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Potential nitrogen fixation by hyperthermophilic methanogens on the early Earth
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Hyperthermophilic hydrogenotrophic methanogens are considered to represent one of the most important classes of primary
producers in hydrogen (H2)-abundant hydrothermal environments throughout the history of Earth. Despite extensive studies of
methanogenesis, comprehensive research on nutrient anabolism in hyperthermophilic methanogens is limited. We first investi-
gated the physiological properties and isotopic characteristics of experimental cultures of hyperthermophilic methanogens during
the fixation of dinitrogen (N2), an abundant but less-bioavailable compound in hydrothermal fluids. We found that these hyper-
thermophilic methanogens actively assimilated N2 via molybdenum (Mo)-iron (Fe) nitrogenase under broad ranges of Mo and
Fe concentrations relevant to present and past oceanic and hydrothermal environments. Furthermore, the methanogens produced
more15N-depleted biomass than that previously reported for diazotrophic photosynthetic prokaryotes. These results indicate
that diazotrophic methanogens can be broadly distributed in seafloor and subseafloor hydrothermal environments, where the
availability of the transition metals is variable and organic carbon and nitrogen compounds and ammonium are extremely scarce.
The possible emergence and function of diazotrophy coupled with methanogenesis 3.5 billion years before the present may be
inferred from the nitrogen and carbon isotopic records of kerogen and fluid inclusions from hydrothermal deposits.
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