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Two-state colloidal model as a monomer 
 

 
2 

2 

 
3 

Kinetic polarity 

 
 
 
 
 

 
seed 

< 

 
 
 

 

Treadmilling 

4 
20 

1 3 1 3 

 
 
 
 
 
 
 
 

 
Pointed 

end 

4 
4 

FORM 1 FORM 2 

 

 
Polymer 

form 

 
 
 
 

 
Solution 

form 

 
 

 
 

 

1.0 

 

 
0.5 

 

Symmetric growth 

 
 
 
 
 
 
 

 
end 

bulk 

broken 

 
 
 
 
 
 
 

 

end 

 
0 

0.0 0.5 1.0 

Simulation time ◊107 

Non-hydrolysed 

 
Hydrolysed 

Back 
end 

 

 
0.0 

 

 

 
0 5 10 15 

 

 

 
bulk 

Two-state allosteric monomer 
also gives reliable end 

Binding strength Á/kBT 
disassembly and treadmilling! 

Biological system 

Many filaments driving shape changes and 
movement in cells undergo treadmilling 
(actin, FtsZ, TubZ,..) 

Hydrolysis probability 

 
Time 

Back Front 

NTP bound monomer NDP bound monomer 

Treadmilling is a form of polymer 
dynamics, where the monomers keep 
attaching to the front and 

detaching from the back 

Conditions underlying treadmilling dynamics 

Kinetic polarity 

Faster binding kinetics on 
one polymer side 

Time 

+ Hydrolysis 

Stochastic weakening of binding 
strength for bound monomers 

= 

Slower growing polymer 
side becomes the back 

Time 

Front 

Time spent in the polymer 

Time spent in the 
polymer 

Hydrolysis probability 
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