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Development of clustering method of protein folding by using free energy reaction route
mapping and Markov chain model (' Graduate School of Science, Osaka Prefecture University,
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Free energy calculation by using molecular dynamics simulation is one of the important
methods to elucidate variationally phenomena like as chemical reactions or behavers of
biomolecules. In previous study, we developed a free energy reaction route mapping method",
which evaluate multi-dimensional free energy landscapes (FEL) to networks of equation points
connected by minimum free energy paths, which is a free energy reaction network (FERN).
However, the FERNs of protein folding are too complicated to understand the phenomena
because there are a lot of quasi-degenerated equation points. In this study, we propose a
clustering method of equation points by using the Markov chain model® and the k-means
method with Kullback—Leibler divergence®. To show the efficiency, we calculated a 15-
dimensional FEL of Met-enkephalin in water. After the FEL is obtained, a FERN was estimated.
This FERN was evaluated by using our clustering method and we calculated clusters with the
reaction velocities of each equation points without the information of structures.
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