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A nonlinear mechanism of cell motility in lamellar actomyosin fragments
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Directional cell locomotion is one of many biological
processes that depends on the development and mainte-
nance of functional asymmetry between parts of a system
that were initially equivalent. Morphological instabili-
ties may spontaneously break the symmetry but how the
machinery of cell locomotion can couple to the morphol-
ogy and initiate/sustain motion is not well understood.
In actin-based motility on a solid substrate, two main
mechanisms of force generation that are powered by the
hydrolysis of ATP are present: the collective action of
molecular motors (myosin) that exerts contractile forces
on the actin network, and the polymerization of actin
localized at the cell membrane. Both mechanisms are
combined with friction (or adhesion) forces with the sub-
strate to achieve motion.

Lamellar fragments of keratocytes are pieces of the
motile machinery of these cells which lack nuclei, mi-
crotubules and most organelles, but retain the mini-
mal set ingredients to generate motion. Experimental
observations1 show that the combination of these elemen-
tary acto-myosin machinery is indeed capable to gener-
ate and sustain spontaneous directional motion through
some symmetry-breaking of these lamella. A theoreti-
cal understanding of this phenomenon is still lacking. In
particular it is not known whether myosin motors play
a fundamental role or are essentially auxiliary. Previous
theoretical studies2 based on the theory of active polar
gels3 have shown that a circular lamellar fragment under-
goes a morphological instability similar to that of viscous
fingering under centrifugal forcing, due solely to polymer-
ization forces, but no sustained motion have been found.

In the present work we demonstrate for the first time
that an inherently nonlinear mechanism of cell motili-
ty operates combined with the morphological instability
of lamellar fragments that is capable to sustain motion,
achieving a nontrivial stationary shape of the fragment.
We show that this mechanism is operative with only poly-
merization forces, in the absence of myosin. We base our
analysis on the framework of active polar gels in a con-
fined quasi-two-dimensional (Hele-Shaw) geometry. In
this regime and in the absence of myosin, the problem
can be mapped into a Laplacian free-boundary problem.

The model assumes a polar nematic continuous de-
scription of the gel of actin and assumes that the dy-
namics of the polymerization can be slaved to the slow
membrane dynamics. Under the appropriate conditions
the flow of actin filaments associated to the treadmilling
process can be shown to satisfy Darcy’s law and therefore
be reduced to a laplacian pressure field with appropriate
boundary conditions at the moving boundary2. Similarly
to the problem of viscous fingering in Hele-Shaw cells4,
the problem can then be formulated by means of con-

formal mapping techniques. This is a very powerful tool
for laplacian problems which allows to explore systemat-
ically the weakly nonlinear regime of the instability and
thus have an analytical grasp of the nonlinear structure
of the problem. At the same time, the method provides a
powerful numerical scheme to find solutions deeply into
the nonlinear regime.

We have exploited this approach to pursue the insta-
bility and have found explicit propagating solutions in
the problem without myosin, proving that motion can
be sustained with only actin polymerization forces com-
bined with the appropriate morphology of the fragment.
We show how a purely linear analysis of the morpho-
logical instability misses this point, since motion is only
initiated at the nonlinear level. Remarkably, preliminary
results also show that an adiabatic reduction of the prob-
lem exploiting the separation of time scales close to the
instability threshold, may also miss the existence of a
finite velocity, implying that the existence of a propagat-
ing mode could be associated to a problem of so-called
’asymptotics beyond all orders’ such as that of the clas-
sical Saffman-Taylor problem4.
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Figura 1. Asymmetric shape of a cell fragment moving at
finite velocity from right to left, under the polymerization
dynamics of the actin gel, in a 2d confined geometry.
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