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MAHEXMNIRIEER
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BB %

B ORREAEY #HRE

LR RAFMINELEEFET/ S A HRRKRE L TEEAR P S/
b E K EHREHRIRBRIT K EBRA . M 5103805
2.4 W R AP K K E R, &KX 4300705 3.9 B K F A F B R R KT K E B R AT, XX 430223

WE SRR ZE bR A X A48 %) 5 & (isobaric tags for relative and absolute quantitation,iTRAQ) £ AR %t
AR Wr 38 T A A SR UE 2 1 DR A AT A T LU B BT A 2 KO TR AR A R % B DU 2R 2T Y I 38
B, BREET 108 ARG EEFBMNEREAP<0.05) . L BE LHMEAS 554, FHEH 53 4.,
A 5T 43 /1 Hl GO (gene ontology) VE B 43 HT & B, 3% 86 21 11 43 30 B A B AL ML S5 & VDU 55 D AE L I 52 W 4 7
%) 00 6 5 A 2 L UL PR Wi A T R e B L SR A A R . RPN E Hh 57 A B AN 1 Y A0
R 450 B R A (CYP450)  HEM CYPA50 I 1 2 4 A7 R XT DU R £ 1 )™ A 470 24 1k 1 7 2

KEW MWAHFE; WROE; iTRAQ:; ERRKBHEH

FESES S966.28  XEKARIRE A

RHF W (Pomacea canaliculata) J& tH FH Fh %
PESNEAR Y B Z — o 2 v [ PR AR SR 8 A
AR ERY 16 F oSG F e R RY M7 Z —, |
TIREE B = WA A R A A R K, B
RAFE 13 8 (1) . 246 S E (D, 2 FERK T
it 4.27 42 hm® " Bl AR U EOR . R 5 IR
HEBRGENKEEYHF=H . B8Y, SHEES
Lo 5 AR 7K B £ 28 0 DL 288 % U 349 38 3OS () AR E 1Y
BEIRS . 75 MR R A T M A R R (An-
giostrongylus cantonensis)™ , B 7E 3 E I 5 A M
5 b, A TR B P AR A B 5 | S I TR e i IR 48 R AR B0
AT 0 B A e R 32 3 g . M T L A AR R
A= ) AR SE 3 S 255 B IR 1) R R A AR ) A 7
B K77 Ml B A [ 56 3 7 [ 7L,

VT AE R, B N A 22 2 3 R A T B Y B 5 BOR
HEATWESE ) AR AR 2A B VA AT 2 H AR A R R4 4
Hl 2, M 4 B (methaldehyde) J& % F A9 3% 12
F o B DU R 2T S5 2R MR R Iz A R A AR
BB DU 2R 2 R T 37 fig D 1, 3 B 2 B IR ROR

Wi H 7. 2018-10-17

NERS

1000-2421(2019)06-0116-07

TR, T REAR 5 WA T 25 PE LT 5T S AR 7 A
BB A2 1 AR R K R A R MR R B R AR A T
H AR AT RL e — 25 i) B 4R 75 08 K [ o) AR 1 L
i, &4k E AN Z R TR RE T A F
Yrey e 25 YL B 5 & AR 2 5 HU 25 PR A G nY 4t
P A, A B H OBK B ¥ % B8 ( glutathione
S-transferases, GST)" | Z Bk JIH B 3% {& Cacetylcho-
line receptor, AChR) #2838 i y- & 3 T Mk (gama-
amino butyric acid, GABA) . Z Wk JH § Big B ( Acetyl
cholinesterase, AChE) . 4l ffi {6, & P450 i & (cyto-
chrome P450 system, CYP450) "8 F132 1§ fis i (car-
boxylesterase, EC)™ %k K %, 1 & T 47 F B2 41 244
PERHRTE AN 22 17 01 28 25 AR 77 IR 5 s 2 4R 31 TR
it CYPA50 FEHMY, 25 iR 30 B R A7 i 45 i 2B ) 2
T RE B i 28 S — IR [R) 52 3R A 1 AH X il 468
X & & (isobaric tags for relative and absolute
quantitation, i TRAQ) B A E W7 B2 7 M 7 12
7 A A7 WA 5 2 W 8 M O IR IE B L B AE AR
FFIRHT L MEIE LAY 43 1 DL 5 i BT i A

FEWH . EHRHRBERES T H (31300468) ;7 K4 HARBHERES W H (2014A030313660) 5 4 & A FR 4k AR B 1A T H (2130108) 5 [F

FIK R B 9 IR Sk =2 Al 45 7 /5 50 H (2018DKA30470)
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1 #RlE7I*®

1.1 K

WHEWR(P. canaliculata) R T H E K =Fl 2
T 5% B TR VLK 77 W 52 BT A1 3K 2K AE A 5 AR XURS: DAk
H0 (113°13.375'E, 23°03.375'N) , /K A& — B oK it
FEAmT A 25, Fir PR 5T 5 O 9,02~ 13.28 g, 5% (A
3.2~4.7 cm, HARICHEM . BHT RE AR
JKREFEF (150 em X 150 em X 70 em) W1, %6 . 1O
R L (metaldehyde) g H M AEA A AL &
B2 W IR S1.S2 FIsEE A R1.R2) B4 2 4
HE ., ZHETHARH AR R SR B H Y
DU 2B R MR E N 0.5 mg/L, HURE B E] K
24 h, B4 10 ANTE R A FFIER G o8 1 AR TRA
PRI
12 HREEHRERN

TS T 5 A AF A b (8 U R TR L SR I I
0.2 gHZUE Torek b N AR A . FEDFER P i
A 800 pl. RIPA 24, 7803 Vs ik (WU B3 oK I %
2 1.5 mL EP &9, B 400 pL LB BFEk 1 K. 5%
B AHE Y EP 4 b, UK H A A B (500 3,
Al os.alfE 1 s, 48 5 min), BEFEZER. 4 °C .12 000
r/minB.0 20 min, B FVEW . K L IE R AT 4
L REZ 250 pL, BEHMA 1 mL WEH]—20 C
DIVER K. DI EMAB T 4 °C.12 000 r/min
B0 20 min, 15 B W TR S5 OF 0T T
I B SIS ¢ O I S DB L S SR e = DD i -
—80 CORAF& . 76 TS & M s Heb im A
200 pL RIPA Uik, [ 52 W AT B2 8 H B 58 43 o
. VKIS B (LT A 1 s, [m B 1 s, 3k
5 min)/5T 4°C .12 000 r/min B> 20 min, |1
W F % 20 EP B,
1.3 EARESLENKENA

PRI Y B FRE b 3 o FE AR AL B, 60 °C
BCRE 1 b FTTF 0 6 DA S 20 58 o W AR . fi
A GE healthcare B 2D quant kit #1478 H AT K
JEME . ZARFPEST SDS-PAGE H ik » X 25 1 il ik
A, FeMRRE AW« =1 50(Bi )
FL A A R R I 37 °C il Ak B, AR IS R A
J Bl AR iTRAQ Fric i 5 W i ) Ik Bt 78 70 TR
B Ei TR 2 h, KARiC)E /BBt AT 45 AR
A o o AR BH 5 13 4 £243% (strong cation exchange
choematography, SCX) #4770 55 . 70 &5 o3 R H

VA 52 BE T 3% (liquid chromatography coupled with
tandem mass spectrometry, LC-MS/MS) %5 .
14 ERAREENEE

fii ] Mascot(2.3.02) #4474 H1 ot % 5 Fl €
i, R AR 75 WR 5 ok 41 DU Y AR A5 0 38 1 )F 4 Bl
KRB, KBRS HC KRB R IR2ER N
+0.05 u, R B FIRER £0.1 u, HABKE R
fEEL LA Mascot 48 FE 25 5L S JE iy, 43 7 % 38 56 41 A
Xof HE 2 S 5 3 09 ] — 20 R Be #E AT LU BTHSE 3 B AR
HRkER., BEKRBEH=2. 2RME8>15, 04
GEita g P<<0.05 WEREN R EZFRIEEHEA.
15 EREBSW

R TR EE S YRR AR G
2% 5 WS B L A K (gene ontology . GO) £k
W& B Chttp://www. geneontology. org/) M) % 1~
term, il 3 T HE A term WAEHEH KB £ 5 E
FLI GO 432888 . XF GO 4325 J5 19 28 V800 L ok
FHEB LA 4G 30, L P <20.05 S B {H , 43 17 22 57 B 3%
EAMETEREAREFEN GO KH.
WEGO (http://wego. genomics. org. cn/) # 4 X &
RIS HHEAT AT AR AR L. ] ot 0 35 I 5 6 PR 4
H 445 (kyoto encyclopedia of genes and genomes,
KEGG) £ 4 2 X} 22 5 R 8 L DA 47 38 % 43 17 KEGG
AT L P<C0.05 1E A i 5 P & AR .

2 HERESW

FIH ITRAQ $2 AR X 4 75 W8 20 2 47 40 0
BN AR ER 3830 MER . HP R 5y
A B 57 4 CYP450 (CYP1AL, CYP2B4, CYP2D3,
CYP2J2, CYP2]5. CYP2Ul, CYP3A10, CYP3AIll,
CYP3A15,CYP3A16,CYP3A18, CYP3A21, CYP3A24
CYP3A28,.CYP3A30,CYP3A31,CYP3A41A,CYP3A5,
CYP3A56, CYP3A6, CYP4A25, CYP4A4, CYP4F2,
CYP4F3, CYP4F4, CYP4F6, CYP4V2, CYP6A9,
CYP6]1,CYP7AL, CYP9E2, CYP18A1, CYP20A1 %),
GSTs 14 41~ AChR 2 4~ .GABA 1 4~ AChE 2 1%, &
PE AR FEEAKE e 108 M EFRIAEA(ER
fE8C>1.5, H P<C0.05) , Horpr 57 A4~ EiL 53 A>T M,
Amyl . rgn,Acadvl, TLDC1,Gcat,SARP-19 precursor 55
HH W ERXZES BFE(P<<0.01), 1M ACOXI,
Mllt4,yajO, VATIL, Gld, TMLHE, DKCI1, Naaa,
CYP3A24 FHEH FTHMERERF B F (P <<0.0D)
(£ D,
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FIH WEGO 4% 22 5 8 1 9 3222 Dy g 20
HEAT GO ThRE/r 2, I 108 N 2EFEA N 32K
(D (DEMPH DD ZREARERZN 3
AT fEH 4 £% Corganelle) | IR 45 & 40 i o5
(membrane-bounded organelle) 1 40 g (cell) , {H ZH
Mu#s N IR (organelle inner membrane) (P <0.01) .
20 i #3 IE Corganelle envelope) (P <C0.05) . JIK (enve-
lope) (P <C0.05) Ml £k 7 & ( mitochondrion) (P <C
0.0 X R B E  (DTEFF IR, 2 5 HE A
HiRZ 0 3 DIREL 7l & 455 (binding) AL T
P Ccatalytic activity) FIFE H 4% & (protein binding) ;
OTEA Y FE 7, 22 7 BGEE R £ 1 3 N UIiE
2H A1) 1 2 (metabolic process) . B4 Y F 5 i3
T2 (single-organism cellular process) F1 40 i £ #§f i3
F2 (cellular metabolic process), KEGG 43t & ¥,

12 Level2 GO terms of C-VS-K

A BCD

E A% Number of genes
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oy |

|-

o | ——

fant
—

o« |

X7/ e

Biological process

108 22 S ¥ M B 80 AR 8 % L 26 H Fh 2K &
Z B AR 15 38 5% 2 % A 1 (carbon metabolism) | & 1k
2 ik Coxidative phosphorylation) £l B {4 (1yso-
some) , 1M} 6 F& AR IE H 22 5 3 (P <<0.05) . 43
SRHHUIRALR £ A 1R £ /818 (ascorbate and aldarate
metabolism . ko00053) \ J5 7 % 1k & ¥ B f# (degra-
dation of aromatic compounds,ko01220) R 4= 4
4 i (folate biosynthesis, ko00790) . Ifil % 3 ¥ AL Uk
47 (vascular smooth muscle contraction, ko04270) ,
O WLZ0 i B LB & {5 5 (adrenergic signaling in
cardiomyocytes, ko04261) F1 #i % BR F% fft (lysine
degradation,ko00310) , A i IF I R £ F1 84 iR £
fR1f Cascorbate and aldarate metabolism) 155 & i
1b4E ¥y % i (degradation of aromatic compounds)
2 5k 2 (P<<0.0D (F 2),

= -9/ Up
T Down

||I|
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7T EE

Molecular function

gticbc Ry

Cellular component

AKRIE s B AR s CAHZUR A S M DANGE R ECAFEESR; FARREA®E; GEM; HABERE; LR
) Z UMY R KRG LR R MOAMRRIER R NoAR S5 OB — Rl B PN Q. MM ZE 52 R 403845

S:RATEEY; T MM UM VIREAE; WA XA Y AEatr; a i imt: b. 258,

c: AL I

P d: FIIRE W AY; e: #5381 ¥ . A: Behavior; B: Biological regulation; C: Component organization or biogenesis; D;: Cellular

process; E:Developmental process; F:Immune system process; G: Localization; H: Metabolic process; 1. Multi-organism process;

J: Multicellular organismal process; K:Reproduction; L:Reproductive process; M: Response to stimulus; N: Signaling; O: Single-or-

ganism process; P:Cell; Q:Cell junction; R:Cell part; S:Macromolecular complex; T:Membrane; U:Membrane part; V:Membrane-

enclosed lumen; W:Nucleoid; X:Organelle; Y:Organelle part; a: Antioxidant activity; b:Binding; c: Catalytic activity; d: Molecular

function regulator; e:Transporter activity.

1
Fig.1

3 it i
JFF 2 1 0 BRI e AL 2 Wy Joi v 22 3
S AR R 2 o o DAL b 328 % P UE A 3R R E
o3 AT, ASHIRIEM 8 A SR BOR HUR T AR A SR
TR F AR R DU SR T30 T 3R A B R s AR AL
LB R BoR . #E 0.5 mg/L WR L T, 4t
A3 830N EHZ S T Ml S iz, I R B AN [ 19 3%

BRHEEBELTENEREANIAES X

Functional classification of the 108 differential protein spots identified from Pomacea canaliculata

TRARL. A AE BRA P R A BRI S (GLD) 4 R K B
BRI CGR D) U A AR 2 B2 N BRI R | R L Y
Ak A R QI 3 A% 32 401, B i A A DR RE
PR, fRFFIRR N KRR R ATP & LR v I 5
(ATP5CD) B2 | (P <<0.05) . YL W f& ) ATP &
BN . AR AR AR GE RS T B A W P Rk
R AR 52 B (e T RE S O 1 R ok 1
AE B 1 7= A L LA B A0 B2 4 T 38 IR B L A A R
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Vascular smooth muscle contraction 4 e
Tight junction

Starch and sucrose metabolism {#
Ribosome biogenesis in eukaryotes{ @
Rapl signaling pathway

Pyruvate metabolism {@

Oxytocin signaling pathway 4
Olfactory transduction -
Neurotrophin signaling pathway 4

Q value
[-]0.3135714

Gene number

Lysine degradation{ @ [<]1.0

Inflammatory mediator regulation of TRP channels 4
Folate biosynthesis 4 [
Fatty acid degradation {@
Estrogen signaling pathway
Degradation of aromatic compounds A s}
c¢GMP-PKG signaling pathway
Carbohydrate digestion and absorption 4
Ascorbate and aldarate metabolism @
Adrenergic signaling in cardiomyocytes - o

ABC transporters{ ®
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Fig.2 Top 20 enriched pathways in KEGG analysis of Pomacea canaliculata

(55 I8 85 1 (CALMLS) (R ALEk 8 R 75 2 55 128
(SQH) FZR R ILER & - A 2-X17 (tropomyosin-2
isoform X17) 3K A, Ud W] PU 3 £ % Jiy 38 7 R
MR AR IR s ghie 77 . LK E AR —FiE K
T B IO 2 A0 AR 2R A R L A R
WHEMSHMMER G R IR L ER 5 K
Py Y ARG D R R IR RNk
FH R EE 12B(SQH) KI5 T I, Ui B 19 5 £ 1 b
0 ST A R T 2 M AR A A

R B - X S S Ca® &
e A TR EEAMEHTY . fE 0.5 me/L
VU SR 2T 30 R L A T BB A P 28 R R - I 2 T I
K- X F A (FKBPS) 3235 T 1 L 51 48 77 1R 1Y 44
FER . T B BB S R e I Yy . AR IR
G BV B 8 (G-type lysozyme) |3, Ud B 5| & 7
SR B S R R e . T AR AT (CD109, C3,
CIQTNEF3) ¥ N i, Fil 7 & 245 ) Wy 38 1 30 i 75 08 1
G BEAT T . [ L R A R O i B 3 B AR T IR R
Pr (VATIL) FRBE 83 T I (P <<0.01) (& D),
1117 5 fish 9657 T Pt 28 A FH T 90115 ol 228 368 IO At A7 P RE
I, VATIL 23k B AR U W 0 5 2 1 Bk 30 ] RE 52 i
R 240 L N A 2 s B %) R T, 5 2 A

A HE AR DU R W B30 T AR AR IR AR 57
A CYP450 iR E S 5 RN (R D, IF H AR
CYP G WAL R I AR Ay R ik it . CYP450 J&
Iz AAE T WA DU b — SR R AU

SRR BTN R 25 S A R Y AR
REHER i 2 5 — S d A BRI N IR 9 I
WERE NG 7R P A, 76 A Wik b R 2 4 S
PEFTS M CYPA50 J N AR Z Bl I Ige 245 W) & 4 245
R fg BE ook RE b OEE A 25 4 AR W mE. o
CYP2A6" [ CYP2B6M , 2 A 5 Ak Wy fit 75 s v BF
FEIZ W, BEAT R AL A O AR R B g L Tk
W R AR B2 M i A A e A R AR
Al 4R s Y, b CYPA50 4588 25 B4R H
#E— 2 B & B, 57 4~ CYP450 B &R 8 H L
CYP3 KIGH CYPL Kk JE £, CYP3 21 5t
PR B R CYP450 Al TH 2 —. 2 51 £ I
IR A F 067 R Ak A e At ) e 25 AR
R RAEEEEN., KREMIFRIES . A F LYW
PLite 5 CYP450 3G PEAH G, 28 UK 250 5 i 3
SR B UE I T CYPA50 T 1 434 5 2 /1N 32 4 %o 14
S BRIE BB 25 VE 9 ZEHLH] . Qian 455 B 5T IE W
CYPA50 T P 2 5 2 7 He Ok U /DN 35 i 5 38 %o B 24 o
Fr R EYUA R EEEE, ROk vl A F A
W7 A2 M B 32 A R R 5 R FEAIR
et 2% s i R AR RE T 1 B iR DA R R R R AR
T RO ) BRI AR & AR AR AR
CYP450 i3 2 H A7 18 3 K 09 16 22 4k, 3 5 10
43 53 7 e i 4 1 BIF 9 45 RO A — 0, I
0 i A KT IO 5 2 T A R T i 7 AR ) ED CYP450
Ik w4 A A5 IR A X DU R 2 7 A T 2
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JEH 2z —, WA, CYP3A A 1 A 5% 4
CYP3A24 ik T, H 22 B W 2% (P <<0.01),fH
CYP3A24 WHRIEE 2 —Fh B AL CYP & (. H Al
A A b 2 B R e I T B R
— ] K RNAL £ R UTER CYP3A24 5E K ) 3%
ik, HEMT S UE CYP3A24 J& & 2 5 Hi Pk i 8 il e 1
DItk . 25 LTIk, A 75 08 1Y) 24 ) o 3 114 10 225 L )
— AN R R L DU R 2T T 5 R AR A Y A
i 50 R A5 A 35 L L U A R L A i 4
5| JEL A N2 L i AN B O T N 2 L R R Bl
It T, B H -8 A A B AE F (protein-protein
interaction ., PPD) J& A= i 1 4% #4 A1 A 4 36 2 114 5 il
FRFAE , 5 ) % A A is sh i 45 A~ # . PP R Ly
HEE T 4%, FEAR 22 A i 106 3h v & #5 % 3 B 1A
B A AE 5 0 B S A s RhR R . AR
WEIEH) A HEAT T 48 512 108 22 FE A B PPI 20 by
CEOE R %) H T4 5 02K B E 8 TR A
EAH. T b F R EN SR A IR
B ILUTIE B R &5 & Western EJ3 SE 56 HE 17 3
FE 6 IE » i AT 48 75 L% DU SR 2 s 7= AR L2 R o T
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Abstract

The stress response of Pomacea canaliculata to molluscicide metaldehyde at proteomic

level was analyzed in this study,which lays a foundation for future study of the molecular mechanism of

resistance to drugs in snail. Proteome of the P. canaliculata liver was studied using the isobaric tags for

relative and absolute quantitation (iTRAQ) technology. The results showed that 108 differentially ex-

pressed proteins (P<C0.05) with quantitative information were identified,of which 55 were significantly

up-regulated and 53 were down-regulated. The physical and chemical properties analysis and GO (gene

ontology) annotation analysis showed that these proteins could be functionally categorized into antioxi-

dant,catalytic and antibacterial functions, affecting the cellular structure composition, muscle contrac-

tion, metabolic regulation and immunoregulation and causing neurotoxicity of snail. All the 57 Cyto-

chrome P450 were found to show different expression activity,suggesting that CYP450 may contribute

to metaldehyde resistance of P. canaliculata.
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