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The motions of biomolecules such as protein and DNAs are complicated and important for their functions such
as signal transductions via ligand bindings accompanying their structural changes as a conformational switch. The
present study aimed at the methodological development of molecular dynamics (MD) simulations for such “rare
events” sampling, named “weighted ensemble (WE)”, and then at its application studies targeting at large
biomolecular structural changes.

The WE simulations achieve efficient path samplings as well as kinetics rate calculations by use of a number of
short—time MD simulations. The present application studies to both the cis—trans isomerization process of the
substrate through Pin1 enzyme (J. Chem. Theory Comput. 2021) and the substrate binding and unbinding
processes on SARS-CoV-2 3CL protease (J. Chem. Inf. Modeling 2023) demonstrated the usefulness of the WE
simulations for the rare event samplings of large biomolecules that are far beyond the conventional MD simulation
technique. The derived knowledge unraveling the molecular mechanism of the enzyme catalysis and the substrate
recognition will lead to efficient in—silico drug design and high—resolution drug screening.




