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Abstract: Marine hydrothermal systems are high-temperature extreme environments formed
under the influence of geothermal activities. According to early studies, y-Proteobacteria were
the main members of sulfur-oxidizing chemolithoautotrophic bacteria in deep-sea hydrothermal
vents. At the end of the last century, molecular ecological studies revealed that Campylobacteria
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(former e-Proteobacteria) were the dominant bacteria in hydrothermal habitats, such as
hydrothermal solution, smoker body, megafauna, and underground sediments, with ecological
significance in the life processes including sulfur oxidation and hydrogen oxidation in
research progress of

hydrothermal The article comprehensively reviews the

Campylobacteria in hydrothermal vents from ecological, physiological, and other perspectives.

arcas.

It extensively describes the ecological distribution, diverse metabolic types, strain characteristics,

and taxonomic

status of Campylobacteria,

showcasing the utilization mechanisms of

Campylobacteria for elements such as carbon, nitrogen, sulfur, and hydrogen.
Keywords: hydrothermal system; Campylobacteria; chemoautotrophy; hydrogen oxidation;

sulfur oxidation
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names with Standing in Nomenclature (LPSN)H Bt 4, 1% A4 25 AT 78 209 11 ik £ B 9 B

Figure 1 Pure characteristics of Campylobacteria isolated from hydrothermal zone. The strains isolated in
the four main habitats (A-D) are listed in their corresponding habitats, and the main electron donor and
electron acceptor species of the strain are sorted out according to the information in the published article of

the strain. The data is based on the list of Prokaryotic names with Standing in Nomenclature (LPSN).
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K1 BEREYFESZTIER LPSN. NCBI #1 Bergey’s Manual ST RNV FE 7 2
Table 1 Taxonomy of Campylobacteria in the standard naming list of prokaryotes LPSN, NCBI and
Bergey’s Manual
LPSN NCBI Bergey’s Manual ™ 84 HHEE SEA EARE
Genus A R PR O R
‘M PIFh () PIFp (AN
Species  Species Species
validly isolated isolated from
published from the deep-sea
ocean  hydrothermal
vents
Arcobacteraceae Arcobacteraceae Arcobacteraceae Arcobacter 34 7 0
Halarcobacter 0 0 0
Malaciobacter 0 0 0
Poseidonibacter 0 0 0
Pseudarcobacter 0 0 0
Hydrogenimonadaceae Hydrogenimonadaceae Hydrogenimonadaceae Hydrogenimonas® 3 3 3
Campylobacteraceae  Campylobacteraceae Campylobacteraceae Campylobacter 45 1 0
Sulfurospirillaceae Sulfurospirillaceae Sulfurospirillum 9 1 0
N. D. N. D. Thiofractor 0 0 0
Helicobacteraceae Helicobacteraceae Helicobacteraceae Helicobacter 54 1 0
Wolinella 1 0 0
N. D. Flexispira 0 0 0
Sulfurimonadaceae Sulfurimonadaceae Sulfurimonas* 10 7 4
Sulfuricurvum 1 0 0
Thiovulum 1 0 0
Sulfurovaceae Sulfurovaceae Sulfurovum* 6 6 5
Nautiliaceae Nitratifractor* 1 1 1
Nautiliaceae Nautiliaceae Nautilia* 4 4 4
Caminibacter* 4 4 4
Lebetimonas* 2 2 2
N. D. Cetia 0 0 0
N. D. Thioreductoraceae Thioreductor* 1 1 1
Nitratiruptoraceae Nitratiruptoraceae N. D. Nitrosophilus* 2 2 2
Nitratiruptoraceae Nitratiruptor* 2 2 2

BT RIZARICHI M Nautiliales H, BA RN RIZEFRICH Jy Campylobacterales H. *SHRICHIE &G 4 55 H e PR FR 55 Y
PR, BARERRE BT S A K 1 ND OB AHCEE. 20 B0 BB 7 1038 LPSN WA RUR SRS, TR TR
SRR AR TR IR REECR . BRI L T 2024 46 3 1 26 H , Bergey’s Manual 50tk [ 2019 4R i A2
Double underlines marks are for Nautiliales, the single underlines are marked with the order Campylobacterales. The genera
marked with * are strains containing strains isolated from deep-sea hydrothermal environments, and specific strain information
can be found in Figure 1. N. D. stands for “no data”. The numerical values in the table represent the number of taxa effectively
published in LPSN, the number of taxa of marine and the number of taxa originating from hydrothermal vents. The data was
collected up to 26 March 2024, with the publication of Bergey’s Manual in 20192,
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Habitat Genus _ Family Order . Class
= ———— sbacter peruensis (GCF_003711085.1)
. Marine environment c ;
7 Fresh water and sediment Arcobacter lacus (GCF_003063295.1)
1 Soil
B L00\[L gycobacter defluvii (GCF_013201725.1)
. HOSt-aSSOCIaIEd, /erJbu( ter cloacae ((1( F i 013"0193 5 Arcobacter Areobacteraceae
M Hydrothermal site 100 0131
M Hydrocarbon-rich 17767
M Sewage
B Others 100l Arcobacter caeni (GCF_003063245.1)
S i a ¥ )
100 100 ‘iu.’/mmzmmx paralvinellae (GCF ()I-l()(l)b‘? 1)
51.'1’]‘111 imonas m(.’im' (GCF 009192995.1)
O = TOOT ANNT ATIES N
99 101 1 J
100 15 (K 2 1)
100L— Sulfurimonas xiamenensis (GCF 009758[)45 1)
Sulfurovum sp. NBC37-1 (GCF_000010345.1) J ’ J =

100 Tuh‘urr)\mn Ifr.’i{).'mpt’:uc un ((JCF 000987835.1)

' ari (G( 000816405.1)
Campy u"v icter rectus (GCI EM 174175.1)
Campylobacter hominis (GCl /
96LY—— Campylobacter iguaniorum (GCI
1()]"* (GC 036556685. ]}

hon > (GCF_000597725.1)

100L— Srtiﬁrm\p.' Ilum sp. AM-N (AI “357198.1)
Su!ﬂu m,nu n'.fmn cavolei (GCF_001548055.1)
lelevianum (GCF_000024885.1)
ml(l er“\'\‘

585. Campylobacter Campylobacteraceae
001483985. [\ J

Sulfurospivillum | Sulfrospirillaceae

S / 5
99 S’u!fﬂn m.'n'."um mu."mnmm (GCF_ ()(i0568815 1)
100 Sulfurospirillum halorespirans (GC F_001723605.1)
86| [ Sulfurospirillum sp. SL2-2 (GCF_002205395.1)
100 Sulfurospirillum sp. JPD-1 (GCF_002309535.1)

97
]
75— Helicobacter rodentium (GCF_000687535.1) 1

B2 THHERNERARGLXEN HohiFSIUERRERNFIIERS; 230 a B IUER R %
KRB bR BERFGRIGIERS s 1612 AR 5250 % IR IR 17143 85 (1 T4 k)

Figure 2 Phylogenetic tree of Campylobacteria. The contents in parentheses are accession numbers of the
strain; Branch point number represents the confidence level of kinship; Scale length represents genetic
distance. 1612 was the strain isolated from shallow-water hydrothermal vent in our laboratory"**..
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Epsilon-type

Sox system

Inner
membrane

Cytoplasmjl

B3 PAERMTHATENEERGEMEFESEERER AR Yamamoto ZFff 5t sk, 216
MM 2R, WElE i AR, PSS 0T . S4bE#(hydrogenase, Hdy). Z6iid 5
(polysulfide reductase, Psr). #filii % fbif J5 i (sulfide-quinone oxidoreductase, Sqr). Ak L L Gk
(sulfur-oxidation system, Sox). #ii%Afkid )i (sulfite: cytochrome ¢ oxidoreductase, Sor). J& JiT it fiF iR £h
i JE i (periplasmic nitrate reductase, Nap). H ZEfit (methylmenaquinon, MMK) . Fit(quinone, Q). 4l fifi {5
& ¢ (Cytochrome ¢, CytC). 4l {1 ¢ A fLEF(Cytochrome c oxidase, CCO)

Figure 3 Schematic diagram of energy metabolism and electron conduction models of Campylobacteria in
the hydrothermal zone. Modified from the study by Yamamoto et al.l**], the red box is the electron acceptor
protein and the blue box is the electron donor protein. The abbreviations in the diagram are as follows:
Hydrogenase (Hdy), Polysulfide reductase (Psr), Sulfide-quinone oxidoreductase (Sqr), Sulfur-oxidation
system (Sox), Sulfite: Cytochrome c¢ oxidoreductase (Sor), periplasmic Nitrate reductase (Nap),
Methylmenaquinone (MMK), Quinone (Q), Cytochrome ¢ (CytC), and Cytochrome ¢ oxidase (CCO).

SR RSP T AUA, BioE R
e B R £ (SOL» ) s B 43 S ALy o v ¢ A A
FY LR B AL TR PR O A Ay
TERE A FRI— AN RHEARY, sl R
Bt ST R R A 1 J5 T Y B R R
Bl 3 Wi Sox Z MM 2 I i A AL ib i 15

(sulfide-quinone oxidoreductase, Sqr)+& 25 i T
A A R I REE , Sox /KR 4 Fh
EHE AW, 5 H SoxYZ. SoxXA. SoxB
1 SoxCD Mk, BRAMZHAD A =
SwAEY, Sqr A NEN Y 5 2 mik
W) 22 ) R i 14 2 AP0 T R P B AELAE Sox
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Z AR R LR 5 FEA A AR DL AR, S
p P Sox K& AR A AE [ — A BE B BN, A
HAT B Y Sox [F] L DK 23 A 2 AN R R v
43 SoXXYZAB HI soxZYCDM 781 fiyi]
X0 T A [l RS, B anAs W A e ek &
Wy ) BT A0 Rl AT B R AL S A
ZH5EAMMR FEE PSR L, 7
AW iniEnE Wollinella succinogenes (25
FEE )k BZ R AE S AL T E 4k Hy 38
FRHL T, 3l Y 25T (menaquinones ) B HL, 1%
5 JE B 2 1] B B 45 A 1Y 2 B AL W iR 5 i
(H1 psrABC ik [H 2 %) —psr A B[R (1 2 ik 7=
W ST Z AR I HoS, psrB R R
KRR T, A R s, T psrC
R FRE=Y T ARG EMS 2 EA, &
HIFFE 49 Sulfurimonas H & BILAE 76 T 40 it 5t K
JH s I] 2 A Psr i BB 5L (1 dniEl 1
iR, S°. S,05° Fl H,S 453k IR B Ak & 4 ]
VER S AT W T A A R A B A, T
HI 2 FRAL S YR IR 52K S S i )
TEFRO TR A T VR S A B A D 3o R (A
TR BIIESE .

@AM : Hy R X EZ M BRI,
R U R e 24 W R AN
A R R X H, 19 E R IR, 3 F L ks i
XA BRI HoS & 8 T Hy, Bl A i
IR R R T AT DX ) L, 5 o ) A s
F A S A T 40 Tl o SR A AL Ho SR 3R e
&, JFEE CO,, B A FFENA L,
AEALAN R T2 o0 A TR IR X . H AR
R TR AN T e A L e s e R A A ]
(0 W FZREN T, HoS bR A kS
—797 kJ/mol, H, }—237 kI/mo)", {HHFE4:
SIS T S R =R U N PSS B Z Y
HifZ b NADPYH Hffi, Seifb¥Mi, =

AT B S i HL AR, TR T A AL
[ € 1 mol AYfR H 5 M Ak ¥ 5¢ mAH 1 i Y
1/3 W RERE (AL 1060 kI, b4 105 2
3500 kJ)'*, 7 AT B R S AL H 1
Group I NiFe & k7",

@R R it 38 2 PO O ) o T
MM, KL M AL 4 b5 A G b
il R 6 16 Jit 52 A 1A 1) B 4] (napAGHBFLD) !,
L BE A T4 ) B A i HE - 32 AR M R AR I, L
A ) A W TN P R B TR A B BT A A T
ZAREE T AT A A R A R R A R
fiff (membrane-bound respiratory nitrate reductase,
Nar), 7 F i %S [0 o A8 R £h 18 I Nap 5
TSR ER I SR AN ) B o, B ) 2 g A T oz A1
W B A R R A PR VPR, iy DA PR 2] v
W AEAE nap JERT

@FEAWAH: Tl R S,
Pt AASRETE B LR VAR N 447, I 1 TCA
AR 5C 1) PR R 7R - 4k AR A 30 I 2 1 4Rk 000 it it
(pyruvate:ferredoxin oxidoreductase)Fl 2-5fk. )% —
R Kk A AL I8 5 2 i (2-oxoglutarate:ferredoxin
oxidoreductase) it 2k B 72 X 480 B A ARk U, 4R
M7, RN R 2225 AT B v % 11 L 152 4477
SN RN, Bl cytbel HA
(2 qerABC ik, ZHIFRN petABC)M
P L ZR T rp 3z ROk, IR Jo s ) v g Jo
T 6 % A AL B cyt cbb3(H 3 Fl ccoNOQP
RIXEGYRMN . 17EX 2 MR 8 5 81E
T, AFFRIER T — i, Rk
HLA L A P2 R i A K U7 M
b 18 F, A% 3o B R i AEC TR T, A A L £, 3R SR AL
fiff caa3 %l(cyt caa3), cbb3 HiZ 5 ¥(cyt cbb3)
Xt AT B SR AN TS BT DARE AR S AR
IR EE A T AR
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3 Ak B A S R Y 22 IR R AR UKL
pPLGs)" *VHISMEHLEI (41 Cu SMER G E A
F G Cus 1 P & ATP [ilf CopA)™ 53k /041 i Jiic
4 JE VR BE A, 8 AT s A A A A R AR A
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AR, RREEEITR G AL miE
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AP MR AR E A R 41 Nautilia, Nitratiruptor
1 Caminibacter {74 1) S* AT LA 4@
(W Cu, Pb, Cr, Zn, As)JE SRR Y4
BEAkY, LKA ESED, fan, et
BEAL S B AL 5 WURL(CAS), 45 A7 856 (PbS)
BETHEIR £R [Pbs(POL) 1A 2CHE H , T4 W %% 1k
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B AN —FREEN Fe-C WA, AR
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EL AKX R R 22 (TP 1 (Zetaproteobacteria) .
VAR TR SR A TR A R R TR, A v
T B 1) [0 H FF 5 (Geobacter) #1 75 KU FC 1 &
(Shewanella)!™ | |7 B 1 [ 40 o Bk B B 8
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8 B OB 12 15 6 mPH, BB L R4
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(25 T 87 44 ) DO A o ) 2 2R DS ek
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i A A B v B R B, AT REAE R A TR B
A= 38 N BRI A RN PR XA S T
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