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(1) SOB 173 (g/L): MgSO,-7H,0 1.5000,
CaCl,-2H,0 0.4000, K,HPO,0.5000, KCI 0.7000,
4e4: % B120.5x107 g, NapS,05-5H,0 4.9600, fi
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Tablel. Theinformation of environmental samples from hydrothermal fields of Okinawa Trough

Station Longitude Latitude Depth/m Sampling date Sample description

TVG4-2 126°54'13.060"E 27°45'58.538"N 1092 2016/6/14 Hydrothermal sediments
TVG11-2 122°34'51.235"E 25°03'58.905"N 1170 2016/6/17 Hydrothermal sediments
R10-P1 122°42'17.554"E 24°50'39.920"N 1333 2016/6/8 Hydrothermal sediments
R10-P2 122°42'18.179"E 24°50'39.383"N 1327 2016/6/8 Hydrothermal sediments
R11 122°34'52.021"E 25°03'59.859"N 1164 2016/6/6 Hydrothermal sediments
R1la 122°34'39.915"E 25°04'14.468"N 1253 2016/6/16 Hydrothermal sediments
T1 122°34'41.965"E 25°4'14.674"N 1206 2014/5/1 Hydrothermal sediments
T3 122°35'18.919"E 25°4'15.074"N 1200 2014/5/1 Hydrothermal sediments
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30 min; N&S;03-5H,0, 4EEZ By, NaHCOs,
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K,HPO,-3H,0 0.1400 , Fe(NH,), (SO,),-6H.0
0.0020, N&S,0s-5H,0 248, fEICEER 1 mL,
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0.6300, CaCl, 1.1100, KH,PO, 0.5000, NH,CI
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2 SRR

21 WEMAER I EEELER

R 3 FhEEFRILIE LB 67 R BN BB 1 A
ME— GRS PR IR PR X 8 SIS TR R
d A TR A AN DA 1 A R oy s b A, L3RS 313
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® 2. HEBEARRARSA S BEKOKE ST
Table 2. Number of isolated strainsin different hydrothermal sites in Okinawa Trough

Station ASC in-situ spread ASC enrichment culture SPG enrichment culture SOB enrichment culture  Total number
TVG4-2 9(3) 16(5) 16(13) - 41(21)
TVG11-2 10(6) 0(0) 16(8) - 26(14)
R10-P1 18(6) 12(9) 18(6) - 48(21)
R10-P2 19(10) 20(2) 8(7) - 47(19)

R11 5(2) 9(6) 20(10) - 34(18)

Rlla 18(9) 41(15) 45(18) - 104(42)

T1 - - - 1(1) 1(1)

T3 - - - 12(7) 12(7)

Total number 79(36) 98(37) 123(62) 13(8) 313(143)

The values outside the brackets in the table represent the number of all isolated strains at the corresponding station. The numbers in
parentheses represent the number of sulfur-oxidizing strains at the corresponding station, and the horizontal lines represent no test.

El 1 SBXBMAN SPG BEMEFEEFIEXEMENEEAIETHNHETK
Figure 1. The color change of SPG solid medium containing phenol red during culture of different types of
sulfur-oxidizing bacteria. A: Blank control medium; B: CJG361 represents non-sulfur oxidizing bacteria, CIJG367
represents acid-producing bacteria; C: CJG160 represents base-producing bacteria; D: CJG151 represents
acid-producing bacteria.

22 WEBEPB R IR FMEMER  NCBI s & k4T BLAST X 4047, H4E He Xt

ZHetE SR MEGA 7.0 R G L FM (A 2).
FH T 16S IRNA JERF s s 2 ap 85 AREIFRIbR T, s 3 47T, 28 A-Ja A

[] b o B 5030 R (https://www.ezbiocloud.net/) il 45 1l 34T IR AT (Proteobacteria) . J5HEETA
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saofl @ CG307 %MH714934) B
Frythrobacter flavis SW-467 (AF300004)
CIG29 (MH714982)
oF R Ervthrobacter vulgaris 022 2-101 {AY 706933)
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Gl Cirimierobium ltewm CBA4602T (KF612584)

G 1l
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100 Srrcptom}cesif}drogenam NBRC 134757 (AB184868) :I—:Aumobacterm
CIGT78 (MH714953)
99| Fictibacilius phosphorivorans Ca7l " (1X258924)
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CIGS0 (M11714952)
99~ CIGRY (MH714946)
Bacilfus cheonanensis PIFS-5" (JQ966280) L
CIGY2 (MH71494) Firmicutes
Bacillus niaeini 1IFQ 133667 (AB021194)
0 @ CIGI7] (MH714935)
Bacillus thioparans BMP-17(DQ371431)
LJG](}Q (MI1714647)
0| CIG168 (MH714987)
Bacillus merisflavi TF-11" (AF483624)
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ol

0.05

2. MEBEAEXTIEARECAENRELERN
Figure 2. Phylogenetic tree of cultivable sulfur-oxidizing bacteria isolated from hydrothermal fields of Okinawa
Trough. Kouleothrix aurantiaca COM-B is used as out-group in the phylogenetic tree, black circles represent
base-producing bacteria, others represent acid-producing bacteria. Numbers at each branch point indicate the
bootstrap values (>50%) based on a Neighbor-Joining analysis of 1000 resampled datasets. GenBank accession
numbers of 16S rRNA gene sequences are given in parentheses.
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I"J(Firmicutes) fll it £k 14 ] (Actinobacteria), #1748
J& W ] (Proteobacteria) fd & o- 7% & H 4N
(Alphaproteobacteria) 1 y- 7 JE g2
(Gammaproteobacteria) 4l i . 7EASTER I TH, o748
TE WMo 2% 11 48 . 156 M. 33 0k, &
DU TR AR B 38.82%; K -8 T T 4 Bl Ay
R K EME 3), yRIEENIL B 14 4>
J& . 21 4Fh . 44 Bk, 5 INRTE PR 51.76%;
WRHT A 2408 . 6 MFh . 78k JEBEET 140
Ok 5555 4 JE (Sreptomyces), 3t 1 k.

W T A U e R R e BR A AR AL R R A T A 2 4
Hr(&l 4), 7 ERu E AT Y S AT T B A
bl , HEFHEEE . 7 69 B it A fbE,
a8 T DA AR RN y-78 T TR AN AN B 4540 25 AR A5 3L Ak,
15 P IR AL LSBT 44.93%, EAMA RS 6 &
JERETR T A 1 ARG T T, 530 7 iR
B A AL ALY 8.70%F1 1.45%; 78 )& K- L, 7=
e tm E AL R Lo 8 T 25 A8, e AN s
(Hydrogenovibrio), #74ji{& [X.4 )& (Labrenzia) Fl %
Vi 42 iE 141 & (Thalassospira), #54r B 3K45% 5 1k,
PRI AL T MR 7.25%; DEHERR R IR SR
T (Hydrogenovibrio thermophiles), AR Ai {6 G
(Labrenzia  aggregata) #l
permensis, 7E 16 Bk Hssi A AL IE T, - IE A
AN o B ARAS 13 Bk, b OO Ak R R
81.25%; ILAh, o BILHMAME AT 2 tk, JERE
W TR ARAS 1Bk, 4351 7 e S Ak I B A Y
12.50%F1 6.25%; TEJ@/AKF- b, i A b TE 43
BT 8 im, HitH s i REE
(Marinobacter), &3R5 7 Bk, oo bE
SOECHY 43.75% 5 fL B Rt Oy BR O T R OIR TS

(Marinobacter hydrocarbonoclasticus).

Thalassospira
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2.3 RIFEEEFR I BB R AL AT
¥4 85 PRIlIF R PRI E SOB & 44555 . ASC
JENAL TR A . ASC B ARG IR I SPG & A Hi 3% 4 Bl
[] () 70 B3 Ty AR JE /K- B T 0 A, SOB &
ERIEFRUEAAN TL A T3 WS, RIS A AL R Pk
8 bk, )& T Eh B 1§ )& (Hal omonas) AT 45 I il
1 & (Citreicella) . ASC i for i A1 M 3545 25 Rfm |
R4, J3 8T 19 1NJ& s ASC B & H IR Bk
20 BRERAALANTE . SrJE T 8 1ME: SPG E AR
Iy ERTT 32 MR LA, BT 14 ME. B
VL b 3 Mg i o B AR A MR 2 Venn &
(% B)HEAT o3 AT, 3RAS B TR AR 2 FE I f e 35 52 7
i ASC JEiisAn, 207 30k 15 9 MRE A s
HWOE SPG &R %, AT FEAJE 6 1.
2.4 NIRVBR AL AR B AL TS M I

i AL TR A D R T AR T R Dy - AEBRT AR
Ak bk —— B I AT IR B SOB45 (Marinobacter
flavimaris SOB45); j” fidifim Atk F ——3E LI FFIR
I SOB25 (Marinobacter excellens SOB25), =1 J¢
o5 Eh U SOB56 (Halomonas titanicae SOB56)
FIEG L HEFTIR 7 SOB93 (Marinobacter antarcticus
SOB93); MR i A Mk T —— 1 VAT B E il 147
SOB39 (Citreicella marina SOB39), E[I ¥ #i &k
HLAT B SOB107 (Thioclava indica SOB107)#11g
i A IR CJIG136 (Hydrogenovibrio thermophiles
CJG136).

XA b 7 BRI TS SR B B SR W pH (B
EHATRN B, AEm A I SOB4S5 11 Fr i 72
) pH A &b, e AL SOB25,
SOB93 #il SOB56 14 Jr i A 2 Bl pH JeTt i)
FHREAR S, Hidh SOB25 245, pH (12 d)3 01 i
pH T2 0.90 4~#ifii, SOB93 FH# 24 0.56 4~
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Vibrio campbellii CAIM 519" (AMDGO01000189)
100 ‘CJG?_QQ (MH714978)

CJIG283 (MH714976)

CJGS (MH714942)

CJIG235 (MU714971)
100 | CIG253 (ME1714961)
CIGITI (MH714960)

Pantoea dispersa LMG 2603' {DQ504305)
76 100 Enterobacter soli LI'7" (GU8 14270}
951 CIG 1 (MI[714951)
100 CIG153 (ME714945)
CJG152 (MH714985)
Alteronionas macleodii ATCC 27126 (CP003841)
100 | Skhewenella algae JCM 21037 (BALOO100008S)
CIG259 (MH714931}
Pseudoalteromonas shiovasakiensis SE3" (AB720724)
= 100 'CIGI88 {MHT146G08)
94 Pseudomonas hunanensis LV' (JX545210)
CIG7 (MH714930)
CIG204 (MH714964)
Pseudonmonas songnenensis NEAU-STS-5" ()JQ762269)
93 Pseudomonas stuizeri ATCC 17588 (CP0O02881)
CIG206 (MHT14969)
CIG202 (MH714%9%)
Pseudomonas sifuriensis WM-2' (KC311562)
841 CIGT117 (M11714963)
CIGI84 (MHTIS003)
CIGES (MH715005)
77,CJG 182 (MH715006)
CIG72 (MH715004)
Microbulbifer agarilyticus JAMIB A3 (AB158513)
CIG210 (MH714954)
70 Hatomonas aquamarina DSM 301617 (AI3006888)
CIG208 (MH7149703
98 CIGL1 (MI1714995)
® SOBSH (MH714937)
99 744, @ SOB46 (MH714936)
18U Halomonas titanicae BH1" (AOPOO1000038)
CJG144 (MH7T14983)
W'jﬁafomonas shengliensis SLO14B-85T (EF121853)
7 lﬂ CIG37 (MH?14938)

69

100

91

88 67 [ Marinobacier salarius ROSWI1' (CP007152)
96 T Marinobacter nanhaiticus D15-8W! (APLGOT100001 1
CIGT49 {M11714984)
@ CIGI97 (MI1714940)
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Figure 3. Phylogenetic tree of cultivable Gammaproteobacteria sulfur-oxidizing bacteria isolated from
hydrothermal fields of Okinawa Trough. Citreicella marina CK-13-6 is used as out-group in the phylogenetic tree,
black circles represent base-producing bacteria, others represent acid-producing bacteria. Numbers at each branch
point indicate the bootstrap values (>50%) based on a Neighbor-Joining analysis of 1000 replications. GenBank
accession numbers of 16S rRNA gene sequences are given in parentheses.
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Figure 4.

Comparison between acid-producing and base-producing sulfur-oxidizing bacteria isolated from

hydrothermal fields of Okinawa Trough at phylum/class/genus level. A: Comparison at phylum and class level. B:

Comparison at genus level.
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Figure5. Venn diagram analysis of Sulfur-oxidizing bacteriaisolated from different methods in genus level.
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bacteria. A: The change of pH. B: The change of sodium thiosulfate concentration.
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Diversity and sulfur oxidation characteristics of cultivable sulfur
oxidizing bacteriain hydrother mal fields of Okinawa Trough

Rui Du*, Min Yu*?', Jingguang Cheng', Jingjing Zhang', Xiaorong Tian", Xiachua Zhang"*

! College of Marine Life Sciences, Ocean University of China, Qingdao 266003, Shandong Province, China
2 Laboratory for Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and Technology,
Qingdao 266237, Shandong Province, China

Abstract: The unique geological environment in the hydrothermal fields of Okinawa Trough has formed special
biological communities. Sulfur-oxidizing bacteria play an important role in the hydrothermal ecosystem as a key
participant in the biogeochemical cycle. [Objective] To study the diversity and sulfur oxidation activity of cultivable
sulfur-oxidizing bacteria in the hydrothermal fields of the Okinawa Trough. [Methods] Sulfur-oxidizing bacteria in
sediment samples from different sites in the hydrothermal fields of Okinawa Trough were enriched, cultured and
isolated using different culture media. The 16S rRNA sequence was used to identify sulfur-oxidizing bacteria and to
carry out phylogenetic analysis. Sulfur oxidation activity was measured using the iodometric method. [Results] In
total 85 strains of sulfur-oxidizing bacteria were isolated and identified, belonging to Alphaproteobacteria,
Gammaproteobacteria, Actinobacteria and Firmicutes. The dominant genera of culturable sulfur-oxidizing bacteria
were Hydrogenovibrio, Labrenzia, Thalassospira and Marinobacter. Seven typica sulfur-oxidizing strains showed
different degradation activity on sodium thiosulfate that ranged from 31% to 100%. Halomonas titanicae SOB56,
Marinobacter antarcticus SOB93, Thioclava indica SOB107 and Hydrogenovibrio thermophiles CJG136 could
completely degrade sodium thiosulfate. [Conclusion] The sulfur-oxidizing bacteria in the hydrothermal fields of
Okinawa Trough are abundant in diversity, providing experimental materials and theoretical basis for studying the
sulfur cycle in hydrothermal regions. A variety of sulfur oxidizing strains have greatly enriched the bacterial species
resources and laid the foundation for exploring the energy pathways and molecular mechanisms of sulfur cycle.

Keywords: hydrothermal fields of Okinawa Trough, sulfur-oxidizing bacteria, diversity, sulfur oxidation activity
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