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Motivation An Eukaryotic cell Modelling hypothesis
The study of cell membrane dynamics Is part e The Actin filaments (F-actin) is a viscoelastic
of a more general study of cell behaviour. Cell gel in the cell cytoplasm.
dynamics plays a critical role in many biological
Processes such as - e Actin and myosin forms a contractile network
ewound healing, embryogenesis, Immune which increases pressure in the cell.
response and
| e This pressure pushes the membrane out-
pathological processes such as wards at locations where the membrane is
e formation of primary and secondary tumours. not firmly linked to the actin network.
Our model which describes the membrane dy- e \We model the membrane as a free moving
namiCS iS an eXtenSiOn Of the mOdeI by Stepha_ Actin filaments in red. Right: Cell cytoplasm in white. bOundary'
nou et al in [1].
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The cytomechanical model Time discretization and mesh updating technigue
Let ; C R” be a simply connected bounded continuously deforming e We discretize both (2) and (3) in time using the implicit Euler sche-
domain. me.
ot c [ =10,T%], Ty > 0 and OS2, is the boundary of the continuously —This scheme is unconditionally stable.
changing domain. | | eAt eachtime ¢t € I, ¢t > 0, we update the boundary nodes of our
elLeta =a(x(t),t) denotes the f-actin concentration, and mesh.
eu = (u(x(t),t),v(x(t),t))" the displacement of actin at position e Then deform the internal nodes using the spring analogy.
x = (z(t),y(t)) € Q C R* such that
Numerical results
q —V- (05+ 0c+ 0.+ 0p) =0 In £ (1a) The parameter values used in the numerical simulations are [2] :
Y DAYV (@) —ky(a,—a)=0  in (1b) = 4.6 x 10, po = 2.41 x 10%, p = 4.6154, V' = 0.75, ¢ = 2.6 x 107,
ot ot D=28x%x10"7 k,=0.2,a.=1.0and a,; = 1.1.
a(x,t) = ay, u(x,t)=uy forxre)y t=0 (1c
o, N=o0, - n=nVa=0 forx e o)y, t el (1d)
where ¢,, 0., o. and o, are the viscous, elastic, contractile and e =
pressure induced stress tensors respectively given by: :
Oy = 1€ + 1ol 0. = E'le + VI, 0. = hale V%],
2
Op =7 f 80(1 +- ;5(1) arctan a ).
Semi-discrete finite element model —— —— p——
uy, solutions
We approximate our model by the classical Galerkin method, in the
framework of the finite element method such that we obtain:
A (AP () [ B ({u}) - ({F'
[A12]T 'A22' \{U} _[312]T 'BZQ'_ {U}} — {FQ}}
th t DK (t)+k,M(t)+ H(t: R(t:> t) = ky,a.9, (3
(M(B)a(t)) + (DK () + kM (0) + H(t; )~ R(t:%) )alt) = kuacS, (3) Solution profies atn — 30 et (. right ()
where US]
e M (t) iIs @ mass matrix. Conclusion
e K(t), A and B are stiffness matrices. We modelled cell dynamics by considering both mechanical and bio-
e I Is a generalized force vector and 3 = %—‘;. chemical properties of actin filaments and its concentrations. With
e I7 and R are the flow and mesh velocity dependent element matri- this model we were able to describe various shapes and movements
- of protrusion and retraction of the membrane. Our results agree qua-
ces respectively. g _ | |
. . litatively with those observed in experiments. )
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