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WL ARG TR, TR AR ;YR B UK ( DGGE ) 4r#r S 16S rDNA FifE
SCPEIEWIRNF-BOr i 1T & SR PR B B 2R . RIRFRIFS19 PCR, MHTIE Bk Hh so ke 5 it
PEAROCHYRE IR . D45 2R ) itk 3] 8 #kmh itk idi, 3 %lJ& T y-proteobacteria (1 5 AR A JE . Hrr,
Ptk AS-11-3 FIHiPE SR, 0T LATE 26 x 107° mol/L =M /7 /e 95 0L F A K, X TR R AY 16S IDNA JF
5| 5Pk Pseudoalteromonas tetraodoni 1AM [A]Ji 4 iz 5 (100%). DGGE Z#ris, LW &R EY
) I AR, VR BT ( Halomonas ) A T74 ( Marinobacter ). 16S rDNA 5 [ SCIE 43 #r
GURME—AER], STER AS-11-3 FR AR TR Y SO RE T RS SEBE SO 72.5%; TS Bk AS-11-5
(Halomonas meridiana, 100%) Al ¥k Mn-11-6 ( Marinobacter vinifirmus, 99% ) J¥*H[al ) 5 [ 143
Bl i 10%F1 7.5%. SAT , FIHFRIFE1H PCR, ALRE N 2 #RAEILH R th se B R T S5 aphi Al Gy L A
FWIGRRE T A O b vk T AT B A LA A BT AL o L4530 ) TEVRIE IS P A e Z R pE i, I
Pseudoalteromonas Ja& I i #k 2 1% & 45 2510 T R PTAE OL 3T o X S o T 76 R PE IR c 2R i A=
Yy b BRAL 2= 06 I8 VR A Rt — 2P BT
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&R, T ETAOE ., KEALEYRED, ¢R
R foeE, KO Sk 2 5 25008 v o 35
TESFBIE ), 2001 4R, HH 1A 41U SO AR K P
Tl 4 5 1R R EE Pl JEUSKE 19 50 pg/L A 10 pg/L o ok
Z2 AIE 2 I, 400 TR 0T 10 SR AR A S 7 B T RS 2ot
T e 2 A I, Al e o 0 A g Bk A 2 0
T AR A B T IR 2E R | A W2 R AR R
FRGEW) IR

ok SFe b 22 1) 55 b AR A S BB P AN TR A B
o B bk . B HITHGE MR 245 Bacillus ar-
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faecalis”, Zoogloea sp. ULPAs1!® Agrobacterium sp.
NT-25. NT-26", Hydrogenophaga sp.YED6-4, YED6-21
I YED1-18M , ix 26 B X = M R B P — 7R
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100x107° mol/L. BT FHEAIEF oI5 Yk, 424
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1 MEfF = KT T S b AL BT S TR 4G R A T

B, Pl 3 WEHERIR G HIRERE. DNA Witk , R
11w

111 SEsbbkl: BRREEVERETURY . 2005 4F “K
PE—5" DY105-17A Fik R4 . ¥ IR-TVGL:
49.6469° (E) , 37.7719° (N) , RJEH 2851 m, %
S BROE SRR AN X, B AT 36 Sh G 1, AsE
W00 B RE S R R R Z VIR, B REF BT X
PLER A B A B RFEAR S, T 4CHRAE
1.1.2 3Rk bithE s g A RRIE KPS
2.0 g NH;NO;, 2.0 g Jo/K L4k, 0.5g BEREEZEY),
1.0 g BREEFIR, 0.2 g W% M, pH 7.5, KEJEMA
JCH NaAsO, ZELHE 2x107° mol/L. il 5 [F A E; 5%
FERHIA 15.0 g Blg .
1.1.3  FERAFI LS . NaAsOy, ZrHrali, 72k
5. (Merck ); PCR MGl TakaRa #&fit; 1A
FEIR (8 o B AR s A7 R A W) s A Ak s 3740
( FIBREE LTS ARA ), BE TS (L
B A AR il A PR 7] ); Alpha Innotech #E i
%1% ( San Leandro, California ); PCR #™ 3 4Y
( Eppendorf ); Decode System Hi 7k {¥ (Bio-Rad /A 7).
12 MWHENEENE

BOREIR AR 1 g THMEERRESER (&
2x107° mol/L NaAsO,) , 28°C. 200 r /min $# K} 55
7d, BULmL &SRR B BT E SRR IR,
WEHEPI, B 3 WA HE I B AR I 2 mL 4RIR A B
DNA H, [FRIEPEES 3 WO HE & 4L Wk B 7 B U T
i T4 2x107° mol/L NaAsO, i & 4 1 5 5Pk |,
28CIMAIEE SR 7 d IG5 Balids 77
1.3 A& DNA ZEBR RGH KO

4l K5 IR TR Y DNA SR B 1: 2 BEOCHR[13], 16S
rDNA (434 Sy 225 SCHR[14], B3R 0 A
SERGIM . 45 SR 7E NCBI #E4T BLAST 43#r .

WAEE DNA MHEL: mams) BN
LRHERY, EXmESEEE 1 mL &8 FF
iAWy, B IR R . WEE S DNA 4R BUT I
Al b
1.4 16SrDNA PCR-DGGE

PCR 41 K " Wy 4 7% SCHR[15], K J5 1Y)
UUVEV T 20 uL JCH/K, DGGE HLik4) . DGGE
WU, AUk GE PR, FRLTK A5 B e 5.5 25 SOk [15]
Yt JE AT . AT DNA VIR B R, ik
2% CHR[15].

FH16S  rDNA JEH V3 X (38 51 ¥t 17 PCR Y4 |
DGGE 4 #; AT T M LA 5 P i 524 02 5 4R
A 0 0 SR SR TR RS 2 X, R Y T A
4 KR Wbk 16S rDNA PCR-DGGE ¥R Hi
#E PCR-DGGE =¥y [alif £ — ik b4, /E DGGE
3T .

1.5 16SrDNA XEERIHE

VLSS 3 K EGH T Al A IR A TRHE Y 5. DNA S
B, ¥4 16S rDNAB!, 4lifk PCR 74, 5 pMD19-T
B, AP S DHSo, AR, 37CH:
7212 h Jm, MR ATHEE, PRECHME T, R
il ¥ N YT Haelllfg D) 20 8, PR [ R AR 58
AT Y (BB AH]), H] DNAMAN # {4 Xf
e 25 S AT i . e b, ORI e 4 A 04 8 AR
GenBank %4 /% hilE 1T BLAST K%

W 17 51 LR 45 SR [R] 1 S B 8 Ol — A4 AE
432 595 ( operational taxonomic unit, OTU), %iit4
A~ OTU MY ¥ H IR+ HAE SCPEh B o 19 L 491
1.6 HIIERE S RONE

DN RE T B A0« 5 iy i 2 380 7 4 5% 3% A R 22 o 21
T NaAsO, IR & R 3G R 5, NaAsO, ik i L
5x107 mol/L Ak # 4 . I 2 mol/L 4 HCI ¥ pH
% 7.4, 28°C. 200 r /min $53% 3 d, MEAEKIEMN.
BRI E ¥R E 3 FATHE

X FRMHEE, WELhkaEE, B NaAsO,
VB B 4 /N R 12072 mol/L, M5 H MIC {8 ( ik
MR EAMEIRE ) .

1.7 ACR3 EFRy# 1

51917512 2% ik [16]: ACR3R (5'-TGATCTG-
GGTCATGATCTTCCCVATGMTGVT-3'); ACR3F (5'-
CGGCCACGGCCAGYTCRAARAARTT-3'),

DL 50 ng 4l FE K9 DNA AR, 25 ul 1k &
PCR LW &R . 94°C 5min; RJS7E 94°C 45,
57°C 455, 72°C 30s, BEAMEIRR KR EER#AL 0.5C,
fIEER 10 WK, SRJGTE 94°C 455,52°C 455s,72°C 30,
PEH 25 % ; 72°C 7 min,

P H A9 H B 750 bp, $PTREE Y PCR
e, B SRR w e B o WY 51
ACR3(s): 5'-TGATCTGGGTCATGATCT-3', ¥4
JAE NCBI #E17 BLAST 4317 .
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2 %R
21 MWIHEEAS S

25584 2x107° mol/L N aAsO, R EBIE R SR 5T
£ [FFRREE PTG E , RIEETE RSPk 42

PR, FEIETT 16S rRNA JERIN 434, e diai s 8 #k
FESIA [ 2 355 Wbk . 76 NCBI 1#E4T BLAST 23047 & B
X 8 MR 48 T - proteobacteria, A Hikk/E
F Pseudoalteromonas J& . FEXTEEH K FETEAFIE L 1,

R1 HBEAMHNEFPERENRDPHHRERE

Table 1  Arsenite-resistant bacteria isolated from deep sea sediments of southwest Indian Ridge

MCCC accession number* Original number

Closest relatives in GenBank database

Similarity GenBank accession number

1A03025 CK-I11-1 Idiomarina seosinensis CL-SP19 7221738 (97%) EU770414
1A03026 CK-11-2 Pseudoalteromonas tetraodonis |AM 739/740 (99%) EU770415
1A03027 CK-11-6 Pseudomonas alcalophila AL15-21 710/710(100%) EU770416
1A03028 CK-11-7 Halomonas meridiana Slthfl 739/740(99%) EU770417
1A03029 CK-11-10 Marinobacter vinifirmus FB1 589/590(99%) EU770418
1A03031 AS-11-3 Pseudoalteromonas tetraodonis 1AM 720/720(100%) EU770412
1A03032 AS-11-5 Halomonas meridian Slthfl 730/730(100%) EU770413
1A03033 Mn-11-6 Marinobacter vinifirmus FB1 7271730 (99%) EUT770419

*MCCC: Marine Culture Collection of China.

22 AR R E R B HE S

T TR Y T B R RS RO, DA
BT 3 WA H 0 FE B SR (9 T BE 5L DNA R A
K 16S rDNA JE[H V3 X (138 FH 5| #1517 PCR 3% |
DGGE 27 (Kl 1), 2545 WoR IR 5 i S ik
PRI, 3 REEHANA — R, 5oMa W
SR S A

N T R AR IR R AT, B RE T 40 S R
SR ERES 3 R EE 1) DGGE 19 PCR =¥ —if F 4%,
PEAT AT M HOXT, FEXT5Ear 2647 DNA J) [0 il e 56
k. R EIR, 3 WAL, WRFh FEA WKW,
#£ DGGE Kl H 43l 45 1581 2 55 75 AME L& 5971
H—%45 835 (K1), 4F K DGGE 4#r,
S 1 RA S AR R AR AS-11-3 [ N X 35T 41

- t’//.- P.teraodonis (100%)

T~

Movinifirmus (99%)
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1 3REEEMMNEEMNEHENT
Fig. 1 The structure changes of arsenite-resistant community after
different transfers. Lane 1 to 3, the first to the third transfer.

), HFEAWAE E SR, [, 254U
#& Halomonas, {HJZ{XSE)¥ 5 Fl DGGE A REMf & &1
Pk CK-11-7 i /2 AS-11-5, MRAERTETEAHIMr AS-11-5 1E
T R, PTRER 2 W R R TTERE . B9 3 Bk
AEMY, {HE7E DGGE K |5 Mn-11-6 (M. vinifirmus,
99%) T 1 o HoAth S BEARRE S BT (58 BRI, A
BB TN o B 1 H ] LA Y, AS-11-3( P. tetraodonis,
100% ) J& & LW BRI HIER
2.3 FHILTERE S B E

ZIGUE, 8 WRAIBESRHMRERAELE S 10x107° mol/L ff
MPRhE R R A K. Hir, CK-11-1, CK-11-2,
CK-11-7 BTk A T 102107 mol/L 5 15x107* mol/L
Z I8, T CK-11-6, CK-11-10, Mn-11-6, AS-11-5 3
WHEAT 20x107° mol/L 5 25x107° mol/L ZJf], fh#v
AS-11-3 1§ MIC {H 26x10~° mol/L,
2.4 16SrDNA R #T4ER

XFREHLERHC 64 A~ BHE 7w B R A B i 2 P D)
Haelll B , $:15 5 MEFIZEAL, RHA-BEUI2E R PRI 1
AMRFTERE T U, T KR 1.6 Kb, WP 4s
RTE GenBank %#fi b #E4T BLAST X, FHoxbéh
R ERILAFF] 3 4~ OTUs, 5 b SCPE P L AT b 1 )2
Pseudoalteromonas tetraodonis (100%), Halomonas
meridiana (100%) #1 Marinobacter vinifirmus (99%),
EA G FER BRI 72.5%, 10%7H1 7.5%, 54514
AR RRE AS-11-3 ., AS-11-5 Fil Mn-11-6 FJJF81 X% AR o
2.5 ACR3 ERF Ry 12

Xt 8 PRaliB; R E R IEAT ACR3 JEH MY, M
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CK-11-6( P. alcalophila, 100% )l CK-11-10( M. vinifirmus,
99% ) HA&ARTE— TR/ MR B (750bp ),
b —4% PCR 5 IVEIF 5149, HAF— 05 S
JP8lo PRI ZE R BN, B4 510 putative arsenite
efflux pump ( CP000514.1 )( 466/609, 76% )5 arsenical-
resistance protein (AM406670.1) ( 600/673, 89%). {H/&
ABEM DGGE I B AL B v v b 21 ACR3 LK

3 it

AW L E HE T . DGGE WA HT Al 16S
rDNA ZtFE, B9 T BRI ORI h = M il bt
W 2 FEE . DGGE W4 #r il 16S DNA 273 #r
SRR, B AEY R H LSRR R AR R
I# ( Pseudoalteromonas ), HyK /&L ¥ ( Halomonas)
FEEAT 1 ( Marinobacter ), 18 i3 F- A i 1€ , 4325 Fi1 16S
rDNA ¥ 15 5] 8 #Rprvk i, 7T LATE & 2 mmol/L () =
WA B AR BURERUE A B, P Al R bR
FAT LUAE S A 10x107° mol/L 4 =4t i JU AT i 55
FHE EAK, Hip AS-11-3 B, AT KK
H% = W E R 26x107° mol/L,

Pseudoalteromonas Ja& 4t & 7 1R 2 TR ¥ A i P #85
Ay s), HAT ZRHtE, it o Ht Se Al Tel'®,
{BAEA P 0 TR H AT AR WL IE o T A SCHE K 1 55
Hb 2 BRIRIE ST R BT IR ST, IRR LA FFGE . H
#& Marinobacter aquaeolei VT8 Ry 3k 241 4 5 41 h 45
1% ArsA ATPase 4l FE A o A S0 A6 I 31 )3 3 Bk
DEFT 7R BN TR Y oA 3 5 IR-TVG2 #1 IR-RVG3)
WAHSER, HARETHRE (KEER). B2, Xt
FHUI G RE A 43 B SO A D, U R A Y
U B 204, HETS AR W AE .

ST 20 TR TR AL 5 B 22 1Y 2 ars operon &
5, MRGAWABEH S, As(V)ikJ5H (ArsC)
e As(I) 3% (Ars B 2 ACR3 ), k{1 ACR3
I 8 BRAIE TR ARSI T 7Y, AUNIL Y 2 Bk
AR E TS B R SER R Be, 0 4 SR B 43 1 S —
ANHE A B 58 LR S AT M R R — o R . (R
BTG B A e R SRR . X R G E
fITAT ReA oAt BT EEALE]

ARSI S R T T R TTRY T E SR
PO T HE P 1) 22 A A R L DR T B 5 v 99 A ) el 3K
EE RS BA S H M E .
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Enrichment and diversity analyis of arsenite-resistant bacteriain deep sea
sediment samples from southwest Indian Ocean ridge

Shuangxi Chen, Zongze Shao

(Key Laboratory of Marine Biogenetic Resources, The Third Institute of Oceanography, Sate Oceanic Administration, Xiamen 361005, China)

Abstract: [Objective] The aim of this study was to assess the diversity of arsenite-resistant bacteria in deep sea sediment
of the southwest Indian Ocean Ridge. [Method] Arsenite-resistant bacteria in the deep-sea sediment were enriched with
2x107° mol/L NaAsO, and isolated on plates. Their diversity was further examined by Denaturing gradient gel electro-
phoresis (DGGE) and 16S rDNA library analysis. Furthermore, the gene encoding putative arsenite efflux pump was de-
tected with degenerate primers among these isolates. [Result] Eight arsenite-resistant isolates were obtained; they be-
longed to five different genera of y-proteobacteria. One isolate named As-11-3 can grow in presence of 26x10~° mol/L
NaAsO,, showed highest similarity to Pseudoalteromonas tetraodonis IAM (100%). DGGE result showed that As-11-3
was dominant in arsenite enriched community, followed by isolate As-11-5 (Halomonas meridiana, 100%) and Mn-11-6
(Marinobacter vinifirmus, 99%). 16S rDNA library analysis reconfirmed the result of DGGE, which showed that the three
bacteria occupied 72.5%, 10% and 7.5% of the total OTUs (operational taxonomic units), respectively. However, only
from other two isolates which were not dominant, the gene encoding a putative arsenite efflux pump was obtained. [Con-
clusion] Different bacteria of arsenite-resistance inhabited in deep sea environment, among which P. tetraodonis (100%)
showed highest resistance; they might play a certain role in the geobiocycling of arsenic element in marine environments.
Keywords: Indian Ocean; deep-sea sediment; arsenite-reistant bacteria; diversity
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