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Interaction between fluids and cell membranes:
Instabilities and pattern formation

Many cellular functions rely on the ability of cells to alter their shape. At the cell-membrane level,
shape changes are driven by forces which, regulated by specific proteins, alter the membrane curvature
through structural alterations. One of the sources of these alterations are the forces exerted on the
membrane by the surrounding fluids, such as the dense layer of actin filament which surrounds the
membrane.

In this internship, we will study theoretically the fluid mechanics of a cell membrane interacting with
such a surrounding fluid.

Figure 1: A membrane (curved edge on top) interacting with a bulk fluid, which is in
the region where arrows are present. The fluid is injected from the bottom with a velocity
directed upwards, and the fluid-velocity direction and intensity is shown by the arrows
and color bar, respectively.

We model the membrane
as a two-dimensional fluid
layer, which flows, alters its
tension and shape. Actin
exert forces on the mem-
brane because of its flow,
and thus alters the mem-
brane shape. On the
other hand, the membrane
shape alters the actin state
through a geometrical con-
straint: The actin veloc-
ity at the membrane must
match that of the mem-
brane layer. This feed-
back yields a rich, com-
plex physics which will
be the main subject of in-
vestigation of the intern-
ship.

The student will be tasked with the numerical solution, with the finite-element method, of the partial
differential equations which describe the fluid flow on a curved geometry, and with the analysis and
development of the results. This solution will be made with a user-friendly, established code [1] written
in Python. The strong points of this internship are:

• Scientific publications will be aimed at the best scientific journals, both in physics and at the
boundary between physics and biology.

• The student will acquire valuable skills, such as proficiency in Python, learning and mastering of
the finite-element method.
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• The lively scientific environment at UMR 168, Institut Curie, will allow the student to find and
establish new experimental collaborations, to push forward and test the model precisions. Also, the
cross-disciplinary character of this internship, bridging between theoretical physics (fluid dynamics),
differential geometry (membrane shape), and experimental physics and biology (experimental
applications), will offer numerous directions for future developments.

For further information, please contact me at michele.castellana@curie.fr.
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