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nmol/ (min - mg) , 73 7| Z &F LI AT IR AR A 3 £% .15 %570 19
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1.2 ZHRRE

WALERAR Z BERE B ( fR PR ATCh) \5,5'- i
RXL(2-M4 22§ BR, f&] Fk DTNB) Al Triton X -
100 g B 3£ H Alfa 24 A], K40 B 254 7
AT AF

80% T E 2 7L M\ 40% F B B 1 W .48 % B
FUHE 2 A 30% £ Bk R e 2L i 43 5 W B R
TLIRAC TIRM B R AF RN TTEESIWE
AP AREHE BRZA ] 38 M IE KR 2540 T FRA & A
TLHR TS A0 TR A PR A B, 13 B Tk
LN R AR 25 R LR B R B (5 R o

EHAGE ON (CF16R x 1) B H A&
HITACHI 2\ w] A= 7 ; 840 A] WL 43 0% % BE 3t (UV-
28028) HiJu et (L) {3 B AR A7 K 5%
pH 11 (pHS-3C #) fy i HREINAR £ 7= B
fEIR/K VB 5 B LR B A R A R A
1.3 ALghiExtiF AChE EEE R &

BUOWER 25 B, B9 Pk Mg R, VDR R H T Z
NMRALBEZFRAL A AL, S TR
HH R A 2250 AL, U AR T I A R T L AR
T, R, FITRL B4 1% Triton X — 100 FIBERR
Z2vp (pH 8.0,0. 1 mol/mL) KIFZFMF T A,
XU A A 2 T AU & (g) /B FR 2% vh WK TR
(mL) 2y 1: 4, P FBEER 2% vP W A% B B 50 mg/mL
HISIEW . 7E 4 °C .10 000 g/min 54T E5.0> 20
min, B_EIEW , B MBS SRBOR , 10 R AR HAE 4
CRRAE Ao N MREE . JIL P i JFF T A 4 41
AChE MW %2 B LR T,

1.4 AChE EETE

218 ELLMAN %1% J7 5 VR 3% 244 i 1 - BOKA il
Wi 10 WL fAF] 3. 00 mL BEERZE il 1R, B
— S 1B BE K Y8 FP R IR — B, B A
100 wL ATCh % ¥ (75 mmol/L) F1 100 pL DTNB
YEWL(20 mmol/L) , 57 RPIR AT, B KR & AR A
1 em LI, 76 412 nm A9 R OBEE . W 5E
B 1E] R 190 s, B [a][E] f >k 10 s, #ERF5 A O,

B RE X b B 2w A 2R B BhoK R

JEH B9 JRBL, B2 nmol/ (min - mg) , TH5E
YN
U=VxAx10°/(V,xK xLxC) (1)

KU FomE L HIBREYE. A ROk B pat
[E] AR AR (min ") ; Vo s LB A AR R (L) ,
HAb A 10 pL; K /R H 6 R B[ L/( mmol -

mm) |, 4R 1.36 L/ (mmol + mm) ;C FTREH
W 2R S A BB VK BE (mg/mL) , Ak 50
mg/mL; L 37~ W 8 B 35 M B I W OE R K E
(mm) , A2 10 mm; V R 7R SO AR 5 1) B R TR
(mL) , l4b2K 3.21 mL,
1.5 AREESEXEEEERN R
15,1 IR BEX B P 1) e

H03.00 mL 0.1 mol/L B§ER 2% th 5 W (pH
8.0) 110 pL HEREMA BB E N, RG4S
J& 4 BIAE 20,25 .30.35 .40 °C 4B 25 min, X5
WIANA 100 pL AL BRAR £ Bt AH 8 1 100 WL
DTNB %W, IR 51 )G, W€ AChE %, B~ R R
REER 3 K.
1.5.2 BEERZE vP pH X TS M 5200

4358 3.00 mL K[ pH(6.0.6.5.7.0.7.5
#18.0)0. 1 mol/L BEERZZ pP WA 10 pL MG
IARE W, F 35 CFARIE 25 min, 85U N
A 100 pL #ifb AR Z BEREGHFN 100 pL DTNB %
W, IR G, M E AChE &%, B4~ pH HEE 3
Ko
1.5.3  (RIRES[E]X B I Fr s e

Bt 3.00 mL 0. 1 mol/L #§ 2 2% h ¥ ¥k ( pH
7.5) 10 pL HERE I ABCERE N, BEYS
JG1E 35 C R 4rRIMFE 10.15.20.25 .30 min, K5
MK INA 100 pL B ER AR Z B RE 5% A1 100 pL
DTNB %W, IR 51 )G, W€ AChE %, B~ R R
BHEER 3 K
1.6 XURARHELA AChE FHES

5, RGN T U A i pp 22745 68 LY
TR 4 ) AChE MG, AR J5 iR 4R o
B AR S L 25 4% % ZH 2R %) AChE JEPEHEATINE o
1.7 #REG#ZT AChE X BHIBER 50 B E

DAIXTUR #2255 AChE £F Jy BEUE , T & A 7]
YR WBCRRRE | S BB . 2 TBE PP B A B BB W %o
AChE JEVERIPHIROR , THE I HI MR BE (IC,) -
HSEHTOK OB FER SRR £ R e |
BESLIE R R FL LR IR BE IR 2525, 47
HIEK 100 pL Z530F 10 WL X 8F fili #2255 AChE
FHEGW, A E] 3. 00 mL 0. 1 mol/L B R 2% h ¥
W(pH 7.5) i85 T 35 C /K 15 min, T A
100 pL Bk 2 BEAE AR A 100 pL DTNB %K
JEIRE WOt BE . TRA W AR 2 W 4 Uk BE 43 7 Ry
R 0.062 5.0.125.0.25.0.5.1 pg/mL, &5
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1 1.2.4.8.16 pg/mL, FHisE2.4.8.16.32 pg/
mL, Z, Bk F el 32 .64 ,128 256 512 pg/mL, Xt

A UTOK SRR R W . T € BT 1, IRt
AN Z R IR BE (IC, ) o
(%) =(E, —E,)/ E, x100 (2)

A IR (%) sE, Syt B BB 7 E,
SRR 2 AL BB
1.8 HiEALE

LYK F SPSS 13. 0 BRFHEATAL B, R
RRR Ty 22 00, B BEAT LSD BB LA, P <
0.05F R G2 REE . H7E I, K
AR E o

2 HR
2.1 FEMEF 33 R 2T AChE it

s

2.1, 1 R IR BERT B M A
FERERELZE PR pH 8.0 LRIEET E] 2 25 min

B, AR I B X X A i 2575 AChE {5 44 9 22 1

VLI 1, X o o fif 2515 AChE Y5 4 B 18 B i 7+

L B AR ERERM LS, 7 30 ~35 CHY

B B B T HAMRI A, 3T 35 C k3]

fH.

[
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AChEE#E/ [nmol / (min- mg) ]
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e/ C
E1 REREXNNARINFEHET
AChE EFHERIFMm (n =3)
Fig.1 Effect of holding temperature on the AChE
activities of cerebral ganglion from white shrimp

2.1.2  pH XEGEMERE R

TEPRIRIRBE 35 °C JRIRAT[E] 25 min 2544 °F,
WEERZE Ml pH X% BF AR B 4275 AChE Ji5 M 5%
Wi DL 2, M g o 455 AChE 35 1 Fi# pH 9 7+
L, 2R A EEREKMEE, U pH 7. 5 BT
. 24, pH 7.5 BHENGE B &5 T
pH 6.0 ~7.0 B 4 MR, 055 T pH 8.0
R, HlE 52 LEEER(P>0.05);
pH 3y 8. 0 B, X #F i #f £ 45 AChE 35 ¥ 5 pH
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BERRS P

2 BRI pH X LRI R
fE#4295 AChE &1
Fig.2 Effect of pH of PBS buffer on the AChE activities

of cerebral ganglion from white shrimp
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2.1.3 (R (] X B 1 A

FEPRIRIRBED 35 C BFRER X »P ¥ pH 7. 5
FRBL IR 2R, X SR AR 2255 AChE 3 4 B AR I
i ] AL AR O IL I 3. FEPRIR B[R] O 10 ~ 25
min B4 I AChE & ¥, MG A RFE AL, B2
30 min AChE JFH RS A T B, A8 i 2% 356 4 6] fr)
B ZRIARE (P >0.05) . ik, AT ik
15 min &3 BRI 1H] o
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'S
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it 18] /min

B3 RiBEEARIEF LT
AChE EFHERIRM (n=3)
Fig.3 Effect of holding time on the AChE activity

of cerebral ganglion from white shrimp
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2.2 AEMIFEEHLAR AChE iFiE
WRAESER 2.1 15 11 AChE B 52 I Fidh %
4, ENEARIRIREE 35 C BERRZE vl pH 7. 5 &
TRITE] 15 min 04T, LANEERT AR R H
AChE VEPEZE R DL 4, TER #2775 R JIL A AN
JEIRAR T FTAS M 2 AChE & 1, Horb DU 2275
F AChE BfVE B & [ (49.73 +£8.42) nmol/(min -
mg) |, R BERFHEHL (P <0.01);H#4H
W2, 0(16.16 £4.27) nmol/(min - mg) , B3
BHTUAL(3.31 £0.39) nmol/(min * mg) ] FAAT
JERR[(2.59 £0.10) nmol/(min « mg) ] (P <
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0.05) , {ELJLPA FIATIBRAR AP ) AChE {& P50 3%
PZEF(P>0.05),

AChE}E/ [nmol / (min-mg)]
388883

(==

1

et a8 WA TERR

4 AR AREHLA S AChE FidE(n=5)
Fig.4 The activities of AChE of different
tissues from white shrimp

2.3 RAREXUFRHEZT AChE M EHBEKE
RO R

A2 BE X BB AR AR « LA I X A
H£eT7 AChE I & 20 F g P AR AR I, B EIK
25 AChE RURRHIZR, I 5. BEUR F
B TR SRR £ B R AChE 35 P2 BA B
BAIMHIIER , EREE 25 BESE N, X AChE 7%
PRI B Wi R, BI%E AChE Y& M f il

FRZ LR R . 4 TR 2457635 BVR BEYE I Py 4 o 2R
RO BN BIIFE RIFERMERR, K LBk
H G R AR REGE 0.994 9, ALK 1, X
4 FhE HLBEA 255 % R AR ik 22775 AChE & PE 30 1
YEFI BRGS0  BE R > A > 5> &
POk P PR o IR 0 T R A5, o 0 R K
ICsoﬂ‘J 0.19 Mg/mL;,ﬁ\Yﬁ”dﬂ%iEMﬂﬁéﬁ%,ICso
435 7.20 we/mL F19.39 pwg/mL; Z Bk ik
H) 1Cs, 2 = TR FEESE I, O 136.77 ng/
mL, R HH X AChE M/ KK TRIFIH .

W o T
TERE BT

*

k%

-15-12-09-06-030 0.30.60.91.21.51.82.1242.73.0
RGBT

BS5 BAYBERGI RS
AChE &l
Fig.5 Inhibition of organophosphorus on AChE

activity of cerebral ganglion from white shrimp

x1 BUBEKREIEE AChE FEMFERANEEXRE
Tab.1 Inhibition relationship curve of organophosphorus pesticides on AChE activity from white shrimp

Zjiih JEHl/ (pg/mL) EacdnlEy KA REL 1C59/ (ug/mL)
R 0.0625~1 y = 66.79x + 98.53 0.984 7 0.19
ey 1~16 y = 45.88x + 10.66 0.991 2 7.20
FHHE 2~32 y = 60.18x - 8.529 0.963 8 9.39
2T 9 e 32 ~512 y = 64.17x - 87.06 0.994 9 136.77
3 e U ] PAY AR S 0 i TR P R T R, 284 g VR

3.1 RAEXEF AChE iFiElE FHM K

Xt AChE { U %€ 2% 1 M LA TRk A A
Yy AChE BRI AL, REBRCAEALRKT
AChE 5 P30 % 7 ¥k B9 408 , (BB TS % R ¥ I F
FeSI A+ o3 0 W B AR S R H AR D
AT P 2 S IO, JHL g 3 JE 3% i 0 ok B 3R B
i pH 25 R BN, AP TSR 5 I8 T IRIR Y 18]
XTEEE RS o AR 45 R B , B SR
HREE \pH JEFZ M XF 4R AChE T 1 5 1 9 5% 8 R
R, TS S L[] S %o I 9 v IR R M A B
o

R JBE X S o 7 B LA U R, A — R

FEAR T Boid IR B, R EE B S 10 °C, O R BE
A4 1 ~2 A5 AR BE ARG, S 3 B < B R E
TACHE BT B, BGIR A S M E 2 BB, 4R
BE I FHB , B E M TR o A a0 SRR
7 S R P T 2 R, D) 2 0 5 o A8 P, DT
BEHE R NEE T . AR RER, LA
TEXTHFAR A 2595 AChE i M58 B IR B 7 B 430 ~
35 °C, LA 35 CHhEetE, xTu Bl 525 AChE #f
FEEERMM S,

pH X BTG F 5 R S ELARBLLE , W] 5 R -
JREAYNEREIRS AR R &R B EF, X
EHE R R e B A EEREAY . BEAE
iy pH I BTG , AR A Sy B AR B B R R
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15, B ENTERGE pH B ERE LR R R/, R
NARZRH pH HBLAE AL, X 8 45 SR 5% A /N
AHFGTFR B, X EF i A 5755 AChE fi& pH v
N pH 7.5 ~8.0, 5% S Fndg Y pBrg 4%
RIEAHMF . 7E pH 7.5 B, JLYY XTI i 0 248
95 AChE V&P f e, & pH 6.0 B 2.5 /%, KT
pH X1 2 Fndg ) i il AChE 3 P50

A B 5T Hp, AR TE B ] Xk X AF AR R 2R
AChE 3% #: 220 &, B 10 ~ 25 min AChE &
JUEBA AL, & 25 min J5HEH TR, HAEH
FEBE X 54K AChE K45 A m o m
#i3i AChE T 14 3% 17 16 it 1] 5% Wi 45 0 B 2, ' il
it i) S 2 B — ST FE AR A A fhs A
X FAfE S AChE RIFEF K, — 2 A 5IFF
EEMBEMER, —REMNEBEHATZAR,
WK FRRK AR S
3.2 ALARIERRMEZT AChE FiES, 2 F
& AChE 5 RY3B4H LA

Z. T REL i T Tl 5 A 3 i TG B A 3 ) 1
W2 AL S5 Bh 0 R AT > ) — b 22 B BR K i
G, HIES AR P S ERNEE" . BAT
EANDRTRESNYAF AL H AChE (MR
wrge Utk A RSES Y, 2R Sk
A BEATREIE R ) A AR AR L | I L L
PR FI I i 2 4 41 AChE f99% . GARCIA-DE LA
PARRA VR0 T 937 FE0 1 32 IR 25 CHY
NAAEXTEFZIUR[ (3.2 £0.9) g] WL FIER ¥
AChE 7%, 430514 6. 4 nmol/ (min - mg) F1 23. 3
nmol/ (min + mg) , iR AChE JEHZ5 2 ALA A ) 3.
6 fif o FEASHFFT A X R AR p 45775 AChE 75 M2 L
PR 15 1%, 4 SRR R AR 0 3 35 0 19 4%
BRI , FRATTIA A X W i o 4219 B3 & /E  AChE
WF5E R LR,
3.3 XJ4F AChE X} 4 M ENBERAFBEEESR
S

TCso AT LA J2 B Z T JEL sk Pt o 40 o 551 194 ik
Mo 108/, 7 ACKE i sl ) Ak ek, B
ZANHI R B R . AT LAXTEF AChE 16 M5
FIP T E IR S HEAR BRI E T 4 FF
BBk A 25 X i ¢ 22 95 AChE #2411 ¥k &
(ICs) o SEIRZE SRR, LW H BB 1Cs, 2
T 700 A5, A2 7 50 IR E BB A 15 ~ 19
1%, UL B 2Bt R R X+ AChE 35 14 /) 310 i /6 F AR
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XPAEES , TR R I S AR R, AT IR,
[f]—R VR AChE Xof A [RIFp A HLBEAC 24 ) BURK
PR o X FE B R FAR 25 4 T 7
S WP T B 580 FIEEIRALN 3
Ve BEBEAL R B, AR AR 4 Fhok 2y
W OEECE R TRERR AR AL, Z Bt P s B TR
BB R R , 75 50 W5 R0 3 B ol B T 2 O Bl TR
BRAL (H 5> F 45 mAAEZES, Bk, e5
AChE 4y FH MR EWFEE —~LER, BN
KA VB A 2% AChE J43R T A .

EAFE & PSR AChE Xt B 2+ 4>
U, HRRESR T LB ek . ARG RS H
—B, HE LA AChE & PR3 16% gk
P, AR BB 0 2 T R Rl 1C.6 4330 1. 75
pg/mL 1 81 we/mL, T BHCER I 2 B B e Bl
Xof WF i # 2535 AChE [ IC s 43 51 0. 06 pg/mL
F140. 36 wg/mL, HHLF] WL, AN [F] A 90 5k R
AChE i [f i MRk A4 25 i iU A R R, L
YT HR R A 2245 AChE X BB N 2, 1k F e
BN BUR & B R R AR WUBER 2515 B i HE R
Ei g
3.4 BB AR ERAI R

AYIBERK 2572 AChE By 45 F MR, 26
B AR DB AT 0% A ¥ 1& 9 AChE 5,
SR EXMAEIFGI R — RIH 75 R (B
B ST 518 Sl R ERE %) ™. 7
JUGRTEERT UR SR AR A, 25 SRR (R 1 D B A L
BT Y T 050 B AR ROR ] o e B g
WFFT T RO | F R Xt FL A S Xt B 0 2 P 7
TER, RE 20, B P R R T 1.0
x10~° pg/mL B, ZIREFAK AR B R KB
BBV VL F AR 245 MR BE 1 18 o G ek D . E LA
EXTERFRIAR) 7 - 8 A, R KREERIEY R
FH, M YE MR B R = A VLR AU, &
A RV B LB A R K A SRBE K AR, % HF
B U B G E . BESCIRAE R R Ak
A /KRS CEL MRS FE d, HE X KA 4
VIR G ER K, DAkt 2 % B35 50 b %k FL4Y
EXTUFEA BRI 2R EVE A, 78 3000 W %
TR RO vp i e . BT BB
YRR 1R VR BE 2 v X R B ] P B B T,
XL PG Ui, B 5 S M8 ) X M 2 P R B B T
L BEIRIMAM ARG, RBUT IR E BRI,
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MBRIESLE , X 4R 3758 A LBk 1 2R
e, BEHF AR —E. K2 ¥ HbE
TEKT= IR P B ROT & — PPy, EE AT A&
FOKMRE HLAN A IS A A L, 0 Sk A | AR |
i, FEIR S o SR BRE TR T HUR 2 AR A
TGRS , 410 ) JEL 9 A, A0 O R v 22 4 T A8 B % I
B BT EA R, 3 7R AR 25
Hreshpombiig LR TARAY, EARXKH
ok, W RBERI A VUBEXS AChE F4p 5 14 40 1 X
—IRE L, Bt — i B BB AR KO MR 2 A2 o (ANt
BHF) XM IFR TG F K2R T A F 6
B IR AE VB X R I R R AR, B
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The tissue distribution of acetylcholinesterase from white shrimp ( Litopenaeus
vannamei) and sensitivity analysis of organophosphorus pesticides

WANG Yuan'?, ZHOU Shuai', FANG Wen-hong', ZHOU Jun-fang' , HU Lin-lin'

(1. East China Sea Fisheries Research Institute Chinese ,Academy of Fishery Sciences, Key Laboratory of Marine and Estuarine
Fisheries Resources and Ecology, Ministry of Agriculture, Shanghai 200090, China; 2. College of Fisheries and Life Science,
Shanghai Ocean University, Shanghai 201306 ,China)

Abstract: The acetylcholinesterase ( AChE) activity of cerebral ganglion from white shrimp ( Litopenaeus
vannamei) was determined by the improved method of ELLMAN. On the basis of suitable conditions for
determination, the AChE activities of other tissues were determined. This study also compared the effects of
chlorpyrifos, dichlorvos, phoxim and acephate on AChE activity in cerebral ganglion. The results showed that
the highest activity of AChE was obtained at temperature of 35 °C and pH value of phosphate buffer solution of
7.5, while holding time had little effect on the AChE activity. The difference of AChE activitiy in different
tissues from white shrimp was obvious. The AChE activity of cerebral ganglion was 49.73 +8.42 nmol/(min -

mg ) protein, which was 3 times, 15 times and 19 times higher than that of gills, muscle and hepatopancreas,
respectively. AChE was most sensitive to dichlorvos(ICs, =0. 19 pg/mL) and sensitive to chlorpyrifos(ICs,
=7.20 pg/mL) and phoxim (ICg, =9.39 pg/mL), but was less sensitive to acephate (ICs, =136.77 pg/
mL). This shows that the shrimp culture should prevent the toxicity of organophosphorus pesticides, such as
dichlorvos, chlorpyrifos and phoxim.

Key words: Litopenaeus vannamei; AChE; tissue distribution; organophosphorus pesticides; ICs,
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