
Project proposal

Mechanics of cellular monolayers:
activity and anisotropy

Under the supervision of
Dr Claire DESSALLES

1 Goals of the project

The goal of this project is to study the role of activity and anisotropy in the mechanics of cellular
monolayers. Activity is found in systems which are out-of-equilibrium. They consume energy
at the microscopic level, such as ATP hydrolysis in cells, which allows them to generate active
stresses, such as contractile forces in the acto-myosin network in cells. Anisotropy is found in
systems which have elongated particles, or cells, leading to different properties along the X or Y
direction. Traditional mechanical characterization of biological tissues considers them as passive
and isotropic materials. This project aims to fix that gap using a novel in vitro system: the
microstretcher.

The project at this stage is exploratory, offering a flexible work opportunity. The motivation
and particular interests of the student, could make the project evolve towards a more mechanical
or biological path. This project can also be extended into a PhD.
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2 Scientific background

The microstretcher is a microfluidic system which allows the application of tension at the tissue
scale while manipulating the cellular activity and anisotropy. It is composed of a cellular mono-
layer, such as endothelial or epithelial cells, lining the surface of a cylindrical channel inside a
soft hydrogel. When the fluid pressure is increased in the lumen, the diameter of the cylinder
increases and the cells are placed under tension. Preliminary experiments have validated the ex-
perimental feasibility of the proposed approach. The candidate will develop the assay to different
cellular monolayers using cell culture and a state-of-the-art microfluidic technology. The measure
of the mechanical properties for different activity and anisotropy levels will be performed in the
microstretcher using advanced microscopy techniques.

3 Techniques

During the course of the project, the student will have the opportunity to learn a variety of basic
and more advanced techniques:

• Microfabrication technique

• Microfluidics

• Video-microscopy (epifluorescence, confocal)

• Image analysis

• Cell culture

• Fluorescence (immuno-staining, cell genetic modifications)

Contact

claire.dessalles@univ-lyon1.fr
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