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Figure 1 The active black chimney at Long-qi hydrothermal field of Southwest Indian Ridge. Taken by the author during the 99th dive expedition of
“Jiao-long” human operated submersible vesicle, the 3rd -leg of 35th Oceanic Cruise of Comra
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¥ & B (Fischer-Tropsch synthesis) i 2 & WL KE 254
JEU1 19964F, SimoneitfllFetzer &2 B, KF-7E/RK
B 5Tt 73 (Guaymas Basin) 25 31>V P XA P 14
v B R M A R B £ 3 05 J& (polycyclic  aromatic
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bacteria, Actinobacteria, Gemmatimonadetes, Nitrospirae,
W W Thaumarchaeota(F i HI ), Euryarchaeota(] 1
WIDAX e, TR 25 7T a A5 P A
A5O3 TODPAE 33 1AL Uk T 28 HE i (the Mid-Okinawa
Trough)(¥JTheya North W X, I 1450 mhiHK
IR N 14~15 miRPYTOARY), R3] T i oy fa]
e, JF RIS A T T E Y TR A, &
BT R ANME-1, OP1, HWCGIV 5 Thermotogae,
{H % F K6  2) Thermococcales, Methanococcales, Ar-
chaeoglobales 58 & i i RO AFAEDY; FEIZ KX 10 m
VLN UL YA, Chloroflexil 14N H R £, TEEERI)

ERZEHE A5 m, 55°C), R FE 2 (Crenarchaeotic
Group) Fl F e S8 Ak iy o = BE BN D). p el I, #0
DR, 2528k BEeEll . il fE eIk
AU L R .
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HAEMHAE T R — A P e am . i
KR, BAWGEDIREHE YW aE L H b,
WA 5P 56 HhC B P 3 & B Methylococcaceae
AT A9 35 D] 2 v B s B A A QT 3 78 Al G 5 HHY e
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WX T, BT &ZXFEMEAFE
(chemoautotrophs), [A] i} th 77 1€ K & 7 3% I (hetero-
trophs). ‘Ef1Z25 T &KX GIY IR S5k, e
WA RG-S Re 2 b R & 154 2 DUk,
HEZrESEl A ASE L EACHE. #H
TR IR HF 22 A O R AR B AL A R R TR AN T
¥, Aleit—Lryptss. Fan, & Marine Group I/
11/1, DHVEZSFE A 40 P 25 SAR202, SAR40655 4.
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E 2 P A ERA o/ 5 VRN Y A AN 75 w1 i ]
A YIBETR I 5 R A A | AR R A 0 R 3 S
AR A, AT IR TR T A 0 2 B AR A 2 2 P DG T 1Y
()R, F T bR RH B AR RZ MR, 45 KPR IR HOR X 3
A W) 22 R AR S AL A b 22 SR, A DX
B THNIE= 7 S & 1 N [ O N[ 271 4 e T Y 2
Y kY, PR SR AT L BE A AR A 1 b T
fiERZ A T BRI X G HE 30 0 0 3 PR A0 A A% R 0. AR
EPRIGE 3, A KRG H DL R G | s % 55
IR SRR % DO A R AR T H o IR I
Riftia pachyptilase EH#HEY). MAE AR L KT O
X, A W 2SR S R A0 Y A5 IR I L Ridgea
piscesae. TEVGRFVE, FZAYEHEN IR IR | 2 fr A1
M ar . AE b KTV VE RO B 0 O IX (K IR
800~1700 m), T DLFNSk (22 R ZRHE, hH LA
A0 T 45 Bl A ) LR TR RS L S k1040 A
TRAY AT X (2500~3650 muKIR), I E IR A D12
FEISHE. N LI X ) T B8 ) Beebe VI X
(Beebe Vent Field, 7/K¥K4960 m), HALF ST /K
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SC#F (alvinocaridid shrimp), J& TIES A2, h
B EE P AR XL A T P RO R VT VA AR A
R R R 2 R RS, T H R B TR R S R
(Scaly gastropoda)ix — @i #7481,

R T RGNTEIIE X ¥ IR X ARG AR S RGN
AW B, Bl Auguste S N 3 43 A 79 B
X, ¥R 5T YRR 1210 B sh Y LB, TE
TH DL 18S rRNAFE P A RGE AR |, i i
PR IR A S Z R UE G DUE B T — A~k s i 4k
533, HAL TR A FEES, R I 518 R XY
Tt DU AT BE 2 A SRR AR H FR R GE Ak k.
Kiel 5 & R, K fili i G A oty T BURS A #4037k 11 ]
B 1 10 T TP A R X 598 SR X Sl VR AT 2.

TERE A AU T T, AR EISER DL | 4
G H IR AR Re R R e 2T
IAPURIT R T —2ett 58, (BIABRESHEA. &
AR L6 DUFTE F) P e 24 =708 I T RE A1) B Tk 1l
2 1% 2 Bk 34 B I (adenylylphosphosulfate reductase,
APR)FI ATPiL 12 £k Ji 4 045 198 5 25 iy 195 19 MR 4 19k
fiZ (adenylylphosphosulfate) % & 4y & fg £ °1. 1tk 41,
X S p- N 3 A B 4 IV A R k57 £k 1 (dissimilatory
sulfite reductase, Dsr), ik E 1L R (sulfide
quinone oxidoreductase, Sqr)fl/b> T SoxCD ) & AL
Z 0l 5 A5 1A (Sox) 7, H AR AR B ek B A AR 6 sox FE
PR3 5 A AR 355 oy 28 T TR T T A i AR AR ThiTe- A8 T
TR0 3 238 2o sox R R #EA T AU Ak, LR SR Ak iR AR
Ry AL S A R R AN M e 2R AR AL I8 R g
(sulfite cytochrome oxidoreductase, Sor), SqrfllSoxZ
B AR, L, & bR &Y R PR A Y R E
BLRERDRIE. AN, fEE S AN, DEH
AE TR Y 3 AR A 8 o AR AR A SR Y G B e
Kl (hupL) K0, 7% X EPR 4 & 1R 85 3 (Riftia pachyp-
tila) J i FE A 5 AR USSR, PR DL T L)
FIR A S ARBESEAT WI M A T, 3K © 38 2 7% 35 DA 2 )
¥ . FRFER S A 2% 28 (FISH) . e 21 k2= L) J
JELASE S 43 AT A5 1 3iE B 5200,

HIg0 | & RFENHAEAEYAR, BS54
Ay A= I X 3R i 3L 4 (Episymboinsis).  F B34 T
KACZE R Z 4, & ] LIRS R SR mi Al &4
AR, EEREEEERE, BE A kK. Rain-
bow i X H MR Y I %= 3 J2 I+, Epsilonproteobacteria
5 Gammaproteobacteria A= 41 B & 26 XL #7223
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PKIAH o B R TS R AR A B A K aE, AR
BAE R #h A Ak R B AR TE [ Bk 42 I, Epsi-
lonproteobacteria>f FH 1Y /2 52 [7) TCAfE ¥F, 1 Gamm-
aproteobacteria [H A /& CBBCYi ¥f (the Calvin-Benson-
Bassham cycle). B 7 b 5 AR T, BEF I
82 i kBT A B A AL BE T Y Zetaproteobacterial®.

5 URIRIGE TG Bl 5 ek A R i

R WE 2 B AR M sk R0 sl () KR . AF
FEHIE R R A AR SHLH, X TR R bR A Ay
A5 A B AT AT AR AE . AR MR AR A i
AR Z Ml T E S, H R B 22 B A 5 4 I kb R A A
A R VR T PR 11 OS2 B R, RO A
TE e 80A At B RT RS R e, A HA /53
FAIAE YW F TR LR, X b Ay 7E K IE IR
JFE A TE A SR AL T W I RE R SRR D A2
P g A A R A PR T RE R AR Ok
R, IS B8 B B BB EE T RESR B T
AW FBIE . AR 1R BE TR 5 Fe, SHYBR ALY T fig
e HL A% 1 DA R ik Pt 7 B A OO JARmE
TEJEOK T 2 2 R G/ 2 18] A7 e 36 BRI ) BN
EFRR R, TR T £ P4 FE R O SE, A R T AE fir i
fb; WHE R RIRE BE, SRR IEN X
RA BB I A WA, EHE 53R 25 T ik
AMEARESE; IATRESME FE, PG
BRI B AR s R, ALY A S
WA AL TP AL T R A A R ().

i, feail s MEYE B A A R — B
7N, PR X G AE T R R M ER D A B A A TR
A R R GE YA R BT ER Tk B e
SRR G S BUR i FED) | E N TR T
HRW, BO3TCHER, TR A2 8MCFETT, MY
CL7E BRI H BN, v v K SR M, T S
P 0 L A2 B 2R LT B R P 2 A A9 Lost
City M EWESh IX, & TAGRmTE R, /<. P
i Fa, 5 AR bR O A s I I 1] 22 )
KIOU H I, Lost City A X S 78 HUER A i I8 Y
FEEAT. X BUE B RE R 2 &R R . fLRE A 3=
YIS A ? B8 S A PO O sl G b PR B e B i
I U Y R A IR

=B i 2 06 HH e JE Y 2[R #H 5B 7 (the Last
Universal Common Ancestor, LUCA)JZ & E IR T1% 50
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P ? BB ILAAAE T YT M BRI i R IR AR 1
FEEE, Wlanes £ e 5K Es R 2 ab. Eivkag B 57
MAEY RRRERS RS, WRERIMAEY R IE )
QA AR . QLT &L LUCA.
TEAE AL |, Aquificales H 40 & — > o iy &
R dEAL 43 2, HAR Bl Persephonella marina 2k 6
H IR, AT ks, Bl sk T LR IAEE B AR AR
fery i Akt 22 Pk, M Aquificales {4 4 Y 5t
PR 20 b B A] DL 3 AR i 5 20 5 B (] A 1 D AR
T INHLUCA R RRAE | # J8 F A= Ar 9 v Ak g
P, FeilE Weiss % NVl 5 54001 T 18474415
1344 B JE R 46002 5 A8 1, ik i TLUCA
ATREHA M B AR, RN T LUCAR AR R
fE: m R . BRI A SRR . [BECOy™ 4
MR, fAEAYIRE. &5 IR EY h R o™
PR B, Rl A 1 AR A R IR AR

PO S TR o B 2 S BOA IR T L >
ALY IE L, T H AR e AR (R A AT DLTE
BRI & A 1 2 A A P SR b Be
HL H 3% &l (chemolithotrophs). KIEEHE LI, HHE
BN Z 2 A 2 50 RGO G 7
T RS T 250022 2K (1 DT AL AT SR A A A W 1 3 190,
by BR TR B A A A7 TE 0 R BE A PR A T BB A 2 B T ik
TEPB R B0 W () B vh e A 0 P S K B B
M 2 A R YA Y AR o B PR O R BT
%I (International Ocean Discovery Program, IODP), #T
TESLEETH, PTG A O IURE, S M3k R AR A 1
g 54 mR ERER R MRS, RS 35 L ER
A R 2 1) Y O R AT AT B ZUEE, KA 1e Tl i

553k

T B2 s X AR DXl Bk TR0 DR 4 v R PR 5T T Bl A
Z NS AU IE R TR AR,

6 JEH

et 204 (0], TR 7E TRV RIS ORI | % 2 5
T A T REEET, FERIE X R SRR Oy
TS T E . 20154, FRE [ T 0HR 1R e
SR AR TR AR B TR T VY R B R A 2R
W DORS A JH A, 20164F, UAEPGILED & ¥ Carlsberg A
TFRE T 3N IX N 2E 2. TR 5 5 S & Fh
TR 1 75 25 0K 7 PO X AR S R e W b & 15 25 AR
FH. TEPRGR DX A A Ty T, AL FE URER A M A i TS
YUOR ERAE | ISR E S AL | 008 5
ASTR) RUBE RS BRI, DL SR IR KA L B E W B D
MR W ESE, RIETERLE R ERE
563,

AR E R i JUAE7E R 3 ) S A i 3R A A
YW Oy TGS TR E R S T RERAN, H
EAA V2 R ARRIE SR, B, PORIXIEShS
HER AR AR IR A O R L BB BRI A= A AR PR -5 A v 2R
B3 W HL ] PR DX S A2 A A T I R R A B vh i B
Wi ShAE A= Y ER AL A 08 B v (%) Tk A [R) B2 i
A b ) v e R A S RS B OE R IR IX
AV RN A SE S AE, T2 A Wbk
A2 R A A IR TR AR G 2R K%
AR, FFRIHS R ADoK, B an S i # VR 4
A B S5AEYE B FEARSE, RPOFE A&
15 EOk i) BE 3 2 [n) . R ] R I 10 B R O T % R
B, AR R A ARk A ok FE R
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Diversity and metabolism of prokaryotic chemoautotrophs and their
interactions with deep-sea hydrothermal environments

Zongze Shao

Key Laboratory of Marine Genetic Resources, the Third Institute of Oceanography, Natural Resources Ministry, Xiamen 361005, China
E-mail: shaozz@163.com

The deep sea hydrothermal vent ecosystem was first discovered in 1977 at East Pacific Rise (EPR) near the Galapagos
Islands. In the past decades, over 640 hydrothermal vent sites have been found in oceans, a majority of which have been
found on the mid-ocean ridges. Chinese scientists have contributed significantly to the discovery of new sites on the
Southwest Indian Ridge and South Mid-Atlantic Ridge. Due to worldwide oceanic expeditions, significant advances have
been made in the observation of hydrothermal vent ecosystems, regarding the diversity and geographical distribution of
vent fauna and microbial communities. The vent chemolithoautotrophs and their symbiosis with vent clams, mussels,
tube worms and shrimps, in particular, gained more attention. In this paper, recent advances in diversity and versatile
metabolisms of prokaryotic chemoautotrophs are reviewed. The vent chemolithoautotrophs are pivotal in the
cross-connected interactions of abiotic and biotic processes. They act as the primary producer in the unique ecosystem
driven by the deep dark energy derived from water-rock reaction around the magma chamber. Correspondingly, various
chemoautotrophic bacteria are capable of utilizing the reduced compounds generated by water-rock reaction, via sulfur
oxidization, methane oxidization, hydrogen oxidization, iron oxidization and ammonia oxidization; in contrast, chemo-
autotrophic vent archaea tend to harness energy from hydrogen in the inner part of the hydrothermal chimney coupling
with sulfur reduction. In addition, heterotrophic archaea of Thermococcales also frequently occurs in high temperature
chimneys; while some archaea can oxidize ammonia and methane in the vent surroundings. These diverse prokaryotes
selectively distribute in a variety of vent niches along the steep environmental gradients of temperature, pH, Eh and con-
centrations of the reduced compounds. In the case of a black smoke ecosystem, where the hydrogen sulfide in hydrother-
mal fluids is effluent, sulfur oxidation is recognized as a major process driving carbon fixation for primary production;
while in the mixing zones, the partially oxidized inorganic sulfur compounds like thiosulfate and polysulfide can be further
oxidized by sulfur-oxidizing bacteria (SOB). Among them, Epsilonproteobacteria such as Sulfurimonas, Sulfurovum,
Arcobacter, Hydrogenovibrio and Thiomicrospira are predominant genera of SOBs in plume-mixed seawater close to the
vent, while bacteria of Gammaproteobacteria SUPOS5 clade are relatively abundant in the cold oxidized seawater farther
away from the vent. In the case of the white chimney, methane-metabolizing archaea of Methanosarcinales and hydrogen-
oxidizing Thiomicrospira dominate the prokaryotic community in microbial mat. In addition, another group of chemo-
lithoautotrophs function as endo- and epi-symbionts of vent animals that are essential to the health of vent ecosystem;
these symbionts mostly belong to sulfur, hydrogen and methane oxidizers. However, all these processes need quantifica-
tion to evaluate the efflux of energy and synthesized organic compounds. Considering the global distribution and the
immense influence in respect to continuous efflux of energy and substances, hydrothermal vents play an important role in
life evolution. Both geological records and computational analysis reveal that early life on Earth is likely originated from
the deep hydrothermal system, with features of anaerobic, thermophilic, hydrogen-oxidizing, coupled with carbon and
nitrogen fixation, represented by the Last Universal Common Ancestor (LUCA). Because of our limited knowledge
about the deep biosphere along with deep time evolution, more efforts are needed to investigate the dark ecosystem with
integrated approaches, to project the nature of life in dark with unique mechanisms, and to finally elucidate the origin and
evolution of life on earth.

deep sea hydrothermal vent fields, hydrothermal ecosystem, chemolithoautotroph, symbiont and symbiosis
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