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Filament branching array in lamellipodia

3 min

(T. Svitkina and G.G. Borisy, 1999;  Blanchoin et al.;  Pantaloni et al., 2000, Ishiwata et al 2000)

Arp 2/3

19 min



Actin Intrinsic Treadmilling

ADP                 ATP

Pi

Actin-based  motility



Fibroblast Fragments
Depolymerized Microtubules

E. Paluch et al, E.480
Bornens et al, 1988



R. Vale



Kinesin in vitro

mtubule

~ 80 nm

100 nm 1) Speed: ~ 500 nm/sec

2) Force: few pN





EXPERIMENT
(François Nedelec et al)



Conserved quantities, Broken
symmetries

• Actin (monomer+polymer)
• Myosin (bound, unbound)
• Momentum (force)
• Polarization



   Conservation laws
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Jρ = ρv

Dissipative

Reactive
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K. Takiguchi,1991

F. Nedelec et al 1997, K. Kruse, F. Jülicher, 2000, T. Liverpool,
C. Marchetti 2002, I. Aranson2005, B. Mulder et al 2005
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2ηuαβ = .....+ ζΔµpα pβ + ...



Nematic Hydrodynamics

x

z

€ 

Ψ0

€ 

Dpα
Dt

= ........+ωαβ pβ + ....= .....+ ν1uαβ pβ + ....

cos(2Ψ0) =1/ν1



Thin slab
V

v=0 v<0v>0

l l

€ 

2η∂v
∂x

=σ + τ (v −V )∂σ
∂x

+ ζΔµ

∂hσ
∂x

= ξv

l2 = 2ηh /ξ
vo = ζΔµ l /2η
τ o = 2η /ζΔµ
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V = (Vp +Vdp ) /2

h
x



Ramaswamy propagating mode

€ 

∂cb
∂t

+ v0
∂cb
∂x

= −koff cb + koncub

∂cub
∂t

= +koff cb − koncub

∂(cb + cub )
∂t

+ v0
∂cb
∂x

= 0

cub ≈ cb
koff
kon

€ 

∂cb

∂t
+ v 0

∂cb

∂x
= 0

v 0 = v0 /(1+ koff /kon )

M.G. Vicker 2002, 
T. Bretscneider et al 2004, 
G. Giannone et al 2004



Lamellipodium shape and motion?

€ 

ρwa (x) = ρwa
0 exp(−x /λ)

h x€ 

λ << d
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λ





Spontaneous Frederiks transition

H
V

€ 

Δµ

R. Voituriez
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∂α
∂t

=
K
γ1

∂ 2α
∂z2 + (1+ ν1)uzx

2 ˜ η uzx ≈σ zx − ˜ ζ Δµsin(2α) + ν1K
∂ 2α
∂z2

∂α
∂t

=
K
˜ γ 1
∂ 2α
∂z2 −Δµ ˜ ˜ ζ α

(Δµ ˜ ˜ ζ )c = K(π
D

)2
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δK > 0
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δK < 0

€ 

δK = 0



Spontaneously moving topological
singularity



State Diagram

€ 

δK =δK /K

€ 

ζ Δ µ =R2 ˜ ζ Δµ/K



Substrate Friction

€ 

∂α(σαβ−Pδαβ)=ξvβ

€ 

λf=(4η+γ1ν1sin22ψo)1/2/2ξ1/2

€ 

vθ (r)=2ωoλf K1(r/λ f{ )−λfr
 
 
 



EXPERIMENT
(François Nedelec et al)



Keratocyte



Keratocyte?



Merits?

• General Framework, measurable coefficients
• Retrograde motion
• Ramaswamy wave
• “Frederiks” Transition
• Rotating Asters, motility
• Gel unstable in spherical geometry
• Connection to other branches of science


