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Diversity and sulfur oxidation characteristics of culturable
sulfur-oxidizing bacteria associated with benthic organisms in
deep-sea hydrothermal area

LI Xiang', LI Qian?, GAO Wei’, ZHU Yunjin?, WANG Xiyue', WANG Xumin',
ZHENG Li'*?
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Ministry of Natural Resources, Qingdao 266061, Shandong, China

3 Marine Ecology and Environmental Science Laboratory, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266071, Shandong, China

Abstract: [Background] Microbes in deep-sea hydrothermal vents use the extensive H,S and sulfides
in the environment to form a close symbiotic relationship with macrofauna. For example,
sulfur-oxidizing bacteria use their unique metabolic system to help their hosts better adapt to the
extreme conditions in hydrothermal vents. However, there is still no study on the identification and
functional analysis of these symbionts of vent fauna. [Objective] To investigate the diversity and sulfur
oxidation characteristics of culturable sulfur-oxidizing bacteria in hydrothermal benthos, and explore the
symbiosis between sulfur-oxidizing bacteria and their animal hosts. [Methods] We used three culture
media (M1, SPG, SOB) to isolate sulfur-oxidizing bacteria associated with hydrothermal benthos from
different areas in the deep-sea hydrothermal vents. 16S rRNA gene sequences were used for
phylogenetic analysis. The iodometric method was used to measure the sulfur oxidation activity.
[Results] In the experiment, we obtained 169 strains of sulfur-oxidizing bacteria, which belong to
Actinobacteria and Proteobacteria. Among them, the genus Halomonas was dominant, accounting for
73%. Three isolates showed higher sulfur oxidation activities: Thioclava nitratireducens M1-LQ-LJL-11
(70.4%), Qipengyuania vulgaris M1-TC-YB-4 (77.7%), and Dietzia cercidiphylli M1-TC-01-YL-6
(69.8%). [Conclusion] The diversity of culturable sulfur-oxidizing bacteria in hydrothermal benthos was
reported for the first time. It was found that Gammaproteobacteria was the dominant, which had high

sulfur oxidation ability and could detoxificate H,S for their hosts in the hydrothermal fluids.

Keywords: deep-sea hydrothermal; symbiotic microorganisms; sulfur-oxidizing bacteria; diversity; sulfur
oxidation ability
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AU, PR T h  3EA AR YRR AEE R
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DX JCH HE S ) #8238 5 5 i S A 2 T AR R
RAFEFRD, ARPIBOREE b O T AT 5 R e AL 2
P RE R, 280 RRHE TR R e,
e 25 45 T R VG VA TR A R A 4 K LB
E AU o3 e Al AR A AL A T, 45 RS
AALANTE Z A S BRI A A 22 5, 2
K@ T Alphaproteobacteria . Gammaproteobacteria
I Actinobacteria. F3t %" I w48 VAl HAOR X
DU e A b A, FERRET
Actinobacteria . Firmicutes Fll Proteobacteria, H
BT 2 WL M TR A A 1 v 0 A R B R
B A= it S A A T RO RO, T X S AN T 2 A
P FIRH 5G4 B A5 F) BF 93 X L i R e R A
SREM YR BA T E AR

2019 4 4 H, WERFERHZS 52 kT
TR AR B 2 A1 2 PR DO ) A AT A=
Yy, ke = 8 I T K 2% (remote

x1 RARBRXEVHRREER

operated vehicles, ROV)>RAE E| TR NG DT | 202
L G 85 R 5 AR 45 2 I REAS . AR SR 1 RO
XL PR A S A A AL A R R T E AR S
B, JFX AT G 5 2 B A AR A A TR 2 A A T
S8, XEASTA] i AR AR 20 TR Y A AR A e A T
i, AT A B A % A i P 5 A Ak i
B EHENER LTRSS e,

WL

1.1 #H
111 #HmBIRE

WHFERTFIRERL S 2019 4F 3 -5 H KRR
5552 ALURSRAE 1V R EIDREVE T e R
2 AR AR, 2255 20 | TR TR iR DL
(Bathymodiolus platifrons) . “F-32(Phymorhynchus sp.
Tiancheng) . EAMFEIR(Gigantopelta aegis) i
JEIZ (Chrysomallon squamiferum). Bl 1 g R4E
R AR YT R 2 S G T K IR 16 UG 3 0, 25
R B AR AU MBI 0500, T 10 mL %
30% H i #4115 /K B85 B T80 °C KA R 17,
Top AT T 45 R e [l S 3 2 R A AR B R oA
FRILE L.
1.1.2 EHFE

M1 (g/L): AN 25.00, BH4C 0.30, —
KA RS 0.42, LREHEREE 1.50, Bk
1.00, ffiEIcE(DSMI141) 10.00 mL, pH HZE
7.0, 1x10° Pa K 30 min, JilAid B8R AL

Table 1 Sampling information of organisms collected in hydrothermal area

Sample Sample type Depth (m) Longtitude (E, °)  Latitude (S, °) Area of hydrothermal
No. vent

LQ-YB Bathymodiolus platifrons 2792 49.650 26 37.784 04 Longqi

TC-YB Bathymodiolus platifrons 2756 63.923 10 27.850 81 Tiancheng
TC-01-YL  Phymorhynchus sp. Tiancheng 2756 63.923 10 27.850 81 Tiancheng

LQ-JPL Gigantopelta aegis 2768 49.650 00 37.783 06 Longqi

LQ-LJL Chrysomallon squamiferum 2 768 49.650 00 37.783 06 Longqi

TC-LJL Chrysomallon squamiferum 2762 63.923 15 27.850 78 Tiancheng
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WREN 15 pg/L 19 VB IS, ToKGAURIR
BN 5.00, BEBRE B 0.50, 5T pH HE
7.0; SPGY!(g/L): WL 0.003, 1,4-WRIEE 2 fif
% 6.500, S 1bAh 25.000, E/KEHEREE 2.700,
ZALEN 0.500, k% 0.250, TKEHACHR
B 2.480, —KAFEILES 0.140, NIKGHAILEE
4300, BERRA SR 0.140, 7S/KA BRI 24k
0.002, {MEICE(DSMI141) 1 mL, 44 EER
10 mL; pH {E#E 7.6, 1x10° Pa K 30 min;
SOBY! (g/L): B4 0.004, fHfEICE 1 mL, %
iR &4 1.680, A4 0.700, BER A 4 0.500,
TR G FACTH IR AN 4.960, LKA HEREE 1.500,
TIOKG ARG 0.400, FAAfbEL 0267 5, VB
W 1 mL, PSR 0.640, MK 1L, pH{HIHE
7.6, 1x10° Pa K} 30 min,
1.2 HEUMENEEMFFES
121 WMEACHAFENEE

B2 mL 55 50 mL M1, SPG.,
SOB K73, F 100 mL #EFEHH 180 r/min
25 °C JHATHE I AU 4, Y IG SR B K A AR
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SRR 3R
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W%, RkaBaifth 3 WASEI4iT, LMK
R FRIERE TR IS, FH 30% H Il AR R R UES T O Fh
IFE T80 °C IR .
1.3 4AH 16S rRNA EEFINES 25
EBNH

I3 B AT B A AR AS R A Y (F 52 W
AT 16S rRNA FER FHE , W45 R 5]

BARIEMKIEL 1500 bp MEFEIFH, &
EzBioCloud 4l PR AT L, X R A H 1Y
H PRI 168 rRNA Z ] 751k il MEGA 6.0 #4#2
RGEREW, JNEZSIROCk6].
1.4 WEFRELEE N AT

B 46 7 R A AR T BRI 1] SOB By 7 2k
H, PR AR IR AR T R BB RO AN R s Y
RN, 045 Dietzia cercidiphylli M1-TC-01-
YL-6. Thioclava nitratireducens M1-LQ-LJL-11 |
Qipengyuania vulgaris M1-TC-YB-4 . Halomonas
axialensis SPG-TC-01-YL-7 ., Salipiger bermudensis
SOB-TC-01-YL-5 . Alteromonas abrolhosensis
SOB-LQ-YB-5 #l Acinetobacter venetianus M]1-
TC-01-YL-12, K FFH1E o BRI ¢
B PRI, B 3 AFAT, 25 °C A R
B % o A A AR A AL R M ) ST 1R 0 A R A
Brigead B i pH (BRI AL VAL TE R 1O B
AR, W REE 2 do B TR RAE LR
M2 S B IR LR pH P A AR AL, A
Py N UREAWS IR R ot R oL
FEAE AR pH Fhim AR EIA
AR IR AL, AL R R IR AR
oA B IR R pH R R B R Bk B2 R
FRIURE I A TR, o ST BE ) DA AL %
kFon, HEAR N AL FE=R LA AR
PR M e I — e s i A 2 A W 5 )/ e A A TR
R FE x100%.,
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i 3 A E B IR LML, SPG. SOB)IY
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x2 AREMEVRPAIIEFRTEELAEL 16S rRNA EEFE

Table 2 16S rRNA gene information of culturable sulfur oxidizing bacteria isolated from the hydrothermal

benthic organisms gill

wim Wbk BRS AL PR HHALE

Sites Strains Accession No. Closest strains in GenBank Similarity (%)

LQ SOB-LQ-YB-1 MZ292945 Alteromonas abrolhosensis PEL67E 99.85
SOB-LQ-YB-3 MZ292946 Alteromonas abrolhosensis PEL67E 100.00
SOB-LQ-YB-5 MZ292937 Alteromonas abrolhosensis PEL67E 98.52
SPG-LQ-YB-6 MZ292960 Alteromonas abrolhosensis PEL67E 99.36
SPG-LQ-YB-1 MZ292938 Alteromonas abrolhosensis PEL67E 99.51
SOB-LQ-YB-10 MZ292939 Alteromonas abrolhosensis PEL67E 99.64
MI1-LQ-YB-11 MZ292950 Halomonas axialensis Althfl 100.00
MI1-LQ-YB-8 MZ292947 Halomonas meridiana DSM 5425 99.93
SPG-LQ-LJL-6 MZ292957 Halomonas axialensis Althfl 99.51
MI1-LQ-LJL-3 MZ292962 Dietzia cercidiphylli YIM 65002 99.22
M1-LQ-JPL-11 MZ292942 Dietzia lutea YIM 80766 98.85
MI1-LQ-JPL-13 MZ292963 Halomonas axialensis Althfl 99.44
SOB-LQ-JPL-9 MZ292936 Halomonas axialensis Althfl 98.95
MI1-LQ-JPL-1 MZ292948 Salipiger bermudensis HTCC 2601 99.26
MI1-LQ-JPL-3 MZ292949 Halomonas meridiana DSM 5425 99.78
SOB-LQ-JPL-2 MZ292935 Halomonas meridiana DSM 30161 99.93
MI1-LQ-LJL-2 MZ571942 Halomonas meridiana DSM 5425 99.93
MI1-LQ-LJL-11 MZ642312 Thioclava nitratireducens 25B10_4 99.27

TC SOB-TC-01-YL-5 MZ292964 Salipiger bermudensis HTCC 2601 98.32
MI1-TC-01-YL-10 MZ292958 Halomonas meridiana DSM 5425 98.74
M1-TC-01-YL-11 MZ292959 Halomonas axialensis Althfl 98.88
SPG-TC-01-YL-7 MZ292940 Halomonas axialensis Althfl 99.58
M1-TC-01-YL-4-1 MZ292941 Halomonas axialensis Althfl 98.33
M1-TC-01-YL-7 MZ292951 Halomonas meridiana DSM 30161 99.85
SOB-TC-01-YL-8 MZ292956 Halomonas meridiana DSM 5425 99.85
MI1-TC-01-YL-6 MZ292955 Dietzia cercidiphylli YIM 65002 100.00
M1-TC-YB-2 MZ292954 Dietzia maris DSM 43672 100.00
MI1-TC-YB-4 MZ292953 Qipengyuania vulgaris 0222-10 99.92
MI1-TC-YB-10 MZ292952 Dietzia maris DSM 43672 98.92
SOB-TC-YB-3 MZ292943 Salipiger bermudensis HTCC 2601 99.45
SOB-TC-LJL-5 MZ292944 Salipiger pacificus DSM 26894 99.70
MI1-TC-LJL-8 MZ292961 Halomonas axialensis Althfl 98.96
M1-TC-01-YL-12 MZ642310 Acinetobacter venetianus RAG-1 99.24
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Figure 1 The phylogenetic tree of culturable sulfur oxidizing bacteria. The contents in parentheses are
accession numbers of the strain; Branch point number represents the confidence level of kinship; Scale length

represents genetic distance.
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Table 3 Number and species of sulfur-oxidizing
bacteria isolated from different samples
i Samples %t Numbers J& Genera
TC-01-YL 30 Dietzia (1)
Halomonas (22)
Salipiger (5)
Thioclava (1)
Acinetobacter (1)
Halomonas (18)
Salipiger (7)
Dietzia (2)
Qipengyuania (1)
Halomonas (20)
Salipiger (3)
Dietzia (1)
Halomonas (26)
Salipiger (5)
Dietzia (1)
Halomonas (18)
Salipiger (2)
Thioclava (1)
Alteromonas (11)
Halomonas (21)
Salipiger (2)

TC-LJL 25

TC-YB 26

LQ-JPL 32

LQ-LIL 22

LQ-YB 34

TC-LIL

TC-YB

TC-01-YL

2 RBMSRAREEMHERD BRELEE
I

Figure 2  Species number of sulfur-oxidizing
bacteria isolated from different samples in the
Tiancheng hydrothermal area.

LQ-YB

LQ-LIL

LQ-JPL

3 RFMSAREYMERS ERE LA
I

Figure 3  Species number of sulfur-oxidizing
bacteria isolated from different samples in the
Longqi hydrothermal area.
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Figure 4 Clustering analysis of sample species
from different sites.

S 10 Mk, J8F Dietzia. Qipengyuania .
Halomonas . Salipiger . Thioclava F Acinetobacter

6 ™J&; 7 SPG ', 1S 3 Mk, BT
Alteromonas Fl Halomonas 2 1~J&; 1£ SOB H1,
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)
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Figure 5 The genera and quantities of sulfur-

oxidizing bacteria isolated from different media
(M1, SPG, SOB).

AT 6 MEKK, JET Halomonas. Salipiger F
Halomonas 3 1~&. £ 3 FiEEFRIE 40 & el
HJE& Halomonas, 5FTA BN 22%, &b
HI42 Qipengyuania F1 Acinetobacter, 5T Htk
[ 0.6%, WECRMZ AL RRE , AT M1 K
Fr B 1 R 10 A B AR 2R i
2.4 WENTEMEEIEN

o S0 P A DN R P ) AR T AR R < AR
A AL AN KB ¥ 5 (Escherichia coli); Hi %8 AL
Mid Salipiger bermudensis SOB-TC-01-YL-5,
Alteromonas abrolhosensis SOB-LQ-YB-5 . Dietzia
cercidiphylli M1-TC-01-YL-6. Qipengyuania
vulgaris M1-TC-YB-4. Halomonas axialensis
SPG-TC-01-YL-7. Thioclava nitratireducens
M1-LQ-LJL-11 Fll Acinetobacter venetianus
M1-TC-01-YL-12, SOB 332 3AE K %5 (4
HE o X DL b 480 A 4 TR 7R 15 57 o 7 b B SR
pH WAL ATk 2 B, BBk Alteromonas
abrolhosensis SOB-LQ-YB-5 #1 Acinetobacter

venetianus M1-TC-01-YL-12 7ERGFE AP ) pH
EEH A TR AL AN TER TR R P Y
pH {HE P N RE#a%, Hrh Salipiger bermudensis
SOB-TC-01-YL-5 2 s5 pH {5 M\ Fe 01 1) 8.32 T [
3| 6.27, Thioclava nitratireducens M1-LQ-LJL-11
T2 4.50, Halomonas axialensis SPG-TC-01-
YL-7 FF4%) 5.12, Dietzia cercidiphylli M1-TC-
01-YL-6 TFEH] 436, FRRFEERK(A 6). i
TEXTLA b 7 BRI AR R AR U R A Ak S
AR L B 7), EATTER RS R AR AR
--SOB-TC-01-YL-5-+SOB-LQ-YB-5 -+-M1-TC-01-YL-6
M1-TC-YB-4 -+SPG-TC-01-YL-7—M1-LQ-LJL-11

—MI1-TC-01-YL-12 =-E. coli —+CK
10.0 ¢

©°
o

pH
S =W AL 0
SO DO O

0 2 4 6 8 10
1(d)

6 FRMEAMALZEFIEFR pH EH
Tk

Figure 6 Changes in pH values of different
sulfur-oxidizing strains during culture.
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Figure 7 Changes in sulfur oxidation rate of
different sulfur-oxidizing strains during culture.
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PRANIEMREREATE], AR 7%-80%,
B ALA A Qipengyuania vulgaris M1-TC-YB-4
XA R M 1 AL R 80%, M Xt HRAL K
W E. coli WRRACHR IR Bk B2 AL A2 AL
WFTE R B, B SRR B 1 JLRR B 24 O 7 R it
SAALHNTE, BEE pH (ERZEFEAL, XFaifla
PR M Ay AR 3t R A g

3 & #

ARSCLAH B R PEFF 2 52 MR 3R AS Y #
W DA RE Al O SERR R G, p B A B ] B SRR
EALATE 169 ¥k, 4338 T Proteobacteria il
Actinobacteria, HFLH TR Proteobacteria,
ST ER 97%, HHA Gammaproteobacteria
SR, L 84%, AIEEFRAVANE P L R Z Y
J&J2 Halomonas, SFTHRMKRE 75%, AWF5E4E
R GRS F OIS A RN A , T TLARPE
BB 22 Bk SR DT A X 4 0F 5 1 /e
RGP X AT B IR i A AL A O A, A
A8 PRAREALAN S , 43 3@ T Alphaproteobacteria .
Gammaproteobacteria 1 Actinobacteria, L
J&°N Thalassospira . Martelell Il Microbacterium,
b 25U DA e A R AT DX i v 43 2755 85 ik
A AN, 38 T Firmicutes . Actinobacteria
F1 Proteobacteria, 3#\J& N Hydrogenovibrio .
Labrenzia. Thalassospira Fl Marinobacter. 7
W a R s, ARG IRa A AL A0 T A D03 s o
Halomonas, XFPEJE/K F2ES, 550AT6E
S TR DX A RIS 3R D7 VR AN [ 3
FR9 o X T AR AT A= e B A A S A A R ) O B
Y TR AR IAGE, A NAR S8 i FE A A iy
TR RS IR AE Y R S A R R AL T
Zbinden S VMHT T AR AR AE T 16S IRNA
FER A, AR R I RERR AR b Y 226 e

T Epsilonproteobacteria I Gammaproteobacteria,

ZHONATT BRI . AR T R S A
FR 20 2 T ¥R N R TR RO 1 AR rh Ry T
Epsilonproteobacteria Fll Thermotogae EM3 {5
FimFERA, Wi/~ Epsilonproteobacteria F.
AAILRE A FRMRE ST, FTLOKRE IR AR b
HA BT R E R, AT SR A R Kk
B, v Bk A Gammaproteobacteria,
AR EEFE Y Epsilonproteobacteria WM , X F
BIEN N Epsilonproteobacteria 140 T 2 Jy X
B R AN TA

X ANV it v 20 B A5 3 B A SEU A0 4 T R A T
9381 10 d BB EALRE T ORI SE g, 4R R B
3 PRIEA LR B EALBE T, 4308 Thioclava
nitratireducens M1-LQ-LIL-11 . Qipengyuania
vulgaris M1-TC-YB-4 Hl Dietzia cercidiphylli
MI-TC-01-YL-6, X fifi A4 9 S Ak 3 0 ) ik %)
T 70.4%.77.7%H1 69.8%.3 ¥R Qipengyuania
WAL fE ST, Qipengyuania & 2015 4E
R —A8)E , 0B B s I e
Mo, FESRFF R R R B D, AR AR
B2 R RN A <Y s N i NN EE R P S
T Qipengyuania i 48 AL 68 J1 ) LB b 5T
Gao Z5U713 3k 4 3 RV 40 Hr LA 5
MR ERAREI AR G A JE DY, (HIC S B iR iiE o BT
BB AR T IERI T Qipengyuania F
A BB SA A, IR i Y R B
Xof B A QB R A 1 SR Ak 2K 4520 80% . Thioclava
A U EAT B AR T Rg  FT R RLB AR B R £
Sy ae R A 7 A K B DL A LR A N BE 5
FerE A o b F A U o 4 00 R B R B
Thioclava indica SOB107, i1 fll & k58 &
B, R LSS 2 A AR AR R BN, ABIESR
W AP ALR AR A TP Y Thioclava 1A BEA
Brrm A Lae ) . ETEENE, Ak
B Dietzia W TCE TR AU R £k 1 S Ak A8t 1
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it 70%, MR JCHETE A B Dietzia HAT i %A AL
RE 1o 2k U I B BE T TRV R X TR ) o
OB B — KRB T Dietzia maris AS-13-3, Hf
RARIZE AL RS T T 7 B YR s v
PIIT R RE ST 5 W HE SRS AR PV AR 14 o
MR T —Kk Dietzia, MR UE L EAESE
Pitk; Rahman 55U URIGH 53 B 3 Dietzia 1)
YHPE, WF5E R IILAT LA™ A A W 2 1T 1 R
] of LA R A A B B T s A9
WK Dietzia AT B AALRE J) o X SEAF
FEAE RV X AN HA 2R A B2 RELLE
INE A ISR 5

TR PR PR 58 Hh R o ) R A A B S T
AP A B AT 4R, Goffredi!
1 I R PR PR A RE S U S T HESi Y 2
[ LA G RAWT TS L B, A R Y A AL
FY) RE B R 5 T X PAEE e LR i SR A R, A
PR FTJIC B HE B P 1 e A2 DG AR E T K A= i AR
IR () ) 2 R I A2 77 ) . Cavanaugh 250
T A 0T R OB AN AR ) IS A B, Tk SR
T HERY T 2L EME— BB R YR i A R Y
1 BE A F% S A BT 1 HE T A Ak SR B RE o
Nakagawa ZEUSTIN H 7S i EL BT A HORDTAR
Wy B B — KRR SR AL AN TR Sulfurovum sp. strain
NBC37-1, &3 HAACRER: P IR B8 v 10 3 g
TR R A B A K TR 1 L 52 (AR L
1, EREME R FREE Th BE R B0 1 B 43 R (R
WL WA, P TIA I I TE PR DT
IREE KRR AAAE , KA A: P2 1 A sy P 455 B
—FE WA . Zbinden e K PG P JCAR
HEWR (Rimicaris exooculata) W88 KB T F &
FO AR PRV, i A A L B EE D R T fE
FEPAN R B A AL IE R pmoA F A AL B (Aps)
FERI 3 B, kAL L e A AT R B A A

R A AE T B IR AR R I B AR AR W)
255, Akerman 515 g AR 1T 9044 Hh i 4R
LA Epsilonproteobacteria WIWFFE AP, EA]
DL A A6 P 0 A AR Sy = 2B A RE G
YERT, A S A iR b pe ok i . AR S gm A
TR AW IS A= W) SR ZH AR i b R4S T Ry
T B AL AR AT, U 150 B G S R TR A ) 5 i AR A A A
i B A AR E D B T R AR R

B ZE 08 R DX VAP A= A it o B A AR AL
P HET o0 B0, A5 R Bk S ] 55 R i 4
AR FEZ VLT 18 Gammaproteobacteria
NE, HH Thioclava. Qipengyuania R Dietzia
X 3 AN A B A LRE T, At
UM T NATD R i R A= ) S i A= ALk 4
T REFIR it — 2P ORI i AR
PRI 9 T e S X 18 3 7R A o A 58 1) i BE A
FHZE 7 HeAith
B ACRAT R RS B RFEAFE F 52 ALk L
H, BRSO RTORIE AR TR L AL
AR, Bt B F R F I gL
PRAL A M 4240 LU S,

REFERENCES

[1] 24k, Wil i By EE: PORAEYINL T E
TR, 2020-07-14(4): 1-2
Li Y. Hydrothermal organisms, a dark community of
organisms in the deep sea[N]. China Mining News,
2020-07-14(4): 1-2 (in Chinese)

[2] Kelley DS, Baross JA, Delaney JR. Volcanoes, fluids,
and life at mid-ocean ridge spreading centers[J].
Annual Review of Earth and Planetary Sciences, 2002,
30(1): 385-491

[3] Cavanaugh CM, Gardiner SL, Jones ML, Jannasch HW,
Waterbury JB. Prokaryotic cells in the hydrothermal
vent tube worm Riftia pachyptila Jones: possible
chemoautotrophic Science, 1981,
213(4505): 340-342

(4] ThZEgE, . phag i Rl 01 o o IS PR B XY
AR, MR, 1996, 20(2): 30-34

symbionts[J].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



448 A 2 E AR

Microbiol. China

Ma JY, Zhai SK. Biological communities of the
hydrothermal area on the lheya Bideg of Okinawa
Trough[J]. Marine Sciences, 1996, 20(2): 30-34 (in
Chinese)

(5] ke, ZAi. BRI AR 25 R GERRIE B0 A o
AR [T]. HEREERE, 2017, 32(7): 696-706
Zhang L, Qin YS. The characteristic of deep sea
hydrothermal ecosystem and their impact on the
extreme microorganism[J]. Advances in Earth Science,
2017, 32(7): 696-706 (in Chinese)

(6] TRELSE, Zmifh, /A8, Mste, LR, ARSIV
A RV T R AR DX ] 5% R A R A T A T 2 K
T EACRRPET]. BUZE D543, 2016, 56(1): 88-100
Xu HX, Jiang LJ, Li SN, Zhong TH, Lai QL, Shao ZZ.
Diversity and sulfur oxidation characteristics of culturable
sulfur-oxidizing bacteria in deep-sea hydrothermal vent
environments of the South Atlantic[J]. Acta
Microbiologica Sinica, 2016, 56(1): 88-100 (in Chinese)

(71 Ah&w, T FEE)T, KERE, MR, KEERE. wp
ARG L E RSP RAE kN e B s C YN B Tk
FrE[]. A2 4k, 2019, 59(6): 1036-1049
Du R, Yu M, Cheng JG, Zhang JJ, Tian XR, Zhang XH.
Diversity and sulfur oxidation characteristics of
cultivable sulfur oxidizing bacteria in hydrothermal
fields of Okinawa Trough[J]. Acta Microbiologica
Sinica, 2019, 59(6): 1036-1049 (in Chinese)

[8] Zbinden M, Shillito B, Le Bris N, De Villardi De

C, Roussel E, Guyot F, Gaill F,

Cambon-Bonavita MA. New insigths on the metabolic

Montlaur

diversity among the epibiotic microbial communitiy of
the hydrothermal
Journal of Experimental Marine Biology and Ecology,
2008, 359(2): 131-140

[9] AR, JE T KL DR 20 2% 7 12 9 TR g IR A 1A 1
AR TE 450, R AR BE(D). L. L
S R AR AR S, 2018
Hou JL. Metagenomic study of the structure, evolution

shrimp Rimicaris exoculatalJ].

and metabolic potential of microbial communities
inhabiting deep sea
Shanghai: Thesis
University, 2018 (in Chinese)
[10] Feng XM, Mo YX, Han L, Nogi Y, Zhu YH, Li J.
Qipengyuania sediminis gen. nov., sp. nov., a member
of the
subterrestrial sediment[J].

hydrothermal chimneys[D].

Master’s of Shanghai Jiaotong

family FErythrobacteraceae isolated from
International Journal of
Systematic and Evolutionary Microbiology, 2015,
65(Pt_10): 3658-3665

[11] Kristyanto S, Lee SD, Kim J. Porphyrobacter algicida

sp. nov., an algalytic bacterium isolated from
seawater[J]. International Journal of Systematic and
Evolutionary Microbiology, 2017, 67(11): 4526-4533

[12] Gao Y, Wu YH, Xu L, Cheng H, Wang CS, Xu XW.
Complete genome sequence of Qipengyuania sediminis
CGMCC 1.12928", shed light on its role in matter-cycle

cold genus
Qipengyuania[J]. Current Microbiology, 2019, 76(9):
988-994

[13] Sorokin DY, Tourova TP, Spiridonova EM, Rainey FA,

Muyzer G. Thioclava pacifica gen. nov., sp. nov., a

and adaption mechanism of the

novel facultatively autotrophic, marine, sulfur-oxidizing
bacterium from a near-shore sulfidic hydrothermal area[J].
International Journal of Systematic and Evolutionary
Microbiology, 2005, 55(3): 1069-1075

[14] £ WK ORI Dietzia maris AS-13-3
77 HE R RV 5E KRR RV ) 2 43 T [D]. BT
SR 2213, 2014
Cai BB. Biosurfactant production and genome analysis
of Dietzia maris AS-13-3 isolated from deep sea
hydrothermal field[D].
Xiamen University, 2014 (in Chinese)

(151 B eoR . 2 K1V IR D Ak ) v o 4 R B 1 Bl
A= K B VG P B T R 2R 2 K P A W R R 4
F oA [D]. JE e ST TR 2 18 5, 2014
Xie YR.
microorganisms in the hydrothermal sulfide of the

Xiamen: Master’s Thesis of

Diversity of heavy-metal resistant
eastern Pacific Ocean and the microbial community
structures of the surface seawater across the south
mid-Atlantic ridge[D]. Xiamen: Master’s Thesis of
Xiamen University, 2014 (in Chinese)

[16] Rahman PKSM, Sekhon Randhawa KK. Commentary:
oil degradation and biosurfactant production by the
deep sea bacterium Dietzia maris As-13-3[J]. Frontiers
in Microbiology, 2015, 6: 1557

[17] Goffredi SK. Indigenous
associated  with
invertebrates[J]. Environmental Microbiology Reports,
2010, 2(4): 479-488

[18] Nakagawa S, Takaki Y, Shimamura S, Reysenbach AL,
Ken TK, Horikoshi
proteobacterial genomes provide insights into emergence
of pathogens[J]. PNAS, 2007, 104(29): 12146-12150

[19] Akerman NH, Butterfield DA, Huber JA. Phylogenetic
diversity

ectosymbiotic  bacteria

diverse  hydrothermal  vent

K. Deep-sea vent epsilon-

and  functional gene patterns  of

sulfur-oxidizing subseafloor Epsilonproteobacteria in

diffuse hydrothermal vent fluids[J]. Frontiers in

Microbiology, 2013, 4: 185

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



