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BWE.XANBRYEDEEN R, 20K T FE 4 E CdF BDE-47 75 3 91 8 45 %t 48 45 35 4% ¥ (Bellam ya aeruginosa ) ff
JE I # R B B HSP70 Rk K P8y & b, L 48 & Cd #n BDE-47 it 5 HSP70 %k 3k vy 57 0 B ] /5 B-20 B % 2, 4 3
HSPTO E A A BT EN A AFGH R BT NG FED D NERE, R KW, 25 T F &8 Cdfv BDEAT i 7
TR I JE RS AR E B HSP70 R A AR A E R VAR WEE/ A E- B L X £, £CdEHO~I0DEET,
HSP70 ki # A FH Cd & &5 M EF & (p<<0.05;:%# Cd KH(10~21 )& FE T .HSP70 b H A F M Cd 4 E 8yt
BEANEAEE M CAELEG pgg DEET HSPTO M A FH BEZEH AWML KT EF LA (p<<0.05);% .5 Cd
4B (25,100 pgeg DEFET HSPT0 A FHEHNEKAE R A REENZY ., L4 E BDE-A7 £% T HSP70 ik
BAKFREWIER KK EHERATREERE TS K. 48 BDE-47(160.640 ng » g ') 4 H1 % & 5t HSP70 5 %
KFEAH, KB A0~21 ) EFE G, HSPT0 L # K F ¥ 8 F B (p<<0.05), LI T 5., HSP70 xf Cd K & &
Gugeg DEAHURTI0DEZEL T HRFWE AN, M BDEA7T KA E(Q60ng g DEMBEXRATHE KA E
Cd #2 BDE-47 K B [ (10~21 d) # % T ,HSP70 ¥ & H & 47 69 48 = 1F A .
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1.1 SEI&#F

111 =834 RASLRE A T 7004085 R IR AR SR, 5 A%, 5e K (18,1541, 94) mm; R H (1. 50+
0.42) g, 55 ik WcHk[16].,

1.1.2 /L%  Mini PROTEAN® Tetra Cell # £ #1 3k { (3% [ Bio-Rad /A #) . Power Pac-HV R Ht 3k 1% (3 &
Bio-Rad 22 #]) .Mini Trans-Blot #% EJfl#i 2 4¢ (£ [H Bio-Rad 22 H)) ; Tanon-1600R 4= 2 h B & 58 A% & 40 ( I i
KEERHE) s WD-9405B B /K- 48 K (Jb 5 8 — AR T ) .

1.1.3 KA CdCl, » 2. 5SH, O #r4l g [ L E 25) ; BDE-47(2,2", 4,4 -PUIR B Kk, 46 98. 5%, I [ Ac-
cuStandard 2 @) ; Tris B8 . & B FE T 2, — % (Nonidet-P40) . T 7R B 8 F 2L 65 Bt 5 (PMSEF) .+ — b 2L iR 40
(SDS) . 75 i i e WU i B e (N N =B SOBUR s BE ) LG B B2 8% (APS) (DU B 36 2 — i (TEMED) | B-3 3 2 i
TR 2% D2 s R-250 CH M H 2R VKBS IR \ F I L & WA 8 0 B 7 4 p 4l ) UYL 2K 11 Marker SMO0671
() B Fermentas 24 &) ; /N BT A HSP70/90 BAFEFEHUIA 1gG (g [ Stressgen 24 F)) 5 BiAR 1 E AL ¥ bR ic 19 11 2
Hi/hEL IgG-HRP( B Santa Cruz /A ]) .,

1.4 F8mmd  SSITURY N LCR AW 27 AR X i i IR N TR . R S0 3 )y
2 SCHk[ 161,

1. 2 AR A& 0 i

% WR 55 5 T AE WF 9T A1 DA LA BT B9 F 98 #6 47 Cd Fil BDE-47 AR D08 S2 86 356310720, Cd w0 3 48 4 )
RILE 1K RA R 34 Cd S EAFIH (5.25,100 pg» g " FUUHEYD B MEFAH K 3 HEE ., Cd mbrit
il 28 7k WL SCHR17 . BDE-47 bR UOAR P A= i L & 1 S X B4 f1 3 4> BDE-47 & & kb3 41 (160,
640.2 000 ng *+ g ' FULEY) . ML B ¥ 3 N FEE . BDE-AT7 JAr UL AL 4 il £ 7 ik UL R A8 U0 [ F 5
IAR TR 58 BV J5  F8 B A Ak B2 (9 I bR UAR P ¥ 43 3] 3 A E A N EL P AR R B A B BDK (K Ak
7K B MR B B A K IR R T E 1 d SR SCIR R . XA SR RS BEAL A A (R 25 B L SRIE LA
FEAMHREL R K A RE T BB 21 d, B2 LA AOCR AL N 12 h GIR + 12h BEE, KRR
FAE2a+1) C, LMK N EZAKRK KBRS N BHFHR 267 pS+ cm ' pH {H 7.99, 8% 0. 41 mg »
L' B 78.4 mg « L' (Lh CaCO, ) BHEE 4 mmol » L' (LA CaCO531) . FEMHRET F 55 Je Je W B 3% , 45 7
KAWLV = U LB kL. BIE BB IEE 0.3.7.10.14.21 d HORE , A ok A AT AR B 4~5 I8 T
JH R INE , IE PR T L SR I A AR AE A T
1.3 HmHl&

B BT TR AE 5 5 8 B R & (66 mmol « L' Tris-HCL,pH {H 7. 2,3 % Nonidet-P40,0. 1 mmol « L™}

PMSF)#% 1 = 4 BYUFR LU I 20 3 55 51 358 of 72 vkt vh 58 AT 3R B A1 A5 1.5 mL B B0 L R )5
fE 4 °C .10 000 r » min~ ' F &0 20 min, B IE W 56 0E & A& & RS ARG UL I as LB E TR/ N 8.0
pg s pL T STEWR AR SRS B 80 CUKAR TR AR A
1.4 HSP70 ME
1. 4.1 SDS-PAGE & & w ok el 85 804 25 AN 5 06 Ve 4 i » 7% 3 L L Uk A 8 T SDS-2R A I ok i B2 e » 4R i
4% L UK RE s S R AR L ARG B 10 L ARSI 500 L 28RBS C45 b 6] i A ACHE R4 R B 1 R % whifk L 7
WK H 38 5 min, ¥ A0 XERE SRR B0 5 #EAT LUK B RE S [R5 HE 2R 1 marker, 7E 100 V {H R HLUK,
Y5 5 4 R R B GA FE B2 1 om A2 LK .
1. 4. 2 Western Blotting %% P 1) FHR, SRl i B0 B9 re UK EE G B LR E SR B g2 vp il b s R 5
5 AR R RS9 15K NC BRI 4 5k Whatman JE4CTE 8 (568 vh R0 20 min, [F] B 38K 2 5K 27 4 34
TER A RBE MR E SR, BT 2 LRRIG T E 2 JZ U840 B NC 8.2 238 4R 25 2 38 0 0y 1547 )2
B, P AEE R A A0 TG BN R 58, 76 100 V {H T E) 60 min,

2) B, FHENGHE I NC B, DL PBS 28 Mo i 25 U 5 min, SR )5 H0CE 76 5 P 92 0 72 3% IR b= i
HM 1 h,
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3 EE . INE P PG NC B, %% —451 CNR BT HSP70/90 B E BEPLIR IgG) MEF W 1 2 500 BRI
A —$0 FEFEIR 2= IRBEE 1 h, 285 1 PBS W5 VE 3 W, K 10 min; % ZH0 CHAR i E AL PR 10 19 1L = BT/ B
IgG-HRP) FIIF W 1 2 2 000 BARFR N A =90, 2598 K LS A 1 h, 285 H TBS 22 vl i i Bk 3 I, Bk 10
min, DR AR A 1 T,

O B, EWE N NC S 7575 @ I 7R R A BB Y A-5-1-28 % B AR T R A
N 30 min, P TBS S0P 2 1k RV . FEBERS /3BT R g8 oxd NC BT 34 IF R A7 BI& .

1.5 HIEAES St

K 4 A B BE I AR R i X Western Blotting BGEAT K BE 230 B AG T I BE AR I 1155 45 Ab B 2 %) +H %)
R AR CLL S 56 2 B L/ 6 B R BE A 1) LU (B R ) . SR SPSS 20. 0 E47 80408 9 S8 1143 B, R B & 25
I3 (One-way ANOVA) FI £ 5 M &S 56 1k (LSD) #4740 1] 22 S5 W FH PEAG 36 W 3 Pk 4 0. 05,

2 &R

2.1 Cd X $R 85 IR 15 42 BT BR B HSP70 3Rk 7k T 89 5 i

Hi] 45 1 b A2 R IE HSP70 % Cd W # % 35 ) Western Blotting $ BB W& 1 s, AR Cd 4b B 20
HSP70 FyAHXT RIK A DL 1. 76 [7) 2 88 B 0] 9, 4 45 30 02 8 JBR I HSP70 3R 38 7K °F- 2 30— 2 1 57 -3k i
KF, EEWO~10 &) BEFER, HSP70 23k K FBE Cd & & (938 hnim &2 7+ (p<<0. 05) s fE KW (10~21 ) #
#& I, HSP70 RAK VB Cd & iy Ths R Thm m TR, 1M E Cd Z 88 & & A [E g LT K Cd & 52
(5 pg = g DAY HSP70 Kk 7K V- bifi 2 5% B (8] 1Y SE4< 177 5 35 F+ 5 (p<<0. 05) . 7F 21 d Bk B (b i Cd & 4
(25,100 pg + g "B HSP70 3R ik K 7 W) B % 58 B 1] A9 IE < 2 e R BE R b a3 b o Cd & w4l
HSP70 FRikK Vo3 HIE 2 #E 14 d A1 10 d J5 ik BI0E(E , 7F 21 d B, & Cd & 4] HSP70 ik /K F F BE 2 B ARk F .

|-
"}‘S-;‘: Eati
T2kD —»F = @
) = 3d - : 7d
Faw - [’
R £ —
-
10d | j— 14d | #ee 21d

TE 4% B P iol i 28 BRI 4 F AR E W IRZH 5 pg - g T Cd AR BRAH (25 pg » g7 ' Cd b FIAH (100 pg - g 1Cd AL FA
Bl CdmiEnRyYREERRFHEEFERAE HSP70 RIEK Western blot FliER RIEE F

Fig. 1 Representative Western Blots of hepatopancreatic HSP70 in B. aeruginosa after exposure to Cd-spiked sediments

F1 CdmizmRYEREEEREBEIFERE HSP70 RiZKE(UBEXNKEEBERT)

Tab.1 Hepatopancreatic HSP70 levels (relative grey value) in B. aeroginosa after exposure to Cd-spiked sediments

2 GE ) /d

Cd mbr &/ (pgs g™

3 7 10 14 21
X IR ZH 1.07£0.02%*  1.07+£0.05%* 1.0540.08** 1.0740.03** 1.09+0.05"*
5 1.2940.02"%  1.3540.03""  1.4840.09"¢ 2.05+0.07""  2.9640.08"F
25 1.34+0.08"%  1.4740.08%¢  1.5440.04>¢ 2.23£0.10°" 1.89+0.099"
100 1.6940.019%  1.8940.094¢  2.16+0.09°" 1.63+0.06%" 0.7340.07%"

T < 75 A [ 5% 55 47 2 1 ) P, Ak 3R 8] T2 AR () /N5 5 B ) 37 22 S 35 (<0, 05) s 7 [R] — b BRZH , A [) BORE I [7] 153 18] T AR ) R 5

TR R 2 5 3 (p<<0.05) . F .,
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2.2 BDE-47 X34 €5 IR 4% B2 B R AE B HSP70 3Ri% 7Kk F 149 55 i

i 45 B IBUTF I IE HSP70 Xt BDE-47 R # 1K (1) Western Blotting f & BRI 41 & 2 i . [ BDE-47 &b
HEAL HSPT0 i HIXS 36K P W3R 2, JFBRE HSP70 323k K - i 5 58 I I 19 2 1 B BUR T PO MURE . R 3 d U
fiG.t BDE-47 £ 41160640 ng + g ') 9 HSP70 k7K - 15 % B AR LB AT 35 22 52, 1 & B 41(2 000 ng - g )
1) HSP70 &3k /K- 3R i3 Th s I iR B IR KAH ; 88 7 d 5 . & 0 BE4LIH] HSP70 Rk KA 8% £ 5 5
# 10 d J& . HSP70 3k /K-l BDE-47 & s8I 2 B THE T bl s E R B Q4 ~21 O BB T,
AL FA HSP70 Fik /K P34 BE BDE-47 5 1 (93 I 1 522 F B (p<0. 05) . A [l Ak 3L 401 i 47 75 B 35 22 57 (p<<
0-05), ”ﬁﬂ BDE-47 4% 5 & AR A9 1 B0 F . HSPT0 3 3k - b 2 5 B 1] E‘JL{%EJZISL%I%%?FEF%,?%
BDE-47 & 41 HSP70 kK F1E 55 )5 3 d Bk 3 55 K A8 L i K oF BDE-47 & #4119 HSP70 %3k /K 7¢
FEE T 10 d A BB KAE

s s
72kD—>“"—"—- -—-_u-—v-iw 7 ey

e 3 3d Z 7d
- N -
h p el W — — ” S A
10d | 14d ‘_ : 21d

WA B UKGE A B AR AT B FRME AR 160 ng + g 'BDE-47 AL P4 640 ng + g 'BDE-47 AL FE4H .2 000 ng + g 'BDE-47 AbFR4A ,
B 2 BDE-47 MirRRYRRREEHEEFTRE HSP70 RIEH Western blot EliFERREE R
Fig. 2 Representative Western Blots of hepatopancreatic HSP70 in B. aeruginosa after exposure to BDE-47-spiked sediments

&R 2 DBDE-A7 MiRiRY F T 5 RSB IREEAFBRAE HSP70 RiAKF (UAMKEERT)
Tab. 2 Hepatopancreatic HSP70 levels (relative grey value) in B. aeroginosa after exposure to BDE-47-spiked sediments

2 5 ] 18]/ d

BDE-47 b & &/ (ng» g~ ")

0 3 7 10 14 21
X 2 0.93£0.03"* 1.06+0.05** 1.0140.06* 0.91+0.05* 1.04=40.10""
160 0.90=£0.05%* 0.97+0. 05 1.1440.04>% 0.81+£0.06™¢ 0.8240.01>
0.99+0.11* )
640 0.90+0.08"* 0.99+0.09"" 1.33+0.04%" 0.71£0.03“¢ 0.61=£0.02¢"
2 000 1.2240.01"" 1.0740.05" 0.8140.05%" 0.6140.05%F 0.40+0.04%"

3 iTig

200 0L 157 S 7 S o) AR L 2 1 BT AR A RN R R G G ER A B A R A . VIR D (CHSP) S MUK 2
i 52 3 N7 I CAnAC I 22 ) T e W3l | e 4R B v et L ST LS ) 38 I B 8 i AR s TR AL b BE AR AT Y
—ZH VL IRCEE 1 X BILOR 20 A B AR AR T . HSPTO (43 Toi 68~ 74 kD) & HSP #5815 i) = B 6%, HoAT 4
JELAE 57 (4 T S DL G2 A T B T e 1 30 X6 AL i s 46040 7 T & 4 AR S i T HSP70 X IR 75 5
O HL P 8 g BE GRS Rt HSP70 # 8 FH AR 1855 75 4L 1 Bﬁﬁﬁimi%ﬁu%[m,Eﬁﬁx@ﬁﬁﬁ%ﬁ%ﬁr%fﬁi
1) By AR S T A TR R A

— BRI 5 7R £ B 4 R DARH W 5 | 2K A= AR HSP70 19 L3R5k, Downs 58 AP R LRLER (Palae-
omonetes pugis) Cd Wil J5 HSP70 )23k i F 1IN ; Sanders %8 AP Hil Duffya 28 AP 0F 58 B, Bk 4k
& (Pimephales promelas) U8 (Oncorhynchus m ykiss) 3% Zn.Cu Ml Hg % # )5 HSP70 i3 ik /K F 7R B & T
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o AWFERW] IR (0~10 ) ZF& I, HSP70 FRiA/KF-BE Cd & & A AN 8 25 74 i 5 72 K (10~21 ) %
#& A, HSP70 k7K FFf Cd & TR 2 IETH &5 TR, K& 2410 HSP70 3238 7K V- Bl 2 2% 1) (8] 19 428 4 1
3 ThiE (p<<0. 05) s 1 & B i 2 9 HSP70 3k /K- W i 7% 5% 1) ] (1) S8 e TG [ . (R Cd Ab 4 1 45 2R 5 i
N B ST BEA — 3, X SR G T AR Cd & 52 W30 BRIV AT S 3040 A 09 2 38 » B 5 5 4 45 24 i MR g liE HSP70
By 2R 35 , HSP70 HAT B i AUt . 78 & & i Cd Wi 1, HSP70 1Y 2R 35 /K- 2 88 h W3k B i KB fE R 5 )
100 58 3 B AR (p<<0. 05) , BN 7 i & 1 Cd JWh 300 T PR 1B AR 400 i © 28 38 32 — s 2 B8 09 953 473, T U 240 M 1% 17 9% e
IR K55 . A feA B 5 S HSP70 %Kik,

C A 5T IE SR Z B WAL & P 3 E 4 A i HSP70 BA A SAEM . Vijayan % AP (A5 48 H L 5L
B &I 2 55 1 RE A% 35 75 S I B4 AT IE HSP70 38 3% ; Hassanein 28 AP R R B B Ak 4 (Tila pia nilotica)
Z RN R BFNE RIS BTG HSP70 Fak K W 3 T+ s L 3% A5 BB 58 /R 840 (Carassius auratus) FEAR
2~ -4 R TR 8 T HLAE A 40 HSPT0 (1 36 38 K P 5t B TR PE T . Lk B A IR I A 4R R
AN DG R L JCE H W Ik S8 K AR A2 W 2 B A BILAK 2% 0 B 38 IsE FESP70 1 e 0 B8RP . A 3R 3R B, AN [A] BDE-47
A IR HSP70 (14335 7K - Bl 2% 5% i (8] (9 SE K BR B 3R Bh Se TR B Y A2 fla 35, & BDE-47 % it 41 1Y
HSP70 Fik/K Ve R #E G 3 d RIIA 3 e K AH Wik .o BDE-47 &= 4119 HSP70 Rk /K FFEREE G 10 d A 5 F
RME . XN ARG BDE-47 % 5 %0 1 30 AS 58 5 | e 4 455 P14 88 1B U 240 B 0 5k = A 107 33 2 i . fHE 5 BDE-
47 Fa s A TR  HSP70 W) & 7R H 488 4 ) B8O 5 IR BDE-47 5 &2 K 30 Bl 38 7 mT 384 % 40 it 1) 1z 38 s g L 51 5
HSP70 kK VR E TR . AW s . AJF BDE-47 4B 78 KW (10~21 &) JF HSP70 kK- 5% BE 41
AH EE 34 8 S B AR B /R FE R W aa TR [R) 55 5 1) BDE-47 ¥4 0] S 808 55 P4 b 08 188 Ak 40 il A2 Bt HSP70 R ik 32

BEL . 2 33 RE 1 D55

B2 R A2 3] Cd A1 BDE-47 15 42 DLA Y e J5 , B HSP70 1% 26 15 28 B M B (2 0% B[] a5 o &%
MK, HSP70 18 Cd K& W i ™ B B R 8UBE . 1 HSP70 X BDE-47 {85 = 5 1 il i 22 SR 41
B, HKE & Cd 1 BDE-47 KA [E] i F , HSP70 ¥ BB B AF ¥ ~1EA .

SE 3k

(1] VAR, Fp A A T35 R M S AL 217 0 5 3 B0
[J]. # #4247 ,2005,19(SuppD) :179-180.

Jiang G B. Environmental chemical behaviors and toxico-
logical effects of persistent toxic substances[J]. Journal of
Toxicology,2005,19(Suppl) : 179-180.

(2] BER R AT, BELLE L 55, m ) TORR ) 1 4 ) B 8 4 A
B FC3F 7K B 52 Wi 4 BF 52 L) ). DUAR 2= 42, 2007, 25 (4) - 612-
618.

Fan Q Y,He J,Xue H X, et al. Heavy metals speciation in
sediments and effect on water quality in Nanhai Lake[]].
Acta Sedimentologica Sinica.2007,25(4) :612-618.

(3] i, FEmedie, & B, &5 WL A I B LR W) & 42 ) V5

e Be I Ph [A) £ 3 o BR AL 2% 7R B [T ], # BT % 4, 2011, 85
(2):282-299.
Peng B, Tang X Y, Yu C X,et al. Heavy metal contamina-
tion of inlet sediments of the Xiangjiang River and Pb iso-
topic geochemical implication[]J]. Acta Geologica Sinica,
2011,85(2):282-299.

[4] Mac Donald D D, Ingersoll C G,Berger T A. Development
and evaluation of consensus-based sediment quality guide-
lines for freshwater ecosystems[]J]. Archives of Environ-
mental Contamination and Toxicology,2000,39(1):20-31.

[5] De Wit C A. An overview of brominated flame retardants in

the environment[ ] ]. Chemosphere,2002,46(5) :583-624.

[6] Costa L G,Giordano G, Tagliaferri S,et al. Polybrominated
diphenyl ether (PBDE) flame retardants: environmental
contamination, human body burden and potential adverse
health effects[J]. Acta Biomedica,2008,79(3):172-183.

[7] Gouin T, Harner T. Modelling the environmental fate of the
polybrominated diphenyl ethers[]J]. Environment Interna-
tional,2003,29(6) . 717-724.

(8] Xk, B2l o, gk, 45, DI 2.2", 4, 4"- DU IR B R fik
(BDE-A7) 15 i 8 5t SR 0K 9 1) 751X 3 Ty 2 S L 50 25 1k
[ AR, 2012,7(3) :259-267
Liu J,Peng JY,Ma T W, et al. Toxicokinetics and Repro-
ductive Effects of Sediment-Associated 2,2, 4, 4'-Tetra-
bromodiphenyl Ether (BDE-47) in Bellamya aeruginosa
[J]. Asian Journal of Ecotoxicology,2012,7(3):259-267.

Lo XU &, M st , e o IR, 43 £ % 4% AR ) iR i 2 AR LD . KR
HE WA . 2001,25(4) 1 343-349
Liu C F.Tao S.Long A M. Accumulations of lead and cad-
mium in goldfish,Carassius auratus[J]. Acta Hydrobiolog-
ica Sinica,2001,25(4) :343-349.

L10] #mmi A, J7 Jee sl K S0, S 4 0 ) fan R JHF I B8 4816 )
AL BEIE P R SE [T ], % 4 5 5%, 2003, 3(3) : 13-
16.



%6 H

R, %44 B4 8 HSP70 it Cd F1 BDE-47 Jif 38 By w B2 40

27

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Yang . H,Fang Z Q,Zheng W B,et al. Experiment with
effect of cadmium on activity of superoxide dismutase in
gill and liver tissue of crucian[]]. Journal of Safety and
Environment,2003,3(3) :13-16.

KB EAR S Y S W AT R TR 1 (Bo-
leophthalmus pectinirostris) FM & ML A 12 K BE i 40
ey bR ic 19 22 A6 [T ] W5 W1 52006, 37 (1) 7-13.
Zhang C D, Huang F Y, Li MY, et al. Cadmium-induced
changes in the markers of erythrocyte micronuclei and
peroxydases in liver of Boleophthalmus pectinirostris[]].
Oceanologia et Limnologia Sinica,2006,37(1) :7-13.
Kuiper R V,Bergmand A, Vos ] G,et al. Some polybromi-
nated diphenyl ether (PBDE) flame retardants with wide
environmental distribution inhibit TCDD-induced EROD
activity in primary cultured carp (Cyprinus carpio) hepa-
tocytes[ J]. Aquatic Toxicology,2004,68(2):129-139.
Muirhead E K, Skillman A D,Hook S E.et al. Oral Expo-
sure of PBDE-47 in Fish: Toxicokinetics and Reproductive
Effects in Japanese Medaka (Oryzias latipes) and Fat-
head Minnows (Pimephales promelas)[]]. Environmen-
tal Science and Technology.2006.,40(2) :523-528.
Mariottini M, Corsi I, Torre C D, et al. Biomonitoring of
polybrominated diphenyl ether (PBDE) pollution: A field
study[J]. Comparative Biochemistry and Physiology, Part
C,2008,148(1) :80- 86.

R ENEE B RS E 2,2 4,4 - DU TR KR B £a
BRI R ZH 2L S AL W 3 [ 1. Al R 58 R 27 2% 4 2009,
28(5) :1005- 1009.

Wu W,Nie F Q.Qu J H,et al. Oxidative stress of tetra-
bromodiphenyl ether to the liver of Carassius auratus. in
Vitro[ ]]. Journal of Agro-Environment Science, 2009, 28
(5):1005- 1009.

Ma T W, Gong S J.Zhou K, et al. Laboratory culture of
the freshwater benthic gastropod Bellamya aeruginosa
(Reeve) and its utility as a test species for sediment toxic-
ity[J]. Journal of Environmental Sciences,2010,22(2):
304-313.

SRR, FRE AR AR R PR R R S U U W 18
o308 B4 A b 35 W o [T 1. R E A 24 22 4, 2009, 29 (8)
1750-1756.

Ma T W, Zhou K, Zhu C, et al. Biomarker responses of
Bellamya aeruginosa to the chronic stress of cadmium-
contaminated sediment[ ] ]. Acta Scientiae Circumstantiae,
2009,29(8) :1750-1756.

SRy o, AR, ARE, S5, 4 R Ak R G TS Y U AR 0 v
iy 388 1%y S A 7 R 4 Ak BT S N R LT AR A R
2009,29(10) :5350-5357.

Ma T W,Zhu C,Zhou K., et al. The reproductive reaction

and oxidative stress responses sensitivity of Bellamya

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

aeruginosa to the chronic exposure of lead-contaminated
sediments[ ] ]. Acta Ecologica Sinica,2009,29(10):5350-
5357.

LR, AR, HBE, 5. Cd Ph Ba— K & 435 Y TR 4 %
] 45 A e I JBRBE SOD Al MT A 8% i [T, 4% b 36 B8 k2
2#4%,2010,29(1) :30-37.

Ma T W, Zhu C,Zhou K, et al. Effects of Cd,Pb and com-
bined contaminated sediments on hepatopancreatic SOD
and MT in Bellamya aeruginosal]J]. Journal of Agro-En-
vironment Science,2010,29(1) :30-37.

JERE, DR, R AR, S 2,27, 4,4 -0 R I K i (BDE-47)
15 Y TURBUY X 4 65 B0 0 SR TF IR IE 7 SOD L CAT Al EROD
PR R R )], $REER 224 410, 2010, 30(8) : 1666-1673.
Zhou K,Ma T W,Zhu C,et al. Effects of 2,2",4,4'- tetra-
bromodiphenylether ( BDE-47 )-contaminated sediments
on SOD,CAT,and EROD activities in the hepatopancreas
of Bellamya aeruginosal ]]. Acta Scientiae Circumstanti-
ae,2010,30(8):1666-1673.

PN, XA, TR, & TR b =T B R A R AR
WS IR U T AR AR B R e 2w [T b g IR B R 2
2012,31(3):97-101.

Peng ] Y,.LiuJ,Ma T W,et al. Effects of sediment-associ-
ated tributyltin (TBT) on the hepatopancreatic antioxi-
dant defense system of Bellamya aeruginosa[]]. Shang-
hai Environmental Sciences,2012,31(3):97-101.

SRIEMS. FSP70 Ay /5y ~7 Dy i dE e [ 1. [ A e = T8
4. 2002,29(6) :337-343.

Zhang P. New progress of the biological function of
HSP70 [J]. Foreign Medical Science, Section hygiology,
2002,29(6) :337- 343.

Urania C, Melchiorettoa P, Morazzonib F, et al. Copper
and zinc uptake and hsp70 expression in HepG2 cells[J].
Toxicology in Vitro,2001,15(4/5) :497-502.

Helen M B, Douglas R G. Stress management-heat shock
protein-70 and the regulation of apoptosis[]J]. Trends in
Cell Biology,2001,11(1):6-10.

Adrienne N B, Mathilakath M V. Constitutive heat shock
protein 70 (HSC70) expression in rainbow trout hepato-
cytes:effect of heat shock and heavy metal exposure[ J].
Comparative Biochemistry and Physiology Part C: Toxi-
cology & Pharmacology,2002,132(2):223-233.
McCarthy J F.Shugart L. R. Biomarkers of Environmental
Contamination[ M ]. Boca Raton, Florida: Lewis Publish-
ers,1990.

Downs C A, Fauth ] E, Woodley C M. Assessing the
health of grass shrimp (Palaecomonetes pugio) exposed
to natural and anthropogenic stressors: a molecular bio-
marker system[]]. Marine Biotechnology, 2001, 3 (4):
380-397.



28 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn Vol. 31 No. 6

[28] Sanders B M, Nguyen J, Martin L. S, et al. Induction and patic heat shock protein 70 in two salmonids[]J]. Aquatic
subcellular localization of two major stress proteins in re- Toxicology,1998,40(2/3) :101-108.
sponses to copper in the fathead minnow Pimephales [31] Hassanein H M A,Banhawy M A,Soliman F M,et al. In-
promelas[ J]. Comparative Biochemistry and Physiology duction of Hsp70 by the Herbicide Oxyfluorfen (Goal) in
Part C:Pharmacology, Toxicology and Endocrinology, 1995, the Egyptian Nile Fish, Oreochromis niloticus []J]. Ar-
112(3):335-343. chives of Environmental Contamination and Toxicology.,
[29] Duffya L K, Scofielda E, Rodgersb T, et al. Comparative 1999,37(1) . 78-84.
baseline levels of mercury, Hsp70 and Hsp60 in subsist- [32] JLMe, PR IR ok KL 46, IN I E B A W ks B 0F 5%
ence fish from the Yukon-Kuskokwim delta region of PG v FF 2l -4 3 — 5 I ok D f 1T PR RN 2 2 1Y) B
Alaska[ J]. Comparative Biochemistry and Physiology Part AFFENE W] WA ,2005,18(2) :188-192.
C: Pharmacology, Toxicology and Endocrinology, 1999, Shen H.Sun Y Y. Zhang J F.et al. Dynamic effects of
124(2) :181-186. low-level 2-nitro-4'-hydroxydiphenylamine on the induc-
[30] Vijayan M M, Pereiraa C, Kruzynskic G, et al. Sublethal tion of HSP70 in the fish livers and brains[ J]. Journal of
concentrations of contaminant induce the expression of he- Lake Science,2005,18(2) :188-192.

Animal Sciences

Response Sensitivity of HSP70 in Bellamya aeruginosa Exposed to Cadmium and BDE-47

MA Taowu', WANG Meng', PENG Jinying', HE Xingbing', WU Lingling’, LONG Yi', LIU Shanshan'
(1. College of Biology and Environmental Sciences, Jishou University, Jishou Hunan 416000;
2. College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: The expression levels of hepatopancreatic heat shock protein 70 (HSP70) in Bellamya aeruginosa exposed to Cd- and
BDE-47-contaminated sediments, respectively, through sediment toxicity bioassay to reveal the time- and dose-effect relationships
between Cd/BDE-47 exposure and HSP70 expression, and to further explore the sensitivity of HSP70 as a biomarker indicating the
early damage of persistent toxic substances to B. aeruginosa. The results indicated that hepatopancreatic HSP70 expression in B.
aeruginosa after exposure to Cd- or BDE-47-spiked sediments with various contents showed distinct time- and dose-dependent effect
relationships. In the case of short-term (0~10 d) Cd exposure, HSP70 expression levels showed significant increase in a dose-de-
pendent manner; but within relatively long-term (10~21 d) Cd exposure stage, HSP70 expression levels displayed a trend of first
increase and then decrease with increasing Cd content. Cd exposure with low content (5 pg * g ') caused a time-dependent increase
of HSP70 expression, and Cd exposure with medium and high contents (25 and 100 pg » g~ ') led to initial increase and subsequent
decrease of HSP70 expression with prolonged exposure duration. On the whole, HSP70 expression levels in all BDE-47 treatment
groups showed first increase and then decrease with prolonged exposure duration. In the case of short-term (0~10 d) BDE-47 expo-
sure with low and medium contents (160 and 640 ng * g '), HSP70 expression levels did not show significant differences compared
with that of the controls, however, after relatively long-term (10~21 d) BDE-47 exposure, HSP70 expression levels decreased sig-
nificantly. Comparatively, HSP70 showed relatively good sensitivity responding to short-term exposure (<10 d) with low Cd con-
tent (5 pg + g '), but indicated insensitivity responding to short-term exposure with low BDE-47 content (160 ng * g '). Under
long-term (10~21 d) Cd or BDE-47 exposure with low contents, HSP70 can be used as a good biomarker.

Key words: Cd; BDE-47; Bellamya aeruginosa ; hepatopancreas; sediment; HSP70; ecotoxicity; biomarker
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