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Several biological functions are strongly related to structural transitions of proteins. 

These structural transitions are induced as slow dynamics upon collective motions including 

biologically relevant large-amplitude fluctuations of proteins. Although molecular dynamics 

(MD) simulation has became a powerful tool for reproducing the structural transitions of 

proteins, it might be still difficult to reach time scales of the biological functions, since the 

accessible time scales of conventional MD (CMD) simulation is far from them. Therefore, the 

time scale issue of the CMD simulations leads to unreliable canonical ensembles due to 

insufficient conformational sampling, which still remains one of challenging issues in 

computational biophysics. To obtain reliable canonical ensembles, it is essential to develop 

efficient conformational sampling methods for reproducing / predicting the rare events. 

  In this study, we introduce several efficient conformational sampling methods. In 

our methods, multiple short-time MD simulations are utilized instead of a single long-time 

CMD simulation. Our basic strategy is as follows: (i) Selections of initial seeds (initial 

structures) for the conformational sampling in restarting the multiple short-time MD 

simulations. (ii) Resampling from the selected seeds by initializing velocities in restarting the 

multiple short-time MD simulations.   

For example, Parallel CaScade Molecular Dynamics (PaCS-MD) (1) can generate 

structural transition pathways under a condition that a set of reactant and product of a given 

protein. To promote structural transitions toward the product, snapshots generated by 

short-time MD simulations are ranked by root mean square distance (RMSD) measured from 

the product, and snapshots with low RMSD values are utilized as initial structures for the next 

conformational resampling. By repeating a cycle consisting of selections of initial structures 

with low RMSD values and their conformational resampling, the selected initial struc tures 

gradually become close to the product, providing a set of structural transition pathways 

connecting the reactant and the product. For the other methods developed by us, refer the our 

review paper. (2) 
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