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actually seemed mirrored in the world around me,
Z LT HRDSFICXT T2

because what was happening, this was in the late '60s,
REHFRICHRMEINTVWEIELSTLL

we were going to the moon,

C DE0FERBF DERIE

we were exploring the deep oceans.
ANBIZBZzBfEL

Jacques Cousteau was coming into our living rooms
ABERRLTWVWELL

with his amazing specials that showed us
Ty vT VXS —ORBIFBED RS

animals and places and a wondrous world
BN ENETERBO LD S

that we could never really have previously imagined.
BENGEYONRE

So, that seemed to resonate
RET N THHDET
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Life is a self-sustained chemical system capable of undergoing
Darwinian evolution.

Em&ld, Y—0+1 DEEERITIZEHTEER, BERENRMEFRTHS

Joyce, G. in Origins of Life: the Central Concepts (eds Deamer, D. W. & Fleischaker, G. R.) xi-xii (Jones and Bartlett,
Boston, 1994).

Life is the sum total of events which allows an autonomous
system to respond to external and internal changes and to
renew itself from which in such a way as to promote its own
continuation.

&, MIBIUVANELICREL, BCOFRZHET SLSBRSETHCSZEMI S
BERZAHECT DL S EROEBMTHS
Oliver, J. D. & Perry, R. S. Definitely life but not definitively. Orig. Life Evol. Biosph. 36. 515-521 (2006).
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Methanopyrus kandleri 116 (Takai et al., 2008)
Growing at up to

.

K ! A ;
. Alkaliphilus transvaalensis (Takai et al., 2001)
Growing at up to pH12.4

= 20 Pa Serpentinimonas maccroryi (Suzuki et al., 2014; Bird et al., 2021)

Growing at up to pH12.5

''''''

Thermococcus piezophilus (Alain et al., 2016) Colwellia marinimarinae (Kusube et al., 2017)

Growing at up to 130 MPa Growing at up to 140 MPa
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Deinococcus peraridilitoris

Species Dy; value* Phylum

Deinococcus radlodwrans 7000 Gy Deinococcus-Thermus
Denococeus radiophilus 13,000 Gy Deinococcus-Thermus
Rubvobacter radiotolerans 16,000 Gy Actinobacteria

Methylobacterium radotolerans 2300 Gy  Protecbacteria

Chroococciiopsis sop. 3,400 Gy** Cyancbactena

Escherichia col 40 Gy Protecbacteria

"The Dy, values ware cbtaned by gammadrradiation. *"This value was obtained by X-rradiation
ek 2-3 Gy
IIL> 2000-3000Gy

B2 108488/ cm3L1 &L T320000Gy T EFSERICHR
HIERERES C R AR D MEHRIREI D SO D ETH

LERFRIZDIFROE=1000GyY
[RFEOERFEMZIARIEDORRHE = 100000Gy/h
FZME (AHm) =0.002Gy/day
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A Isolate 22

al Fraction (N/N,)

Surviv

Survival fraction (N/N,)

Geodermatophilus obscurus
BAF(C1088lA2/cm3\W &L T160001/ m2TIEFTRICSTHIR

HIBRIRIS TR AR DERIMREBE D oD ETH

KA0EFRIDHIRER=~1W/m?2 (18)
FHAT—3Y =6.4W/m2 (48589)
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IODP Exp. 337 COEXRDBIET EnBIRET

RESEARCH | REPORTS

DEEP BIOSPHERE

Exploring deep microbial life in
coal-bearing sediment down to
~2.5 km below the ocean floor

F. Inagakl,"** K..U, Hinriehs,” V. Kubo,** M. W. Bowles,” V. B. Heuer,"

WL, Hong,*t T, Hoshino,"* A, Girl,"” 1. Imachi,*™ M, Ito,"* M. Kancko,™*

M. A, Lever,™! V.8 Lin"§ B A Methé," S Morita,” V. Morono,"” W, Tanikawa,**
M. Bihan,' 8. A. Bowden,'* M. Elvert,” C. Glombitza.” D. Gross," G. J. Harrington,'*
T, Hord," K. LL' D, Limmer," | C.-H. Lin,"* M. Murayama,” N, Ohkouchi,** §. One,"
Y5, Park,'™ S, C. Phillips.* X. Pricto- Mollar,” M. Purkey,™ # N. Riedinger,”***

Y. Sanada,*” J. Sauvage,™ G. Smyder,” {1 R, Susilawati,™ Y. Takano,™* K. Tasumi,”

T. Terada,”™ H. Tomarn,” E. Trembath-Reichert,™ D, T. Wang," V. Yamada™**

140°E 141°E 142°E 143'E 144°E

42°'N W 42'N

Lignite coal layers
& coal-bed methane

41°N 41°N

Vi . 40'N
140°E 141°E 142°E 143°E 144°E
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Inagaki et al., Science, 2015
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Intensity

IODP Exp. 337TCDE

Epimers 13-epi-F430

\\ 12,13-diepi-F430
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Inagaki et al., Science, 2015
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Inagaki et al., Science, 2015
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Kato et al., 1997, Takami et al., 1997, Goodfellow, 2006 &
Nunoura et al., 2015; 2018 :
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(Takai & Nakamura, 2010; 2011; Nakamura & Takai, 2014; Takai et al., 2015)
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