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1) Force at the 
leading edge?

2) Dynamics
at the rear?

3) Actin transport?

4) Integration and
cell shape?
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F-actin dynamics at the front

Leading edge and actin density
are convex and symmetric:

Hypothesis: branching, capping and
lateral flow organize actin at the edge:
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Grimm et al., Eur. Biophys. J., 32, 563-577 (2003)



Actin transport
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B. Rubinstein, K. Jacobson, A. Mogilner, SIAM J. MMS, In Press: 
http://www.math.ucdavis.edu/~mogilner/CellMov.html



lamellipodial domain isupdated

rear edge isshifted leadingedge isshifted

D’Arcy flowiscomputedand
G-actindistribution isupdated
(convection-reaction-diffusion
equationsaresolved)

elasticstressesand
strainsare found

F-actindensity inside the
domain isupdated(dueto
depolymerization)

domain triangulation

Assembling the modules into a virtual cell

Fragment simulation is at:
http://www.math.ucdavis.edu/~mogilner/CompKerat1.mpg

B. Rubinstein, K. Jacobson, A. Mogilner, SIAM J. MMS, In Press: 
http://www.math.ucdavis.edu/~mogilner/CellMov.html



Svitkina et al, JCB 160: 409 (2003)
Convergent elongation model

Filopodia as:
- Scaffold for lamellipodia (implies mechanical strength)

- Signaling/probing antennae (implies mechanical weakness)

Questions:
What is the mechanism of the protrusion force generation?

How are filopodia initiated?
How are filopodia maintained: actin transport?

Do filopodia have a mechanical role?



Buckling force:

1 ~ 100F pN 2 ~ 100F pN

Svitkina et al, JCB 2003
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Membrane resistance and G-actin diffusion:
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N

Filopodial length, µm

length
limited
by buckling

length
limited
by G-actin
diffusion

length
limited
by membrane
resistance

Comparison to experimental data:
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Inter-filopodial distance:
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Stochastic simulations distance

time
Comparison to experimental data:
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