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Evolution of active center metals used in antioxidant enzymes and its
relationship to the redox history of the atmosphere and oceans
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Molecular phylogenetic analysis and biological experiments were conducted to
elucidate the origin and evolution of the active metal center of the antioxidant enzyme, superoxide
dismutase (SOD). Molecular phylogenetic analysis of four cyanobacterial SODs: iron (Fe)-, manganese
(Mn)-, copper/zinc (Cu/Zn)-, and nickel (Ni)-SOD, suggested that the active metal centers of

cyanobacterial SODs were selected consistently with the history of variation in dissolved metal
concentrations in the ocean. Among these, for FeSOD and MnSOD, the ancestral gene sequence has been
deduced and gene synthesis has been completed, thus it will be possible to regenerate the ancestral
protein in the future.
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