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Carbon dioxide (CO-) and methane, which are known as green gases, are key carbon sources in the global carbon cycle. In
this project, construction of a biocatalytic system converting CO; to methanol by utilizing engineered methanogenic
archaea based on Methanosarcina barkeri with suppressed methane production has been focused on. Towards a
construction such a biocatalytic system, three approaches have been attempted as follows:

(1) Genes encoding methanol-metabolizing enzyme MtaABC were cloned and expressed in Escherichia coli for
investigation of protein-protein interaction. As a result, MtaA:MtaB:MtaC=1:1:1 ratio was found in complex formation.
Based on this finding, mtaABC operon was inserted to a E. coli-methanogen shuttle vector at the upstream of the Pumers
promoter.

(2) MtaC utilizes cobalamin as a cofactor. Thus, an amount of cobalamin in the cells of methanogens such as M. barkeri is
necessarily enhanced by introducing biosynthetic enzymes for cobalamin. SirB, which is one of the cobalamin
biosynthetic enzymes, is a candidate for that purpose, because SirB catalyzes insertion of divalent metal to the metal-free
cobalamin precursor. SirB crystal structure was unveiled for improving its activity toward engineering of SirB for use in
production of cobalamin in the cells of methanogens for future works. (T. Fujishiro, Dalfon Trans. in press.)

(3) CO2 metabolism as well as methanol-metabolism should be also engineered. However, the CO, metabolic pathway in
methanogens are composed of at least six enzymes utilizing iron-sulfur (Fe-S) clusters. Thus, enhancement of Fe-S cluster
production is considered by using Fe-S cluster biosynthetic enzymes. SufS-SufU complex is one candidate for that
purpose, and studied by X-ray crystallography. The unveiled SufS-SufU structure showed a proposed catalytic mechanism
based on the Zn coordination structure, which is useful for re-engineering of it. (T. Fujishiro, et al., J. Am. Chem. Soc.,
2017.)




