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Elucidation of Structure-Function Relationship of Biological Active Sites and
New Material Design by Molecular Simulation
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Active sites in biomolecules are regulated by the protein environment and
achieve important functions, such as highly specific molecular recognition and efficient catalysis.
To understand and apply biochemical functions of metalloproteins, heme proteins and photosystem I1
(PSI1) in photosynthesis, we addressed three issues: (1) investigation of the molecular and
electronic structures of the active sites, (2) elucidation of the mechanism of the biochemical
functions of metalloproteins, and (3) design of novel functional molecules utilizing it. In (1), we
investigated the molecular and electronic structure of Mn cluster in PSII. In (2), proton releases,
dioxygen formation, and substrate water incorporation was demonstrated in response to Mn4Ca05
oxidation in the protein environment by using a QM/MM approach. In (3), we showed the relationship
between distortion of heme porphyrin and redox potential of heme, providing guidelines of the design

of heme proteins.
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