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Proteins, nucleic acids, and other biomolecules are all working in the cells. The 
environments are highly heterogeneous and crowded with so many biomolecules. How 
biomolecules can function properly in such cellular crowded environments is still a 
great mystery. To answer this question computationally, high-performance MD 
simulations and efficient sampling algorithms are both necessary together with 
accurate potential energy functions (force fields). In our group, we have developed 
high-performance MD software, GENESIS, (https://www.r-ccs.riken.jp/labs/cbrt/) and 
allowed to simulate large biological systems using supercomputers like K or Fugaku 
in Japan. We have also developed the generalized-ensemble algorithms, for instance, 
replica-exchange molecular dynamics (REMD) method, generalized replica-exchange 
with solute tempering (REST), and so on. In this talk, we will discuss the development 
of MD software and enhanced sampling methods implemented in GENESIS. They are 
useful to investigate slow biological processes, such as protein-ligand binding and 
protein conformational changes in various cellular environments. We will introduce 
some of our recent simulations using GENESIS on K or Fugaku supercomputers.
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