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We found bacterial species in the order Bacteroidales that harbor genes for
nitrogen fixation or genes homologous to archaea for hydrogen utilization in the genomes, and we
detected the respective activities in their representative cultured strains. We identified an
endosymbiotic spirochete species of a termite-gut cellulolytic protist species that contributes to
the activities for both nitrogen fixation and hydrogen-utilizing reductive acetogenesis in the gut.
Through single-cell genome sequencing, we investigated functions and symbiotic mechanisms of this
endosymbiont and two ectosymbiotic Bacteroidales species attached onto cell surface of termite-gut
protists.
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