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Proton transfer(left) and
electron transfer pathways
(right) required for water
oxidation (2H,0—0,+ 2H*
+4e7) in the Mn,Ca0s
moiety of Photosystem II.
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Artificial photosynthesis, a process that converts water or carbon
dioxide into oxygen, hydrogen, or carbohydrates via sunlight, has
more significance in overcoming future energy problem, since the
molecular structures of key proteins in plant photosynthesis have
been solved. To realize artificial photosynthesis, we are trying to
clarify mechanisms of reactions in small (e.g., metal complexes) to
large systems (e.g., biomacromolecules) using theoretical
approaches (e.g., molecular dynamics simulations and
electrostatic calculations).
We consider that enzymatic active sites are formed by
preorganized protein dipoles. Keeping this in mind, we analyze
protein functions on the basis of the molecular structure to
present a new strategy of designing functional artificial molecules.

1. Understanding molecular mechanism of light-driven water
oxidation: photosystem Il and artificial photosynthesis
- Mechanism of long-distance electron transfer reactions
- Mechanism of proton transfer reactions in proteins
- Mechanism of light-harvesting / excitation energy transfer
reactions
2. Designing functional molecules—Smart Protein Design
- toward more active catalytic centers: elucidation of minimum
key components that contribute to enzymatic reactions in
enzymes
- toward better inhibitors, better control over enzymatic
reactions: elucidation of inhibition mechanisms on the basis
of the molecular structures
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Substrate-protein interaction in
the catalytic center of an
enzyme: overview with HOMO
(highest occupied molecular
orbital)
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