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1. How to model Cytoskeleton ?
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How to model actin filament:
(ATP) Hydrolysis of Actin filaments

Actin-filament is polarized because the cleft is always towards the minus end.
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Hydrodynamics of active polar gel

The strong forms of an active nematic gel hydrodynamics are

D
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where the Cauchy stress is given as
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o' — _(h ® h is the active stress.

Reference: Voituriez, Jonnay, and Prost [2005];
Jilicher, Kruse, Prost, and Joanny [2007].



Active stress
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Modeling Microtubles and actin filaments

plus end GTP-B-tubulin

minus end

GTP Hydrolysis

To MTOC

We are modeling microtubles as
liquid crystal elastomer.
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I[11. Multiscale Moving Contact Line Theory

Diffused Interface Phase-field Modeling
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Multiscale contact/adhesion model

Kinematics |
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Variational Principle

Interaction Potential Principle of virtual Work
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Convert body-to-body interaction into
Surface-to-surface interaction:

Derjaquin Approximation fo; = f INECHCR §¢ dv dv
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Method 1 Method 2 : Project volume integration onto surface
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Surface Stress Tensor
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An Elasto-hydrodynamics Interface Theory

20— V.o, +t% = PsalaVea, =G, L, S

\ Surface stress

An Extension of the Gurtin-Murdoch Surface Elasticity Theory

Morton E. Gurtin A. lan Murdoch




V:-0a+ paba = patla, a =G, L, and S

For L-phase
o=r(nNI+pu, (Vov+Vev))

For S-phase

S= AsT[‘[E}I + 2ugE,

Without considering interface diffusion and friction, we choose the following interface
constitutive relations,
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where u are three-dimensional the surface displacements; vr.s. 7o and ygs are the sur-
face tension in different interfaces; the operator @ is the standard notation for tensor



This equation can be derived from diffused interface theory
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1. Monolithic solution
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For the constant surface stress,

Ls __ ., (LS) LG __ . (LG) SG __ ., (SG)
S = .fL_S'IS LS = .fLG'IS 3 and ¢ = ?SGIS

where LELS:', IELG}, and q-SGILESG) are the unit tensors on LS, LG, and SG
interface.



Liquid nodes on the liquid surface Solid nodes on the
virtual solid swrface

Virtual solid surface
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Cell/Air boundary(surface tension)
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Pure Surface Tension Action

On Multiscale Moving Contact Line Theory

(a): t =0.004 ns (b):t=10.04 ns (c): t=0.08 ns

(d):t=02ns (f):t=0.4 ns

Time history of the simulation of a 3D ellipsoidal droplet embedded in atmosphere,
driven by the surface tension effect.

Li and Fan [2015], Proc. R. S.
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(a) Substrate I (b) Substrate II

(d) Substrate I (e) Substrate II (f) Substrate III

Orientation order parameter distribution during
cell spreading on three different substraties

Fan and Li [2015] BMMB



(a) 100 Pa gel substrate (b) Collagen coated glass (10 KPa)

(Ms. An-Chi Tsou and Dr. Song Li)
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Direction of the Substrate Stiffness Increase





















