extracellular and intracellular electrophysiological recordings, would strongly benefit from collaboration 
with mathematicians to push forward signal analysis, especially when moving from single to multi-electrode/
multi-unit recordings. Moreover, computational modeling of networks based on our anatomical and 
electrophysiological data is essential to understand BG dynamics both at structure level (e.g. local microcircuits 
in BG components, as the striatum, the main BG input station) and at system level (the BG network). For 
example, we are currently studying the physiological and pathological implications of a small population of 
striatal interneurons, the cholinergic interneurons, by combining optogenetics, to timely control their activity, 
with slice or in vivo electrophysiological recordings and behavioral approaches. These interneurons present a 
typical synchronized pause in their tonic activity in response to salient stimuli during reinforcement learning, 
pause which can be preceded or followed by bursts. We are exploring whether and how this complex pattern 
impacts long-term plasticity at the glutamate synapses established by the cortical inputs onto the striatal 
projection neurons, one main presumed cellular substrate of striatum-related learning. Iterative interactions 
between experiments and modeling will greatly increase our understanding of such complex operations. We 
are also exploring dysfunction of the corticostriatal circuitry and the role of striatal cholinergic interneurons in 
parkinsonian condition, and, in collaboration with the group of Laurent Fasano within IBDM, in novel models 
of autism spectrum disorders.

Our team also aims at identifying players in dopamine neuron death or in defense pathways against cellular 
stress in animal models of progressive parkinsonism as potential targets for neuroprotection. 
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Biology of ciliated epithelia 

PI: Laurent Kodjabachian
Institute: IBDM

Research fields (keywords): Cell and developmental biology

Summary

Ciliated epithelia harbor numerous cilia that beat in a coordinated and directional manner to propel biological 
fluids. They are used for locomotion by small invertebrate animals, and help airway cleaning, cerebrospinal 
fluid circulation in the brain, and egg transportation in the oviduct in mammals. Ciliated epithelia represent 
fascinating tissues to study cell fate determination, epithelial morphogenesis and regeneration, centriole and 
cilia biology, cell and tissue polarity, or hydrodynamics. We currently focus our attention on the mechanisms 
that determine the number of multiciliated cells (MCCs) and their spatial distribution in the epithelium, and at 
a much smaller scale those that control the synthesis of cilia and their orientation.

We study those problems in the embryo of the amphibian Xenopus and the post-natal mouse brain, as well 
as in cultured Xenopus MCCs. To improve the breadth and depth of our studies, we have so far implemented 
live imaging in Xenopus embryos, and super-resolution microscopy (STED). We currently develop serial TEM, 
3D-SEM, CLEM, and electron tomography. We shall also invest into proteomics and genome editing in Xenopus. 
Our ambition is to provide an integrated view of the multiscale process of ciliated epithelium ontogenesis.

Interdisciplinary collaborations – PhD/Postdoc projects

We would like to capture some of the processes we study in mathematical equations, so as to help us building 
up the most plausible scenarios. To reach this objective, we work hard on systematically quantifying as many 
biological parameters as possible.

Two interdisciplinary projects have been initiated so far under the auspices of the CENTURI program. 
The first one concerns the mathematical modeling of multiciliated cell spacing in the Xenopus embryonic 
epidermis. In normal conditions, a regular tiling of MCCs emerges, following their radial intercalation, out of 
an initial chaotic pattern. The model produced by Raphael Clément and Charlotte Rulquin (shared CENTURI 
post-doc with the Lenne and Maurange teams) identified homotypic repulsion and attraction to outer layer 
junctions, as essential parameters that could be validated by experiments (manuscript under preparation).
The second project aims at understanding how flows powered by cilia travel along the Xenopus embryo to clear 
its surface from foreign particles. This project will be developed by a shared CENTURI PhD student (Athullya 
Baby) with the team of physicists led by Annie Viallat (CINaM), and the team of numerical simulators led by 
Julien Favier (M2P2). It started in October 2019.
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Epithelial morphogenesis and evolution 

PI: André Le Bivic
Institute: IBDM

Research fields (keywords): Cell biology

Summary

Our group aims at understanding how a specialized layer of cells called epithelium has appeared during 
evolution to allow the development of our branch of living species ie the animals (metazoans). This was made 
possible with the invention of a set of proteins that promote cell-cell adhesion (E-cadherins) and the definition 
of the polarity axis around the adhesive structures (the polarity complexes). We want to understand at the 
molecular, cellular and tissue levels how these proteins interact to build a hierarchical model and to try to 
identify their primitive functions essential to build the first epithelial layer. In particular, how the interactions 
between all these protein complexes allow specific morphologies and behavior of epithelial cells by controlling 
a network of mechanical forces.
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Tissue architecture and plasticity

PI: Thomas Lecuit
Institute: IBDM

Research fields (keywords): Development biology, morphogenesis, signaling, in vivo imaging

Summary

Epithelia form mechanical and chemical barriers that are both structurally robust and constantly remodelled 
during embryogenesis and organogenesis from nematodes to humans. Perturbations in this balance underlie 
solid cancer progression. How this is controlled is a fundamental unanswered question in biology. Our major 
ambition is to understand this problem using interdisciplinary approaches that combine the most quantitative 
analyses with physiological studies in whole organisms.  We decipher the biochemical underpinnings of cell 
and tissue mechanics, namely how forces are generated and how they produce deformations, and characterize 
their regulation by conserved signalling pathways. Our group requires the complementary expertise of cell and 
developmental biologists, physicists and engineers etc.

One of the most remarkable properties of living tissues is that they combine robustness in their organisation, 
and extensive plasticity in their dynamics. This is especially true in epithelial sheets, where cells are usually 
(but not always) arranged in monolayers. Through the tight association between cells mediated by adhesion 
molecules, in particular E-cadherin, cells are cohesive and allow the formation of epithelial barriers that 
separate different physiological environments and protect the organism against pathogens. Epithelia also 
extensively remodel during development, and in the adult. For instance, epithelia grow and produce new 
cells via cell division. Cells remodel their contacts and move with respect to each other and contribute to the 
remodeling of the tissue.

Through these remodeling events, tissues acquire complex shapes and maintain their final organization as new 
cells replace dead cells.

Tissue robustness requires adhesion mediated by E-cadherin complexes. Plasticity is an active process driven 
by actomyosin contractility whereby cells remodel their contacts. These forces are transmitted at the cell 
contacts by E-cadherin complexes.

We address the following major questions:

- How forces emerge from interactions between motors, actin filaments and crosslinker.
- How E-cadherin complexes control adhesion and force transmission.
- How intercellular developmental signals control cell mechanics to drive tissue extension and invagination.
- How cell division and tissue growth affect tissue mechanics and vice versa.

We use the fruitfly Drosophila to address these problems. The major components of cell mechanics and their 
regulation are shared with humans and this organism lends itself to a very powerful combination of functional, 
molecular and physical approaches. Our group is largely interdisciplinary and employs a large battery of 
experimental methods ranging from biochemistry, to genetics, quantitative imaging and modeling.
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Physical approaches to cell dynamics and tissue morphogenesis

PI: Pierre-François Lenne
Institute: IBDM

Research fields (keywords): Physics of living systems, imaging, cell mechanics, morphogenesis

Summary

We are interested in understanding the physical principles that underpin the morphogenesis of animals. How 
do cells self-organize, move and change shape and fate to give rise to multicellular organisms?
To tackle this question, we study how cells interact during morphogenesis.  In particular, we study the forces 
and the organization of supramolecular components that shape cell-cell contacts and tissues. Addressing 
these interactions is a difficult undertaking since with few exceptions, we do not yet have appropriate tools 
or concepts to do this. One such exceptions is the Drosophila embryo where my group has pioneered the 
development of quantitative imaging, mechanical measurements and theoretical models that have provided 
insights into the coordination of cellular events during gastrulation. While continuing our efforts to understand 
how cells respond to mechanical forces during Drosophila embryogenesis, we also aim at extending and 
applying our quantitative approaches to study the interactions between mechanics and biochemical signals, 
and their role in the emergence of the body plan, in mammals in particular.

We integrate both physics (imaging/mechanics/modeling) and experimental biology to investigate 
morphogenetic processes in different model systems: Drosophila, C. elegans, and more recently, aggregates 
of embryonic stem cells that mimic mammalian gastrulation. Our projects are very often built through a 
collaborative effort.

Interdisciplinary collaborations – PhD/Postdoc projects

Project started in April 2019
- Sham Tlili, postdoctoral fellow- “Mechanics of gastrulation in mammals using a minimal in vitro system”.

Coll: Olivier Théodoly and Xavier Leoncini 

Project starting in Novembre 2019
- Katia Barrett, PhD student - “Mechanical environment and fate specification during mammalian

morphogenesis”
Coll: Félix Rico and Matthias Merkel
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Signalling networks for stemness and tumorigenesis

PI: Flavio Maina
Institute: IBDM

Research fields (keywords): signalling, mouse models, cancer, stem cells, Receptor Tyrosine Kinase, -omics 
approaches

Summary

Our team studies how qualitative and quantitative signalling fluctuations lead to diversified cell behaviours, 
according to the vulnerability and the resilience of cells, and how cell plasticity intercalates such signalling 
changes. We use distinct cellular and biological contexts to take into consideration the intrinsic competence 
of each cell type as well as the distinct environmental and temporal events that cells experience. Research 
is performed by applying multi- and inter-disciplinary approaches, intercalating phenotypic and mechanistic 
studies in vitro and in vivo (using mouse genetic).

We recently demonstrated that subtly increased levels of non-oncogenic RTK are sufficient, in very restricted 
types of vulnerable cells, to perturb developmental programs as well as tissue homeostasis at adulthood, 
triggering spontaneous tumours that recapitulate the whole oncogenic program. These findings illustrate how 
the shift towards cancerogenesis can stem from a slight perturbation of signalling dosage. Combining large-
scale screens and -omics studies with bioinformatics, human cancer database integrative analyses, and in vivo 
longitudinal imaging, we follow the temporal dynamic evolution of molecular reprograming during tissue 
homeostasis destabilisation, tumour initiation and evolution. We extract new mechanistic events operating in 
these processes, assess they functional implication, and search for the underlying mechanisms of action. We 
explore how signals are part of “gene cooperation models” in tumorigenesis, driving the transition of a tissue 
into transformation and contributing to mechanisms of resistance to anticancer therapies.

Additionally, we illustrated the possibility to manipulate stem cell fate by acing on mechanisms regulating 
perception of extracellular signals. Down-regulation of the morphogen modulator Glypican-4, present 
at the surface of mouse ES and human iPS cells, confers to cells a unique biological state characterized 
by: a) maintenance of self-renewal/pluripotency in stemness conditions; b) oriented cell lineage entry in 
differentiation conditions; c) loss of tumorigenicity after in vivo transplants. Through -omics and candidate 
based studies, we explore the properties of this molecular state, how physical features impact this state, 
and how this state influences signalling integration to modulate cell behaviour, such as cell lineage entry and 
transformation.

Set of topics we are interested in:
1) integration of -omics data to follow the temporal dynamic evolution of molecular events at the root and

through the tumorigenic program;
2) translation of -omics data into mathematical modeling of mechanisms regulating biological properties,

predict vulnerability to signalling perturbations, and experimentally assess robustness of model 
predictions;

3) how signalling and mechanical inputs reciprocally influence their action on cell behaviour.
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Among local interdisciplinary collaborations:
• Dr. B. Habermann  - IBDM, Marseille  - France
• Dr. F. Cassol & C. Morel - CPPM, Marseille  - France

Publications related to these collaborations since 2018:
- Cassol F., Portal L., Richelme S., Dupont M., Boursier Y., Arechederra M., Auphan-Anezin N., Chasson L.,

Laprie C., Fernandez S., Balasse L., Lamballe F., Dono R., Guillet B., Lawrence T., Morel C.*, Maina F*. 
Tracking dynamics of spontaneous tumours in mice using Photon Counting Computed Tomography. 
iScience, Nov 22;21:68-83 (2019). PMID: 31655257.

- Fan Y., Bazai S.K., Daian F., Arechederra M., Richelme S., Temiz N.A., Yim A., Habermann B.H., Dono R.,
Largaespada D.A., Maina F. Evaluating the landscape of gene cooperativity with RTKs in liver tumorigenesis. 
J. of Hepatology, 70(3): 470-482 (2019). PMID: 30529386.

- Arechederra M., Daian F., Yim A., Sehrish S.K., Richelme S., Dono R., Saurin A.J., Habermann B.H., Maina F.
Hypermethylation of gene body CpG islands predicts high dosage of functional oncogenes in liver cancer. 
Nature Communications, Aug 8;9(1): 3164 (2018). PMID: 30089774.

PhD/Postdoc from CENTURI: NONE.



146

Annex 2: description of CENTURI research teams

Neural stem cell plasticity

PI: Cédric Maurange
Institute: IBDM

Research fields (keywords): neural stem cell, growth, self-renewal, temporal patterning, cancer stem cell, 
pediatric cancer.

Summary

We are interested in the mechanisms that regulate neural stem cell self-renewal and differentiation both 
during development and tumorigenesis. For this purpose, we are investigating the gene regulatory networks 
involved in these processes and the extrinsic or cell-intrinsic signals that promote the bistable switch between 
a default self-renewing state and a differentiation-permissive state. We are using the fruitfly Drosophila as a 
simple model organism that allows the use of unmatched genetic tools and the dissection of basic principles 
conserved in higher animals such as mammals. Along the years, we have uncovered several signals that 
schedule the self-renewal-to-differentiation switch in different population of neural stem cells. For example, 
the number of asymmetrically dividing neural stem cells located in the central brain and ventral nerve cord is 
controlled by the progression of an intrinsically-regulated sequence of transcription factors and RNA-binding 
proteins, composing the “temporal patterning system” (Maurange et al. 2008; Narbonne-Reveau et al. 2016; 
Genovese et al. 2019). In contrast, the number of self-renewing divisions undergone by neuroepithelial cells 
in optic lobes and other tissues is controlled by the steroid hormone ecdysone, allowing coordination of 
neuroepithelium growth with organismal growth (Lanet et al. 2013; Dillard et al. 2018; Narbonne-Reveau and 
Maurange 2019).

In addition, we have uncovered that temporal patterning in Drosophila neural stem cells delineates a window 
of cancer susceptibility during early Drosophila development (Narbonne-Reveau et al. 2016), providing a 
possible explanation for why the developing brain is prone to tumorigenesis in humans. Moreover, we recently 
demonstrated that cooption of temporal patterning in neural stem cell during early development induces 
hierarchical tumors and governs the metabolic and proliferative heterogeneity of tumor cells (Genovese et al. 
2019). The latter study has involved different approaches such as single-cell transcriptomics, lineage analysis 
and numerical modeling.

We are now particularly interested in deciphering the tumor-intrinsic mechanisms that regulate the cellular 
heterogeneity of neural stem cell tumors. For this purpose, we are using a combination of experimental and 
computational approaches. We hope that our work will reveal basic principles of self-organization in hierarchical 
tumors, leading to new perspective in the therapeutic control of cancer stem cells.

• Publications (2013-2019):

Research article:

- Genovese S, Clement R, Gaultier C, Besse F, Narbonne-Reveau K,  Daian F,  Foppolo S,  Luis N,M, Maurange
C (2019) Coopted temporal patterning governs cellular hierarchy, heterogeneity and metabolism in 
Drosophila neuroblast tumors. eLife 2019;8:e50375 DOI: 10.7554/eLife.50375
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- Narbonne-Reveau K, Maurange C. (2019) Developmental regulation of regenerative potential in Drosophila
by ecdysone through a bistable loop of ZBTB transcription factors. PLoS Biol. 2019 Feb 11;17(2):e3000149. 
doi: 10.1371/journal.pbio.3000149.

- Dillard C, Narbonne-Reveau K, Foppolo S, Lanet E, Maurange C. (2018) Two distinct mechanisms silence
chinmo in Drosophila neuroblasts and neuroepithelial cells to limit their self-renewal. Development. Jan 
25;145(2). pii: dev154534. doi: 10.1242/dev.154534. 

- Narbonne-Reveau K, Lanet E, Dillard C, Foppolo S, Chen CH, Parrinello H, Rialle S, Sokol NS, Maurange C.
(2016) Neural stem cell-encoded temporal patterning delineates an early window of malignant 
susceptibility in Drosophila. eLife. Jun 14;5. pii: e13463.

- Lanet E, Gould AP, Maurange C. (2013) Protection of neuronal diversity at the expense of neuronal
numbers during nutrient restriction in the Drosophila visual system. Cell reports 3: 587.

Review
- Lanet E, Maurange C. (2014) Building a brain under nutritional restriction: insights on sparing and plasticity

from Drosophila studies. Frontiers in physiology 5.

Interdisciplinary collaborations – PhD/Postdoc projects 

We have a Post-doc project (Computational study of cell pattern emergence in embryonic and tumorigenic 
tissues) with Raphaël Clément, a physicist at the IBDM. Together we supervise Charlotte Rulquin, a post-doc 
employed by CENTURI since September 2018. 

Our objective is to investigate whether the spatial organization of tumor cells, that we have observed in vivo, 
reflects self-organizing principles that determine the probability for each division types along the hierarchy, 
leading to predictable tumor heterogeneity. We aim at determining these principles by elaborating a 3D 
computational model of tumor growth that will be nurtured by quantitative experimental data. Predictions 
made by the model will be tested genetically in Drosophila.

We are developing Monte Carlo simulations based on an effective energy taking into account steric interactions 
between cells and differential affinities among cell types. This will allow to study the emergence of spatial 
organization as a direct consequence of cellular interactions.
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Physical and molecular principles governing cytoskeletal organization

PI: Alphée Michelot
Institute: IBDM

Research fields (keywords): Cytoskeleton, Actin, Biomimetism

Summary

Our team is working on the actin cytoskeleton, which is a network of biological polymers present in all 
eukaryotic cells. Cells control the dynamic assembly and disassembly of these networks, and use them as a 
force-generating machinery in a wide diversity of cellular processes.

We have three main objectives: 

- Our first aim is to understand some of the basic physical and biochemical principles governing actin
organization. Principally, we are trying to understand why various families of actin binding proteins bind 
specifically to different actin networks, although those networks are all composed of actin filaments built 
from identical actin subunits. 

- Our second aim is to understand how cells modulate the mechanical properties of these networks
thanks to a battery of molecular regulators. We use specific devices to apply forces to actin networks, 
and measure quantitively how various families of actin binding proteins modulate the elastic, viscous and 
plastic properties of actin networks.

- Our last aim is to understand how cells maintain a dynamic actin cytoskeleton. Indeed, most actin networks
in cells assemble and disassemble at timescales of minutes, but the identity and mechanism of action of 
the proteins involved in this cycle are still largely unknown. 
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Chronic pain: molecular and cellular mechanisms

PI: Aziz Moqrich
Institute: IBDM

Research fields (keywords): Pain biology

Summary

Pain is commonly classified into acute and chronic. Acute pain arising from tissue injury is short lasting and is 
essential for the maintenance of our physical integrity. In contrast, chronic pain persists beyond the normal time 
of tissue healing and adversely impacts on our well-being. While we know a great deal about the mechanisms 
underlying the onset of acute pain, our knowledge on the molecular and cellular mechanisms that trigger the 
transition from acute to chronic pain is extremely sketchy. In the last years the Moqrich group has made two 
major discoveries:

1- We identified an unconventional myosin protein whose Loss-of-Function (LoF) converts a short lasting
acute and reversible inflammatory, neuropathic and postoperative pain into a long lasting and irreversible 
chronic pain.

2- We uncovered a chemokine-like protein TAFA4 endowed with a strong analgesic effect against
inflammatory and neuropathic pain conditions (Delfini et al., 2013). Therefore, using this unique mouse 
model in combination with state-of-the-art RNA seq and proteomics and behavioral pharmacology will 
allow us (i) deciphering the molecular and cellular mechanisms underlying the transition from acute to 
chronic pain and (ii) designing efficient preventive/curative therapeutic strategies for chronic pain.

This project fits perfectly well with the philosophy of the CENTURI project as it will require strong expertise in 
mouse genetics, molecular and cellular biology and Bioinformatics. A close collaboration between my group 
and the group of Bianca HABERMANN is already established. We believe that this close collaboration will 
be instrumental and will allow extending the understanding of the molecular mechanisms underlying the 
transition from acute to chronic pain. For example: given that chronic pain has different etiologies, we will 
address whether (i) chronic pain provoked by an inflammatory agent activates the same genetic programs as 
those leading to chronic pain after nerve injury or post-surgery, (ii) we will decipher whether inflammation-
induced chronic pain markers are the same as those expressed under nerve injury or after surgery, (iii) we will 
also address how much contribution of the molecular changes occurring in dorsal root ganglia neurons versus 
those occurring in the spinal cord account for the development of chronic pain.
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Physical and molecular principles governing cytoskeletal organization

PI: Julien Royet
Institute: IBDM

Research fields (keywords): Immunity, behavior, signalling

Summary

We used Drosophila to decipher the interactions between the bacteria and its host. Our recent data suggest 
that in addition to trigger an immune response, infectious bacteria can modulate the behaviour of the host. 
We would like to identify the molecules and mechanisms that mediate the dialog between the bacteria either 
infectious or commensal (in the gut) and an eukaryote host.

As a teacher and future head of the Integrative Biology and Physiology Master, I am very interest to establish 
close contact with the person who will teach in the future CENTURI associated Master and probably to set up 
course that will be share by the two Master's.

As a researcher, our team is working at the intersection between microbiology, genetics, immunology and 
neurosciences and is therefore very into integrative research.

Interdisciplinary collaborations – PhD/Postdoc projects

This collaboration is established between my lab and the one of Frédéric Marion Poll (FMP) at Gif/Yvette 
and of Yaël Grosjean (YG) in Dijon. Our aim is to understand how bacteria derived compounds can modulate 
neuronal activity using in vivo electrophysiology recording (FMP) and Calcium imaging (YG).



151

Annex 2: description of CENTURI research teams

Muscle dynamics

PI: Frank Schnorrer
Institute: IBDM

Research fields (keywords): Developmental and cell biology, Drosophila, sarcomere, muscle, self-organization, 
mechanobiology

Summary

Our laboratory is studying how muscles are built during development and how they are maintained for life. 
We are particularly interested in how the elaborate molecular machines called sarcomeres, which produce the 
contractile forces of muscles, are built and maintained through the entire lifespan.

We mainly use Drosophila as our model and combine live in vivo imaging with genetics, laser micro-
manipulations and molecular force sensors. Hence, we can quantify forces at the tissue level and also at the 
molecular level to understand how forces participate in the assembly of the sarcomeric structures.

We found that sarcomeres assemble simultaneously into long linear chains called myofibrils. We favour a force 
driven self-assembly mechanisms of the individual molecular components into periodic contractile units. We 
found that it is important that each of this long periodic myofibrils is anchored at both of its ends in order 
to apply force. If anchoring is blocked, assembly of periodic myofibrils fails. By applying polarization resolved 
microscopy we have been able to demonstrate that mechanical tension is required for the simultaneous buildup 
of high molecular actin order during the sarcomere assembly process. We are currently expanding these 
studies to human muscle generated from human induced pluripotent stem cells to see if the tension driven 
myofibril assembly mechanism is universal. Further, we have started a collaboration to develop mathematical 
models to model periodic sarcomere assembly.

We use genetic mutants to test to role of sarcomeric components in generating a functional sarcomere. 
Specifically, we have manipulated the length of the elastic spring domain in the Drosophila titin protein, 
which links the Z-disc of sarcomeres to the myosin filaments and is believed to determine the length and 
the mechanical properties of sarcomeres in human muscle. Indeed, we find that also in Drosophila shorting 
of the titin spring domain results in reduced sarcomere I-band length and thus reduced sarcomere length. 
Interestingly, we find that A-band length appears also to be affected in the titin spring mutant suggesting some 
biomechanical feedback mechanism between actin and myosin filament length determination.

Finally, we have started a collaborative project aiming to determine the nanostructure of the sarcomere. For 
this we are developing novel labelling strategies using nanobody technologies and DNA-PAINT super-resolution 
microscopy to localize sarcomeric protein domains at nano meter precision in the sarcomere. In collaboration, 
we have started to perform cryo electron tomography on isolated myofibrils to eventually reconstruct parts of 
the sarcomere at close to atomic resolution.

Interdisciplinary collaborations – PhD/Postdoc projects

PhD: Achuyth Acharya (co-supervised with Olivier Theodoly)
PostDoc: Clara Sidor (co-supervised with Sophie Brasselet)
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Maturation and plasticity of cortical maps

PI: Ingrid Bureau
Institute: INMED

Research fields (keywords): Neuroscience

Summary

The team studies the transformation of neuronal networks within sensory areas of cortex in the context of 
learning. Sensory information useful for accomplishing a task to which an animal or an individual was trained is 
decoded within units of networks. In basal conditions, there is one unit for each sensory organ. In our working 
model, a unit is a cortical column and it corresponds to one whisker on the snout of a mouse. This one-to-
one relationship is abolished with learning to the benefit of the sensory organ that was relevant in the task. 
Our most striking finding is that after pairing the deflections of a whisker with a motor sequence in which the 
mouse was getting a reward, the inputs from the paired whisker propagated from its own cortical column to 
the neighboring columns with a speed that was function of the animal reaction time upon whisker stimulation. 
We want to find the path of sensory integration that allows these inputs circulating between cortical columns. 
Mathematic tools by modeling the mechanisms that could control the speed of that propagation could help us 
refine the neural properties to look for in the brain in order to identify the structures and the neurons involved 
in that phenomenon.
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Developmental backbone for the organization of cortical networks

PI: Rosa Cossart
Institute: INMED

Research fields (keywords): Neuroscience

Summary

Most brain functions are encoded by specific neuronal activity patterns with characteristic temporal and 
spatial dynamics. In addition, there is a wide diversity of neurons often specialized in shaping a specific type 
of dynamics.

We study the hippocampus, a brain region supporting memory and encoding spatial and temporal information. 
Hippocampal dynamics result from the interaction between self-organized internal dynamics and various 
external inputs from the environment.

We want to know how development shapes the final functional organization of adult hippocampal networks: 
do they self-organize through the interaction of active neurons or do they emerge in reference to a blueprint 
determined by early developmental programs like genetic factors?

To describe structure-function relationships in cortical networks, we have developed a multidisciplinary 
approach that combines in vitro and in vivo calcium imaging of neuronal dynamics, electrophysiology, 
neuroanatomy, data analysis, mouse genetics and behavior.

Interdisciplinary collaborations – PhD/Postdoc projects

PhD project in collaboration with Dr. Hervé Rigneault (Institut Fresnel) in order to develop an ultrathin 
endoscope allowing for two-photon imaging of neuronal activity in deep brain regions from freely moving 
mice. 
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Epilepticode: neuronal coding and plasticity in epilepsy

PI: Valérie Crepel
Institute: INMED

Research fields (keywords): Neuronal coding, plasticity, epilepsy

Summary

Impact of ectopic kainate receptor in Integrative properties of dentate granule cells in epilepsy: a computational 
modeling study.

Computational modeling has become an increasingly useful tool for studying complex neuronal circuits. In 
order to apply computational techniques and theories to answer pressing biological questions, however, it is 
necessary to develop detailed, data-driven models. Dentate gyrus circuit is well described and ideally suited 
for modeling studies. Thus, dentate gyrus models have been developed by several authors to study the role 
of circuit alterations and notably the impact of recurrent mossy fiber sprouting in dentate gyrus in epileptic 
conditions (Santhakumar et al., 2005; Dyhrfjeld-Johnsen et al., 2007).  However, these previous models do 
not include novel important findings notably that in dentate granule cells (DGCs), recurrent mossy fiber 
synapses operate via kainate receptor not present in naïve conditions (Epsztein et al. 2005, Artinian et al. 
2011; Artinian et al. 2015). This induces a shift in the nature of glutamatergic transmission in DGCs, since KAR-
mediated synaptic transmission display a slow kinetics when compared with AMPA receptor-mediated events. 
Moreover, it was shown that ectopic kainate receptor (KARs) play a major role in chronic seizures in temporal 
lobe epilepsy (Peret et al. 2014). This work discloses a novel and promising antiepileptic strategy targeting 
specifically ectopic KARs in DGCs. We now propose to use computational modeling studies to decipher the 
specific role of the slow kinetics of KAR-mediated synaptic events in the integrative properties of DGCs and to 
better understand the role of this slow kinetics in epileptiform activity.
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Neuronal coding of space and memory

PI: Jérôme Epsztein
Institute: INMED

Research fields (keywords): Neurosciences

Summary

Our team is interested in the coding of spatial information in the brain. Knowing where we are in the space from 
where we come and how to reach a goal or avoid a dangerous place is essential to our survival. These functions 
rely on the activity of interconnected structures within the temporal lobe, in particular the hippocampus 
and the entorhinal cortex. There, neurons show complex activity patterns attached to the spatial layout of 
an environment (in the form of triangular grid covering all available space, along borders, in single spots) 
which represent striking examples of internal representations. The goal of our team is to better understand 
how these activity patterns are generated and how they can support spatial navigation and memory. Main 
questions that drive us are 1- why are some cell active and others silent in a given environment? 2- how active 
cells generate their striking firing pattern? 3- how is plasticity involved in memorizing a given environment? 4- 
which types of information (visual, proprioceptive) are used? To answer these questions we record the activity 
of excitatory cells in vivo in animals navigating in real or virtual environments. The use of virtual reality allows 
a better control of the information available to an animal to locate itself in space and facilitate modifications of 
the spatial layout of a given environment. Our experiments are performed: 1- at the unicellular level by making 
intracellular (patch-clamp) recordings which gives us access to the inputs and outputs received by a single cell 
2- at the network scale by recording the output firing of a large number of cells simultaneously using silicon 
multi-site electrodes. Our team already hosts a mathematician with a PhD in neurosciences (Dr. Geoffrey 
Marti), which is involved in data processing and analysis. Our team would greatly benefit from interacting with 
mathematicians and physicists to develop new ideas about how spatial information could be coded in the 
brain? How space invariant firing patterns can arise from a constantly changing flow of information received by 
an animal? How an animal can use these firing patterns to locate itself and reach its navigational goals? These 
new hypothesis would then need to be formalized and tested experimentally. This could imply some modeling 
work based on our experimental data. At the single cell and local network levels important questions remains 
about how specific firing patterns are generated. Finally we would like to push forward the use of virtual reality 
to interrogate the spatial representation system of the brain in deeper ways.

Interdisciplinary collaborations – PhD/Postdoc projects

PhD project in collaboration with Dr. Hervé Rigneault (Institut Fresnel) in order to develop an ultrathin 
endoscope allowing for two-photon imaging of neuronal activity in deep brain regions from freely moving 
mice. 
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Developmental plasticity of GABAergic synapses in health and disease

PI: Jean-Luc Gaiarsa & Igor Medina
Institute: INMED

Research fields (keywords): Developmental neurosciences

Summary

The main goal of our research is to determine how the synaptic inhibition is regulated during development in 
health and disease.

Most brain computations rely on a proper balance between excitation and inhibition, which progressively 
emerges during development. GABAergic neurotransmission supports inhibition in the adult brain but 
depolarizes immature neurons. This developmental sequence must be finely scheduled to enable the proper 
development of cortical circuits. Thus, alterations in the timing of the emergence of GABAergic inhibition 
prime the brain to malfunction in adulthood and contribute to the pathogenesis of an array of neurological 
and psychiatric disorders. Likewise, restoring GABAergic inhibition improved has emerged as a promising 
therapeutic avenue to treat these diseases.

Fast inhibition relies on the activation of the ionotropic GABAa type receptors/channels that are permeable to 
chloride (Cl-). The strength and polarity of the GABAergic inhibition depends GABAa channels activation, but 
also on the intracellular Cl- concentration ([Cl-]i) that drives the amount of Cl- current passing through these 
channels when they open.

Regulation of [Cl-]i involved complex interactions between multiple processes (chloride transporters activity, 
synaptic activity, neuronal morphology,…) operating on many spatiotemporal scales. Computational analysis 
and models may help understanding how these different processes interact to maintain appropriate [Cl-]i but 
also to understand how altered [Cl-]i impacts network activity and processing.
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Early activity in the developing brain 

PI: Rustem Khazipov
Institute: INMED

Research fields (keywords): Neurophysiology, developmental neurosciences

Summary

We study how neuronal networks operate during development, and how the early activity shapes the developing 
neuronal circuits. We mainly work in sensory cortices (auditory, visual, somatosensory) and hippocampus of 
rats and mice, but also have some data from the developing human cortex.

Our data set includes recordings of neuronal populations with extracellular electrodes and recordings from 
individual cells, We think we have sufficient amount of parameters including basic neuronal properties, and 
properties of synaptic connections to build dynamic neuronal network models which will show a capacity of 
development and learning.

We would be particularly interested, to build dynamic models of the hippocampal Giant Depolarizing Potentials 
(Khalilov et al., 2015), spindle-burst oscillations (Khazipov et al., 2004) and early gamma oscillations (Minlebaev 
et al., 2011) in the somatosensory cortex of neonatal rats.
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Adolescence and vulnerability to neuropsychiatric diseases

PI: Olivier Manzoni
Institute: INMED

Research fields (keywords): Neurosciences

Summary

Our goal is to understand how adolescence shapes meso-corticolimbic networks to give rise to harmonious 
emotional behaviors and cognitive functions in adulthood.

Our multidisciplinary approach combines ex vivo electrophysiology, in vivo calcium imaging, tridimensional 
neuroanatomy, optogenetics and the analysis of naturalistic behaviors across the emotional and cognitive 
domains.

With respect to the CENTURI network, we have implemented deep brain microscopy imaging of genetically 
encoded calcium indicators to visualize neuronal ensemble activity during naturalistic behavior in freely 
moving rats. We have imaged neuronal assemblies specifically activated in the prefrontal cortex during social 
interactions in adult rats of both sexes in control conditions and under the influence of cannabis. We are 
currently applying machine-learning based methods developed in the Cossart team to further understand 
these cortical activities.

Thus, our research 1/ audits structural and functional properties; 2/ correlates neuronal and synaptic activities 
and behavior in health and disease and 3/ uses optogenetic stimulation and pharmacological modulation of 
specific neuronal microcircuits to recreate behavioral flexibility in rodent models of neuropsychiatric diseases.
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Neurodevelopment and genomic imprinting: Prader-Willi Syndrome, from gene 
to therapy

PI: Françoise Muscatelli
Institute: INMED

Research fields (keywords): Neurosciences, development

Summary

Our team is interested in understanding how two imprinted genes belonging to the same family of MAGE 
genes are involved in brain development and behavioural processes which are found altered in Prader-Willi 
and autism. We are at the interface between genetic and epigenetic regulations that are involved in brain 
control for postnatal life. Our objectives

Decipher the development of the brain oxytocin (OT)-network. In the context of CENTURI, we aim to modelize 
the set-up of this network and the key stages of development in normal and pathological conditions.
Decipher the interplay and genomic/transcriptional regulation of MAGE genes. In the context of century 
we aim to use bioinformatic tools to analyse the MAGE network in mammmals . Collaborations are already 
ongoing with TAGC.
The team is significantly involved in Training/Education of Neurobiology at the Master levels (Master of 
Neurosciences and DI), at the Engineer School Polytech Biotech (Luminy) and in 2 Amidex PhD programs (ICN 
Neurosciences, and Biotrail).



160

Annex 2: description of CENTURI research teams

Cortical development disorders and neuronal migration

PI: Alfonso Represa & Carlos Cardoso
Institute: INMED

Research fields (keywords): Neurobiology

Summary

Malformations of cerebral cortical development include a wide range of developmental disorders that 
are caused by alterations of one or several stages of cortical maturation, including cell proliferation and 
specification, neuronal migration and late cortical organization. They are common causes of developmental 
delay and refractory epilepsy but the pathophysiological bases of these manifestations are poorly understood.

Our general project has two major objectives:

1) Better define the molecular substrates for abnormal cortical development. This part of the project
benefits from fruitful interactions with clinicians and geneticists. Our activities are aimed to improve 
genotype-phenotype investigations using animal models and to dissect out the molecular pathways 
(molecular partners identification, biomolecular network involved) and cellular mechanisms 
(measurement of synaptic density and connectivity between circuits) affected by the mutation of a 
single gene.

Our approaches include single cell PCR and single cell RNA-seq, which allow determining the molecular 
identity and disease-associated gene expression changes of specific cortical neuron subpopulations. 
In this context we would like to collaborate with people who can develop conceptual frameworks and 
computational tools that will allow us to extract meaningful information from such data.

2) To understand why neuronal migration defects yield epilepsy and how epilepsy onset can be prevented.
The project is developed in an animal models and combine electrophysiological and morphological 
analyses. We interfere with neuronal activity through transfection with molecular tools (e.g. potassium 
channels, optogenetic tools). We are interested in developing modeling approaches for identifying seizure 
genesis and propagation in malformed brains and help evaluating where to intervene on epileptogenic 
networks to prevent seizure genesis, stop their propagation and restore resting state network dynamics.

We have initiated collaboration with Drs V Jirsa, C Bernard, F Bartolomei and A Viola (DHU/FHU EPINEXT) 
to develop a virtual rat brain based on anatomical Magnetic Resonance Imaging (MRI), Diffusion Tensor-
weighted Imaging (DTI) and conventional tract-tracing methods and would like to integrate people with 
modeling expertise in our project.
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Post-traumatic plasticity, neuronal survival and rewiring

PI: Françoise Muscatelli
Institute: INMED

Research fields (keywords): Cell Neurobiology

Summary

The functional development of the cerebral cortex requires the precise timing of morphological events for 
correct cellular placement and micro-network formation. Signalling derived from GABA receptor activation 
appears to play trophic roles at different stages of cellular maturation. Part of the mechanism involves 
regulation of intracellular calcium events. In vitro data suggest these spontaneous events play an important 
role in neuronal migration. Importantly, it is becoming clear that the pattern and amplitude of local calcium 
activity is translated by local protein networks to orchestrate precise changes of the plasma membrane e.g. 
radial glial cell retraction as they begin migration from the ventricular zone to the cortical plate. Getting deeper 
insight of these morphologically simple but mechanistically extremely complex events requires the interplay 
between advance and relevant physiological measurement and mathematical modeling. In this project we 
combine in vivo intracellular calcium and chloride imaging in the developing embryonic cortex (Yuryev et. 
al, 2016, Front Cell Neurosci) and advance mathematical modeling of the spontaneous fluctuation of these 
ion species and their interaction with the protein clusters important for dynamic regulation of membrane 
morphology. e.g. actin binding proteins and membrane deforming proteins.

We plan to develop a detailed computational model capable of reproducing the dynamics of intracellular 
calcium and other relevant ion species in radial glia cells. The model will rely on the previously developed 
formalisms for modeling intracellular calcium in neurons and glia, particularly astrocytes (for the review 
see Manninen, Havela and Linne, 2017, Front Neuroinf). The morphological changes in glia will follow the 
methodological modeling approaches previously developed for neurons (for the review see Van Ooyen, 2011, 
Nature Rew). Given the complexity of calcium dynamics and the number of different cellular and extracellular 
mechanisms that regulate it, the developed model will likely be complex in terms of model dimensionality 
and the number of free parameters. While the data driven model development and the comparison between 
the simulated and the experimental data will be done through a collaboration with the researchers in Finland 
(Computational neuroscience group, Tampere University of Technology) who have expertise in modeling 
calcium dynamics in both neurons and glia as well as modeling neurodevelopment in vitro (see Acimovic et al, 
2011, Eurasip J Bioinf Sys Biol), we expect to develop collaborations with the mathematicians from University 
of Marseilles, with expertise in the fields of dynamical system theory and stochastic models, who can focus on 
analysis of the obtained model and the appropriate model reduction. This is an important step in the project as 
we ultimately intend to incorporate the obtained reduced model into a larger simulation of radial glia guided  
neuronal migration. This model will be implemented using an existing tool for the study of neurodevelopment 
in silico (Cortex3D; see Zubler et al, 2013, PloS Comp Biol).  The proposed project relies on three innovative 
and promising approaches. The first of them being the complex experimental setup for in vivo monitoring 
of morphological and functional changes in the developing rodent cortex, and a valuable source of data for 
computational models. The second is the focus on function and morphology of radial glia, which is still rarely 
studied using computational tools. Finally, computational approaches for the analysis of neurodevelopmental 
mechanisms are at a relatively early phase and although the appropriate simulation tools exist, the systematic 
data driven models are still lacking
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Neural dynamics and functions of the basal ganglia

PI: David Robbe
Institute: INMED

Research fields (keywords): Neuroscience, motor control, neuronal ensemble representation

Summary

The goal of our team is to try to understand how animals learns to develop efficient motor strategy by interacting 
with their environment and adapting their behavior to predictive external signals. Our research is carried at 
two levels. First we try to understand why animals develop certain strategies and in what exactly consists these 
strategies. Second we investigate how these strategies are implemented by real neuronal networks. More 
specifically we are interesting in understanding the role of 2 brain regions which are critically involved in motor 
control and learning: the motor cortex (stroke occurring in this region results in paralysis of certain members 
depending on the exact location of the stroke) and the striatum (dysfunction of striatal activity is the primary 
source of motor impairment_freezing, slowness of movements_ in Parkinson's disease).

To address these two levels of understanding (computation/algorithm vs implementation) we perform two 
types of experiments. First we perform purely behavioral experiments. We have developed parellelized and 
automatized apparatus in which several animals (rats and mice) can be behaviorally challenged. An efficient 
data processing pipeline has been developed using the python language. By varying the difficulty of the tasks 
or certain critical parameters we can explore the main determinants of behavior of the animals to finally 
converge toward an understanding of the type of computation and algorithm they use (ethological approach). 
We also use computational tools to model, predict and analyzed behavioral data Second we record and perturb 
network activity during task performance. We try to infer how certain patterns of neuronal activity are causally 
linked with certain parameters of the behavior (system neuroscience approach).

Interdisciplinary collaborations – PhD/Postdoc projects

Postdoc project: Why animals learn the way they do? An experimentally driven computational approach (with 
Christophe Eloy). Postdoc researcher: Stefania Sarnio (since 04/1/2019).

Project summary: The biological algorithms underlying trial-and-error learning are largely unknown. To address 
this question, we will examine whether different computational models can reproduce the learning dynamics 
and behavioral strategy of rats in a laboratory-based task. The data to model are already acquired and come 
from experiments in which animals,  engaged in a multi-trial time estimation task, converged progressively 
towards a conserved embodied strategy. Learning models will be based on classical reinforcement techniques 
and more recent developments coming from artificial intelligence (deep learning). In this project, the back 
and forth interaction between experiments and theory will further the understanding of the mechanisms 
underlying learning and trial-by-trial adjustment in performance.
Output: We have already been able to develop simple models to predict the behavior of an agent performing 
our time estimation task wuth our without explicit internal time representation. The theoretical results have 
been included in a manuscript that is published online: https://www.biorxiv.org/content/10.1101/716274v1

https://www.biorxiv.org/content/10.1101/716274v1
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PhD project: Are you sure where to go? Studying algorithm(s) for decision making and confidence in an 
ethological framework (Ingrid Bureau, Christophe Eloy, David Robbe). PhD student (Thomas Morvan, since 
07/10/2019).
 
Project summary: We take decision with various degrees of confidence depending on context/sensory 
ambiguity, internal state (motivation, fear ...) and past experiences. In well-known/easy contexts, we quickly 
decide what the best action to execute is. In new or difficult situations, or following mistakes, we are cautious 
and take more time before acting. The understanding of the main constraints that influence the decision process 
and their neuronal underpinning is still fragmentary. The goal of this project is to combine behavioral science, 
engineering, and model-based data analysis to understand how rodents take decision in a whisker-guided 
choice task. The 1st objective will be to develop a decision making task in an ethologically valid environment 
allowing a 24x7 on-demand testing. In the 2nd objective, drift-diffusion modeling and reinforcement learning 
will be combined to characterize behavioral dynamics and generate prediction on decision making mechanisms.
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Neonatal, infantile and childhood epilepsies and encephalopathies (NICE2)

PI: Pierre Szepetowski
Institute: INMED

Research fields (keywords): Epilepsy and epileptic encephalopathies of genetic, pathophysiological and 
therapeutic models representation

Summary

We are currently studying pathological conditions in which genetic defects (mutations in different proteins, 
e.g. potassium channel subunit Kv7.2, glutamate-gated NMDA receptor subunit GluN2A..., and their 
corresponding altered regional and cell-specific subunit expressions) and nongenetic defects (viral infection 
of the developing brain) lead to more or less severe neurodevelopmental disorders, notably epilepsies and 
epileptic encephalopathies.

In the appropriate and corresponding cellular and rodent models, we use a combination of in vitro and in vivo 
electrophysiological recordings, time lapse imaging, molecular and cell biology analyzes, behavioral studies 
and rescue strategies.

How would computational models help?

1/ Impact of Pathogenic Defects.
To understand and predict the early impact of pathogenic mutations on molecular structures, on 
intracellular signaling cascades, on neuronal network, on microglia phenotypes (see below). As an 
example, the modulation of mTOR activity by NMDA receptors with various subunit combinations would 
be monitored using FRET-based dynamic imaging in vitro.

2/ Biological Barriers and Nanoparticles Targeted Delivery.
To predict the crossing of biological barriers (placenta, blood-brain barrier) by various compounds, 
nanoparticles notably. To help reveal nanoparticle targeted delivery process and design nanoparticles 
for optimal delivery. Characterization of the nanoparticle targeted delivery process is indeed very 
challenging, due to the small scale of nanoparticles and the complex in vivo vascular system.

3/ Microglia-Neuron Interactions in Pathological Context.
To understand and predict how alterations of microglial cells at the molecular and cellular levels would 
impact on neuronal cells and on neuronal networks in the context of neuroimmune alterations caused 
by infection of the developing brain. Microglia, the resident immune cells of the central nervous 
system, play a critical role in the development, the functioning and the pathology of the central nervous 
system by affecting in various ways the neuronal single cell level interactions as well as connectivity and 
communication at the network level, both in the developing and mature brain. One future challenge 
will be to combine the knowledge of the role of microglia-neuronal networks communication in both 
health and disease. This will involve integration of the most relevant computational models of neuronal 
networks with models of microglia functioning and alteration.
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Mosaic

PI: Hervé Rigneault
Institute: Institut Fresnel

Research fields (keywords): Biophotonics, optical engineering

Summary

Mosaic is an interdisciplinary research group aiming at unravelling life science problems using advanced 
photonic tools. Mosaic principal investigators are physicists and biologists working together at the cross roads 
between advanced optical imaging, nanophotonics and tissue morphogenesis. In parallel, the Mosaic group is 
involved in collaborative projects related to the fields of developmental biology, immunology, neurosciences 
and biomedical research. Mosaic PI’s expertise encompass physics, optical and electrical engineering and 
biology. They will be able to participate in the CENTURI training program mostly on the physics part but also in 
Biology. Living systems, their investigation and their understanding are central in the Mosaic group research. 
Using dedicated custom build microscopes and endoscopes systems the group is investigating biological 
systems from molecules to cells and tissues. Key technologies available at Mosaic are label free nonlinear 
microscopy, fluorescence diffusion analysis, thermal microscopy and phase microscopy. A strong expertise is 
also present in the field of polarization resolved microscopy to image molecular order in living systems. Mosaic 
has strong commitment with industries working in the field of optical instrumentation. The group has a long 
standing expertise in patenting and develops the original concept of ‘co-conception’, which is the design of an 
instrumentation, its associated algorithms to achieve a task that is only driven by the end user. The result are 
unique machines optimized for a specific task from its early conception.
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Biomechanics, aerodynamics, soft matter and biophysics

PI: Christophe Eloy
Institute: IRPHE

Research fields (keywords): Biofluiddynamics, animal locomotion, wind-plant interactions, capsule and vesicle 
dynamics

Summary

Our research addresses various fundamental problems of fluid and solid mechanics, including fluid-
structure interactions, hydrodynamic instabilities, animal locomotion, aeroelasticity, rotating flows, and plant 
biomechanics. It generally involves a combination of analytical modeling, experiments, and numerical work.

Christophe Eloy is also Responsable des programmes (Head of programs) at the Ecole Centrale Marseille (about 
300 students per year). This engineering school delivers a Master of Engineering degree. Some students may 
be interested in attending courses in biophysics or bioengineering, or pursue a PhD in these fields.

Interdisciplinary collaborations – PhD/Postdoc projects

PHD: Thomas Morvan
Lead Supervisor / team: Ingrid Bureau (INMED)
Co-Supervisor / team: David Robbe (INMED) - Christophe Eloy (IRPHE)

Are you sure where to go? Studying algorithm(s) for decision making and confidence in an ethological 
framework

POSTDOC: Stefania Sarno
Lead Supervisor / team: David Robbe (INMED)
Co-Supervisor / team: Christophe Eloy (IRPHE)

Why animals learn the way they do?  An experimentally driven computational approach
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Soft particles and nonlinear physics

PI: Marc Leonetti
Institute: IRPHE

Research fields (keywords): Electrophysiology, theroy, numerics and experiments

Summary

Biological electric activity can exhibit complexity and pattern formation called also morphogenesis in other 
contexts even at the cellular scale: for original patterns as they are quasi-stationary contrary to other 
nonlinear moving structures such as action potential or 2D cardiac spirals. Understanding patterns need a 
nontrivial formalism adapted to all biological configurations, namely those involving strong gradients of ionic 
concentrations not taken into account in the classic cable model, migration of membrane proteins, bulk chemical 
reactions and whatever the geometry. Indeed, some configurations need to understand the cooperation 
between neighbouring cells to explain negative and positive group effect. All this theoretical and numerical 
formalism could be applied to complex geometries such as “small” networks. Another development could the 
coupling between electric activity and shape deformations with mechanosensitive signalling. Marc Leonetti is 
also Responsable des programmes (Head of programs) at the Ecole Centrale Marseille (about 300 students per 
year). This engineering school delivers a Master of Engineering degree. Some students may be interested in 
attending courses in biophysics or bioengineering, or pursue a PhD in these fields. Mechanics of membranes 
and dynamics of “soft microparticles”: Improving drug delivery, cosmetic and nutrition motivates one part of 
this work to model the behavior of soft microparticles such as liposomes, microcapsules, polymersomes and 
protein aggregates in flow. Behavior means questioning the shape, its spatiotemporal dynamics, its membrane 
phase transitions under constraints and finally its breakup. Our team performs experimentally these studies 
with microfluidic tools and theoretically with the development of an unique numerical model (coll. M2P2) able 
to describe a large range of membrane materials from a fluid lipid bilayer to a thin viscoelastic network, two 
key ingredients of red blood cell membrane in fact. Note that we attach a great importance to the quantitative 
comparison between results from experiments and numerics/theory. Experiments are performed on single 
“soft microparticle” and on suspensions to study the phenomenon of margination in vessels for example. 
The second motivation concerns the behavior of biological cells under constraints when they are isolated 
or in dense suspensions such as in blood or lymph. One question is how these typical suspensions flow ? Is 
it optimal at a biological point of view ? Is it possible to detect (and separate) sick cells from their behavior 
in flow ? to predict “dead” domains in vasculatory branching network ? One specificity of our approach is to 
capture spatial multiscale problematics with aspect ratio up to 100-500. It means that the cellular shape under 
local forces induced by molecular motors and actin polymerization for example could be modelled.
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Particulate flows, soft matter and plant biomechanics

PI: Yoël Forterre and Olivier Pouliquen
Institute: IUSTI

Research fields (keywords): Physics, mechanics, biomechanics

Summary

Our research focuses on the behaviour and dynamics of complex fluids and soft matter, whether in non-living 
and living systems. Examples in non-living systems are flows of granular media and suspensions, behaviour 
of gels and poroelastic media or mixing in complex media, where we seek for unifying physical mechanisms 
and constitutive laws using simplified systems and theoretical modeling. Examples in living systems concern 
plants biophysics and biomechanics, where we address questions related to gravity sensing, long distance 
signalling and rapid plant motion. Our approaches combine experiments on microfluidic devices that mimic 
some biological functions, as well as experiments on real plants at the organ or cellular level. Recently, a young 
CNRS scientist joined the team to develop a project on bio-inspired actuators for soft robotics.   

Interdisciplinary collaborations – PhD/Postdoc projects

We have a long-term collaboration with teams of plant scientists from INRA (Clermont-Ferrand) on plant 
biomechanics. We also collaborate punctually with the University of Nagoya, Japan (Dept. of plant molecular 
biology), the University of Harvard, USA (Dept. Organismic and Evolutionary Biology) or DTU Denmark (Dept. 
Physics). 

In the framework of the ERC project PLANTMOVE and other ANR programs, we recently hired students and 
post-docs to address the following projects: 

- Flow, jamming and instabilities of complex (shear thickening) suspensions
- Origin of flow-hysteresis in particulate media
- Rheology of Brownian granular suspensions
- Study of the physics of plant gravisensing
- Modeling the active dynamics of statoliths in gravisensing plant cells and the gravitropic signalling pathway
- Role of hydraulic signals in long-distance communication and thigmo-response in plants
- Physical mechanism of rapid motion in the Venus flytrap    
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LAI

PI: Olivier Theodoly
Institute: LAI

Research fields (keywords): Biophysics, immunology, cell migration, molecular interactions

Summary

LAI’s main research domain concerns Biophysics of the immune response. The LAI is a multidisciplinary research 
unit composed of investigators with backgrounds in physics, biology or medicine. We intend to adapt physical 
concepts and methodologies to achieve a quantitative understanding of cell function, notably cell adhesion 
and migration in the immune system, with the goal of applying the results of our fundamental research to 
relevant clinical problems. The main thematics at LAI concern T lymphocyte immune response at different 
length scales, from the molecule to the tissue:  molecular level (molecular recognition of antigens by immune 
cells), cellular level (Mechanisms of adhesion, activation, migration and guiding of single cells) and tissue level 
(reorganization of lymphatic vessels in inflammation zones).
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Cell cycle regulation in Alphaproteobacteria

PI: Emanuele Biondi
Institute: LCB

Research fields (keywords): Physics, mechanics, biomechanics

Summary

Alphaproteobacteria is a class of gram negative bacteria with remarkable characteristics. They often interact 
with or infect plants and animals. An alphaproteobacterium was the ancestor of mitochondria and a bacterium 
of this class is the most abundant species in the oceans. Moreover alphaproteobacteria often undergo to 
cellular differentiation and present a regulation of cell cycle (coordination between DNA replication, cell 
division and cellular differentiation) with same points of contact with eukaryotes. In the team Biondi, we aim 
to understand logic and principles of cell cycle regulation and asymmetrical cell division in two well-known 
model systems, Caulobacter crescentus and Sinorhizobium meliloti.

In C. crescentus, CtrA (response regulator of Two-Component systems) controls many important functions 
(motility, DNA methylation, cell division, chemotaxis, stalk and pili biogenesis) and blocks directly the origin 
of DNA replication. In our lab we investigate the mechanisms of CtrA phosphorylation by CckA and ChpT 
(Biondi et al., 2006, Nature) which is blocked by the DivJ-(PleC)-DivK module and c-di-GMP. We also investigate 
the regulation of transcription by CcrM-dependent genome methylation and GcrA (Fioravanti et al., 2013, 
PLOS Genetics). In S. meliloti CtrA also controls cell cycle but it also involved in nitrogen-fixing bacteroids 
differentiation (Pini et al., 2013, Mol Micro ; Pini et al., 2015, PLOS Genetics). The knowledge of this latter 
mechanism has great impact on modern fertilization-free agriculture.
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Molecular and cell biology of respiration in Enterobacteria

PI: Axel Magalon
Institute: LCB

Research fields (keywords): Microbiology, bioenergetics

Summary

Most organisms obtain energy by integrating (in)organic compounds provided by the environment as electron 
donors or acceptors during oxidative phosphorylation (i.e. OXPHOS). This mechanism relying on the activities of 
membrane-associated proteins connected by lipophilic electron shuttles (quinones) generates an intermediate 
energy storage in the form of a proton gradient across the membrane fueling ATP synthesis, transport of 
molecules or cell motility. Despite decades of investigation, energy generation is still hiding secrets since the 
spatio-temporal organization of the players in the membrane bilayer is largely unknown. 
Cell membranes are crowded and complex environments resulting in lipid and protein nanoclustering with 
implication in a number of biological processes such as signal transduction. The introduction of super-resolution 
light microscopy has revealed the nanoscale organization of an impressive array of proteins. Interestingly, 
most of the proteins observed in the membrane experience anomalous diffusion alternating free diffusion 
with different modes of confinement due to nanodomains, clustering or liquid-liquid phase separation. 
Confinement into physical domains can originate from various sources: lipid microdomains, interaction with 
underlying cytoskeleton meshwork or with other biomolecules. 
Owing to the intricate complexity of addressing those issues into eukaryotic cells with a dense and dynamic 
mitochondrial network and the common rules governing OXPHOS in living organisms, we use as a model the 
rod-shaped bacterium Escherichia coli. Recently, we have evidenced that subcellular localization of nitrate 
reductase, an OXPHOS complex, is the utmost driving force for an efficient utilization of nitrate as an alternative 
to oxygen and that its dynamic organization is critical for controlling OXPHOS. Such organization further extends 
to another OXPHOS complex also clustered and enriched at cell poles while building an electrogenic electron 
transport chain with nitrate reductase. Altogether, these observations call for a revision of how we describe 
OXPHOS. Our working hypothesis is that dynamic subcellular localization of OXPHOS complexes accounts for 
an efficient functioning of bacterial OXPHOS
Our objectives are to deepen our knowledge about OXPHOS organization in bacterial cells and gain molecular-
level understanding of the biological importance of spatiotemporal organization on OXPHOS. To this end, we 
develop research combining spatially and temporally resolutive high end fluorescence microscopy at the single 
cell level with physiological, kinetics and physico-mathematical approaches. 

Interdisciplinary collaborations – PhD/Postdoc projects

We have yet settled collaboration with biophysicists of CENTURI (team of D Marguet, CIML) and likely benefits 
from the existing and growing interdisciplinary network.
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Cell biology of bacterial motility

PI: Tâm Mignot
Institute: LCB

Research fields (keywords): 

Summary

Our team studies how cells make decisions to assemble multicellular structures. Specifically, we use Myxococcus 
xanthus a social bacterium which uses collective surface motility to predate and form fruiting bodies in hostile 
environments. In this model system, we have shown that bacteria move using a novel molecular motor that 
assembles at the bacterial cell pole to form so-called bacterial focal adhesions complexes. We have also studied 
how motility is regulated by environmental cues and shown that complex signaling networks converge into 
the spatial regulation of the motility complex, controlling its spatial assembly at the cell pole. Using single cell 
and computational approaches, we are now investigating how these regulations translate to the formation of 
multicellular patterns. The long-term goal is to build a high-resolution model of the cell-cell regulations that 
underlie the formation of bacterial multicellular structures.
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Bacterial stress adaptation 

PI: Béatrice Py
Institute: LCB

Research fields (keywords): Fe-S cluster, stress adaptation, small regulatory RNA

Summary

Our researches, are focused on deciphering how cells adapt to stresses. Stress means “unbalanced”, and for 
a bacterium, to live under stress is (almost) a routine way of living. Most bacteria are constantly exposed to 
fluctuating environments and what we are interested in is how they sense, react and adapt to get back to 
homeostasis. Our researches deal with the essential biological process that is Fe-S proteins biogenesis, using 
E. coli as a model organism. Oxidative stress and iron limitation are conditions that are detrimental for Fe-S 
clusters, therefore a special attention is given to adaptation to these stresses. Recent projects are orientated 
towards the interplay between Fe-S cluster biogenesis and antibiotic tolerance, and how this could eventually 
help in fighting against antibiotic resistance. Our project takes advantage of our well-established expertise in 
genetics and biochemical approaches, which together with our collaboration with mathematicians allow us 
to further develop an “integrative” view of Fe-S protein biogenesis. In particular we aim at deciphering Fe-S 
cluster routes, Fe-S assembly and Fe-S regulatory genetic control and thus establish a more complete Fe-S 
protein biogenesis model. Also, using imaging techniques and other model organism we expect to open new 
perspectives on Fe-S homeostasis and biogenesis. 

Interdisciplinary collaborations – PhD/Postdoc projects

We collaborate with Elisabeth Remy (UMR7373 CNRS-Aix Marseille Univ., Institut de Mathématiques de 
Marseille) for a modular analysis of a logical regulatory network in order to reveal how Fe-S cluster biogenesis 
is controlled in the face of stresses. A PhD student is co-supervised by Pierre Mandin and Elisabeth Remy. 

Regulatory network models based on mechanistic insights advance our understanding of cellular behavior. Our 
goal is to provide a mathematical model of the regulatory mechanisms in order to better understand the Fe-S 
clusters biogenesis regulation mechanisms, and how they adapt with different environment of oxygen and iron 
concentration. The project that involves innovative experimental set-ups to quantify dynamics of biological 
systems, is also intimately coupled to mathematical modeling and analysis. Indeed, mathematical analysis is be 
needed to untangle the complex pathways at work. Conversely, understanding the biological mechanisms help 
us to develop mathematical tools for the general study of other biological regulatory networks that involves 
small non coding regulatory RNAs and transcriptional factors (TF).  In addition to provide us with important 
insights on RNA/TF regulatory networks, this project allows us to understand how bacteria control antibiotic 
tolerance.
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Functional architecture of bacterial cells

PI: Long-Fei Wu
Institute: LCB

Research fields (keywords): 

Summary

Magnetotactic bacteria (MTB) are a phylogenetic, physiological and morphological diverse group of Gram-
negative bacteria. They display a myriad of cellular morphologies, including coccoid-ovoid, rod-shaped, vibrioid, 
spirilloid and, the most remarkable multicellular forms known as multicellular magnetotactic prokaryotes 
(magnetoglobules or MMP in short). They have the unique capacity of aligning and swimming along the 
geomagnetic field lines, a behaviour is referred to as magnetotaxis. We study the synthesis and function of 
motility apparatus and magnetotactic mechanism using magnetospirillum and multicellular magnetoglobules 
as model systems.

Magnetospirillum magneticum strain AMB-1 has a flagellum at each pole of 
their spiral-shaped body. Using fluorescence labeling, single-cell tracking and 
swimming pattern analysis we found that asymmetric rotation of the flagellum 
counter-clockwise (CCW) at the lagging end and clockwise (CW) at leading 
end propel the magnetospirillum AMB-1. Simultaneous change of the rotation 
directions leads to reversal of the swimming direction while symmetric rotation 
of the two flagella (either CCW or CW) results in tumble of the cell. By biochemical 
analysis, we showed that the flagellin of AMB-1 is glycosylated. Near the flagellin 
gene, several putative glycosyltransferases genes were found. Among these 
genes we have identified a gene encoding for a Maf (Motility Accessory Factor) 
homologue essentially found in pathogenic bacteria genera (like Campylobacter,

Helicobacter, Legionella…) and we have studied its role and its structure. We have already showed that, in 
a Δmaf mutant, the flagellin is still produced but not glycosylated and the bacteria are unflagellated. The 
structure of Maf presents three different domains. The central domain displays close structural similarity with 
the structure of a sialyltransferase from C. jejuni.

Magnetoglobules exhibit peculiar coordination of swimming in response to magnetic and photo-stimuli. 
Approximate 40-80 cells assemble with an axisymmetry into ellipsoidal magnetoglobules. To contribute to 
a comprehensive understanding of bacterial multicellularity we took multiple microscopic approaches to 
study the diversity, assembly, reproduction and motility of ellipsoidal magnetoglobules. Using correlative 
fluorescence in situ hybridization and scanning electron microscopy analysis, we found an unexpected 
diversity in populations of ellipsoidal magnetoglobules in the Mediterranean Sea. The high-pressure freezing/
freeze substitution fixation technique allowed us to show, for the first time, that cells adhere via juxtaposed 
membranes and are held together by a rimming lattice. Fluorescence confocal microscopy and ultra-thin 
section images revealed not only the one-layer hollow three-dimensional architecture, but also periphery–
core unilateral constriction of constituent cells and unidirectional binary fission of the magnetoglobules. This 
finding suggests the evolution toward magnetoglobule multicellularity via the mechanism of incomplete 
separation of offspring. 
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Remarkably, thousands of flagellar at the periphery surface of cells underpin the coordinated swimming of 
magnetoglobules in response to mechanical, chemical, magnetic and optical stimuli, including a magnetotactic 
photokinesis behavior. In collaboration with Dr. G. Baffou’s team at Fresnel Institute, a patterner of CENTURI, we 
are developing dedicated microscope to determine the wavelength and density of light required for triggering 
the photokinesis reactions. Moreover, we’re sequencing the genomes of magnetoglobules.

Together these studies aim at understanding the evolution of prokaryotic multicellularity and the mechanism 
of photosensitive magnetoreception.
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Natural Computation (CANA team)

PI: 
Institute: LIS

Research fields (keywords): Discrete mathematics, natural computating, complexity, computability, biological 
modeling

Summary

Natural computation is a field of computer science. It is based on the links between informatics and other 
disciplines, mainly physics and biology. On the one hand, it aims at abstracting natural phenomena in order 
to develop new computational paradigms, or deepening the study of well-known nature-inspired models of 
computation. On the other hand, it aims at using these models of computation in order to achieve a better 
understanding of the phenomena at hand, with the hope to unravel some of the underlying fundamental 
laws. The CANA research group (CANA is for "CAlcul NAturel", a French acronym for natural computation), 
in particular, seeks to capture at the formal level some of the fundamental paradigms of theoretical biology 
and physics, via the models and approaches of theoretical computer science and discrete mathematics. 
These approaches and their underlying methods, that we develop also per se, rest on the study of interacting 
entities. Most often in the models that we study, each of the constitutive entities is elementary and can only 
take a finite number of states. Moreover, they interact only locally with respect to the network on which they 
lie in discrete time steps. In spite of their apparent simplicity, these discrete models are able to capture the 
essence of the dynamics of numerous natural systems, upon which they shed a new light. For instance, thanks 
to their high level of abstraction, these models provide a qualitative representation of biological regulation 
networks, of particle propagation in quantum physics, or even of the emergence of waves in sandpiles. Beyond 
their ability to grasp natural phenomena, the models are also being studied for their own sake, in terms of 
their intrinsic dynamical, computability and complexity properties. To define nature-inspired discrete models; 
to demonstrate their relevance; to tame the complex behaviours that they generate by means of rigorous 
mathematical results; to use this to better understand real systems: these are the main concerns of CANA 
research team. Depending on the situation, the important features of the model can be of static (syntactic) 
or dynamical (semantic) nature. Moreover, the network of entities may be regular or not, the interaction 
rules may be deterministic, probabilistic, synchronous or asynchronous... We study these models and their 
variations both for their representational and computational abilities. The methods used come from discrete 
dynamical system theory, combinatorics, complexity and computability theories, and non-monotonic logic, 
linear algebra, and quantum information.
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Distributed Algorithms (DALGO team)

PI: Jérémie Chalopin
Institute: LIS

Research fields (keywords): Algorithms, distributed algorithms, calculation models, mobile agents, shared 
memory, dynamic networks

Summary

The DALGO team is concerned with the study of distributed and decentralized systems with a focus on 
the algorithmic aspects. In particular we are interested in the computational power of various models for 
distributed computing and the communication complexity of distributed solutions to fundamental problems 
in these models. Members of our team work on the following themes of research:

• Design and Analysis of Distributed Algorithms
• Distributed Computing with Mobile Agents or Mobile Robots
• Dynamic Network Models
• Embedded Systems and Synchronous Programming Languages
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Modeling and Verification (MOVE team)

PI: Modeling and Verification (MOVE team)
Institute: LIS

Research fields (keywords): Distributed system, verification, logic, automata and combinatorics

Summary

The concept of distributed system is fundamental both for practical applications and theoretical foundations 
of computer science. The conception of applications safe and sound in this context is especially hard. The 
research of MoVe team is focused on this problem and our objective is to contribute on fundamental concepts 
in this area, and also to develop tools to validate our results. Our research topics are gathered according to two 
main axes: Verification and Logic.  The team is involved in teaching in master of Computer Science.

Verification:
How to design formal models for systems (programs, distributed systems,..) and design efficient algorithms to 
verify properties of these systems.

• Extension of formalisms for the modelization and analysis of perturbations
• Synthesis of systems from MSC specifications
• Algorithmic and software development
• Structured models

Logic, automata and combinatorics:
Study the logic problems issued from verification, with a focus on problems related to expressiveness and 
semantics

• Descriptive complexity
• Automata and fixpoints
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 Marseille Machine Learning Team (QARMA team)

PI: Hachem Kadri
Institute: LIS

Research fields (keywords): 

Summary

Qarma has developed a general expertise in machine learning and modern artificial intelligence, from theory 
and algorithms to applications.The team is composed of  about 15-20 members with complementary skills 
covering all fields of machine learning, as illustrated by Qarma’s training activities.

Research works at Qarma are currently focussed on three major axes :

• learning theory
• deep learning
• connections between machine learning and signal processing

and two transverse axes closely related to the above major axes :

• multi-view learning
• machine learning for neurosciences

Qarma’s research has also been related to spectral learning, grammatical inference, multi-task learning, active 
learning, budget learning, scalability, applications to gesture, audio, video, image, language.
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Procédés et mécanique aux petites échelles (PROMETHEE)

PI: Marc Jaeger
Institute: M2P2

Research fields (keywords): Fluid-structure interactions at microscale (soft biomimetic particles, cilia, …)

Summary

At the microscale, mass transfer is dominated by surface and interfacial phenomena. For soft interfaces, as is 
found in living systems, the interplay between the microfluidics and the mechanics of interface (fluid-structure 
interaction) produces highly non-linear hydrodynamic interactions leading finally to the emergence of some 
complex organisation. The rheology of complex fluids like blood and lymph is the result of such underlying 
organisation. This fundamentally physical base is exploited by nature to optimize the transport inside living 
systems. The transport can be that of a physiological fluid by a ciliated epithelial tissue like in mucociliary 
clearance or that of a whole microorganism on which cilia or flagella are attached. It can also take the form 
of encapsulated trafficking like transport of oxygen by red blood cells in the blood circulation. In the first case 
the structure is a 1D soft slender body whereas in the second it’s a 2D soft membrane that can be treated 
as continuous material lines or surfaces imbedded in a 3D bulk fluid. Understanding the dynamics of such 
fluid-structure systems needs to represent correctly the mechanical answer of the soft micro-structures to 
the hydrodynamic stress and maybe some other physicochemical stresses. In our group, we develop original 
numerical models and methods to handle this kind of problems. We collaborated with other teams inside 
or outside of our lab, to couple with experimental studies on the same subjects for example. Now applying 
our expertise in numerical and mathematical modeling of soft matter and complex fluids to real biological 
problems needs to collaborate with biologists.
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NSBD (Networks and Systems Biology for Diseases)

PI: Anaïs Baudot
Institute: Marseille Medical Genetics

Research fields (keywords): Network and Systems Biology, Computational Biology, Bioinformatics, Applications 
to human genetic diseases

Summary

The group Networks and Systems Biology for Diseases focuses on untangling the complex genotype-phenotype 
relationships of human genetic disorders. Disease complexity is the consequence of the intricate cellular 
functioning of genes, proteins, and other molecules. Indeed, biological molecules do not act alone, but rather 
interact with each other to perform their functions in protein complexes, signalling pathways or metabolic 
reactions. The disease phenotypes are thus resulting from perturbations of complex networks of molecular 
interactions.

In this context, thanks to network modeling and large-scale interactome and -omics mining, our group studies 
genes and proteins in their cellular contexts, towards a better understanding of their perturbations in diseases. 
We further investigate the relationships between different diseases, in particular disease comorbidities, and 
aim to improve diagnostic and therapeutic predictions.
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TAGC

PI: Pascal Rihet
Institute: TAGC

Research fields (keywords): Bioinformatics, genomics

Summary

Main research domains: 
Development of bioinformatics and experimental approaches to address the complexity of biological systems, 
with a specific focus on genome-wide approaches of biological functions and regulations. 

Objectives:
• Go beyond holistic enumeration of elements and features extracted from massive datasets, to bridge

the gap between data production and a real understanding of biological systems, i.e. decipher the causal 
relationships between genotype, epigenotype and phenotype, at different organization levels of the 
living systems.

• Develop novel approaches to address current challenges regarding the interconnection between omics
data, theoretical models and biological knowledge.

Problems of interest:
• Analysis of large-scale data, their representation and integration.
• Regulation of gene expression: enhancers, silencers, regulatory variants, ...
• Genetic architecture of phenotypic traits (e.g., cardiac ageing).
• Molecular mechanisms of diseases (haematological malignancies, sepsis, malaria, cardiopathies), incl.

perturbations of regulatory elements and molecular networks.
• T cell differentiation and leukemia.
• Cardiac function and regulation.
• Host-pathogen relationships (role of immune cells in host protection or pathogenesis, host network

perturbations by pathogen’s molecules, deciphering of microbiome/human interactome).
• Protein functions.

Interdisciplinary collaborations – PhD/Postdoc projects 

Postdoc: 

• Saswati Saha
o Theme: statistical models for the investigation of drosophila cardiac ageing
o Funding: CENTURI fellowship April 2019-March 2021
o Collaborating Research groups: Perrin team, TAGC (experimental genetics) & Brun team (bioinfo,

network biology), TAGC
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PhDs: 

• Sébastien Choteau
o Theme: understanding the cis and trans regulations by smallORFs 
o Funding: CENTURI fellowship Oct 2018-Sept 2021
o Collaborating Research groups: Brun team, TAGC (bioinfo network biology) & Pierre team

(experimental immunology of DC cells), CIML, Marseille

• Anthony Battista
o Theme: Genetic and phenotypic comorbidities between Mendelian and common diseases from a

network perspective 
o Funding: CENTURI fellowship Oct 2019-Sept 2022
o Collaborating Research groups: Aïtor Gonzalez, TAGC (bioinfo) & Baudot team (Disease Network

bioinfo), MMG, Marseille
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