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EmEME THERRAFRATES
SEBRTIOEHETHNERERR

% O MAM, A, FME FTES
(L JETTREE A GrRh 2B E Lo AR 22 3R | 2, VB9 S ER BRI 2 A
PR S S, 3. ML TR L2 R, JE1] 361005)

WE IS AL % ( Notarcus leachii cirrosus Stimpson, NLCS) fY 1 JE #2215 ( Buccal ganglion, BG) NF5Y
X5, 1% BG IEAEXRME:, ##5 ALY BG(sub-BG, SBG) , 343 47 SBG Filfi SBG, faiFxly LSBG #l RSBG. H
X[ BE I L 1k (2D-PAGE) $ AR AL 4385 LSBG I RSBG 44K 5, 5% 2K 11 TR 42 AR I 128 b 3o 5 R 7 v
%R EREAR. LRZREN, LSBC Ml RSBG Z 1Y 22 588 M 5t 3228 b 16 M 2 IR AR 3R (3 Sl b/
KA BZRA K, N34 BC A BThgei g EEMIEN. 2L (10 pg/mL) HE T, NLCS B LS-
BG Hil RSBG ik T MR AR Z RE AR, HRAE A RAZE ARS8 | ke, HEEmE
SEORA FTRMPERED , S5E0 . RIRNHRRE QAR AR EH. XU E 0T e BG 4 HlhT
WEEA K, R EARES T WL TS Y BT R B 2R 9T R L8 .

KR MR WM MY Wi EafRY)

FESES  0629.72; Q51 XREFRIREY A XEHS  0251-0790(2009)02-0314-06

5 (Aplysia ) VG H UL BERER RS- ) P28 R 58 (CNS) £ B bR 1 M 2279 ( Buc-
cal Ganglion, BG) , KNZ:5 ( Cerebral Ganglion, CG) FlIE #4227 ( Abdominal Ganglion, AG) %52H
A, {H NLCS 5 CNS #HIB/b AG>" . W% BCG 4l H AR T 100 ~200 wm Z[E]2" ) BG 4474l H:
P 11 10 R LRI B I 3l 5 e VRS Y e A0 15 0 S A A 2 [R) AR RS A — B MR 2 K
T HR R f R A R — . i | 3 — Rl i 58 N IR IR IEA A KB EZ K, FERIET
OB AR (Egg cordons) , JFHAE R G Z AT BALEE SaC M 2 —0 . SR, U3 R A 5 |
ZAETETIRE R R 5% BC A XM ATERE. Hummon 287 &M% BG T & A R 1 Z MK (Acidic pep-
tide, AP) NI FRATTLA AP MHREN 456 MALDI-TOF Bl Hr i R & i CG & # i L-L %
L-K Z kN VI8 . a1k 432 NLCS (9 BG 2 A, I FHRK B 45 80 ( Peptide mass fingerprinting,,
PMF) [ 3% RO PR L X e RS 7 T 96 MR-, (2B AR WA BRI RE 24 M AN 28, AR SCHE
BB HEA |, ¥ NLCS (¥ BG #— 25434 LSBG Hl RSBG, Jf I 14145 R 43 85 15 % E LSBG
M RSBG Z [H] 225 s B 7ERURER A IAET T, 7020 e M % %E LSBG Ml ESBG 733 32 4 817 = il
JR 2 AR T, e S S e D it sl i K b i R s e AR N T AR R R R .

1 SEIGE Y

1.1 X5 H
REFLEX II7%Y MALDI-TOF J5ii#% ( £ & Bruker 23] ) ; #3237 B O AL ( Beckman 23 7], EH) ;
B UR 45 2001 ( Labeoneo) 5 Investigator HT Database {44313k ( Genomic Solutions) .
ARG B #  ( Amersham A &), pH =5 ~8; JFREE FIEEIE H Promega /A 7l - 4-F2 AR
(HCCA) Wy F 3£ ICN A=Y B2 A F] 5 SDS 73 F i AnifEl [ Fermentas 23 A ; G5B (DTT) | #E 4k
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JRZ (urea) | STRRMRER (APS) | BMR . 3% J93E4 ] ( Nonidet P40, NP40) | 3[ (3-HHBEM N ) - — 21 ] -
PNEETR (CHAPS) Y0 T b2k T A1
1.2 BRIOBRHETHE

NLCS ik F 5 117 NI ME X I, 45 H NLCS i+ Ei7E 80 ~200 g Z [H], SRAEJFH T 14 Cilg/KE:F#
A, NTFFHECR. B30 H NLCS BT 14 CiFkH, #4 H NLCS /R 78 A SRR S AL BE VA T
(28 mmol/L) TR, fF NLCS AZURAL)G , B AEfFHIEE T 532 BG, I HZEIRB/KIE R BG R iEh M
AeIE. 2% BG XML ALH, AT AR IIX BC AT FREME, I+ W22 BG M4 BG,
FRA LSBG #1 RSBG.
1.3 #BRTOBRBETEEAHSE

¥ LSBG F1 RSBG 25 4E T 0. 5 mL BYES.OE T, BT 4 CrkiaT, A 300 pL 2% [ 8 mol/L
JRZE . 40 mmol/L Tris. 2 mol/L Billk . =% H 4% i) CHAPS ., 10 mmol/L DTT #1 1 mmol/L EDTA
(pH=7.4) ], UM AR AR 8 ~ 10 min, WCAEMFEWE T 4 CokiEh 24 h UL b, SR
T4 BG O R U RE AR S 5 . K BC NS & TR VR ELHLN, LA 100000 r/min 33 68 9 25
020 min, EERELOI FZ RIS, 55 B PRI OW )2 1038 W T 2 B, B
LSBG F1 RSBG RY4HE H LB, it 2D-PAGE 432, LSBG 1 RSBG £ 5 & it I 2 42 H LAY 2% Th il
AT, ARERR R B4 R 99% YA I i AR 1.
1.4 AMRERMEZGTERIOBEHETH&E

Phik 40 HARTE N 160 ~200 g HTREGR, BEHL B IR FISCIR 2, 78 JCT5 Yeifi K /Nt ip 4 5% 2 d.
ANTHECE 10 pg/mL WS ALSRVE N 15 G U8, # pLAR 35 M 18 IR 85 HH T 95 500 . 37 58 ) [ 44 4 78
24 ~26 h N, FfiJ5 7 B4 25 LSBG Ml RSBG, WAL HE T - 70 CHRAFA . $1.3 5 )7 il & e 11
FERZT 2, K AR VR B A A5 B TR T I A T W DR A
1.5 OF#METHELATRS&E

F A B H AR 418 5 BG W) F, ARG AT B RN R A RS e e 5, B F 2 0B (400
JRAEE) TSR FAH.
1.6 W EK

S CHR[3,9] 11 2D-PAGE HiK |, itk 7 B5i % LSBG Ml RSBG & [, JEHAR YL k178 A
FEBE s g, FHEMG A © Je 0 )5 19 4 8 11 0053 25 B AR #E A7 3 S 4. 4 8 11 B B 1S
Investigator HT Database {42517 EIZ 3 #, it 22 585 1.
1.7 EARKNEMERS SR

SR EHRIBORERS , B2 N3 B e L AR (R BE SR, JFORAEAE 0.5 mL B0, JEFT AR
it i AN K B A U 5 R B IR Zhuo 25" B R4 T
1.8 &S

W2 B RE S 5 HCCA B25i (HCCA 15 T 40% I, 0. 1% TFA ISR 2 A LL 12 1TAYIARFR
FLIRA, B pL IR A WOS AR A S MALDI-TOF FRi% SR b, B T2 AR KT 5 oE4T B o
M. BOSAHTEE . PR A, B IR R 1 R 20 kV, s E 2 R 18. 85 kV, FiiE(E
SR B0 10 W, WE BT, SRASMRTE (AP 23T 2961000 ) 1 1 2 AT i I 0 A6y
1.9 HEERREEARLETE

S Zhu 5" H Zhou 250 (7 il AT BE AR S 58 . 7F MASCOT #62 M 3 (hitp : //www. matrix-
science. com) PEATH 2, FII ] SWISS-PORT, MSDB #l NCBI %5 3 AN%CH 4 xR A 0 K BE o 1 K09 kA7
2R PR T4

2 SRS

2.1 BROBHET BHE
P L(A) 9 NLCS FUESHZET (0 S BPE. PTLUTR y, BG BLATRERRIIBAS A5 M, A4 L% 00T
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fift i it —2 73 i LSBG Ml RSBG. & 1(B) HTEMELMA T, NLCS HEE M2 iy i &, ol LUA
H, WERAZARER A S, LSBG Hl X & A AR R B BE S SR A4, UEBH T LSBG 414157 2 4R
A0, BRI R AR S, W IER ) BC BIESK E 1(A) 1R &L, E 1(B)H i RSBG
HA RIS SE 1(A) 1Y RSBG HCAAHL, YIRZ B 2 EmEkng ;. o 7R — L4,
WAL ER (10 pg/mL) VERZPETS Uil 5% NLCS B IA 24 h, BTl s 518 1 ik
AHEL Bk, R BG ngE—2E43 W BG, Hh LSBG #l RSBG A BEHAT AN [A) Y AR BRI RE ; LSBG
DS RELEBIGINREE, I T UL Z OGS, 1 RSBG #1HA KR T E 48 6143 1)
B, PRIl RSBG #l LSBG Z [AIFEAEAN M 451 I 125 S k.

(A)

Spot polymers

Fig.1 Modal micrography of sub-buccal ganglion in Aplysia under the stress of cadmium chloride
(A) Normal buccal ganglion; (B) the buccal ganglion under the stress of cadmium chloridde at 10 pg/mlL.

2.2 RSBG #1LSBG Z EHIEREH

)il £ RSBG Fil LSBG 28 HFEA, H 2D-PAGE K& @ik 2 fiizr. 4843 Investigator HT Database
BT 2 (A) FT(B) ¥4 24 300 A8 FTEE AT, He o 285 1 0 BE R I 35 40 2 A0 43 A B3R
SRR, BEBIAE RSBG Ml LSBG Z[H] W 28R 2 2R E Ui, RS HETE V2 A A= B ) 6E.
S 2 455, - SRTA 5 NLCS [ BG 28 (1% 2D-PAGE IS A HL o] W, , HAR 5o A it A7
TEEBT AR . 258300 & B, RSBG Ml LSBG Z[HfEAEE 15 2258 AR B S, Hidh LSBG
9N, RSBC A 6 22575, B PMF HARHIXX 15 AN A2 50 rE— 2400, k15
9 TRECHHAE PMF 351, %08 sLIIPRE N 60% LA L3 45 (BT E e A ARy, R R —2
B B RO SR V.
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Fig.2 2D-PAGE map of sub-buccal ganglion proteome in NLCS
(A) LSBG; (B) RSBG.
2.3 TERBHETIEORSBETHEREAR
B 145 RE W, WshiK 4Rk EERE G NLCS, i BG 8k A %7r , o artkE 4
JETHEET G| AT (48 ~54 h). BFXFIX—SCH MG, #H 10 pg/mL FAFAE TS YL, fRER TR I A]
24 h. HEARHFEAR DB | kA E R G (R ) BiJE, NLCS MW M 25 EH
. E 3 ok NLCS Z4mih Ml (R58) i, H LSBG 48 MR 2D-PAGE i, 241t Investigator HT
Database #FSE1t, 761 3(A) FI(B) & A 29 300 A9 AR BE . SR K BIF i 7w (0 B ik e
H BB o A RO AL, (BIR RS — MR E A, XUl T NLCS ZHaihihin (2
#) A, ‘B LSBG HAS AN MAS A S, 1 HAE KA T HERiA S NIM (22 5R7) .
FHER A B BT8R E 3 (A) A1 (B) AT T & B, L5aihisS 5, LSBG M LSBG 3= T 25
MESEAR, HhadEo A~ THEAR 16 A LMEH. R PMF BRE G X2z R E AR, 715 T
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Fig.3 2D-PAGE maps of sub-buccal ganglion proteome( LSBG) in NLCS under the stress condition of
cadmium chloridde at 10 pg/mL
(A) LSBG; (B) LSBG,, in the stress of cadmium chloridde.
19 MEELER, B WINHRA T6% .

MEKTZR LSRR, LSBG, 15 B FABES VEEL R4 =, KR/ E N 80, Ml &Ll 76 143
TEBREE , %58 A A R A 15T ( Thioredoxins ) . B H e — BB DT F R 48 55 (60 4B LL ) B9 I B &
S 5E % 11 ( Hypothetical protein XCC4211, LSBG8) . 1, 5-— B W& #% i M-32 1k B/ hn 48 i 9 7 3
( Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit, LSBG9) . 288l KIAA0614 £ H ( Similar to
KIAA0614 protein, partial, LSBG, 1) . H ¥ & PU & M iR 7K f# i ( Formylte-trahydrofolate hydrolase,
LSBG.3) . ARHIEH (Unknown protein, LSBG.,6) . 7% &L J5f ( Azoreductase, LSBG.,8) %%, XELHEH
BOKIRT LSBG Fl LSBG . Z Al Ay 225 8 5T, #EME N FaEhiA SIS R, & NLCS fEdiif b kil 12
A YRR BT, st B IEEC N EIG, WATREAAAENT ST NLCS Ak 28 22 48 2 B2 A0 00 3
S KRR TS YRR e VR AR Y. P S A B TR L, X Bk R OSCHR 5 B S
BAREAATR R MO LB, 763X 19 P EFEATAT, B 2 MEARSS hiigihiE s asagk
FRIARGE "SR] LOCtree 30 PEXTIX 2 22 S AR 1 LA T A s o, &5 2R L3R 1.

Table 1 Differential proteins located with LOCtree database( Cd pollution) in tissue cell

Spot Description Previous reports( Cd response) Reference Subcellular localization
BGL,14 Heat shock protein Heat shock protein [13] Cytoplasmic
BGL415 Thiol-disulfide isomerase and thioredoxins Thioredoxins [14] Nuclear

PARTEE A (Hsp) W9 FEAHIBE MBI E N B & . XS | 4P A0 P B4 i A e v By
B AN, BLH Aedes albopictus C6,/36 4RI R ANMIXT Cd HIWUA . BEAEAIL ] S 20 B s sh B AL il 3=
TERIN S TR (123K DITTHEHL AR 1 A PR s 4.

fiit A 25 15T ( Thioredoxin, Trx ) 5 8 5034 8 116 JEL ¥ ( Thioredoxin reductase, TrxR) #1 NADPH —
AL BB AR B R G0 (Tex RGE) , FEAETAT A N A AR SRV R R AR, T AT
TR SR T, T ELRT R HR T S (ROS) T BRFIVE . Trx 33 5 36 A3 IR 8 5 NFKB
22 24 S AR ( MAPK) B93& P, JFs2mm 4 ML N B9 50 F 388, A 48 B XF Hela 401 Trx B4
AR FRBASRER X Tex MVE IR HCBA 0 5 BEERER VR B (34N, Tex AR MR IR FHEE 6B 1 T -
T Trx XPARER MR 2 IEXT R IC R, TN NLCS (4 BG W Trx 2R A6k i 5 i shifg K ih 4R Eh 15
PURRFEAFAEXT N O FR , DTN Trx 25 1250 /] 4 S Wil i sl vk Rk v YL e B2 i 2 H b iIc ) 2 —.

& 4 Sk NLCS 258 it (782 ) BiJ5 , RSBG[ El14(A) JF1 RSBG,, [ Kl 4(B) ] 4 ) 2D-PAGE
K. 2850 Investigator HT Database #4411 &8, El4(A) FI(B) H &4 29300 N8 BB, a5k
SRR BT 53 A0 A AU AR L, (RIS RAPAEE — i Y 22 AR 1. Ui NLCS &Z4Rdh ia
(788 HIJG , H RSBG AL s IS5 M AT e & A4 T 38 fldiit, JFak Tl B ( 225+ ) X
J5i.

XFP 4 BEATEINTIRIRE T LA B, NLCS 22 2 MR ERAS SRS , NLCS #Y RSBG 347 /E 21 D 2EHHEH
B, Horb 8 AN FIEE N, 134 LIS N, R PMF foR % 21 N ERE AR 742, H35R5E 15 5K
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Fig.4 2D-PAGE maps of buccal sub-ganglion( RSBG) proteome in NLCS under the stress
condition of cadmium chloridde at 10 pg/mL
(A) RSBG; (B) RSBG,, in the stress of cadmium chloridde.

PMF JE[&], 225 3 RS2 IR N 71. 4%

KRG R AT LR, 22578 H RSBG1 WA s VE AL, JME Y 102, jid = PLECA 76 11
SHERREE, %58 AR 1 ( Tropomyosin) . HE — L PLECAREL 5 (60 JME LA ) 1Y 2R 1 BT R W A fir 44
#H (Unnamed protein product, RSBG7) . 2l KIAA0614 % H ( Similar to KIAA0614 protein, RSBG6) .
R 35 DU MR /K fift i ( Formyltetrahydrofolate hydrolase, RSBG,3) . AHI& H ( Unknown protein, RSB-
Ge4) . BRI F ( Azoreductase, RSBG,11) . 2RI AT H 2K H ( Similar to human albumin, RSBG,
8) Fll PRO # 1 (PRO2619, RSBG.9). 7EiX 15 NZERE AT, RSBG AL LA N A& H 5 LSBG
A, HobA 3 A NS, BIERFLLER 28 42 & 25 1 ( Astacin-type metalloprotease, LSBG2, RSBG2) |
B % #5 1 ( Hypothetical protein, LSBG4, RSBG4) . GTP 454 211 ( Predicted GTP-binding protein, LSBGS,
RSBGS) ; it &4 FIHE A 5 A, Hd e 8 1 (Hypothetical protein DDB0219224, LSBG,,
2, RSBG,2) . 2/l KIAAO614 % [ ( Similar to KIAA0614 protein, LSBG, 1, RSBG6) . HI MR U4 M
PR 7K fift 1§ ( Formyltetrahydrofolate hydrolase, LSBG.3, RSBG,3) . A& H (Unknown protein, LSBG,6,
RSBG 4 ) FI {5 E ik Ji i ( Azoreductase, LSBG 8, RSBG,,11) , X3 Al )& T BG sh4 by Frih At
FeoE B DIRREE L. AR e 25 S AR AR R, XX 15 22 AR A TSGR &R s R, AUA
JLBRE A ( Tropomyosin, RSBG 1) 5454548 H (43 F 1K 16000 fY Calcium-binding protein, RSBG 3) 1]
VEN AR BEE NS AR R R U S 19 22 AR P12 LOCtree BRIFIAZE )5 R B, X 2
FEEEYE A (A, Ui T HRER7E RSBG 44 h et = LB HEEH, HeR B 282
2 5.

ASCEEREY, BC 24N YT, WA RSBG 1 LSBG & HU HH 282 55 2 U (. i S AL it
HA L PIRSEEN NURE A LIRSS S E ), WIEFMREEE BB TR i 2 8 ii e, #on 2
S FBHTRREE IS Y i, TR AT T Gy AR 1) s 5B R ST & L bR ic Y R 5 340,
GrIRAREL | GRAR R REER I RE S R IS B T A AR A i R IA Y H — IR R TR BG
RIR. ATUL, B U SR AR R e 5 S AR A R G R R A B
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Differential Proteins of Sub-buccal Ganglions Selected and
Identified with Proteomic Techniques in Aplysia Under
the Stress Condition of Cadmium Chloride

HUANG Lin'*, CHEN Dong-Shi] , YAN Li', FANG Cai-VVang]’3 , HUANG H(—:‘-QingI 23
(1. Department of Biochemistry and Biotechnology, School of Life Sciences ,
2. State Key Laboratory of Marine Environmental Science, College of Oceangraphy and Environmental Science,

3. Department of Chemical Biology, College of Chemistry & Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract The buccal ganglion(BG) was symmetrically divided into two sub-BG(SBG) in Aplysia ( Notarcus
leachii cirrosus Stimpson, NLCS) with reference to its ganglion shape, called left SBG(LSBG) and right SBG
(RSBG). The whole proteins both LSBG and RSBG were optimally separated via two-dimensional polyacry-
lamide gel electrophoresis(2D-PAGE) , respectively. The differential proteins were further selected and identi-
fied by proteomic and comparison database techniques. The experimental results indicate that these differential
proteins between LSBG and RSBG are identified to be the precursor proteins or the large segments of active
peptides, which both proteins may play the important role in maintaining the physiological function of BG.
Both LSBG and RSBG in NLCS can express the differential proteins induced with the cadmium under the stress
of actual cadmium chloride at 10 wg/ml. However, these proteins were effectively separated, selected and
identified with proteomic techniques, indicating that these proteins were considered to be the down-regulated
proteins such as ropomyosin and M = 16000 calcium-binding, and the up-regulated proteins such as heat
shock protein and thioredoxin. We suggest that these proteins be tightly connected with mithridatism of
cadmium in BG cells and , as protein markers in part, be suit for monitoring pollution level of cadmium and
developing the research focused on toxicology.

Keywords Aplysia; Sub-baccual ganglion; Proteomics; Cadmium chloride; Protein marker
(Ed.: H, ], 7)



