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Mechanism of photosynthetic water oxidation revealed by intermediate state
structures analyzed by an X-ray free electron laser

Photosynthetic water oxidation produces electrons, protons and molecular oxygen from water using light
energy from the sun, thereby providing molecular oxygen in the atmosphere and reducing power for the
reduction of CO; into sugars. This reaction is catalyzed by a Mn4CaOs-cluster bound to photosystem II
(PSII), and proceeds through five intermediate states called Si-states (i=0-5). The structure of PSII have
been resolved at atomic resolution, and the structure of an intermediate S;-state has also been reported.
However, ambiguities still exist regarding the mechanism of water oxidation due to insufficient resolution

of the S3-state as well as a lack of other intermediate state structures.

Michihiro Suga, Fusamichi Akita, Jian-Ren Shen at Okayama University, and colleagues from RIKEN
have obtained the structure of the S3-state at a higher resolution and also analyzed the structure of the
Se-state by a combination of pump-probe and fixed-target serial crystallography methods using
femtosecond X-ray free electron lasers (XFEL) at SACLA, Japan. In this approach, the S; and Ss-
intermediate states were generated by one or two laser pulses at room temperature, and the excited PSII

microcrystals were frozen in liquid nitrogen and used for X-ray data collection.

The results confirmed insertion of a new oxygen atom 06 close to an already existing oxo-oxygen O5 in
the MnyCaOs-cluster in the S3-state, and showed that dioxygen formation may occur through an oxyl/oxo
coupling mechanism between O5 and 06. Moreover, a number of structural changes were found during S;-
S2-S3 transitions in the PSII protein environment, which reveal the mechanism of water oxidation by a
cooperative action of substrate water access, proton release, and O=0 bond formation. The results
obtained will be important for design and synthesis of efficient artificial catalysts for water-splitting that

may be utilized in artificial photosynthesis and therefore may contribute greatly to a sustainable society.
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Figure Caption: Structural changes of the Mn4CaOs-cluster during the S1-S2-Ss transitions.
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