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Jipae SRR P R I 22 | ANRRAZ NSRRI AR AR I FH R ) B S FRL K (2D-PAGE ) T4k 4355 3 D1 S8 4 2119 4=
I, ALY 800 AR BB, JEOH L 37 A4~ el T 5 ER N30 7 25 0% 28 5 4 1 BB . R T L Bl B R
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HAg R ARSI, P 2R S — A B TR, &R0 5 BUCE & 8 E B Y
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B BEAb, SRR S T S SRS I BB LS A, SRS E AR R TE T AT
KB HEAVETTS , 85 s R LR bR =, 3205 R R, 4% . BF M4 45 o 4 Jm T d
TR R A0 2 18 S ik ABRZA 2, DA 453 35 ) P IRV B 3 R T Th e

PRt e 2R B0RE W I B KA b B G R T R — BRI R R AR . (HR L
& JER BRI T 1 GRS B AR s FRI R A T IR, e LA EA T e S W, LY DA e e o 6 s 1
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1 SEIGE Y

1.1 RAF SR

AR5, pH =5 ~ 8 ( Amersham 23 7] ) 5 B 85 1 il ( Promega /3 F) ) 5 o-f5l-4-F2 A EE iR
(HCCA, E[E ICN W BE2ANA]) 3 BB (Sigma 23 A]) 3 SDS 43 F i br i ( Fermentas A F] ) 3 &4k
fh(CdCl, - 2H,0) | ZEFIER L T JE(NP40) | I HERE(DTT) | 3-[ 3-( MBI 5L) 5L TN
AR PN ER (CHAPS) | DM ERE: . F SURU I . — 2 IR 3L H bt (Tris) | T e FERE R 61 (SDS) |
LR (EDTA) | iR (AP) MIN, N, N', N'-PUH 3 2 — ¢ (TEMED ) Z557 340 A A4
TAY TR

JEM 2100 # 5T HLBE ( HAHL PRt 5 BURIHLIKAX (AE 508 —4E ) ) 5 REFLEX™ 1 £ MAL-
DI-TOF i ({8 E Bruker 23] ) 3 EL45 W48 2.0 HL ( Labeonco 23 A ) 5 ook | A8 3 & 7R 25 0 AL ( Beck-
man /A\\ﬁl ).
1.2 #mAE

Bt IR 3 #4535 U1 ( Patinopecten yessoensis ) i35 T I8 [ UL iR 38, 7ESCIGEYNFR 7 d J5, BEHUERR &
RINAHIE 4 Ja DU BEAIL 3SR %) BRZH AN S 2H . FE R IRTETS G e /K R s i CdCL, -2H, 0, fdikrh ¢d®* i1y
LR SEAEFFAE 10 mg/L, SEIGZH B3 U1 3235 G i Y1) A 24 h. R B ANE Ry 7 A SE RS DL, FEVKIS
T ), BUERZH Y, JF A iy AR AR K PR, HIRAR T2 REIK, T - 80 CIRFFA H.
SEHGZH B DU A N T8 352 28 PR R A R UL S 06 9 Sty T ST R 1, BT s Pl vk B RN (] e id A

BES R RIEERE AR
1.3 EHHEUR
BN HEZH RSB0 2H i DL A 28 W2 1 mm® /NBR, 28 2. 5% I8 RS RT3 h, FH#ERR G o

W (PBS) I0E 2 ¥, K 10 min, A 1% #ERME 2 h, PBS #H0E 2 K, &K 10 min, DL E3AESATE
4 CHFAT. 4R FH 2 - B 2 57K, Epon618 403 NOVA 8] F ALY A K sl e 4, FH JEM
2100 FHTHEIEE | FATE.

1.4 WEBKERGIE

A3 FRELO. 1 g X TR ANSCIR2H bt DUBELHZY, BIRE, MIA 2 mL BUA A =5 LB (TCA) /TN F H B
W, BT VKR TR 2o R WA e, WA BN 2 mL SR BOR s e e e AT R BOR, T
20 CHRUIEE I, A 12000 r/min &0 10 min. F FWER, DL TEIGE L& A DOE P ik m
TCA, JHCE 4 CWT, JIA 500 wL A 24 (48R 7 mol/L JRE | 2 mol/L ilik . 4% CHAPS, 60
mmol/L DTT, 10 mmol/L Tris, 1 mmol/L EDTA | 0. 5% 4 H fi# 5t & 0. 0002% T By i ) 1% fft 2 11 DLTE
W& SR 75 AR R A, AR5 LA 35000 /min &850 30 min, B IS, T -80 °C {77 MH. R Bradford
T A Y B 1 BT
1.5 XLk

B 0.825 g JRE +300 pL RLZE/K +300 wL 10% NP40 +200 wL BARGH 59 (29. 2% 75 45 Bk i/
0. 8% H U HEENE ) , FFoe IEMIG, A 35 wL 8RR PITEBR (pH =5 ~8) , 1RAT, 2 5A AP
FITEMED 45 1.2 L, JR2) 5 mUl B B, FERAE A 20 WL 24 ss , P A BIRR 2% ik ( BH
W HL VK ZZ A 0. 02 mol/L NaOH ¥, BHAR HL UK 2% i 4 0. 01 mol/L H, PO, ¥R ) 0. % M4+
(1) 200 V, 15 min; (2) 300 V, 30 min; (3) 400 V, 60 min #ATEIK. FHIKSS KRG, A R
40 pl, A1) 400 V, 4 h; (2) 600 V, 18 h PEF745 i 58 £5 HL K.

LR RERIKGS ARG, DRSS IR 5%, FISGEKETE 2 IR, BRI KR T 4 mL P
(6 mol/L JRZ | 30% H i, 50 mmol/L Tris-HCl, 2% SDS K 0.0002% JR s, pH =8. 8, {# FiAin
DTT % 10 mg/mL) 1", $ERYRS 20 min. VA5, FXGEK ik 22 bR 5% B4 10 P, I 5556 4% 2 SDS
BEWE (T =12% ) sy, JFAERCAE 1B 35— 2 A IR B W 9 1. 0% B BE W, DARERIE 30 mA i1 7
VK, AR IS i 45 Ok
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1.6 BEREBSEGSW

S ICHR[15 ] B9773EXF 2D-PAGE BEIEH 19 FUSTHEA AR L. SR GDS 8000pc BEIEHUZ 1 2 5¢
XYt 5 ABERE EA T 413, FH Melanie 4. O Trial Z2EX B SEF 54047
1.7 BEBRKRWNEFEMRIE S

T s ] A BN S A BB, TRAFAE 0.5 mL B0, S BROCHR( 8 | 7 v E 4T Mty it
FIK R BEHRE. R I SCHk [ 16, 17 ] 42 Hi /) MALDI-TOF 5t i 43 B 75 325 0 22 25 5 26 11 Jo %) JB I i 48 4L
(PMF) 3, JFR M AFT 3T Killer 2045, T 53 19 IR BT iR 80508 ] T8 1 4E0E .
1.8 HEEKEMEAREE

11 Matrix Science Ltd. W3l #2 4L A4 2 T. 2 (http . //www. matrixscience. com/cgi/search form. P1?
FORMVER =2&SEARCH = PMF) X 22 5% 8 F Bt EA T4 5 S5 704, ARifi et # PMF B h A9 Ik R Bos
HPEHITE 600 ~ 3000, kA B> F IR SLVFIRZEN £0. 0001, B FE£EREALR 775 MH ", i
IR UIOL SR 1A, PR i BrIg 5 5 N R T B R 1 A5 LA L, 7E SwissProt A1 NCBInr 3 %2
T AT R R 5 LU A

2 FER5TR

2.1 RENE TR N EHRANBRHEE

Bl e AR 0 w5 b DB 2L R BRI . ] L (A) S IEH B DUBEZH 2 g 8T, 18] 1(B)
HAE 10 mg/L S ALTRMINA 24 h )5, B3 VUSSR INIET 1 (A) AT A H, X B 2H B DL A% S 4
SRR SERE oS LA T 1(B) 207 Hh B ZUh 3 o 20 M o8 P B2 400, An7E SRt s D)
L EARMER B — oS RN, HANRA A S LE RO, B[ IE 1 (B) B9 N DX Bl ] i A 25 1 A7 7 5
g2z 8 1(B) By GL IXH ] ™ E 24t 5 MU A a5l s AR ERRAR R SNZ B O, IS B A
ALK 18 1 (B) A9 M DX ] 2=t fb. o] DLAR IS0 5 DL SR AL 2 b 30 20 AR MO & 32 00, ELIOA AR P 45
DPEEL K — PR AT A I i e A SRR S B DL R SR A 2R A R PR S R A

I ‘.ﬁ (B) % SR ;Mﬁz
g : : A% vy |

Fig.1 Ultrastructure(x5000) of cell organelle from the gill tissue in Patinopecten yessoensis

N: Nucleus; GL: gill filament; M: mitochondria. (A) Control group; (B) experimental group treated with CdCl,.

2.2 BRNNREHRATH

B2 (A) Ry xif BR AT Ja D18 2H 29 8 1 o 4 ) 0 [ e G FL Dk PRl 7% (pH = 5. 0 ~8..0) . HIEI2(A) AT L, £
BOE RS TE pH =6.0 ~7.5 BERIN, SR BTsrF 8 7E 18400 ~ 116000 Z[A]. ¥ 2(B) 245
TS, Fe DSR2 208 1 5T 2 0 R ) B L Uk (BT . 8 FH B 11 B 2 2 Ll AR P R A 7 L 43 B /s
B, E2(A)FN(B) BT R iR F BB S B H TR, 297 800 A, I HLII 25 2R 11 5 A5 19 43 A AL
AL, FPA A EE RIS S B A AT R E A M, TARAR Y 2D-PAGE SIS T R 5 4L 1k 5
YE 2= SR H B BT
2.3 EREARKNKIE

Ve FUB A 2= T, XTI 2 (A) FL(B) Wi s 9 8 BB B4 T L XT3 e, DA i 22
37 A2 SN A R B, RO No. 1 ~37. SXHBA[ K 2(A) [HHLL, SHALBLH K 2(B) |
17 ABEAS(Nos. 3,4,5,6,21,22,23,24, 25,26, 27, 28,29, 31, 32,33, 35)KikE= L, 15
AP (Nos. 1,2,7,8,9,10, 12, 13, 14, 15, 16, 17, 19, 20, 34) FiAH . HAME K 2 &
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Flg 2 2D PAGE map of proteome from the gill tissue in Patmopecten yessoenszs
(A) Control group; (B) experimental group treated with CdCl,.

FHBEE A (Nos. 11, 18) A FARRRIRES, 1 3 N A BB (Nos. 30, 36, 37) HIdb P akkZs. *t
X 37 AN EFE A RBE S AT REOR, JEIRIS A 3 Fros B2 8.

"'- ----

Fig.3 Enlarged images of differential protein spots according to the results shown in Fig. 2

(A;—Q;) Control group; (A,—Q,) experimental group treated with CdCl,.

2.4 EREARMETE

KBRS0 (PMF) H0R | MALDI-TOF il H R A R R R T 1E] 3 B i) 37 A~ 22 5 H ik
i, ARSI TR 1. il , Wit SHURRY BRI | Bty | He i M N B
BAELZFPLEA . f3R 1 2R E AR T IR T, 2RI, R U2 R Rk R R R
MRE IR, O TR T BIALH A S 2. e BEE R B, A 7 AP (IR 2) SRR OIS, A
FE5 T A A L LER 2 F ( Tropomyosin) | JILBHEE FH ( Actin) M 851G T EREE 1 ( Calcium activated nucleotid-
ase 1) ; FIAYHAKTEE 1 70 (Hsp70) S B-TEH3 ii (B-Amylase ) 5 7% 3511 ABC §%32 F ( ATP-binding
cassette transporter ) A M A 3K 1 5% S A5 F Crp/Fnr &% ( Transcriptional regulator, Crp/Fnr family).
K HI LOCtree U4l PEXT 3% 7 FhiE AT IEANM € o, 4525050 TR 2. ik 2 B vl o, YR EH 70
TN & FE AL T AT #3985 5 Crp/Fr 5 . ABC iz T FIRG TG ALK H IREE 1 7 TLbi RN
JENLERE A7 T A, BiBAR AR T 5 ﬂﬂﬁéﬁiﬂﬂ* E"Jéﬂiﬂﬂﬁ N EE R TR LR DR 6
FIE2E 30k, 3k SISO SR B D2 it e, HBE A 2UA0 M b A A 5T 200 A% R ok iR 25 45
oy E AN R AR &

Table 1 Identification of differential proteins in the gill tissue of Patinopecten yessoensis exposed to CdCl,

Spot No. Accession Score Taxonomy M, /Da pl Description
1 gil89093358 42 Oceanospirillum 117934  4.86 Sensory transduction histidine kinase
2 gil87119810 47 Marinomonassp. MED121 114270  5.34 Glutamate-ammonia-ligase adenylyltransferase
3 216899136 47 Ureaplasma parvum 81829  5.64 Conserved hypothetical
4 gil18159700 52 Pyrobaculum aerophilum 77488  6.86 ATP-dependent, DNA binding helicase
5 gil42794532 52 Macrobrachium 71317 5.24 Heat shock protein 70
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Continued
Spot No. Accession Score Taxonomy M, /Da pl Description
6 gil30249497 43 Nitrosomonas europaea 42347  5.40 Acetyl-CoA acetyltransferase
7 Q89QH2 37  Bradyrhizobim japonium 46794 6.77 Probable formyl-coenzyme A transferase
8  gil22788779 47 Heliothis zea virus 1 49271 6.53  Glycine hydroxyl methyl transferase
9  gil99034067 62  Wolbachia endosymbiont of drosophila 33949 5.36 Hypothetical protein Wendoof_01001018
willistoni
10 gil11177141 76 Mizuhopecten yessoensis 32689 4.55 Tropomyosin
11 gil83592957 49 Rhodospirillum rubrum 28719 5.76  Transcriptional regulator, Crp/Fnr family
12 ¢il66827139 56  Dictyostelium discoideum 40280  5.56 Actin
13 gil47458171 47  Mycoplasma mobile 163 K 43654  5.59 Phosphate binding protein
14 ¢il81687110 60 Capsicum annuum 35420 6.21  Nitrite reductase
15  gil76668136 60 Bos taurus 38218 8.19  Similar to transmembrane protein 28
19 gil87302236 54 Synechococcus sp. WH5701 21379 8.13  Nuclease-like protein( SNase)
20 gil16519880 45  Rhizobium sp. NGR234 23544 5.51 Y40D
21 gil2983577 45  Aquifex aeolicus VFS 63060 9.27 ABC transporter( hlyB subfamily)
22 ¢il2351689 60 Trichomonas vaginalis 43732 8.11 Adhesin protein AP51-3
23 gil75511479 63 Escherichia coli 53638 48948 9.87 Hypothetical protein Ecol5_01004211
24 gil3435082 45 Mycoplasma bovis 66478 9.18  Deoxyribodipyrimidine photolyase
25  gil3925826 60 Bacillus cereus 61875 6.29 B-Amylase
26  gil84686182 51  Rhodobacterales bacterium HTCC2654 77272 9.74 Glycosyl transferase, family 2
27  gil49574351 53  Human immuno-deficiency virus 1 64391 8.24 Reverse transcriptase
30  gil91214876 56  Psychroflexus torquis 63927 5.45 ABC transporter
31 gil28851361 58 Pseudomonas syringae 55917 9.60 mutT/nudix family protein
32 gil74193999 45 Mus musculus 66078 4.84 Unnamed protein product
33 gil227629 49  Paracoccus denitricans 40951 7.58 Phe transaminase
34 il71896115 51 Gallus gallus 34594 6.71 Calcium activated nucleotidase 1
35 gil32445285 53 Rhodopirellula baltica SH 1 37907 9.91 Probable lipid A biosynthesis lauroyl acyltransferase
36 gil2668742 58 Zea mays 14776 5.82  Glycine-rich RNA binding protein
37  gill15215572 52 Salmonella choleraesuis 19487 6.86 Mobilization protein MobB
Table 2 Subcellular localization of typical differential proteins according to the results of Table 1
Spot No. Description Change type Pr@ivinus reports Reference Su])c'ellu'lar
(Cd response ) localization
5 Heat shock protein 70 Up-regulated Heat shock protein 70 [19] Cytoplasmic
10 Tropomyosin Down-regulated Tropomyosin [20] Nuclear
11 Transcriptional regulator, Crp/Fnr family Low expression Transcriptional regulator [21] Mitochondria
12 Actin Down-regulated Actin [22] Cytoplasmic
25 B-Amylase Up-regulated Amylase [23] Extra-cellular
30 ABC transporter High expression ABC transporter [24] Mitochondria
34 Calcium activated nucleotidase 1 Down-regulated Nucleotidase [25] Mitochondria

L 42 ( Cytoskeleton ) & 25 11 5T 5 28 1 B8 e (1) B ZR I 26 450, TR ALY 732 | S | B
NS0 37 20 2 AN A B sh P e 2 T B AV, )R 200t o 20 a0 0 3 BV AR . TSR
R, AN RYFRBEIBES S LB T | O RS &, TR AN B 2R 0 sE R v, 4003 A0 i
Tae ™. fEEAEEMNT, FAULERE A ALSH & H A £k B AL Miyado 7 &8,
ZnSO, APHIS , AHMIAY IS LEREE R0k A 7R SR TR, Ui DL i 40 M L h & o osib, 4B 2R B
fige 2 RATRIL, 78 CACL, Wit ™ 5 DL JE LR AR (1 AL Sh 28 1 45 4 A B 4088 (38 358 T,

ﬁ@ﬁ(}'ﬁﬁﬁ(Hea‘[ shock protein, Hsp)%*%%&ﬁﬁq‘%%aﬁ%ﬁ%, AMUS H5VFL 5 WA BLE
g, i H 5 — e R S UIAHSE 2 VB TR, Hsp MZEBRTIRE BB MBI E AT a5 &
P18, dERPA I R, B I A I BER M B k. BURTEHE 1 70 (Hsp70) /& Hsp K i d 22— b1
Valbonesi %5 i 48, Sl N ARG 372 4000 Hsp70 F35 547 ; Hung 250 WIS KB, 4%
WIS UGB 40 Hsp70 5 Liao 5501 & B, Hsp70 JE£k AR 22 86 A N 2 1. I ARSR P 2P & 0,
Hsp T4 Ry —F A R0 53 A i 0 DA TT B R FH PR 35675 G S -2 340 FEARIF g b, SRk 6 ) I
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DIHBZH L Hsp70 3k LA, SB T Hsp70 X4 M il i e 4P VE .

VE Ry I 7K A U KRB SR D B2 BFR , T AFAE T3 . A RBAE Y b, R AR N B —Fh
BRHALEE. AR SIRIG, S AR N BT ARG W AE TR AL AR BN, 410
mg/L E AR TR 24 h J5 9 VUG B-E MRk L. UMz mmin e, BORTRERE 19SS, ke D1EW]
DA 3o 33 508 VE ) T 55 T A it 1) 308 DA B s R B 9 A, NI E—E R B okab T B Wk
ZAFIE, RBT MR B R BRI R . R R B, ZeSm R e, KA AR SR A4 PN 118 3 A
fif s ek =

ABC #izF ( ATP-binding cassette transporter) JEfR 5 A [, B A HK B ATP 18 2 X5 B b 4%
AWy o TS i, HEs )R A0S | 2R . &R 20k, Eru, e
295, MIRAIR IR, 7803 ABC #1272 5 ZMAFEY B e . AR AR, FRAENLAZH SR 18
AR EREEEMEN . ARBR LRI, TEMNE T ABC $5i2 ik, IIMnT LAGS & L2 % 7+
B Hs B, PR Z B4R E. Nagya FVRIE, BB T CdCL, FRYBEEE, H ABC %
IBHEM Yorlp KEaRIE, BIHNZE TRy ks E 2 A/EH.

AR SR FH 375 5 - AR LR CACL, i Al e R 58 4% i DL L2 240 I 1 R A s 4, 25 Rk, T
Cd** iE T, b DUBBZHZARIE 22 | AR RIS AR S 3 S HE i 78, AR SZ 400 7™ FE Sl 1 B oxos g DL R
YU FEMEVE . SR AL BE HL 1k 1 MALDI-TOF 35 47 AR 5% 32 5 36 J5 B3 U1 882 [ SR ) 22 5+
FIRED, ikt 2 5MBEtEAOCHYEE I BT, SCUR S SRR W], 5 AT a1 B VR 40 L 45 44) ( Tropomyosin,
Actin) | 51 FHEERZE M (Heat shock protein 70) | BHAG 38 K % 5% 45 ( Transcriptional regulator, Crp/
Fr family ) FIEFRACH (B-Amylase ) S 2 BB EUI A YA EE. B, XEHE A USSR AR &8
FRE P ML BB R s EE L X S R A A D 1 S M I sh K b B4R TS G AR B R A AR
Y, T EIF RS MRS, TR dE ST G R SR AR R A SR SIS S 3R R 1 X N A i 40 BT O AR
&, MRBBFFE AT . (18— 4R 8E, AUTEERITF R &R A (MT) X — 5 WLH4HR
Jole R . TR AT REZE T MT (50T 1 7F 6000 247, ARG H B D IIRER 11 0 28 1 R 1v) FEL DK 93 5
fAR 1 50§ VS B S5 27 18400 ~ 116000 Z (8], HOIGiE M BERE ARSI 2] MT K HAR R i1 321k 1 A8 4
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Stress Proteins of Gill Tissue in Patinopecten yessoensis
Exposed to Cadmium Salt

FANG Cai-Wang', HUANG Qing-Yu'?, LING Xue-Ping'®, KE Cai-Huan’, HUANG He-Qing' "
(1. Key Laboratory of Cell Biology and Tumor Cell Engineering, Ministry of Education, School of Life Sciences,
2. State Key Laboratory of Marine Environmental Science, 3. Department of Chemical Biology,
College of Chemistry & Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract The organelle ultrastructure in gill tissue was observed by transmission electron microscope ( TEM )
in Patinopecten yessoensis ( PY) , finding the pathological changes of gill filaments, nucleus and mitochondria
in the tissue exposed to CdCl, (10 mg/L). The proteome of gill tissue in PY was perfectly separated by two-di-
mensional polyacrylamide gel electrophoresis(2D-PAGE) , obtaining approximately 800 protein spots, and se-
lecting 37 differential spots intimidated with cadmium salt in the gel. In addition, these differential proteins
were identified by both matrix-assisted laser desorption/ionization-time of flight mass spectrometry ( MALDI-
TOF MS) and database searching. The results showed that 7 differential proteins tightly connected with the
cadmium toxicity were considered to be up-regulated proteins such as heat shock protein 70 and B-amylase,
and down-regulated proteins such as tropomyosin, actin and calcium activated nucleotidase 1. Moreover, tran-
scriptional regulator Crp/Fnr family showed low expression, while ABC transporter showed high expression.
We suggest that these differential proteins in part have strong potentials to be utilized as protein biomarkers for
monitoring the pollution level of cadmium continuously and evaluating its risk to organisms.

Keywords Proteomics; Patinopecten yessoensis; Gill; Cadmium stress; Stress protein
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