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Abstract: The viscoelastic nature of the microenvironment around a cell is critical to cell mechanobiology, and
modulates the mechanical feedback between cells and extracellular matrix. However, the mechanisms underly-
ing the ways that cells actively sense and respond to the viscoelastic microenvironment remain elusive. There-
fore a molecular clutch model was developed for cell traction to predict the effects of substrate viscoelasticity
on the dynamics of focal adhesions connecting the intracellular actin cytoskeleton to the viscoelastic substrate.
The model predicts that certain levels of viscoelastic dampings can increase cell tractions on relatively compliant
substrates, and this damping reduces cell tractions on relatively stiff substrates. The model predictions are qual-
itatively consistent well with reported experimental observations. The model offers physical insights into the

role of substrate viscoelasticity on cell tractions and cell spreading.
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Table 1  Model parameters used in the simulation
parameter symbol value
number of myosin motors n, 50
stall force of motor F, /pN 2
maximum actin flow rate V,/(nm/s) 120
number of clutch bonds n, 50
characteristic rupture force of clutch bond F, /pN 2
bond on-rate ko, /s7! 0.3
bond unload off-rate ko /57! 0.1
bond spring constant k. /(pN/nm) 0.8
substrate long-term stiffness E, /(pN/nm) 1072 ~ 10?2
substrate additional stiffness E,/(pN/nm) 102 ~10?
substrate viscosity n/(pN+s/nm) 1072 ~10°
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Fig. 1 Molecular clutch dynamics of cell tractions on the viscoelastic substrate
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Fig. 2 Timescales analysis in the molecular clutch model
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Fig. 3 The traction force influenced by the mechanical parameters of viscoelastic materials
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