Mechanobiology,
adhesion and models



Mechanotransduc
tion:

functional link
between the
sensing of
mechanical cues
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subsequent
biochemical
response
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A Machinery of mechanotransduction: fast dynamics
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Differential adhesion

* Spreading of one embryonic
tissue over another

e sorting of cells

 formation of intertissue
boundaries

1ediate filament

Aggregate surface tension (erg/cm?)

T T T T 1
0 50 100 150 200 250
Surface cadherins per cell (Thousands)

Current Opinion in Genetics & Development

1 Microtubules:
/| fast growth,
fast breakdown

———————————————————————————————————

/' Adherens junction  Plasma
E-cadherin ’_membrane

o-catenin







TV |T $ife ol
| T L0 (0
|Smg model ™14 41 \L’I\T
NG S
T o

=> Cellular Potts model
G009
T eeres



T T ¢ife bond
| T UL e
Ising model a0 [T o
T T i 5};4
TR o

* Atoms sit on a lattice
e Atoms have magnetic spins 0 = +1 (up/down)
 Spins interact with nearest neighbour

H(@) = -] ) a0
L,J

 Spins interact with imposed magnetic field

H(@) =] ) 6105 —hu ) o
i i

J —spin-spin interaction, [J]=)
h — external magnetic field
U — magnetic moment



Ising model, phase transitions

H) =~ ) oo —hu ) o
l,j J
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Zg = Z e BH(0)

Onsager’s Nobel prize:
Solved 2D Ising Model analytically




Monte Carlo

1. Choose a lattice site at random. We call this the target site, which we wil
denote ;target and its spin, the target spin, which we will denote ogarget -

2. Pick any value of spin at random. We call this spin the trial spin and denote
it Otrial -

3. Calculate the current configuration energy, Hinitial, and the energy of the

configuration if the target spin were changed to the trial spin value, Hgpai-
4. Calculate the change this substitution would cause in the total energy, .e.

A =T — Himtials (8)

5. Accept this change (i.e. really change the spin value at the lattice site) with
probability:

, 5 1 ifAH <0,
p(a(ztarget) = Otarget — O-(Ztarget) — Jtrial) —= { e_AH/T 1fAH = e (9)

Steps 1 through 5 together are called a spin-copy attempt.
6. Go to 1.



Temperature, 1.5. MC moves,; 733800,




Ising

2.1.3. Summary. The Ising model contains two key ideas that carry forward to
the GGH model:

1. The energy of mismatched links between neighboring spins on a lattice rep-
resents the energy per unit length of the boundaries between domains.

2. A temperature or fluctuation amplitude determines the probability of a con-
figuration.

3. Dynamics and roughness increase with T.



Potts model

Heows =J > (1=0d(a(i),0(7))), (4)

(;,3) neighbors
where 6(x,y) = Oifz # yand 1ifx = y. We denote the number of possible spin
values by ¢. The Potts model has ferromagnetic and other phase transitions [6, 71].

2.2.1. Summary. The Potts model contains two key idea for biological simulations:

1. Individual domains can have individual spins (which in CPM and GGH sim-
ulations we refer to as cell indices.)
2. Domains have a boundary energy that can be used to model adhesivity.

Direct application to grain boundaries

Foams: not direct



Cellular Potts model

Hepm= ) J(1(0(@),7(c(j)))(1 = (o (2),5(5)))

(7,7) neighbors

+3 7 Mt (1) (v(0) = Vi(7(0)))?,
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cell index o . 33933
cell type 7(0) 3333
lattice sites i,] &l
volume of cell v(0o) 6 6 S
6 6 6 6

target volume |4 -7 7 53656
strength of volume constraintAy 77 7 77 6 6 6
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