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S1. Choice of equation for reactions modeling  

In the following equations, [𝐹] denotes the F-actin concentration, [𝐺] is the denotation for G-actin, 𝑘𝑜𝑛 is the actin 

polymerization rate constant,  𝑘𝑜𝑓𝑓  is the actin depolymerization rate, 𝑘𝑏 is the branching rate, [𝐴𝑟𝑝] is the Arp2/3 

concentration.  

For actin monomer attachment probability to a filament consisting of N filaments 𝐹𝑁 + 𝐺 → 𝐹𝑁+1, we use the 

following equation:   

𝑃𝑜𝑛 = 1 −
1

𝑒𝑥𝑝(𝑘𝑜𝑛[𝐺]𝑑𝑡)
 

 For a time step which is low enough, a simpler approximation of the possibility of F-actin branch growth can be 

considered:  

𝑃𝑜𝑛 = 𝑘𝑜𝑛[𝐺]𝑑𝑡 

 

Here, (1 −
1

exp(𝑘𝑜𝑛[𝐺]𝑑𝑡)
)/(𝑘𝑜𝑛[𝐺]𝑑𝑡) < 0.95if 𝑑𝑡 <0.001 or smaller (1). 

 

However, with [𝐺] = 10 uM and lamellipodia length h = 1 μm and d = 0.2 μm, this volume contains 1300 actin 

molecules, which is comparable in quantity with the number of actin filaments. With a polymerization layer 

thickness of 7 G-actin units (as in the model) and a diffusion coefficient of 13.7 μm2/s [1], the characteristic 

diffusion times of new actin monomers into the polymerization region are 0.01 s. Thus, in 0.001 s, the new actin 

monomers will not have time to diffuse into the polymerization region (it is not worth taking a smaller time step). At 

the characteristic times of the model, actin polymerization is poorly described by the proposed approximation, so we 

have to accept the time step of 0.01 and a more sophisticated description of polymerization rates. The actin 

depolymerization is described in the same fashion to maintain uniformity of the approach for the same process. 

For the actin branching reaction and the maximal branching rate 𝑘𝑏=90000 used in the model, the condition (1) is 

satisfied for t=0.01, so we can use the simple approximation:  

𝑃𝑏 = 𝑘𝑏[𝐴𝑟𝑝]𝑑𝑡 

 

S2. The model with restricted branch overlap 



In the model with the restricted branch overlap, experimental lamellipodia growth were obtained for branching rates 

k  one order of magnitude higher. As in the main model, the protrusion growth velocity did not show any significant 

dependence on either branching rate k or branching distance from the membrane H in a large interval of parameter 

values. For H > 3, the protrusion velocity did not change more than for 10%. For k > 30000 (M x s)-1, the protrusion 

velocity did not change more than for 20%.  

 

Figure S1. Results of the computational modeling. (A) Typical actin network predicted by the model with 

restricted actin branch overlap for parameters k = 90000 (M x s)-1, D = H = 6 actin units. (B) Dependence of the 

protrusion velocity on the branching rate k. (C) Dependence of the protrusion velocity on the branching distance H.  
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