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Cell mechanical adaptivity to external stimuli is vital to many of its biological functions. A critical
question is therefore to understand the formation and organization of the stress fibers from which
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is the dependency of elastic modulus £, on the stretching
frequency o to capture the viscoelasticity of SFs. Here, we
describe SF stiffening with loading frequency o with a func-
tion &, () of the form*

k (o) =k +E,og(1+9w), (4)

' i
where K and k, characterize the static and dynamic stiff-
nesses of SFs at frequency w =1 pg, respectively. Without
loss of generality, we assume here that cells are subjected to

sinusoidal strain variation ¢, = ¢, + Eacos(Zn, /,l)



Let us now turn to the case where cells are subjected to
substrate deformation. Experimentally, SFs in contractile
cells such as fibroblasts or myofibrils have been shown to
preferably align in the direction of stretch for constant load-
ing.™?” To replicate the constant substrate stretch condition,
we impose a state of uniaxial strain €;; to the substrate such
that the angular stretch in a cell is written
£y = 8y = €11 gl + v)cos? (o) — \2 This expression is then
substituted in Egs. (7) and (8) to derive the angular variation
of SF density ¢, . As shown in Fig. 2, the model predicts a
strong alignment of SFs in direction of stretch (Fig. 2(f)).
However, once the critical strain is reached, SFs lose stabil-
ity and start disassembling with stretch. This behavior can be
understood by observing the curve corresponding to
o=0Hz in Fig. 1(a) where ¢, """ successively goes
through assembling and disassembling phases (Fig. 2(d)) as
strain increases and has been experimentally observed in
myofibrils (Fig. 2(e)).**%®

In the case of cyclic stretch, the angular strain in a
cell becomes ¢, =2¢,+ ¢, cos(2n’/,l) with &, =¢én

((1+v)cosz(oc)—v) and &; the applied cyclic uniaxial

strain. Conversely to the case of constant stretch, experimental
observations have shown that SFs align in the direction of mini-
mum stretch, i.e., at a 90° angle for a substrate’s Poisson’s ratio
v=0 (no transverse compression)'? or at a 60° angle for
incompressible substrates (v =0.5)* (Fig. 3). Indeed, introduc-
ing the cyclic stretch term &,
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