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A cell-based model for tissue electrohydraulic properties

In addition to generating forces and reacting to mechanical cues, tissues are capable of
actively transporting fluids and of creating electric currents. Interestingly, water transport due
to osmotic pressure difference is capable of generating mechanical stresses, sometimes larger
than those due to the acto-myosin cortex [1]. The hydraulic properties of tissues are also
crucial during morphogenesis: for instance, the mammalian embryo actively transports water
to create a spherical fluid-filled cavity (lumen) around which it self-organizes [2]. Similarly,
the bioelectric properties of nonexcitable cells are crucial for signaling and triggering
proliferation after a wound [3], and are suspected to play a role in tissue patterning [4].

Theoretical modelling of cell tissues however often focuses on their active mechanical
properties, while their bioelectric and hydraulic abilities remain largely undiscussed. The goal
of this internship and PhD project will therefore be to design and explore a cell-based model
that brings together tissue mechanical, electrical and hydraulic properties. This model will be
inspired by the vertex model [5] for the mechanical parts but will furthermore include
explicitly ion and fluid transport in the spirit of the pump-and-leak model [6] (see Figure).
The ground state of the model will be explored analytically, while the dynamics and
non-stationary states will be obtained from numerical simulations. A first topic that will be
tackled with this hydraulic tissue model is the propagation of a hydraulic fracture wave
observed during wound healing in zebrafish [7].
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