Actin Networks: Continuum Formulation and Computational Analysis
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ABSTRACT

The mechanical response of cells is governed by an actinonletwith high rigidity. In the
present talk we introduce an actin network model based ofingam continuum mechanics.
The overall properties of the actin network are described frge-energy functiod per unit
reference volume according to [1]
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whereV,,.; is the free energy of the isotropic matrik,— ¢ is the volume fraction of the

isotropic matrix,C is the right Cauchy—Green tensbt,is the orientation of a typical filament

in the reference configuration according to

M = sin © cos ®e; + sin O sin Pe, + cos Oe;, (2)

with the two spherical polar angléd and® (© € [0,7] and® € [—m,x]) and the unit
rectangular Cartesian basis vecterse,, e;. Additionally, in (1),n» denotes the numbers of
filaments per unit reference volume,s the relative angular density of filaments,is the
energy of a single filament dependent on the stratth 0) in the directionM and(2 is the
unit sphere.

The related stress and elasticity tensors with an externsiagmclude cross-linking and vis-
coelastic effects were implemented into the finite elemaatysis program FEAP. One rep-
resentative numerical example, namely the micropipefieatson experiment, is analyzed to
illustrate the efficacy of this modeling approach. In paitée a droplet is modeled as a cross-
linked actin envelope with a very soft inside. The pressifferénce between the environment
and the micropipette is achieved by applying a suction pres§.e. a tensile follower load)
on those nodes of the axisymmetric setup which lie insidertiveopipette. Between the rigid
micropipette and the surface of the droplet, a frictionlgsstact condition is employed.
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