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Deep-Sea Biosphere and Life under the High-Pressure World

InEE T84

Chiaki KATO

The deep-sea in our planet is characterized as the extreme world placed under high-hydrostatic pressure. We have
identified many of living creatures in the deep-sea environment, and several high-pressure loving organisms,
called ‘‘piezophiles’’, have been found and isolated using the manned and unmanned deep-sea submersible sys-
tems. Then, this extreme world is being more and more elucidated. In this article, the fascination to investigate
the mysterious world, deep-sea, is introduced, then, the strategies for adaptation to the high-pressure condition
in microorganisms are illustrated at the molecular levels. Finally, the next stage to study the pressure life science

would be discussed.

[deep-sea, enzymes, gene expression, high-pressure, Moritella, piezophilic, pressure adaptation, Shewanella]
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Fig. 2. Definition of piezophilic growth properties (right) and pressure vessels for cultivation of piezophiles (left).
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Fig. 3.

First developed manned submersible, ‘“TRIESTE
II’’, in that, J. Picard went down to the deepest Mariana
Trench.
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Fig. 4. Sediment sampling at the Mariana Trench Challenger Deep by means of the unmanned submersible, ‘¢‘KAIKO”’
system, Dive 10K#21 in 1996. (a) Map of the site, Challenger Deep, the Mariana Trench. (b) Unmanned submersible
(ROV), “KAIKO’’. (c) Sterilized sediment sampling at the Challenger Deep.

(a) (b) (c)

(d) (e)

Living foraminifera

Fig. 5. Animals living at the deepest Mariana Trench. (a) Bottom of the Challenger Deep. Many sea cucumbers were ob-
served. (b) Sea cucumbers looked like fish? (c) Swimming sea cucumber. (d) Hirondellea gigas, living at the Challenger
Deep. (e) Deepest foraminifera, that covered by silicate.
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Fig. 6. Effect of temperature and pressure for the pro-
tein denaturation.
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Fig. 7. Pressure effect of gene expression controlled by
lac (A) and tac (B) promoters in Escherichia coli. CAT:
marker gene, coding on chloramphenicol acetyl trans-
ferase.
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Fig. 9. Comparison of the mutant IPMDH activities at
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EES ORI & Fil Vol. 27, No. 1 (2017)

FVEIC R Ot FERRBE A A1 3% &\ S Hi iy
ITAREME ARG C LN TE I, SRIL, HEEEFRED
H O, EABEICET SEE#EIGO A% E X
Mo aiET 5L 41, ICHmEL T
3, ENERBTANNA T 77 /8y —38Fcks\w
T, THEFIHBEFRICH S 2535 &\ D Hifiibi
RIPIHIHEA TS 2 EREZLN S, SHITIZ
BB B TOMEIC K57 VIVLE—WEDO5
fRPkRE, SENAA TV T 7 2—~OFAEE DR
LIS N TV
6. HHYIC-ENEBEFDRB
INFETHRRTELEDIT, BEIEWDSMFIRHA
KELTOEWZTTIEe L, MlomMia, E/oM
fazRd 54465 FICEAHET, HHDYPARILT
WL EZ TCWAHI Ehbhrb, BIEETIE, xD
mHERIEEE OB L EL, S OICFEMIZ, 72& 2
X, EHEOVABEOENELSLT I/ RICTH
G - T 5K FO—DO—DOD%E) % THHET %
CEMAELE>TETCWS, TO LI EEED,
EBED T COEGEHEEHOLNMCIT A L HIE
L, FEE5I1C kY, [Piezophysiology = FE /)4
F WS H L WIS ORB AL XN/ [18],
AR LD DI, A& -MllgeEwiEGkzo
DIZFENHEMZ, ZDOV AR Ak ffifid 5 &
R0 EGETEWFNNCRINTD - 1By e am Bl
FEBHAL LD EdTH5LDTH%, Fig. 1112, E
NEBZOB &R AR LIz, ARRICCRid L7z,
Rl BB O RN EIFMEHRES >, =R T RBLO 618,
EHBOEN#EINFICET 2098k L &, EIER
FHREOHEBRIC G ENS, CNE T, EHAEwEE
SETE, ZO% L PEEEOETIVEABE T HWC
ez ply & LW ey, 64 EKEBREEICHIS L
THEBL T LW & Mk & L /-5
BITEE SO ZBRTE, TEAEREINTY
R\ HEOL EWI-bIE, FOR\OCIEERE IO
T 5 MGG O T, ZOLEBICLEOKEH
LEMYEETEMHICIFO B2 TETCWAT EFE
26N, SHBETEITO LA E L
e BT E O CEELME 2 HO T &
LRV R,

S%E, BENTTOBEOZELENS, Rig
WA O 3 5 EARYE Ol AL kg O — ik Al % &
ML, BN KB HREN EEERDEOLE &



CDT7ALNDOEMEEEL SV EZOFBHEIICIR > TEFRSNTLET,

Active site (open)

/

Active site (close)

; v

W699

Active site (close) /_ Active site (open)

Fig. 10. Dynamic model for the IPMDH activities at the high-pressure condition. In the case of the pressure sensitive
SoIPMDH, high-pressure effected three water molecules (W697-W699) penetrated into the just back pocket of the active
center to bind the hydrophilic S266, then those water molecules made the stacking for the flexibility of the active center. In
the case of the pressure tolerant SbIPMDH, water molecules were not able to bind to the hydrophobic A266, then the molec-
ules were getting out under pressure condition, therefore, the flexibility of the active center was conserved.
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Fig. 11. A schematic diagram of Piezophysiology.
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