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A AT TR i SR 2 A I ST SR, AR H R 2660715
2. PR B EE AT TEE FE A WE TR, A AR B i TR 2 A A SR, AR H S

BE: YRR ARAYHRAERSZEERNERIEERCHHXF, NEKAFEF
KEWHILB I ABEE S 2 8. ST 2HWCIHHE (w5 h FHRAFB), & A 16S
DNAK F F 7| #1700 T4 %, B4R RM LRARE T i CAE % xt Cday B b f8 4 X H
MCA R MR, AR AH B G BHEFEAELN T EH R T CAdipe &4 T A
BHRaRPESEEMEN, Bt T HACAH RN E. FRE R, 2HREHRAFB)E E
KB 3k 2 b AR T CABg Ik 4 B 100280 mg/L. %4 16S rDNAM /7 % & B #k A 5 Ni-
tratireductor sp.3E Jf % % #& 11, W #kB 5 Ruegeria sp.3E JE % 7 ¥ o 28k B Ak *F CAHy B I
g TH(Cu)s E(Mn). #(Zn)Fn 45 (Pb)% & 4 & . ££50 mg/L Cdig JZ B i 1 3 7 3£
B EARA. BXCAdE £ &4 7] #48.57F1 42.14 mg/g, & & Z 44| #971.451842.8, H,
GNRAERD~, 2RCAAEE, CHMRBEZAFTRD, At HAZHE, BHhAH
MAN TR &, WBRE R AR LM, & M4 U0 ARE AT AR R it CA B %k Xt
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Cdg EERAMMEZ R R,
KEEIR: g L; 4R, WARE AR R ALE
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WTZARE T AR, hn] i i AL
SO = el (DB = QN 295 B ) W S s o
Cd 5 e 5 Ry A HE I 3 P T I 0 — K PR 5% Mk
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BT X CAE A R KR T L 32 M A i
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B 2% HoAl oG Z AN 4E(Zn) . 4 (Cu)&E B A R IF 1
AU PR, B H AT B 58 0 A BE 58 4 i B
Jad DUXTCAf e Sk v B S e i sz se 17 W XUl
SR TR [ AR 9 C Al A SR AE W 2R B 5 R AR B O
PB4 CARA MR N AE PR, JIF & 4 Fh
IR T PR RE R S A X CA R R, DLk
XFCAMY & S FEE P ENPERI T, B XN IE
A i A S R gt DR E L CAmMER, LLRTE
HAR RN 2 EAAERA & CAE £ R 0T Cadn &
A AR LA

LS D1 (Chlamys farreri)2  E 4L 5 W5
PWFREIE, BAEZENAFME. ALk
SR N AR FR BT v SR AR (R AT FL B DL PN I AT b g
B aifb B — o CATit 32 P 10 40 TR TR AR 2R AT 48
SE I BIF 5T HOF CARy W B R, (W] s 1) F -
UL EE CAF I8 A5 0 T 4l i 2B RAB B0, R0
T C P& Ak XoF C i Wiz B AL

R R S RS RES

1.1 SEIEHM R

20164F 4] RAB AR W & 5 XL DL 2R
I B U DX B A AL R DL 2920 kg, BEALIEE10
H, ERMEY, W TAESME, BHH
EH, FHEHE KSR G, HE &,

1.2 @AEMIER. Mit5HE

PN O A1 5 S0 JE TR K B BE s R, R
[) A5 A 50 ) B U A T 5 Cd” Wk B2 430 mg/L
192216 BF AR 3SR A, 1720 °CHE 548 rh 8] & 1
FR48h, WiFR&E G, WEREE KGN, P
B B IR, o3 R TS Cd* ik
FERRBE(50, 80, 100 mg/L)AYs%FR3 4k [, &
F20 °CHKLER 7748 h, BRHUCRETE, &2 WK
. mrEaifh, RAERATE K

1.3 BEHRHEE

W BT AR 1 % L b Al Ak 35 35 10 2k 200 1 43 0
Tolr 20 Y (R 15 32 3, 20 °C 150 r/mindi 3% 85 3524 h,
K FHAE 2 41w 3 R 4L DN AFh #2387 & (il
TP DNA, 2 i k& )5 1T PCRY 1 .
PCRY ¥4 R 1685|9751 H27f: AGAGTTTG-
ATCMTGGCTCAG; 1492R: TACGGYTACCT-
TGTTACGACTT; WA (30 uL): Buffer 3 uL,
dNTP 2 pL, Primerl 3 uL, Primer 2 3 puL, [

0.2 uL, DNA#iHZ 1 uL, H,O 17.8 pL. K2 51
495 °C 5 min, 95°C30s, 55°C30s, 72°C60s,
35MEH, 72 °C 10 min, 12 °CH#Effi, PCR™ )
DY T AE B B RR 56 TAEY b oS & K3t
PR A7 BR 2 7 58 A
1.4 it CAEHK K & 8 IR Fi SE 38

17 55 37 1) 20 TR Pk A 2% A 2 b i o 1 2 e )
LW E 10 mg/LIY SFPAS [7] 5 42 J& 2§ 1 (Cd*" .
Cu’", Mn*., Zn*, PY)MIRIRE: FE R, 06
BE3MEATE, 20 °C 150 v/mindkR % 15 9524 hi
4°C 11 000 r/ming.L>10 min, (1 mL FiE#, K
FH %5 PR 0B T A, R BG5BT AR B
(ICP-MS)*Voy Bl 7 - W b SFp 4 I8 85 F i )
VR B (C )RR B IS MR B2 (C,) . B0 S5 B TR AR TIT
TEFETO CCF LT 2 HH J5 PR

& B W AR A 2 B (%)=(C—Cy)/
C,x100
1.5 it CAE kK B9 CalR B 1 U 2

5 1 A 85 3% B vp 1% % 10 20K 1A R 0 i) 2 o 2
Cd¥ £ 50 mg/LIY22 16EW A B F2 3, 20 °C
150 t/mindR 3% K5 9724 h, SLEBE3 - EAT. B R4s
WG, RS mLEEFRE, 4°CT, 11000 r/min
2010 min, FRAF 0 B AR DT TE 28 T0 W W25 K IR
e, ML, FREJFIERACIE &, SRE
Rt HEELR,

PR N Cd i & i 43 B SR P %5 A (008 T i
FL B 5 4 B8 R T 1% 5 (ICP-MS) 7€

FHRCAE £ R AN CdE £ RB=H 1k
CAd& /TR CAT i,

1.6 i CARE#KAYER SR X 28

P [ A B % 3 8% 97 0 20K B PR TE G T AR
430 4 A R i Cd b B (5 IR ) A Cd
50 mg/LI2216EM R 35 F He b, e 241
T, 20°C 150 r/min{fR 3% 15 5748 ho B 45l m ,
B mLE W, 4°CF, 5000 r/mings.C>10 min, %
DUVERRBE SR 3U, H2.5%M % B E1h, —
HFATREZ VR . B SR . T DL R
& SR S R R BE 0L B 1R 3 T R A 4T
M 5 — O PATRE K . il MR A
S R Y R, TEIE SR N TR
GAIETie
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2.1 BRI BEE A 3R 3 R0 CdE #k

MBE DU E P 2 5 5% L Bk L 4 B R4l
TRIGSRAS AR CAFERE, FRic WIEHRAFIEEB. K
ATE [ AR K 37 56 b RE T 52 19 Cdik B i 100 mg/L,
PR BTE [ {85 357 3 I BETif 37 1) Cd¥R JE 480 mg/L.
[ A 8 5 ik 2R R IS IR E R, WRARFL A
. B . ARk . RIEEATTR; EHKBE

79

WA, R . RmpEE .. %P,
22 EHEELER

2RR R AFIBZ: 16S rDNA JF I FIF A5 A B
3191 35711 341 bp, 18 3 NCBIEHE % /b i
BLASTH A4 I )7 fT 5% 149 77 51 5 GenBank ' £ %
L 16S rDNAJF FI #EAT [R PR HE L X, 2558
7N, B ERAS Nitratireductor sp 3R R R i,
¥RB5 Ruegeria sp. 75 17 % A i (K1 1),

Nitratireductor aquimarinus HQ176466.1

3 Pseudaminobacter sp. DQ659452.1
767 Nitratireductor sp. LC099520.1

Acd
Phyllobacteriaceae bacterium AM403163.1
Nitratirveductor indicus NR 117518.1

63
Thalassocella subtropicalis AB681664.1

Mesorhizobium sp. DQ659444.1

Ruegeria sp. JF828051.1
Ruegeria mobilis HQ338127.1
Roseobacter sp. EF061449.1

L
0.02

100 p .4
Ruegeria pelagia NR 114024.1
68! Alpha proteobacterium AB026492.1

Bl 1 ZT16S rDNAFFFIMZ N ERAFIBI R G L B H
Fig. 1 Phylogenetic tree of strains A and B based on 16S rDNA sequences

23 TCAERET & B W HIE 5

QB BRXTCA™, Pb”, Mn™, Zn”HICW %5
Pl Jm B T3 — R RE ), LR Bk AT
SRl < R B T H) WA B BE T 5 T IR PR B 28R T bR

Xof A7) 45 J 25 B WA TR] L T AR A SRR 4
J& B F 1 W R AK IR S Cd* >Pb* >Cu® >Mn’ ">
Zn®"; TR PRBXT SR 4 B B 0 R R AR R R
Cd*">Pb*>Mn’">Zn*>Cu*' (1),

x1 MEREBERMER

Tab.1 Accumulation of metal by two Cd-resistant strains
e g 1 B 222 3
EkiR W It #/% adsorption rate
strain & o Mn? Zn* Pb*
HItRA 17.43£2.11 7.14£1.25 3.40+0.78 2.27+£0.26 10.89+1.32
B 9.13+1.08 1.10+0.33 2.35+0.19 1.89+0.48 8.80+1.53

2.4 i CAE £k B CAMR M43 1%

T£50 mg/L Cdyfk FF BRI EE 2360, BARARI
B0 B 55 B Cd & i, (85 43 ) M 48,57 il
42.14 mg/g(£2), WHAXNCIN & ERE N
971.4, HWHEBXCAW) & % REN-842.8, KL,
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=2 2BRBER XS CAIR BT BE F23M E

Tab.2 Capacity of cadmium adsorption of the two strains

(73 7R CAUR B /(mg/L) BARCAJE E & /(mg/g) CdE & RH
strain Cd concentration Cd content of strains enrichment coefficient
A 50 48.57+£2.25 971.40
B 50 42.14+3.06 842.80

1150 mg/L CA* b B S, WRECEA D, IEEA
S ARAE L A A AT TE B B N (1 2-b) . X TR
PEB, XFERA R IRE /N, WiRERmLHE, 2

5
-

0026 15KV x15000 1uym WDI14

0018 15KV x20000 1lum WDI4

P u R AE G A HES) (181 2-¢) 5 T CdAh 35 20 4 T 4k
IR RN, R AR AR AR R H
H B MR (1 2-d) o

&

=

0029 15KV x15000

lum WDI14

0009 15KV x20000 lum WDI14

E2 CdERIEEKRA. BRFHBEEE
(a)(b) 53 5l T Bk AR 22 CAAb HERT 50 mg/L CA™ AbEE M BB I Fr s (o)(d) 7 ) N B Ak BoR 48 CaAb B2 AT 50 mg/L Cd™ Ak B 1) HL 5% 16

Fig.2 Scanning electron microscopy (SEM) images of strains A and B

(a) strain A untreated with Cd”"; (b) strain A treated with 50 mg/L Cd™; (c) strain B untreated with Cd*; (d) strain B treated with 50 mg/L Cd*

C Ak 34X 28 P bk 240 Jf P 3R 46 4 7= A= T ™
SEMA(1%]13) o XiF BEZH 1 TR R A1 3-a) R B B (51 3-¢)
N RS, it CAAb RS, BMRALNAE
P23 0 (113-b),  F 53 TR R BAY 20 Jf rr o B 3R/
AN— 175 o (F13-d)o FF H B ST d e 1l ] LI
|, FARARERBL L CAL LS, H 4w ik
LA TR, X5 R AR B A Cdib
JE ME BRSPS —E

3 Wi

KB AL RGN R AN 2Ok A TR
A EDRERN A B B0 SR B K 3RS o A% AR

T Vb 1SR G DXHTFL BE D13 Ak 2 AN TR R T
SERI R AEAS AL, BRI A 6y Y B DL AL
PR 20 DA A VR A AR R, A Rk o B
R 81.82%,  H FIER X b DUIE AL 2 b i i A
YB3 32 8 4R v 7E AT Y g L I Ak B B0 T
DS, TR X R 41 B xR o 4 R 1 4R
TERMF Do A DR 8 Fuk e tEsh
Y, KA Hp B T URL AN 45 FloRE A8 R /0N 1) V7 g
Y. KRR TIF AR . Mg . S Bk
DL KA A W S R T DA DL 2R AR, S EUKIRS
LB IR A A 7 s B A AT LA AT BLASURL 2
M ESEENREESBPRA, TBREHESE
J& TE DL 2R Py 1) AR ARHIE ST L MR DL P
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Fig. 3 Transmission electron microscopy (TEM) images of strains A and B

Note: (a) strain A untreated with Cd™; (b) strain A treated with 50 mg/L Cd*; (c) strain B untreated with Cd*"; (d) strain B treated with 50 mg/L Cd*

P e i 3 th 20k B Cdfif 32 1P A4 e s AR PR 1
W ¥R (535 & T Nitratireductor & Fl Ruegerialg), 2%
52 A7 BIR 4 BF 5% SCHiR % 30 Nitratireductor & 1 Rueger-
iaJ& 3 AR5 R R DL PN JE DAL v e o0 15 M, AT
5% 3¢ W Ruegeria & v #F XF #5 L B3 D1 G BOw o)
H Nitratireductor& W HAT — & P RIGHE", %
2J8 T T ARG E AT T3 DU

A ST 4 R DL RE W AR ik Cd, LA
AT RE SR H T 0 CAi W e R £ (] A3l e
IR b DY (Chlamys varia Fl Pecten maximus) Xt
CdAY Rl b Z 4351 >86%A1>80%""), ki U1 Chlamys
nobilis % CAIY i £ [7] A6 3 55 18 100% o b DX 5%
B CA R IR W 3R 0[] 1 AR it i 1 H A X 52 D
2, WAEE I AF (Ruditapes philippinarum) %t
CA i & R R K 22%~55%, 35 F 0 U (Perna
viridis) % CARA IR £ [RIAE R 11%~25%", i i3 DL
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78 AR T 0B A AR R0 ] B DL 3 —
R, H AT B B 0% R . AR SIS BT A
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ERE ST ERE, TR DL R 4 Cd(>80%) it
AAAE I U, DRIk, S8 AT DA B DL i i
T 1 W Y CAAE N I AT e ot At T I i .
RN, PR B DX Cd i W R R
[ fk R, WA RARAC . Bk, ARS8 Xt
Pt DU P I FAT T C BT R ) 7 L 4 R L R i
R B 56 T A B DL AR S A C i R
PR B B LA R L

4 Cd5 4 8 A9 A AR A 32 B M Ah 4%
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RE S mBEM . 4w X Cdiy it 3z i 5 B
e SR EMEREMHMAEES . RHCE
STV T T VA R 0 22 19 5 C AT AN AR RE 1
— R T TR A VR B % R b i o KT A7 Tk R
1000 mg/L, H.7E200 mg/L CAWEET, WM %
1£93.4%, VPRI ARSI TG Y - 5 b oy B Y BE
JE BT C AT R Cd 18y B bR 23 960 AF 17 76 Y MR 3 77 Bk
HTF CAik M 600 mg/L, X CAffIeFfF RN 75.4%. Tk
Tk I 25 OV T 43 R Y5 e T M X 0 B G — bk 2 A
T TR 7 [ AR 355 7 2k v 1) e KT C Ak B2 24 50 mg/L
JE T 9 A5 PO K A AR B A 398 v 43 25 19 TR C A4 B
AR RBUN90.4~285.8, AHIF 5T H M B DL PN i AT
A3 B Al Ak i 20k 40 T X cdYy BR — E it %
PE, BERRA. BFE R KRG 7555 L RE 52 1) Caik i
43519 100180 mg/L. 750 mg/LCdHk & i 4 55
FEEMT, WHRARCAE S E }48.57 mg/g,
HAERBNOTL.4; WHEBXCAMy & EWE N
42.14 mg/g, WERKN842.8, 2 KX CAE
ERE I AR o A W5 2R B T CATR Pk 1) 20 f BE
W CAry R R EEAEH, B B
(18 C A B 43 W o e 20 i e 0 DA Skt At 4 I 5
TR RE Sk B, TEERA. BXHHT . 5. BEA
FS B A RE ) 358 T Cd,  H R bR AR 5Fh 4 R B
T WL B R 2R TR R B, A ST CA4H PE i) 41
HMETERESE Won , TR EA SR, i
JLBE T2 5w 4w WY B AR R AR R, X
S B ARG AN TR 4 TR S I ok R M I A
R AP,

TN, ARWFFE I X CAAb BN 25 AR 7E B I
s FIEASMARLTE BHET T AR . 45 R
B SX B4, 7550 mg/L CA¥fk & AR R: 7%
B A A 2R TR R B B A BT >, R R B
CAAb 5 WA AR, PR 3 1 AR A5 oRLRE H i 3
MR, IR R A A, JE R TE A T £
20 T 4 AR 4 A 3EAE AR Bl AT DL AR — S A i )
Fi, XY Fhe S A Jm B 45 A AR R 20 MY
JE] FRL DT T B — A 7 6 5 A, 3 2 40 B 1
AMUTVEVE L o B AT UE B DA Sy 2 40 TR T B Cd i
—AEEHLI, Cd5 RS ) T R
() UKL BE & R T AR TR — i, BET 4R
TEEBECINEAA G E . AILE
K, IERHR T XA RANTTENLE], AR AL R RR
BHEA iR CAE HRe S M sz 4 . SRV AER)
T HETS 15 U v 4 25 1 CD2 Y it Cd B ik 7E H

B T WA BRI R, MR RN R — 5
W ARSI Cakh S Y TR AR B A DL KR 43 T
PRARI ANt BT KN — 25 10, ST
FERW, NG AR A W B BR T B A A AR
20 i 2 T %) B B B AR AN, IR SR EE AN AR AR
W 20 N B R iE 16 B A, cd 5 AN
AR AR AR 0 P R B & AR T AR MR RO, Xt
W] — 52 Wk B A CA 2 4 AN VR I AT Y SR 48 47
EEMNBEEME LA TS, FHRnrLd
TE HLBE T W58 3 T Bk AR T Bk B 4 M 4 I A ok
2L LN
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Isolation and cadmium adsorption mechanisms of cadmium-resistant bacteria
strains in digestive gland of scallops

ZHAO Yanfang '*, ZHAI Mingli '?, NING Jinsong '?, ZHAI Yuxiu *,
SHANG Derong *, SHENG Xiaofeng '?, DING Haiyan "

(1. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China,
2. Laboratory of Quality &Safety Risk Assessment for Aquatic Products, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: In order to explore the relationship between the role of bacteria community and the high capacity for ac-
cumulation of Cd in the digestive tissues in scallops, two cadmium (Cd)-resistant bacterial strains (named A and B)
were isolated from the digestive gland of scallop which were collected from the natural marine environment. Two
bacterial strains were classified using 16S rDNA sequence analysis. And the ability of two bacterial strains for the
accumulation of Cd and their adsorption characteristics of Cd were researched by the metal adsorption experi-
ments. In addition, the combined technique of scanning electron microscopy (SEM) observation and transmission
electron microscopy (TEM) observation was used to observe the cell morphology and inside structure of the bac-
terial strains under Cd exposure, and the cadmium precipitation and distribution outside and inside the cell were
studied to explore the adsorption mechanism of Cd for two bacterial strains. Results showed that the two bacterial
strains (A and B) could tolerate Cd*" up to 100 mg/L and 80 mg/L in solid medium respectively. Based on 16S
rDNA homology analysis, bacterial A sequences shared high similarities with Nitratireductor sp. and bacterial B
was classified as Ruegeria sp. Their adsorption ability of 5 kinds of heavy metal ions (Cd*", Cu’", Mn*", Zn*" and
Pb*") were examined and both of them had higher adsorption of Cd than that of other four kinds of metals. In addi-
tion, bacterial strain A and B could accumulate Cd to 48.57 mg/g and 42.14 mg/g respectively in 50 mg/L liquid
mediums and the accumulation factor for Cd was 971.4 and 842.8 respectively. Scanning electron microscopy
(SEM) indicated that the amount of two strains both decreased and empty cavity occurred in some cells after Cd
exposure. Obvious Cd precipitates appeared on A strain and more rough surface and irregular convex also ap-
peared on B strain; therefore, extracellular precipitation might be an important way for two bacterial strains to res-

ist and accumulate Cd.
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