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Development of a Multi-Residue Enzyme-Linked Immunoassay
Based on Bispecific Bonoclonal Antibody for Carbufuran and
Triazophos and Its Environmental Application
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Abstract; The bispecific monoclonal antibody to N-methylcarbamate pesticide carbofuran and Organophosphorus
pesticide triazophos was produced by hybrido hybridoma (tetradoma) technology. After purifying the antibody, the
optimized ELISA condition, like reaction format, working concentration, coating buffer solution, organic solvent,
phosphate ion strength and pH value were investigated. The developed immunoassay showed that the linear recursive
equation followed Y =20.009In (x) —9.9293 (R* =0.9959 and Y =19.486In (x) + 39.752 (R*> =0.9945) for
carbofuran and triazophos, respectively. Inhibition rate analysis showed that I, and I, values were 20ng-mL ™" 4. 46ng
-mL ™" and 1. 69ng-mL ™", 0. 36ng-mL~'for carbofuran and triazophos, respectively. The mean recovery of carbofuran
and triazophos in environmental samples such as water and soils were 88.4% and 117% , respectively. The result
showed that the developed immunoassay based on bispecific monoclonal antibody was reliable and useful for multi-
residue assay for pesticide carbofuran and triazophos.

Key words : Bispecifica monoclonal antibody; Carbofuran; Triazophos; Multi-residue; ELISA

Fs HHR:2012-08-16 #EZHHEI:2013-01-16
TEERN . & HE(1981- ), 5 WiV B 4 B ELFT 5, F R LA o M AN 28 A AR A B 5 . Tel ; 0571-88071024-7587 ;
Email : nodjin@ 163. com



516 % 4k

S

27 &

2% B 0 fe EME H AT B g A1) 2 A0, 1
BT A0 8 2 P 0 5 | A ) £ A 4 ) B A
Az el e A ROR e MR R SR TR,
AP R SRR Z SRR, T H
RIARZG SRV E L ZFR BN P08, T e 22 5% BA A 4
ARUFFE, JEHIE S IR | o | i I3 AR S5 A T
FAR AT TR, e b ik IE R B A X sk
RSB S AR 25 2 AR BAS I b, B RTR SR o
W R AT A 2 22 % B8 A I3 A5 R O 1, — R
SR F— 225 (0 25 S5 AR Ry a2 LI 345 X [
g 2 LA R SRR SO L B TS BLAAR, U Alococer
S0 A WILBA A0 3 P 5 4 TR T A A e B R, 1 )
TR Z vk, LY 10 RhEL A BB 25
A RSP 0% 2% ST DR R 4 TR 2 A 2 1 I
A 45 M 1) R TR R (PBA) 240 5, o s 2h ikl 4
TR Z ST, I AT 5 R EEA R AR,
AR 2R 2 B BRI B R 3R A
il £ N THUR, 23 sh ) e e 3R A5 X B bR R 254 £¢
SEPEU A« FEE " PUAR, A Wang AU S 3 6 N T
R BT, B v R, — R | R AR MAURN R X
PURRE R — AR (1 T L dil & T Z2h ok
SEFEMN THUFIFFAS T eI ik 4 Fhde 25 1
“LE R SR Z R IR 2 AR A I B 1

PUIRLEA 25 Z2 58 B3 G e o3 b i R A 5 G B
CLRIE A 258 B e T iR 2 o £ B Pk,
F LR SR SR A 25 A s Ak,
A PR AT BR B T TR M2, A N T B — 2
B, B2 o v B o A H AR Bt B e T B A I
B BN L RETIN E N V7 N = e £ 0] 1T | P o sl
S e o N DR G R 2NN S N VAR i
BEF 1 Sk 225k B G s o B B AR B AIE T G T i
ZHAR MU A AR AT, K3 Fiegn £
5 BB 05 A W H ARAE 2B BRI T HU R A 2544 bk f7
— RN WAL 2458 - A5 H AR AR A By S
WU B R/ IN A A 0 2 R 2N FAL A A 3L
RSP PR RE DL, R /N T A A ) 22 % B AT B R
(1) & JE& T R A 5 S 6 R 2 JE Ty 1w,

ARVESCLA T R = e A I ST 4, A U
P TE R R = 1 B DU S PR T B B A ) 3 e
U R A B B 2K BT R ( THHe-HRP, BFNB-
HRP) FIAE i o ) 4T I 4 R A, S A 7 7
JERT = A (1) ELISA J5 i, S BURR Sk PR e B B AR 7E
B2 TR I F 4 7 AT S A O R AR AR

1 M5 HE=%

1.1 R

L1 KAEM SRR PR e |, —
WA 8 A 2 P A S5 = 7 599. 8% v A A I
v FH T VLA 0 T B 42 o rh O PR AR 5 =ik (99. 5% )
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pH 9.6 CBS.0. 1 mol-L ™" pH 9.6 CBS.0.2 mol-L~' pH
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Table1 OD,,,. values under different

coating temperature and time

JRLEE Temperature P Time 0 .
4 12h 1.374

37°C 1h 1.112

2h 1.475

3h 1.483

43¢ 1h 1.096

2h 1.363

3h 1.371

2.3 BHEEBHNE

AN PR RO W3R 2, R, 2
TR AL B AR AR SR B 25, TR — 2 I B PRk
FIFEE Ao TR B AR R m W I, 76 CBS & npik
R, B CBS BT BRI, OD o0, [EFEAT, 285
RO T 78 PBS Z2 oK & pH 7E 8. 0 B B 0 R
Fb pH 7E 7.4 F1 7.0 W45 (BAEAHR] pH (HZ&F T,
BT 1Y) AR Ak R e R 2 AR B R, R, B8R 0.05
mol+L.™" pH 8.0 [ PBS YEAHUAALHE L i,
2.4 TIEREWE

SR FH 7 B A 6 v 0 7 R A > e T ) s
JE | =Wk 1 S5 08 43 A, B~ 40 o THHe-HRP,
T AR B A BENB-HRP, 38 33 5E , 0D,
TE1.0 247, 7 OB 5w 1Y Wk B2 41 5 O BisMcAb
THHe-HRP F¥E EE 4350 4pg - mL ™" F1 15. 6ng-mL ™" ;
BisMcAb, BFNB-HRP (1) ¥ & 435l 4 1pg - mL~" 01
15. 6ng-mL ™", LA G N Bl TAEWREE
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Fig.1 The effect of organic solvent on Carbofuran (left) and Triazophos (right) ELISA
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. e WRE WL T S £ A ., e Ve B L
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0'20 1' 5 Lo T DUDZR 5 T 5, v T A9 A8 Ak U8 20 3 161 L 3ok,
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HEFEER K Salina 7.0 0.15 1.315 Y T B A S | B S TR B AU 3G N, Abmax
ZE1RUK Distilled water 7.0 0 0.334 WA AR T 1, (EAS AL N SERRAR, Je & i T e, 7
0. 05mol « L.~ i} 3K F 5 AIK o5, Bk, 3% 4% 0. 05mol - 17
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Fig.2 The effect of Ionic Strength on Carbofuran (left) and Triazophos (right) ELISA

TE FT
16 2
4 m_ il
213 P, 4
= 3 / —#— Abmax
£ 10 "
5 8f
<
6 1,
4
7k
e #* + + * ¥ &
0

6 6.5 7 74 8 85
pH{& pH value

6 = e
5 y |
-'_-‘
i

Fat P
E 2 » —4— Abmax
5 3 ™
< .»'-\. a{(

, \ /

- 'm —a—1

1} ._"—'-"‘\H_\-"

n L 1 1 L L

6 6.5 7 T4 8 85
pH{H pH value

3 pH M EEHE (%) =MRE (7 ) ELISA KI8T
Fig.3 The effect of pH on Carbofuran (left) and Triazophos (right) ELISA

34k, Abmax AT BH S 19 I8 Bh AR Ak T 1, 6 1 1 30 0
BBl pH AT =, 50 A RUR = B 1 {E 3 1
AT R G, o s | R AE pH H N 7. 4
B Lo (R B B I, —MEBE7E pH (R 7. 0 B 1, fE A
PR, e pH 7.0 F1 7. 4 1 =M@ F 5
JE E P pH EL
2.8 MRUKHILCE

WP R e TAERIE AR R T
WeRE RN pH (E A5 T3, S Ak ELISA S 4 6
W3,

TEPLALEY) ELISA 23T 2508 T, 6 5 R = i g
I3 VST ARE N 2k, DA 5 FLAE SR LAk 1 R AR & v
RN R BRE , S5 SR LIl 4, f ETRTAT, 5 B ELISA
S bR AE & PR I 7 #2 Y =20.009In (x) -
9.9293 ,R* =0.9959, I, 4 20ng. mL~", 1,, 4 2. 70ng.

ml " ZRPEVE 4. 46 ~ 89. 52ng. mL ' ; =Mk ELISA
SN ARE &L mH R Y =19.486In (x) +
39.752,R* =0.9945 ,1,,°4 1. 69ng. mL ™" | 1,, 4 0. 22ng.
mL ™" P 0. 36 ~7. 89ng. mL ™',
2.9 HESH

AR AT 53 BT 5 2% AT U N ISR 5 2R
WA 4, v BN EISCRAE DL AN . ve A BUK AR
IRINHCEE N 5 .10 F120ng-mL ™" 3 B, MR B6 &5
KFE KRR BICRTE 101. 4% ~117. 0% JE A
Wesh , Forf B RIK WS B K, 1E 63% ~ 146% MR 5
JFE DX P, 1 SR K Y T ISR 48 2R 1 A S R BOK 1A
£ 20% LA b HAth A Y 11 0 2822 1k 1 B AH 0 22
FE78% ~ 142% Z 4], H 248 5 Z 0 2428 1k 3 il A
11. 6% ~16. 1% Z[8] , W B 45 R Fe st e, I i n]
TP T HERE S I IR R 10 1 20ng - mg ™", [H]
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Table 3 Summary of the ELISA Characteristics

(IR EINLS7s = T H B
Antibody Coating concentration Triazophos Carbofuran
BisMcAb (pg-mL~!) 4 1

[ THHe-HRP] (ng-mL~") 156 naa

[ BFNB-HRP] (ng-mL ") naa 156
ST Buffer condition

FLYEGE M Coating Buffer 0.05 M PBS 0.05 M PBS
EHPAW - BBE 4R W5 (% ) Blocking Buffer 2 2

A ML (% ) Solvent tolerance

5% Acetone 5% Acetone

BT Phosphate ion(m mol-L~") 50 100
pH {& 7.0 7.4
il e =% Analytical characteristics of standard curve
Iso (ng-mL™") 1.69 20.0
Ly ~ Iy 0.36 ~7.89 4.46 ~89.52
Iy 0.22 2.70
SR R BHL Assay condition
AL PEITA] Coating (h) 2 2
J % 5[] Immunoreaction (h) 1 1
I At E Color development( min) 15 15
&AW Note: “not applicable
90 100
80 ¥ =20.009Ln(x) - 9.9293 oo | ¥=19.486Ln(x) +39.752
R’=0.9959 R*=0.9945
= 70+ s 807
ooy R
3 50t 5 60F
a0t = 07
iy 3 40
§ 0F § 30
20} 20t
10 10 f
0 : J 0 i L )
1 10 100 0.1 1 10 100

% 1 B BE Carbofuran(ng-mL™")

= MR B Triazophos(ng-mL™")

B4 EEHE(Z) =M (4)ELISA R4 2
Fig.4 ELISA standard curve for Carbofuran (left) and Triazophos ( right)

W B AE 89. 1% ~ 106. 3% 2 [a), I 5 3 BB 7
82% ~121% Z[A), 78 53 REUK, 76 5. 4% ~13.4% Z
[i] , 15 B - e SR 45 A, ik TR
RSN [P A AN . = K RS ik
JER0.5.1 0 Sng. mlL ™! , @H&%éﬁ%ﬁ%,%ﬁjlﬁlﬂ&
RIE91. 2% ~125. 8% S EI, Horf [ kK 1 I s
Rl R, 7E 76% ~ 154% 2 [8), K 25 S =i, 28 5+ &

B 16 15.3% ~36% B P, He A B 7K B B4 [ fig %
TE L ECHEAR Y R N % B, 74 % ~ 134% Z 11], T H.AE
S5 FRBOAEXS R A AR, B0 R 7K R 048 I 7 32 T A
JER ;X b AR A, O i R AR 88.4% ~
97. 4% Ju BN, ZE AL ShiE I TE 76% ~ 108% |, T H.AE
SREBK,7.5% ~10.5% Z 18], i B EE 7 19 )5 vk e AR
TG I = 9 & | ST I B S BT O R T A
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Table 4 Analysis by the optimized ELISA of samples spiked with carbofuran
5% &% Carbofuran IR Triazophos
wm wm
3] % AR i P23 AR =
B T P ) S I
. . Recovery YL . ) . Recovery [l EX4
Sample Concentration CV(% ) Sample Concentration §
4 (%) Range 4 (%) Range CV(%)
(ng-mL~") (ngml. ")
R 5 101.4 63 ~ 136 21.6 N 0.5 91.2 76 ~ 138 26
ARk EP I
10 103.0 76 ~ 146 22.8 1 121.9 90 ~ 154 17.8
Tap water Tap water
20 114.2 77 ~ 145 20.8 5 121.4 83 ~ 144 15.3
. 5 117.0 93 ~ 142 16.1 . 0.5 105.8 82 ~125 15.2
WIEK K
10 112.7 86 ~ 135 14.6 1 106.5 80 ~ 134 17.5
Pond water Pond water
20 104.8 80 ~ 126 11.6 5 125.8 118 ~134 4.1
. 5 105.6 78 ~123 15.4 0.5 96. 1 75 ~ 128 17.5
K K
10 103.2 87 ~121 12.8 1 101.0 74 ~ 124 15.8
River water River water
20 105.2 87 ~ 138 11.9 5 103.4 97 ~118 6.4
pigAR: 10 96.6 92 ~102 5.2 4L 1 88.4 76 ~99 9.3
Yellow-red soil 20 89.1 82 ~96 5.4 Yellow-red soil 2 90.8 80 ~ 103 10.5
NN 10 106.3 93 ~116 9.5 /Mt 1 94.3 87 ~106 7.5
Silt-loamy paddy soil 20 104.8 86 ~121 13.4 Silt-loamy paddy soil 2 97.4 86 ~ 108 8.0
4 10 98.0 89 ~113 8.4  HER 1 97.3 88 ~108 8.3
Purple clayed paddy soil 20 97.5 93 ~ 107 5.6 Purple clayed paddy soil 2 96.1 82 ~ 108 9.7
PUARTE G2 73 B B AR IR 3 OG5, H R
A ‘ . N >,
3 g SRR 2 5% B S AT R B B A — 2
MEEBTR S AT 8 B it G s — 2 2 iE
31 RESMERBREGRESZHBRNBR AL ZHkHI PR, SeBlx—2 259 oA ; — 2Rl &

RHHEHE

A 245 Z2 5% BR G5 4 B 12k (%) A i P2 AR i A5 DU
Yy et 25 4 sl Ay G5 A RRAE T IE A B A HE
FHERFHAE R B K o F R A FAE M AN Tht
R IT G E s, 38 i A R S PR AR (PR TE 1S R
PEGUAR 38R S B ) | 1 FH BT A 1 ST it H 92 1% B
WSE (ELISA) Gl lBefk 4 (GICA) M4 sy ik, H
T C A AR 24 22 5% B e 8 o A B R ORE G i 9 e,
Pullen 251" Mak 2170 M4 K A0 s
AR AE HEST I B X R A A 2 1 S 2 5k
B M AR, Colin %:21] Sudi %[22] .Banks %[23] JJang
A SRR R Liang 2517 0T B T A ALBE A
2 Z 5% BRI IRTE . Ao e S i e 2T 2
T e 248120 00 A pa 255 it A 22 5% B8 e s Mir i A
WFSE BRI, 10 I B i o3 Br HoR B TR HIBIFSE
CLFEAR 52 Z2 8 BA ARG I rh & 4 3 TR B 22 i A
I, BB R A 52 Z2 5k B RGN R e e ke,

APTAIEA b AZ seeb iR . i T2 st
(7] 28 S LA, T ELAS B8 552 B[] MR 1 |y R i A
72 ARITF IR SR AT K AP —E B R BRI, AR
TR A SR, A RASUA S T BA P 2
—FERIPURES A AL AT S A LS B R
FERGIRRZE  LAGERE R T 2 5% B AR I 304, Rk
BB G o M iR R B R DRI e
PO B B B0 2548 o 52 BB BT 45 5 o 1 U1 H
i, B A A 2 S IR A Tk o g U S MR
RIE A T2 A PR A YEIR A ER
SE, R TR A AR AT — AR AT EA ] A DU
SR e REHTIAR I REAR 4 A fff Tk b IRAFTERIAN 2,
2% B S TR SR BEBT A B 5 R, O AT RE K
JE I T T 18]
3.2 WHRUMERERAAKRRARBASHBRE
SRR K BRI

SR FH 240 D T v 18 W R 2 SR8 A ) 5 P U
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v PR TR B , 5 AR I SR AR A A B 14 7 i 4%
(A BURE S MDA H LA FUAE R S ks e = /R
7 BRI AR O 3 ARl FLRe O U S R s L
PRI 55 7N 7 25 0 22 58 B8 G DR A BT b S oK
e, AR I TE i A ] £ SUR S B S BRI
SEml b 20t — RV R Z R R B TR
JE AHLAEFIA pH (550010 , HE5r BURE 5P L e
U e A ELISA 20 Hr R, IR 3 a3 % 7k | £ 38 46 35
SR b A S 0 RT3 0 AT, AR S 96 24 S 156 W T o
AU S B R B A LT A R T R R o 1]
W% 2% 9L W | T HE ST B9 ELISA 4387 7 125 T 15 B 85
AT T IR B RE S A
3.3 AKBEEH#—SARARMNTR

A SCRAEVL VL [ B — = PRTE AU Sk B T
PRFLA S ELISA 23 AT 73k i vk EE A X —
HFRAE A YT JRAGI , 1M 22 55 B8 43 A 5 0B & rp AR
& 2R Bbsfb &9, Z IS A BT, S5m0
SIFTHASRE BRI, N — 250 5 A T R R i b 280 B b
A PRI AEAE T BRI 23 AT D7 I 98, 3 AT 2 259
BB MG 5 B AN, I 57 BT AN 6 b A AL
PR, DASE G 1) 2 45 RUR 53 PR 5o e B A TE 2 5% BE fe
SESTHT R R A

4 i

AVESCLANT o0 L — — PR XU S M B pg B AR
RRFFERT G 38 3 X B % ik 2R kAR DAL R 2
HSLIR AL T ELISA 23407 vk, I AT B [l i
FARG, S S A 6 245 SR U B i 2 7.9 ELISA
ST IIEIE S TOK ISR A A AR I, B ARG
(9 W (L, BET AU 57 B sE B AR RE R T T 18 2
ZHR PRSI T HAR N — DA FATTT R IR A
A T B ARBIESE

SEMK:

(1] B/NG. ARZFREASHR[T]. R ,2009,25 (18)
344 -347

[ 2] Samarajeewa U, Wei C I, Huang T S. Application of immunoassay
in the food industry[ J]. Crc Critical Reviews in Food Science and
Nutrition, 1991,29 :403 —-434

[3] Alcocer, M J C, Dillon P P, Maming B M, Doyen C, Lee H A,
Daly S J, O’ Kennedy R, Morgan M R A. Use of phosphonic acid
as a generic hapten in the production of broad specificity anti-
organophosphate pesticide antibody[ J]. Journal of Agriculture and
Food Chemistry, 2000,48(6) :2228 —2233

(4] 5% ARm b sRAFE, BUR R, XU Bk, SRR Rg R R 2 £
B R B GBS A i ST [T ). E Al B, 2005,38 (2)

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Journal of Nuclear Agricultural Sciences

2013,27(4) ;0515 ~0522

308 -312

Wang ST, Gui W J, Guo Y R, Zhu G N. Preparation of a multi-
hapten antigen and broad specificity polyclonal antibodies for a
multiple pesticide immunoassay[ J]. Analytica Chimica Acta, 2007,
587. 287 - 292

Kéhler G, Milstein C. Continuous cultures of fused cells secreting
antibody of predefined specificity[ J]. Nature, 1975,256. 495 -
497

Milstein C, Cuello A C. Hybrid hybridomas and their use in
immunohistochemistry[ J ]. Nature,1983,305 ;537 —540

Suresh M R, Cuello A C, Milstein C. Bispecific monoclonal
antibodies from hybrid hybridomas [ J ]. Methods Enzymol, 1986,
121 210 - 228

7= 7, BROAL BURZR-GAE D B 3 AT BRI AL W g 1
XURE Stk e TR B S [ J]. MBS, 1989, (4) 1334 -
339

AR BRI A A 1 R e AR ) U S A
RIS [ T]. B EBLAGE R, 1990,6(1) .20 -23
Ferrini S, Prigione I, Miotti S, Ciccone E, Cantoni C, Chen Q,
Colnaghi M I, Moretta L. Bispecific monoclonal antibodies directed
to CD16 and to a tumour- associated antigen induce target-cell lysis
by resting NK cells and by a subset of NK clones[ J]. International
Journal of Cancer, 1991 ,48.227 -235

Jin RY, Guo Y R, Wang C M, Wu J X, Zhu G N. Development of
a Bispecifi Monoclonal Antibody to Pesticide Carbofuran and
Triazophos Using Hybrid Hybridomas[ J]. Journal of Food Science,
2009,74(1):1 -6

RS, R R R, A RA LIRS RS SE )], W
LR A 5 A4 ArFE 21, 2002,28 (1) 247 =53

Gui W J, Jin RY, Chen Z L., Cheng J L, Zhu G N. Hapten
systhesis for enzyme-linked immunoassay of the insecticide triazophos
[J]. Analytical Biochemistry, 2006, 357.9 - 14
WRARAR , 58 S5 , m-RE . LA 234 Ak 5 s RE T 1A 7 1 Y L A
[1]. M4, 1990, 6(2) :122 - 126

Pullen S, Hock B. Development of enzyme immunoassays for the
detection of pyrethroid insecticides 2 polyclonal antibodies for
pyrethriod insecticides[ J]. Nalytical Letters,1995,28 (5):781 -
795

Mark S K, Shan G M, Lee H J, Werner I. Development of a class
selective immunoassay for the type II pyrethroid insecticides [ J].
Analytica Chimica Acta,2005,534:109 - 120

Bl R I TG BRI A 2 ) 1A S PR B A A ) 958 R 2 5% 7 g%
HFARMAELD]. HM MK ,2008:1 -32

HHE, A S AL, BRI AR 25 £ 5% B Y IC-ELISA
KA TTIABEGEL )], franBhE,2008,33(12) :291 -294

2. URR HUAG R EAR 25 1 TP A 48 B B IR AU A e e
BERGIBARBITE D] B s B AR, 200401 - 30

Colin M W, Andrew P W, Heather A L. Monoclonal anti idio type
antibody mimicking the pesticide binding site of cutinase: potential
for broad specificity organophosphate recognilion [ J]. Journal of
Immunological Methods,1999,224 .197 —202

Sudi J, Heeschen W. Studies on the development of an immunoassay
for the group specific detection of the diethyl ester of phosphates,
thiophosphates, dithiophosphates and phosphonates [ J ]. Kiel
Milchwirtsch Forschungsber,1988 ,40.179 —203

(TF#% 531 )



Journal of Nuclear Agricultural Sciences

2013,27(4) :0523 ~0531

[23]

[24]

[25]

mRNA expression levels of pituitary in Japanese white rabbits
(Oryctolagus cuniculus) [J]. Livestock Science, 2011, 139(3) ;222
-229

Sakurai H, Adams B M, Adams T E. Concentration of gonadotropin-
releasing hormone receptor messenger ribonucleic acid in pituitary
tissue of orchidectomized sheep: effect of passive immunization against
gonadotropin-releasing hormone [ J]. Journal of Animal Science,
1997, 75(1) :189 — 194

Gregg D W, Nett T M. Direct effects of estradiol — 17 beta on the
number of gonadotropin-releasing hormone receptors in the ovine
pituitary [J]. Biology of Reproduction, 1989, 40(2) ;288 —293
Murase M, Uemura T, Gao M, Inada M, Funabashi T, Hirahara F.

[26]

[27]

531

GnRH antagonist-induced down-regulation of the mRNA expression of
pituitary receptors: comparisons with GnRH agonist effects [ J].
Journal of Endocrinology, 2005, 52(1) :131 - 137

Awoniyi C A, Santulli R, Chandrashekar V, Schanbacher B D,
Zirkin B R. Quantitative restoration of advanced spermatogenic cells
in adult male rats made azoospermic by active immunization against
luteinizing hormone or gonadotropin-releasing hormone [ J ].
Endocrinology, 1989, 125(3) ;1303 - 1309

Esbenshade ~ K L. Ovarian response to pregnant mare serum
gonadotropin and porcine pituitary extract in gilts actively immunized

against gonadotropin releasing hormone [ J]. Journal of Animal

Science, 1987, 65(6) :1768 — 1774

2L CALAL AL AL A LA AL AL AL AL AL A LA LA LA AL AL A LA LA AL AL AL A LA LA LA LALAL AL AL AL AL A LA L AL A LA LA LA AL A LA LA LA AL

(L#F 52 1)

[23]

[24]

[25]

[26]

[27]

Banks J] N, Chaudhry M Q, Matthews W A. Production and
characterisation of polyclonal antibodies to the common moiety of some
organophosphorous pesticides and development of a generic type ELISA
[J]. Food and Agricultural Immunology,1998,10(4) :349 —361

Jang M S, Lee S J, Xue X P. Production and characterisationof
monoclonal antibodies to a generic hapten for class specific
determination of organophosphorus pesticides [ J ]. Bulletin of the
Korean Chemical Society,2002,23(8) :1116 —1121

X, AR, X % Ax 1l B SRAF B, A ALBE A HRRE 25
PR B KT i R e R R A (1], T E O R,
2008 ,41(3) ;727 -733

Liang Y, Liu X J, Liu Y. Synethesis of three haptens for the class
specific immunoassay of O, O dimethyl organophosphorous pesticides
and effect of hapten heterology on immunoassay sensitivity [ J ].
Analytica Chimica Acta,2008,615(2) :174 - 183

R, BIEW, 2= B, AW, XM, k)94 SIS
BRER e R I Dy SR MBS (D], T R 21, 2009,29 (12)

(28]

[29]

[30]

[31]

1593 - 1598

Wang Z H, Zhu Y, Ding S Y, He F, BelerR C, Li J, Jiang H, Feng
C, Wan Y, Zhang S, Kai Z, Yang X, Shen N J. Development of a
Monoclonal ~ Antibody Based Broad Specificity ELISA  for
Fluoroquinolone Antibiotics in Foods and Molecular Modeling Studies
of Cross Reactive Compounds [ J]. Analytical Chemistry, 2007, 79
(12) ;4471 -4483

Zhang HY, Duan Z J, Wang L, Zhang Y, Wang S. Hapten synthesis
and development of polyclonal antibody based multi-sulfonamide
immunoassays[ J ]. Journal of Agricultural and Food Chemistry,2006,
54.4499 —4505

Spinks C A, Wyatt G M, Lee H A, Morgan M R. Molecular modeling
of hapten structure and relevance to broad specificity immunoassay of
sulfonamide antibodies[ J ]. Bioconjugate Chemistry, 1999,10,583 —
588

Cao Y, Suresh M R. Bispecific Antibodies as Novel Bioconjugates
[J]. Bioconjugate Chemistry, 1998, 9(6) ; 635 —644



