
Models for cell shape and actin 
filament distribution	




•  steady-state graded actin distribution across 
cell edge resulting from branching, growth 
and capping	


           http://www.math.ucdavis.edu/~mogilner/CellMov.html 	




Keratocyte shape and actin 
distribution	


Images removed due to 
copyright issues.. See 
original paper for 
keratocyte shape and actin 
density distribution	




Actin filaments along front edge	


•  Distribution of 
angles – two 
peaks	


•  Flat front edge	




Model components	


Images removed due to copyright issues.. See 
original paper for schematic diagram of model 
components	




Graded radial extension:	


•  Lee, Theriot, Jacobson et al 93:	


To preserve shape, forward extension must be graded along the 
front (rear) edge of the cell	




Graded radial extension	




Model for actin filament distribution 
along front edge	


•  Two filament populations (facing right/left) 	


•  Flat front edge – reduction to 1D	




1D projection: two types	




Formulating the equations	


•  1D balance equations:	




Model equations	




Model equations	


•  BCs:    	




Branching by Arp2/3	


•  New filaments 
formed by 
Arp2/3 	


•  Each type of 
filament 
produces 
daughters of 
other type  	




Scaling the model	




Competition for Arp2/3	


•     (1) Local 	
 	
  (2)  Global 	
 	

	
 	
	


•  Slow           Arp2/3 diffusion       Fast	


•                           Branching	
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Steady state filament distribution	


•  Consider the case of slow capping	

•  Equations are:	


•  BCs:  	




Solving the equations	


•  Define new variables and transform the eqs	


(Why do this? – Because it is a very cute trick 
to simplify the equations and solve them)	




Solving the equations	


•  New variables	


•  New eqs:                             	


•  New BCs:	




New eqs easily solved:	




Solutions:	


•  In terms of s,p	


•  In terms of original variables:	


•  Total density:	




Actin density	




Agrees with experimental results	




Other results	


•  Slow capping, global Arp2/3 model:	


•  Fast capping:	




Other results	


•  Shape of the edge (graded 
radial extension)	


•  Actin filament density:	


•  Protrusion velosity	


Images removed due to 
copyright issues.. See 
original paper for graphs 
of these model predictions	




Other applications	


•  Actomyosin bundle at back of keratocyte	




Similar equations	


•  Right facing 
filaments	


•  Left facing	

•  Myosin motors	


•  Vl,r = ±	




Cell shape “modes”	


•  Area	


•  D vs canoe	


•  Tail shape	


•  L vs R 	




Later appearance: in study of Vasp, a 
protein that competes with capping	
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