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Elucidation of the water-splitting reaction mechanism by high-resolution,
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The present study is performed in the purpose of elucidating the mechanisms
of photosynthetic water-oxidation and light-energy absorption, transfer within photosystem (PS)
-light harvesting protein (LHC) supercomplexes from various photosynthetic organisms. We analyzed
the structures of multiple reaction intermediates of water-oxidation by a pump-probe approach using
X-ray free electron laser, and found that an oxygen atom 06 is inserted into the vicinity of 05
within the Mn4Ca05 cluster, the catalyst for water-oxidation, at S3-state generated by 2 flash
illumination. This enables formation of an oxygen molecule between 05 and 06. We also analyzed the
structures of various PS-LHCs from various organisms, and revealed various light energy transfer
pathways in these organisms as well as the changes of PS-LHC supercomplexes occurred during
evolution, which provide important insights into the evolution of photosynthetic systems.
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