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Photocatalytic water splitting using solar energy has attracted significant interest because such a
system is an ideal hydrogen production system capable of producing hydrogen without forming carbon
dioxide and without supplying other energy. With an aim to develop an efficient solar—driven hydrogen
production system, many researches have been done mainly using inorganic semiconductor or organic dye
molecules as photosensitizer; however, lowefficiencies of such systems hamper the practical application
of the photocatalytic water splitting for hydrogen production. The objective of this study is to develop
a new photocatalytic hydrogen production system employing genetically engineered biocatalysts. In
particular, the generation of new whole-cell biocatalysts with both photoconversion and hydrogen
formation activities were investigated. First, the enhancement of porphyrin derivatives bioproduction
in Escherichia coli, their isolation and purification from the culture, and their photocatalytic
methylviologen reduction properties were investigated. By introducing the gene encoding aminolevulinic
acid synthase, which catalyzing a rate |imited step of porphyrin production pathway in £ co//, porphyrin
derivatives were synthesized by the host and accumulated in the culture. The accumulated porphyrin was
purified from the culture and identified as Zn-uroporphyrin III. Furthermore, the photocatalytic
reduction of methylviologen by Zn-uroporphyrin was confirmed. Second, the combination of the
photocatalytic MV reduction by biologically produced porphyrin and the hydrogen production reaction
with reduced MV by recombinant whole—cel | of £ co// expressing hydrogenase genes were tested. Hydrogen
was produced under light irradiation from the reaction. This result demonstrated that the biologically
produced porphyrin dye acted as photosensitizer in the system. On the other hand, generation of the
recombinant cells with both enhancement of porphyrin production genes and introduction of hydrogenase
genes in one £ col// cell is under investigation and will be reported in future work




