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Fig. 1 (a) Schematic drawing of photosystem II monomer and (b)
the Kok cycle model.
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Fig. 2 Structure of photosystem II dimer in a crystallographic
asymmetric unit. Two PSII monomers are related by a non-
crystallographic two-fold axis. Water molecules surrounding
PSII dimer were depicted by red spheres.
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Fig. 3 (a) Identification of atoms in Mn,CaOs cluster, (b) atomic
distances and (c) ligation sphere around Mn,CaOjs cluster.
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Fig. 4 Hydrogen-bond network relating to the proposal of proton-
coupled electron transfer. Mesh indicates the network from
Mn,CaOs cluster in left to a bulk solution region out of PSII
in right. Small spheres included in the mesh indicate the
water molecules included in the hydrogen-bond network.
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Fig. 5 Prediction of water-splitting and oxygen-evolving reaction
mechanism.
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Towards elucidation of water-splitting and
oxygen-evolving reaction mechanism in
photosysthesis
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Abstract Crystal structure of photosystem Il (PSIl), splitting water molecules and evolving molecular oxyg-
en in photosynthesis, was resolved at a resolution of 1.9 A. The crystal structures of PSIl have
been reported at 3.8-2.9 A resolutions, however, structures of Mn,Ca-cluster, the oxygen-evolv-
ing center (OEC), and of ligands around OEC are not clearly resolved due to the limited resolu-
tions. Furthermore, water molecules including substrates of oxygen-evolving reaction and compo-
nents of hydrogen-bond network for proton transfer reaction are not uncovered. X-ray crystallo-
graphic study at 1.9 A resolution revealed the chemical composition of OEC as Mn,CaOs. The
most significant feature of the Mn,CaOs cluster is its distorted chair form. The longer distances
between one of the five oxygen atoms, O5, and metal atoms suggested that O5 may exist as a
hydroxide ion in the S1-state of Kok cycle, and may provide one of two substrates for the di-oxy-
gen bond formation. Since two water molecules binding to OEC are within the hydrogen-bond dis-
tances to 05, one of these two water molecules may provide another substrate. An extensive
hydrogen-bond network was found between Yz (D1-Tyr161) and the Mn,CaOs cluster, and from
Yz to a bulk solution region. These new findings are expected to accelerate researches of natural
and artificial photosynthesis.
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