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1. FEHREXERER

Table 1. The information of environmental samples from deep-sea hydrothermal fields

No. Site Longitude/°W Latitude/°S Depth/m Date Sample type

1 22[1I-SMAR-S010-TVGO05 13.85 26.01 2562 2011-3 Deep-sea sediment
2 22 MMI-SMAR-S012-TVG06 13.85 26.02 2545 2011-3 Deep-sea sediment
3 22 MMI-SMAR-S018-TVG10 13.31 24.54 2635 2011-3 Deep-sea sediment
4 221V-S3-TVG3 13.35 15.16 2875 2011-4 Deep-sea sulfide

5 22 IV-S1-TVGI1 13.66 14.25 2246 2011-4 Deep-sea sediment
6 22 IV-S6-TVG4 13.34 15.14 2835 2011-4 Deep-sea sediment
7 22 IV-S8-TVG6 13.35 15.16 2737 2011-4 Deep-sea sulfide

8 22 IV-S16-TVG13 13.20 24.14 2680 2011-5 Deep-sea sediment
9 22 IV-S21-TVG17 11.42 20.89 2076 2011-5 Deep-sea sediment
10 22 IV-S35-TVG28 11.92 19.41 2590 2011-5 Deep-sea sediment

http://journals.im.ac.cn/actamicrocn



90

Hongxiu Xu et al. | Acta Microbiologica Sinica, 2016, 56(1)

It H TaKaRa Biotechnology /A ), A& #Lia{57]
Z A B TRERARABRA A . 1CS30008 1
S (BRI . PP 5 FTAS40 H shit i
#%). Chromeleon6 T {E¥k . IonPacAS11-HC (4
mm x 250 mm)4MAfrkE . TonPacAS11 (4 mm x 50
mm) FiiH: ATASRS 300 (4 mm)Hi il #5 2100 1 5 5
Dionex/A Al ; PCRY #4{X(Eppendorf, ZE[H);
Alpha InnotechBE i {41 (San Leandro, 3E[H);
Decode SystemH,Jk{¥ (Bio-Rad, 3E[H); Wa2r il
Bi(OLYMPUS, HZ); Bioscreen4: H a4 K 4k
4% (Oy Growth Curves Ab Ltd, 7%2%),
1.2 AR E R

I g E A IINAS0 mL M1, M3$53735E
W, 7828 °C. 180 r/minHHf TR E 555, IR
2 dHURE, TERBB P EELIR . 20 Rt
SYAER IR F TR, 10 R IRE
PIiRAi FML, M3FI216L P Al iE 77 3k . B 5%
10 dJf, BRBUESA 225 MBI, e A
FRHE PR ST BB Al 3R, 1HRIA
1.3 ZE16S rRNAZEEFFINE S RER T T

FHAH G S P R R R A, ik DL B A
Z ML T EY 116S rRNAKER (Z1.5
kb), PCR”ZHIZ1. 5% B kRIS, &2
HiInvitrogen (J M)A RIINT o I 745 26 55 445

FH K EZ800 bp, HEzTaxon (http://www.
eztaxon.org/)! "FINCBI (http://www.ncbi.nlm.nih.

gov/BLAST) U FEMBLAST 3T . K H 51 %
LRI 16S IRNAJEH T 5 HIMEGA 5.0
REREW, RHLBAINA T (Neighbor-Joining),
KimuraX{Z A (Kimura 2-parameter model)“s] "
1000¥% A & (Bootstrap) K A T e HE AL B 14 i
1718
1.4 TER¥16S rRNAZREFFIH VX PCR-DGGE
vigiin

PR G4 BT BRI RE R A, 7k WL 6]

actamicro@im.ac.cn

Ho YHi16S RNAKEFFHIVIX, K5I
V3F(5'-CGCCCGCCGCGCGCGGCGGGCGGGGC
GGGGGCACGGGGGGCCTACGGGAGGCAGCA
G-3")HMV3R(5'-ATTACCGCGGCTGCTGG-3"),
PCRILWAKZ (50 uL): 2xPCR Mix 25 pL, V3F
(10 umol/L) 1 uL, V3R(10 umol/L)1 puL, Template
(10-100 ng/uL) 1 pL, ddw 22 pL. & touch-down
PCRY HFEF: 94°C4min; 94°C30s, 65-0.5°C
30s, 72°C 1 min, 20ME#H; 94 °C 15s, 55°C
30s, 72°C30s, 25EH; 72°C, 15 min; J
H165-0.5°CER /R MHEF I K0.5°CH 2R 55°C,
PCRy“ W) 222 % S I BE eI r Uk A, 2405 64T
DGGEH VK" (MR e B U 30%-60%) , X %2
sear VIR . SE R P K Hext o34t
1.5 BEHRBREILEE R E LR AT R

KHMMTHFR5E, DINa,S,0,/F Wi, #
3 B B A AR A B S B LD s R B R
BT28 °CAMF FHEFR10 do B LN i T A1
AR 22 SR SR B pHAE AR, B IR
FLER A E R IR L 2 (T SR BhpH T B, iR ik
AR A A A I 2 SR A ) 2l
e dkpHT b, BR AL (R LT,
1.6 BEAH RIS

W 3 15 B 1 — MR A AE A ROCR B B Y T AR
Ponticoccus sp. LOM1-55 45055 A G £ IR 5E
o B B A AL T Defluviimonas indicum 20v17"Y,
Thioclava indica DT23-4"% FThioclava atlantica
13D2W-2"" — AT T B AR TFST . X O bk
W AR JE T RhodobacteraceaeZS#f, fZalpha-
Proteobacteriat'— 32K Hon, KB ITPA
VrEFE LA AT RE™ .
1.6.1 B SMEYAN . RAMMTR IR, 72
A PAS mmol/L Na,S. 5 mmol/L Na,S,05710.5%
W/VER TS Ay ME— T IBRLIR , REA-R 0 D R 42 Ao 22 855
FREPE T 28 °CHEE3 d, BB IR 3T


http://www.eztaxon.org/
http://www.eztaxon.org/
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.eztaxon.org/
http://www.eztaxon.org/
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST

TREEGEAE | WUEMAI, 2016, 56(1)

91

K, FHHRHRE RN 480, HAEEEA
R 25 A RS O 2 HAt P IR, Sead g b
KM B OD ool . pHIEL A= 4 U I
1.6.2 BERYIERERIE . RHAMMTH: A,
PINa,S,0:/E NG, JFie AFMHKE: 5.
10, 15%120 mmol/L, *f T 324 = Na,S,0;4
BB RRIUBE T 30 mmol/LA140 mmol/LFi-/~ix,
W . W TAREERD BB SR A 8 728 °CHER3 d,
AR B B 3 AT IR SR . K2 PR ODg o
H. pHIH. IRY &AW &,
1.6.3 BEAFERMHWE : RHAMMTH SR, L
Na,S,05 Y, B Sy bR Sl 145 T
PRECGE MR EE o K A I B AR Ah B R b B T
28 °CHiFR3 d, RIS PATIAE . i
BEFME R ODgoofH . pHIE . S,05” F & MISO,”
S I AL N S,05° RIS O, 1 AR
ks

S,05°" . SO5* F1SO,* AR R F B 1 (3%
e, RS AL B R I RE Ty 9 R O SR
WA S5 . WRVEW : 40 mmol/L NaOH, ik :
1 mL/min, #0461#%: A s FAMGIE, M8
Wi: 100 mA, HFRIGRAGI, B SR
35°C, HEHN30 °C, HHE4ERFE9-10 Mpa, #
FERA25 uL, AESLORER ] 30 min,

2 ZRARA

21 HWHREESSEALESR
FKHMIFIM3RE 525, 7528 °CAMFT &4
30d, BR 145600, HARAuhi A S AT 3 )
A, ERIR 1M EEY . X BRI T16S
rRNAFER Y3 . P FMBLASTnLU X 4087, H
MEGA 5.08 41T R EE R G KB .
iR (2, 1) KW KPR S 3y
BERIANTI23IANEASHRE , T % Malpha-
Proteobacteria (28%k, 58.3%)H Thalassospira .

Martelella ., Citreicella. Labrenziaf1Sphingopyxis
J&, R A Actinobacterial2 (118E, 22.9%)H)
Microbacterium . GordoniafINocardioides)& ,
gama-Proteobacteria (9%k, 18.8%)A)Marinobacter .
PseudomonasF Thiomicrospiralg . MiEEH 40
g5 R] LB B H alpha-ProteobacteriaZS A
AN ST, AR A EoA AR E , oy
Jll & Rhodospirill-ales . Rhodobacterales
SphingomonadalesFlIRhizobiales. A 43 & AL R
16S rRNABE Fp 31 5 2 & R AR AR A AR L
7£96.6%-100%, HATERLOMI-5HILIM3-7H]
16S rRNAJE K] 7 51 55 08 I A6 2 BT A 1) A D) RE 462
%, 43314 96.6%F197.9% , 7T BEJ& ¥ 78 (1 5
P SRR T 20 (RS v Ve Bl A R e
PRIBCE L (MCCC), BRI = I 3R2
22 EEWHDGGEST

FHE16S IRNAKE KT HIV3IX Bt (#7200 bp) )
AR PR BE I FL VK (DGGE) S SR (B 2) R : (1) R
[Fi) sy (A ot ) o SRR 2 B2 S LUK, BR TS5 4
i R — 2R W sE i oh . HAAYRE Y AR T
TEZRNERI LB R o (2) [A)— b oA i FHAS R A 85
FRAE R AR WA, SRAIMES SR AL SRS 1
BRI 2 R R LR MBI R R e
XIDGGE 153 1y 224> F2 28l EA T VI s A
SEREMY, BRband S3Fiband 614h, JLAVKR R
J¥o P ERGRI) KB, 1ER AL s 4
12559 gama-Proteobacteriafllalpha-Proteobacteria
A E 2SR, gama-Proteobacteriafl i
Pseudomonas . Marinobacterf ThiomicrospiraJ&iil
%), alpha-Proteobacteriafid$fCitreicella .
Thalassospira. Paracoccus. Altererythrobacter®l
Loktanella®§ @Y . BR T Altererythrobacterfl
Loktanella¥}, L4500 @ #5415 24H [ SR i 9 46
BRI
2.3 FIBREHREEALRE S

H A5 3] 1) 4 8k T e b 381 5 W £ 48 75 1) Y 5 7%

http://journals.im.ac.cn/actamicrocn



92

Hongxiu Xu et al. | Acta Microbiologica Sinica, 2016, 56(1)

R2. REBRBRRERER

Table 2. The information of environmental samples from deep-sea hydrothermal fields

Site  Strains (MCCC No.) Closest strains in GenBank (Accession No.) Similarity/% GenBank Accession No.
1 LIM3-1 Erythrobacter citreus RE35F/1T (AF118020) 99.6 KJ956971
1 LIM3-4 (1A04245) Microbacterium flavescens IFO 15039 (AB004716) 99.3 KJ956972
2 L2Ml-1 (1A07424) Pseudomonas stutzeri ATCC 17588" (CP002881) 99.7 KJ956932
2 L2MI-2 Microbacterium flavescens IFO 15039 (AB004716) 99.3 KJ956933
2 L2M3-3 (1A07742) Pseudonocardia tropica YIM 614527 (GQ906587) 100 KJ956974
2 L2M3-4 (1A04245) Citromicrobium bathyomarinum JE-1" (Y16267) 99.9 KJ956975
3 L3M3-1 (1A04215) Marinobacter excellens KMM 3809 (AY180101) 99.3 KJ956956
3 L3M3-2 (1A07744) Martelella mediterranea MACL11" (AY649762) 100 KJ956976
3 L3M3-3 (1A04226) Nitratireductor aquimarinus CL-SC217 (HQ176467) 100 KJ956957
3 L3M3-4 ( 1A07249 ) Gordonia bronchialis DSM 43247" (CP001802) 99.4 KJ956977
5  L5MI-1 (1A07250) Citromicrobium bathyomarinum JF-1" (Y16267) 99.9 KJ956934
5 L5MI1-2 (1A07745) Microbacterium paraoxydans CF36' (AJ491806) 100 KJ956935
5  L5M3-1 (1A07747) Thalassospira xianhensis P-4" (EU017546) 99.8 KJ956978
5  L5M3-2 (1A07748) Nocardioides marinus CL-DD14" (DQ401093) 99.9 KJ956979
6  L6MI-1 (1A07251) Citreicella thiooxidans CHLG 1" (AY639887) 99.8 KJ956936
6  L6MI-2 (1A07749) Thalassospira xianhensis P-4" (EU017546) 99.7 KJ956937
6 LeMl-4 (1A07750) Labrenzia aggregata IAM 12614T (AAUW01000037) 100 KJ956938
6  L6MI-5 (1A07531) Ponticoccus litoralis CL-GR66" (EF211829) 96.6 KJ950370
6 L6M3-1 (1A07754) Martelella mediterranea MACL11" (AY649762) 100 KJ956980
6  L6M3-3 (1A07755) Gordonia bronchialis DSM 43247" (CP001802) 99.6 KJ956981
6 LeM3-4 (1A07252) Labrenzia aggregata IAM 12614T (AAUW01000037) 98.6 KJ956982
7 L7M3-1 (1A07426) Pseudomonas stutzeri ATCC 17588" (CP002881) 99.2 KJ956983
8  L8MI-1 (1A07427) Citreicella thiooxidans CHLG 1" (AY639887) 99.8 KJ956939
8  L8MI1-2 (1A07440) Thalassospira tepidiphila 1-1B" (AB265822) 99.1 KJ956940
8  L8MI1-3 (1A07441) Paracoccus homiensis DD-R11" (DQ342239) 99.4 KJ956941
8  L8MI-5 (1A07442) Thalassospira tepidiphila 1-1B" (AB265822) 100 KJ956943
8 L38MI-4 Halomonas boliviensis LC1" (AY245449) 99.3 KJ956942
8  L8M3-1 (1A07542) Gordonia bronchialis DSM 43247" (CP001802) 99.4 KJ956984
8  L8M3-3 (1A07532) Martelella mediterranea MACL11" (AY649762) 100 KJ956985
8 L8M3-4 Thiomicrospira thermophila 178" (AB166731) 100 KI1956986
9  L9MI-1 (1A07500) Citreicella thiooxidans CHLG 1" (AY639887) 99.8 KJ956944
9  L9MI-2 (1A07528) Thalassospira xianhensis P-4" (EU017546) 99.7 KJ956945
9  L9MI-4 (1A07529) Pseudomonas xanthomarina KMM 1447" (AB176954) 99.2 KJ956946
9  L9M3-1 (1A07543) Martelella mediterranea MACL11" (AY649762) 99.1 KJ956987
9  L9M3-2 (1A07544) Gordonia bronchialis DSM 43247" (CP001802) 99.5 KJ956988
9  L9M3-3 (1A07535) Labrenzia aggregata 1AM 12614" (AAUWO01000037) 100 KJ956989
9  L9M3-4 (1A07828) Novosphingobium indicum H25" (EF549586) 99.5 KJ956990
9  L9M3-5 (1A07831) Citromicrobium bathyomarinum JE-1" (Y16267) 99.9 KJ956991
9  L9M3-6 (1A07536) Microbacterium flavescens IFO 15039 (AB004716) 99.3 KJ956992
9  L9M3-7 (1A07829) Amorphus orientalis YIM D10" (F1998414) 97.9 KJ956993
10  L10MI1-1 (1A07537) Citreicella thiooxidans CHLG 17 (AY639887) 99.8 KJ956947
10 L10M1-2 (1A07538) Thalassospira xianhensis P-4" (EU017546) 99.7 KJ956948
10  L10M1-5 (1A07539) Marinobacter excellens KMM 3809 (AY180101) 99.3 KJ956950
10 L10MI-6 ( 1A07540) Alcanivorax dieselolei B-5" (AY683537) 99.8 KJ956951
10 L10M1-7 (1A07824) Sphingopyxis ummariensis UI2" (EF424391) 99.8 KJ956952
10 L10M3-1 (1A07545) Martelella mediterranea MACL11" (AY649762) 100 KJ956949
10 L10M3-2 Nocardioides marinus CL-DD14" (DQ401093) 99.6 KJ956994
10 L10M3-3 (1A07538) Thalassospira xianhensis P-4" ( EU017546) 99.8 KJ956973
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Figure 1. Phylogenetic tree based on 16S rRNA gene sequences of isolated strains and closely related sequences from
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(LIM3-4#1L5M1-2), Marinobacter (L3M3-1#
L10M1-5), Martelella (L10M3-1, L3M3-2F
L8M3-3), Paracoccus (L8M1-3), Thiomicrospira
(L8M3-4), Pseudonocardia (L2M3-3), Sphingopyxis
(L10M1-7)LA fe Thalassospira (L5SM3-1, L6M1-2,
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Figure 2. The DGGE profiles of the V3 region of the 16S rRNA gene retrieved from sulfur-oxidizing enrichments.
Lanes M1 and lanes M3 are representatives for enrichment from M1 medium and M3 medium, the numbers before

M1 and M3 stand for the sample sites.
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R3. DGGEMBFHHILER HTLER
Table 3. Sequence alignment of predominant DGGE bands

Phyla Band Closest strains in GenBank GenBank Similarities/% Accession No.
alpha -Proteobacteria 73 Altererythrobacter troitsensis K MMOL/L 6042" 100 AY676115
alpha-Proteobacteria 62 Citreicella thiooxidans CHLG 1" 100 AY639887
alpha-Proteobacteria 92 Citreicella thiooxidans CHLG 1" 99.3 AY639887
alpha-Proteobacteria 32 Loktanella atrilutea 1G8" 98.5 AB246747
alpha-Proteobacteria 102 Mameliella alba JLT354-W" 100 EU734592
alpha-Proteobacteria 93 Paracoccus oceanense JLT1679" 100 HQ638977
alpha-Proteobacteria 101 Thalassospira xianhensis P-4" 98.5 EU017546
alpha-Proteobacteria 31 Thalassospira xianhensis P-4" 99.3 EU017546
gama-Proteobacteria 52 Marinobacter excellens K MMOL/L 3809" 98.8 AY180101
gama-Proteobacteria 91 Marinobacter excellens K MMOL/L 3809" 98.8 AY180101
gama-Proteobacteria 12 Marinobacter lipolyticus SM19" 98.8 AY147906
gama-Proteobacteria 82 Marinobacter vinifirmus FB' 100 DQ235263
gama-Proteobacteria 23 Pseudomonas indoloxydans TPL-1" 100 DQ916277
gama-Proteobacteria 22 Pseudomonas stutzeri ATCC 17588" 99.4 CP002881
gama-Proteobacteria 51 Pseudomonas stutzeri ATCC 17588" 99.4 CP002881
gama-Proteobacteria 72 Pseudomonas stutzeri ATCC 17588" 99.4 CP002881
gama-Proteobacteria 11 Pseudomonas xanthomarina 18231" 100 AB176954
gama-Proteobacteria 21 Pseudomonas xanthomarina 18231" 100 AB176954
gama-Proteobacteria 71 Pseudomonas xanthomarina 18231" 100 AB176954
gama-Proteobacteria 81 Thiomicrospira thermophila 178" 100 AB166731

F4. DHFEREALBETFSRRY TR B~H

Table 4. The metabolite test of four sulfur-oxidizing strains under different sulfur-containing substrates

Substrates  Ponticoccus sp. L6M1-5 Thioclava atlantica 13D2W-2 Thioclava Indica DT23-4  Defluviimona indicum 20V17

S SO, SO, SO;* SO;* SO,
S,05 SO, SO, SO, SO,
S” SO;> SO;* SO;* SO;*

B, ODgoofEFFURFEAR, FPIX2MRTEIZ LI 5% T IYS,05” W EE 43 51E20 mmol/LAI30 mmol/L.,
TR R S,0," W 10 mmol/L. WHED.  2.4.3 BREALER. 765256 5400 F UM A LA
indicum 20V 17HIT. indica DT23-453 57ES,05" He W TRORMGLAILRE ), WME4FTR, Bk
£ "~20 mmol/LFI130 mmol/LEf ODg {5, < Ponticoccus sp. LOM1-57£20 hisf ik 2| i KA W) &,
D. indicum 20V17HIT. indica DT23-ATE LR 550 HASMRE A LA KRR, 2/DFF230 h,
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Figure 3. The growth characterization of four strains under different SO;> concentration.
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Figure 4. The characterization of sulfur oxidation by four strains under the optimum S,0; concentration. A:
Ponticoccus sp. L6M1-5, B: T. atlantica 13D2W-2, C: T. indica DT23-4, D: D. indicum 20V17.
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Diversity of culturable sulfur-oxidizing bacteria in deep-sea
hydrothermal vent environments of the South Atlantic

. DY . . . . . . *
Hongxiu Xu, Lijing Jiang, Shaoneng Li, Tianhua Zhong, Qiliang Lai, Zongze Shao
Key Laboratory of Marine Biogenetic Resources, Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005,

Fujian Province, China

Abstract: [Objective] To investigate the diversity of culturable sulfur-oxidizing bacteria in hydrothermal vent
environments of the South Atlantic, and analyze their characteristics of sulfur oxidation. [Methods] We enriched and
isolated sulfur-oxidizing bacteria from hydrothermal vent samples collected from the South Atlantic. The microbial
diversity in enrichment cultures was analyzed using the Denatural Gradient Gel Electrophoresis method. Sulfur-oxidizing
characteristics of the isolates was further studied by using ion chromatography. [Results] A total of 48 isolates were
obtained from the deep-sea hydrothermal vent samples, which belonged to 23 genera and mainly grouped into alpha-
Proteobacteria (58.3%), Actinobacteria (22.9%) and gama-Proteobacteria (18.8%). Among them, the genus Thalassospira,
Martelella and Microbacterium were dominant. About 60% of the isolates exibited sulfur-oxidizing ability and strain
L6MI1-5 had a higher sulfur oxidation rate by comparison analysis. [Conclusion] The diversity of sulfur-oxidizing bacteria
in hydrothermal environments of the South Atlantic was reported for the first time based on culture-dependent methods. The

result will help understand the biogechemical process of sulfur compounds in the deep-sea hydrothermal environments.

Keywords: deep-sea hydrothermal environment, sulfur-oxidizing bacteria, diversity, sulfur-oxidizing charactenitics
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