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Kinesin is a nano-scale motor protein that plays essential roles in regulating the cell by 
transporting cellular organelles along the microtubule. The stepwise directional motion 
characteristic to the kinesin is powered by the binding of an ATP molecule to the active 
site. It is proposed that the diffusional search process to the next microtubule binding site 
is coupled with the conformational change of the motor domain (power stroke) upon ATP 
binding, which results in the swinging motion of neck-linker. However, the limitation in 
the temporal resolution of current experiments has made it difficult to understand to the 
microscopic aspects of stepping dynamics in details. For instance, the existence of 
substep is still a controversial issue in the kinesin community. Using explicit structures of 
the dimeric kinesin and the 13-protofilament microtubule, we study the physical principle 
underlying the stepping dynamics of the kinesin motor. By varying the rate of power 
stroke, we find that for t p>20 ms, the averaged time trace shows a substep that suggests 
the existence of a transient intermediate, which is reminiscent of a recent single-molecule 
experiment by Yanagida and coworkers.  
 
 

 

 

 

 

 

 

Figure 1: Potentials of mean force (PMFs) between the tethered head of kinesin and the microtubule 
surface in two extreme cases. We model the power stroke by switching the PMF from the one with 
disordered neck-linker to the other with fully ordered neck-linker. Defining the switching rate of 

PMF as the rate of power stroke (tttt p), we simulated the Brownian particle on the varying landscape. 
The simulation describes the diffusional search of the microtubule binding site coupled with the 
power-stroke dynamics.  

 

Figure 2: Ensemble average of 
stepping dynamics with varying 
tttt p. The substep is formed when 
tttt p>20 mmmms (left), which is 
reminiscent of Yanagida and 
coworkers high resolution 
optical tweezer experiment 
(right).  


