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ME470: Mechanics of Soft and Biological Matter
Lecture12: Cell Mechanics

Glycoprotein: protein with Glycolipid: lipid with
carbohydrate attached ./ carbohydrate
4 3  attached

Peripheral membrane Phospholipid

protein bilayer
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protein
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=P~L Adhesion of Membranes

How to cell collectives maintain their structural integrity ? —) Adhesion!

Cell — substrate: e.g. integrins, organized in focal adhesion
Cell — cell: cadherins, organized in desmosomes

Adhesion energy __

Described =W
—> Described as p——

Typical bond energies of adhesion molecules: 1 — 35kgT
Typical adhesion energy: W~10"°]/m
(molecule density: n~5x10161/m?
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=P~L Contact Line & Adhesion
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Analogous to droplet spreading?

v L | ‘ Yvs = Yis + YLy cos O
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Alternatively, minimize energy

Etor = Vv * Acurved + Vis * Aflar + VVS(AO - Aflat)

dAcurved
dEtor = Vv * dAcurvea + (Vs — VVS)dAflat dA = cos 6
flat

= School of dE;or = 0 I:> Yvs — ¥Yis = YLy C0s O

Engineering



=P-L Membrane-Substrate adhesion

Droplet picture has divergent H @ contactline >  Up.y,q diverges!
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Simple energy balance: Upena + Uaan = Utot

1 /1
— Ekb (R_) Rc(ﬂ - 9eff) - W[Lo - Rc(” — Heff)] = Utot
Cc

SUpr = 0 = |w=

Estimate, assuming only local change of geometry (near contact line), but

- saroao | 9€nerally valid in 2D and 3D objects
Eﬁg?r?eeoring Seifert & Lipowsky, PRA, 1990, 1991



=P-L Membrane-Substrate adhesion

What if there is also a tension 7 in membrane?

1
Utotz—kbff(ZH)sz‘l'deA_W dA
2 flat
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H 1 °° 0 0 0
o U = Ekbf ¢ (x)? dx—Wj dx+rf dx+rj \/1 + ¢’ (x)?dA
FUWALC: 0 —oo —0oo 0

“r1 1 0 o
~ f (—kbg”(x)2+—rg’(x)2) dx — Wj dx + Tj dx
o) 0 2 2 —00 — 00
constant
Variational calculus: c(x) = Ae*/" + Be ™/ + Cx + D [=ky/T

Boundary conditions:

 Regularity, A=10
o g'(x = O) = O . ﬂ Zka _ /"T/k x _
e ¢(x > ®) = (tanb,.)x = c(x) = / T X+ T2 (e ’ 1)

© ¢k =0)=1/R,
® School of * C’(x — O) =0
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Simson et. at. Biophysical Journal, 1998



=Pr~L Cell-cell adhesion

Differential adhesion hypothesis (also generalized as
differential interfacial tension hypothesis)

Consider cell types A, B: model as droplets with uniform
surface tension, y, and specific surface tensions

Yaa =Y — Wagu
Y =V — Wpgp
Yap =V — Wyp

If adhesion strength is such that Ww,, > W,z> Wpp

u
School of Steinberg, Exp. Zool. 1970
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cPFL Competition between Adhesion & Bending

Simple model:
(2D, uniform in 2)

Assume no volume change: A = constant = 1? + 4rl + nr?

r=%[—21+\/(4—n)lz+/ln]
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cPFL Competition between Adhesion & Bending

W =0,expectl=0 %

Q: is there a critical adhesion for finite attachment?

—> To have finite [ at equilibrium, we need a condition such that

dU
dl

<0 dal . rZdl
=0
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cPFL Competition between Adhesion & Stretching
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« Minimize energy to get tissue equilibrium structures
« Can add a bending energy term

~o

1 2
Ub,ij = Ekbciszij kb ~ EKAh

Between cell i and j
® School of
Engineering



cPrL Emergent Properties of Biological Tissues

Cells are main constituent units of biological tissues

—> Interactions between cells determines emergent properties of tissues

—> Large number of cells = huge # of degrees of freedom

Need numerical models (discrete models) to study tissue mechanics!!
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