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(¥3X) : During the co-evolutionary processes over the past 400 million years, microbial
activity plays significant ecological roles in the global biogeochemical carbon cycle by
intermediating both primary production of organic matter and its terminal degradation
processes. This study aimed to expand our knowledge of the deep subseafloor microbial
ecosystems that contribute to carbon and energy cycles, and to open a new window towards
development of bio-renewable and sustainable carbon and energy cycles by its
geobiotechnological applications. In 2012, using the deep-sea drilling vessel Chikyu, we
conducted the Integrated Ocean Drilling Program (IODP) Expedition 337 that targeted to
explore the deep subseafloor biosphere offshore the Shimokita Peninsula, Japan, associated with
deeply buried coalbeds over 20 million years in the Ocean. Interdisciplinary investigations of
the deep sediment core samples provided multiple lines of evidence for the occurrence of
COz-reducing methanogenic microbial communities in over 2,000-meter deep subseafloor
habitats. It is also indicated that in such deep hydrocarbon reservoirs, water availability is a
critical environmental factor that constrains microbial biomass and activity. In addition,
shore-based reactor experiments for “COz-water-mineral-life” interactions under the in-situ
geophysical conditions showed CO; conversion to acetate via microbial homo-acetogenesis
within the coal-sand formation. These results and findings suggest that ecosystem functioning
of the deep subseafloor biosphere has remarkable potentials for the application of
geobiotechnology to manage sustainable carbon cycles, including bio-renewable CO; to useful
energy substrates through effective geobio-reactor systems in the future.
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