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Deep Biosphere and Hydrothermal Activity: Potential Roles
in the Co-evolution of Earth and Life

Ken TAKAI Y and Fumio INAGAKI U

Abstract

O O Seafloor hydrothermal system and deep subsurface are of great interest for microbiologists
as paradise of unusual lives so-called Extremophiles” in this planet. Such peculiar
microorganisms have been believed to be minority in the earth throughout the long history
after the early evolution of life. Recent investigations for microorganisms present in the active
Ubiquity,
predominance and diversity of extremophiles in the present and past global environments
signify the unresolved, but significant role in the co-evolution of earth and life. In this article,

hydrothermal seafloor and subsurface have revolutionized the concept.

we summarize the expeditions for the microbial world in the seafloor hydrothermal system and

deep subsurface and shed light on the foci of the future investigation.
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Fig.010 An electron micrograph of a strictly
anaerobic, extremely alkaliphilic bacte-
rium Alakaliphilus transvaalensis gen.
nov., sp. nov., isolated from 3200 m deep
subsurface environment in the South
African Au minel Takai et al.,02001all
It is mesophilic but can grow at up to
pH 125, which is the highest pH
condition recorded so far for growth of
life. Bar indicates 1y m.
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Fig.020 An electron micrograph of a strictly
aerobic, extremely thermophilic hetero-
troph Hydrogenobacter subterraneus sp.
nov., isolated from >300 0O deep sub-
surface geothermal water pool at a
depth of 1500 m in the Hachobaru
electric plantd Takai et al.,[12001b[1
It belongs to the order Aquificales, the
most ancient lineage of Bacteria, but
is the first example representing the
inability of hydrogen - oxidation and
the absolute heterotrophy. Bar indicates
1y m.
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Fig.030 An electron micrograph of a previously
uncultivated phylotype of Aquificales,
Sulfurohydrogenobium subterraneus gen.
nov.,, sp. nov., isolated hot geothermal
aquifer in the lowest level of the
Hishikari Au minel Takai et al., 2002b,
2003all
The isolation and characterization clar-
ify its enigmatic physiology, that is
hydrogen- or sulfur-oxidizing, oxygen-,
nitrate-, ironO 11, selenate- and ar-
senate-reducing, thermophilic chemoli-
thoautotroph. ar indicates 1y m.
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NEC : North End Chimney, NBC : North Big Chimney, CBC : Central Big Chimney, SBC:
South Big Chimney, HRV : High Radioactive Vent.

Fig.040 Location and bathymetry maps of deep-sea hydrothermal fields in the Mid-Okinawa
Trough.
Left upper : Location of deep-sea hydrothermal fields in the Mid-Okinawa Trough. Left
bottom : Bathymetry map of the Izena Hole. Right upper : Bathymetry map of the Iheya
North. Right bottom : Local map of the seafloor hydrothermal events in the Iheya North.
NEC : North End Chimney, NBC : North Big Chimney, CBC : Central Big Chimney, SBC
: South Big Chimney, HRV : High Radioactive Vent.
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Izena hydrothermal field in Okinawa
Trough, Japan.

A: Correlation with distance from
hydrothermal field.

B: Correlation with depth of the
sediments time duration from their
originCl
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