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Coupling and synchronization of circadian oscillators
in peripheral organs: mathematical modeling and
analysis
Contract type : Internship

Level of qualifications required : Master's or equivalent

Other valued qualifications : M1 or M2 student

Fonction : Internship Research

About the research centre or Inria department
The Inria Sophia Antipolis - Méditerranée center counts 34 research teams as well as 7 support
departments. The center's staff (about 500 people including 320 Inria employees) is made up of
scientists of different nationalities (250 foreigners of 50 nationalities), engineers, technicians and
administrative staff. 1/3 of the staff are civil servants, the others are contractual agents. The majority of
the center’s research teams are located in Sophia Antipolis and Nice in the Alpes-Maritimes. Four teams
are based in Montpellier and two teams are hosted in Bologna in Italy and Athens. The Center is a
founding member of Université Côte d'Azur and partner of the I-site MUSE supported by the University
of Montpellier.

Context
In mammalians, every cell contains its own circadian clock, a fundamental mechanism that controls
many important cellular processes in a periodic way, with a 24 hour cycle. All the clocks are organized into
a complex hierarchy that allows for the adaptation of the organism’s behavior and physiology to the
alternating day/night sequence. However, very little is known on the coupling and synchronization of
circadian clocks within the same tissue or the same organ.

In the liver, a large number of processes and a significant fraction of its genes are regulated by the
circadian clock in a rhythmic way. Notably, the amplitude of circadian oscillations in the liver is observed
to increase in response to a temporary absence of nutrition intake (Panda, 2016). This increase in
amplitude may be due to different causes: for instance, a direct increase in each cell, or the fact that cells
become synchronized may both lead to an increase in the population amplitude. In the latter case,
synchronization of the cells may possibly be due to intercellular communication, through the exchange
of diffusible molecules.

To test these and other hypotheses, we will construct a mathematical model for the circadian clock in
the liver and study the coupling of two or more similar cells interacting through the exchange of some
molecules in a diffusive way.

This topic is part of the project SYNCHRO, in the “Masters Environneés” program at Université Cote
d’Azur, in collaboration with the Circadian Systems Biology team of Franck Delaunay and Michele Teboul
at Institut de Biology de Valrose. The Master student will thus frequently interact with a team of
biologists with expertise in the mammalian circadian clock.

Assignment
In this project, we will use ordinary differential equations and piecewise linear systems to build a
minimal mathematical model for the molecular oscillator in each cell, describing the concentration of
the main proteins or metabolites involved in the oscillatory dynamics (see also Almeida et al. 2020). To
characterize the intercellular interactions, we will assume that cells can exchange one of the metabolites
in a diffusive way, so that the communication between two cells will be proportional to the difference
between the concentration of that metabolite in each of the molecular oscillators.

There are several strategies to represent the network of intercellular communications among N identical
systems. In an organ such as the liver, it may be assumed that all cells play a similar role in the network
and communicate with all other cells, or at least with their near neighbors. At another level, we can
consider that there exists a master oscillator whose role is to control and regulate all peripheral systems.

We will therefore study two well known network topologies, an “all-to-all” topology, where each
oscillator is connected to all others, and a “star” topology, where one single oscillator is connected to all
others (see also Chaves et al. 2019). Using both analytic results and numerical simulations, we will study
the effects of cellular interactions in the synchronizations of the molecular oscillators, both in the
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amplitude and phase of oscillations. We will study the impact of diffusive coupling in enhancing or
disturbing the synchronization of molecular oscillators in hepatocytes.
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Main activities
    Mathematical modeling and analysis of the circadian oscillator system, by application of
different techniques.
    Numerical simulations and analysis of the results.
    Writing a report on the project.

Skills
The candidate should have some knowledge of ordinary differential equations and be familiar with a
programming software such as Scilab, Matlab, Phyton, or equivalent

Benefits package
Subsidized meals
Partial reimbursement of public transport costs
Leave: 7 weeks of annual leave + 10 extra days off due to RTT (statutory reduction in working hours)
+ possibility of exceptional leave (sick children, moving home, etc.)
Possibility of teleworking (after 6 months of employment) and flexible organization of working
hours
Professional equipment available (videoconferencing, loan of computer equipment, etc.)
Social, cultural and sports events and activities
Access to vocational training
Social security coverage

General Information
Theme/Domain : Modeling and Control for Life Sciences 
Biologie et santé, Sciences de la vie et de la terre (BAP A)
Town/city : Sophia Antipolis
Inria Center : Centre Inria d'Université Côte d'Azur
Starting date : 2021-01-18
Duration of contract : 6 months
Deadline to apply : 2020-11-03

Contacts
Inria Team : BIOCORE
Recruiter : 
Chaves Madalena / Madalena.Chaves@inria.fr

About Inria
Inria is the French national research institute dedicated to digital science and technology. It employs
2,600 people. Its 200 agile project teams, generally run jointly with academic partners, include more
than 3,500 scientists and engineers working to meet the challenges of digital technology, often at the
interface with other disciplines. The Institute also employs numerous talents in over forty different
professions. 900 research support staff contribute to the preparation and development of scientific and
entrepreneurial projects that have a worldwide impact.

The keys to success
The candidate should have a good motivation for mathematical modeling of biological systems.

 

Warning : you must enter your e-mail address in order to save your application to Inria. Applications
must be submitted online on the Inria website. Processing of applications sent from other channels is

http://www.inria.fr/centre/sophia
https://www.inria.fr/equipes/BIOCORE
mailto:Madalena.Chaves@inria.fr


not guaranteed.

Instruction to apply
Defence Security : 
This position is likely to be situated in a restricted area (ZRR), as defined in Decree No. 2011-1425 relating
to the protection of national scientific and technical potential (PPST).Authorisation to enter an area is
granted by the director of the unit, following a favourable Ministerial decision, as defined in the decree
of 3 July 2012 relating to the PPST. An unfavourable Ministerial decision in respect of a position situated
in a ZRR would result in the cancellation of the appointment.

Recruitment Policy : 
As part of its diversity policy, all Inria positions are accessible to people with disabilities.
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