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Abstract

Cells are complex systems composed of a great number of components with different sizes
and properties (organelles, proteins, ribosomes, etc.). The interior of a cell is a crowded envi-
ronment, even though many reactions take place there. Our study focuses on what happens
when a cell is constrained by a mechanical stress, with a particular interest on the crosstalk
between cell crowding and physiology.
To impose a mechanical stress we used PDMS chips molded on wafers created in a clean room
in order to confine cells inside chambers with an import of culture medium. Our chambers
can be closed by cells themselves or by applying a pressure on a membrane. When cells grow
inside this confined chamber, they apply a mechanical pressure on their neighbor, and a
growth-induced-pressure emerges. We can assess the pressure by measuring the deformation
of PDMS. We also used osmotic stress by adding sorbitol in culture medium.

We analyzed the diffusion of nanoparticles inside cells to study crowding. To do this we
genetically-modified the yeast S. cerevisiae to induce fluorescent nanoparticles called GEMs
(Delarue et al., 2018). We observed that diffusion decreased when mechanical stress in-
creased. In parallel, for the physiological part, we chose to look at the induction rate of
fluorescently labeled proteins. We used confocal-fluorescence microscopy to follow the flu-
orescence intensity and measured the induction rate. Similar to the diffusion, we saw that
the induction rate decreased with the increase of pressure or osmotic stresses: the reaction
rate became proportional to the diffusion coefficient.
We showed that reaction rates inside cells slowed down with increasing crowding when cells
are under mechanical pressure or osmotic stress. We conclude that crowding seems to limit
reactions inside cells through diffusion. In general, if reactions are limited by crowding which
is a generic biophysical parameter, we can easily imagine that other physiological aspects
(metabolism, growth) can be affected by a similar mechanism, which could occur in various
organisms (e.g. bacteria, mammalian cells).

Keywords: Rheology, Mechanical constrains, Yeast, PDMS devices

∗Speaker

sciencesconf.org:microbes-chip:336228


