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(OVA) | Ik W (DCC) | N-FRFELBEFIME e (NHS) | 3,37,5,5 -PU I ELEC A (TMB) | 3 1K
SEA AR T KBl IO AN 58 A 70 55 T35 [ Sigma 23] 5 N, N-—F L H BERE ( DMF) I T~ K k% Ak 27387
5 HUR IS E AR AR IC SE PSR 1eG (HRP-1gG) W T oMU 48 A ) TR A PRl ELISA TAEW (A
i) 5 A 3 ok [ = 4 b4t

[ Agilent HP1100 556 FHAY ; 7% Bruker DRX-400/600 %R 4t4R%1% ; H A Shimadzu UV-160A
LHM-FT WAL S E Thermo MK3 Z I REEEFRIY ; F2[E Sartorius 6K-15 i3 Uk 25 0L ; 12 Bruker
EQUINOX 55 fd HL AR 46027 45054 5 S2 8 Thermo MAT9SXP (43 HE BT {X.
1.2 ¥HEET, GR5%E

T ABEIR — CREE A DA 25 5540 2805 A I A VB IR — ST B RE T AN D5 75 PR R AP R 45 40 38 4
MRIEICEE S, B T — R IR R T SR B BB (HL ~ H8) . Hh 55 i H1' ~ HA' Ky dh ik
WA, 55 HS ~ H8' S MSCHR[ 14 ] kG L. BPUR H1 ~ H8 S HESCHK[ 12 1 kA ik, A miik 2k
1 Scheme 1 7R, 0GP RIFRAEEHRE 57515 T3 1 Figk 2.
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Q R <
H1'—HSY’ H1—HS8
Scheme 1  Synthesis routes of haptens HI—HS8
Hl: R=4-COOH; H2. R =3-COOH; H3: R =4-CH = CH—COOH; H4. R =3-CH = CH—COOH;
H5: R =4-NH—CO—CH,—CH,—COOH; H6: R =3-NH—CO—CH,—CH,—COOH;
H7: R =4-NH—CO—CH = CH—COOH; H8: R =3-NH—CO—CH = CH—COOH.
Table 1  Physical and spectrum analytical data of compounds H1—HS8 *

, ] ESI-MS,
Compd. m. p./C Yield(% ) IR, #/em ™! HRMS, m/z( caled. ) B
m/z[ M —H]

H5' 177—178 33.5 3333, 3073, 2933, 2632, 1695, 1660, 1608, 1554, 209. 0683 (209. 0683 ) 208
1514,1420, 1331, 1285, 1230, 1191, 888, 841

Ho6' 171—172 23.9 3481, 3359, 3147, 2686, 1735, 1659, 1624, 1574, 209. 0683 (209. 0683 ) 208
1454, 1411, 1282, 1234, 1191, 1164, 976, 871

H7' 206—207 53.9 3293, 3128, 3069, 2822, 2731, 1699, 1610, 1545, 207. 0523 (207. 0526) 206
1508, 1462, 1412, 1327, 1245, 1010, 839

H8’ 250—252 72.9 3323, 3166, 3108, 2672, 2572, 1722, 1672, 1647, 207. 0525 (207. 0526) 206
1600, 1450, 1339, 1268, 1175, 931, 858

H1 98—100 56.4 3073, 2987, 2904, 2669, 2550, 1685, 1600, 1426, 290. 0374 (290. 0372) 289
1290, 1214, 1162, 1024, 928, 825

H2 83—84 27.0 3074, 2983, 2906, 2830, 2670, 2559, 1688, 1584, 290. 0371(290. 0372) 289
1451, 1303, 1214, 1021, 959, 828

H3 107—109 11.9 2988, 2958, 2925, 2854, 2677, 2585, 1692, 1627, 316.0530(316. 0529) 315
1598, 1506, 1425, 1283, 1215, 1168, 1021, 929, 815

H4 91—93 19.8 2985, 2904, 2826, 2704, 2602, 1690, 1631, 1579, 316. 0531 (316. 0529) 315
1484, 1441, 1323, 1297, 1240, 1155, 1017, 975, 825

H5 NA 27.6 3315, 3143, 3075, 2986, 2654, 1714, 1669, 1610, 361.0737(361.0743) 360
1541, 1507, 1409, 1206, 1165, 1020, 928, 839

H6 NA 27.5 3331, 2990, 2923, 2737, 2639, 1714, 1693, 1606, 361.0745(361.0743) 360
1532, 1436, 1331, 1187, 1154, 1024, 976, 789

H7 128—129 42.0 3282, 3217, 3081, 2986, 1704, 1542, 1505, 1405, 359. 0582 (359. 0587) 358
1215, 1165, 1025, 923, 848

H8 128—130 31.5 3286, 3222, 3083, 2981, 1706, 1527, 1414, 1304, 359. 0583 (359. 0587) 358

1243, 1154, 1022, 969, 823

#* NA: not analyzed because the compound is oil.
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Table 2 NMR data of compounds H1—HS8

Coumpd. NMR

H5'

Ho6’

H7'

H8’

H1

H2

H3

H4

H5

H6

H7

H8

'H NMR(600 MHz, Acetone-d, and TMS) , 8; 2. 61—2.67(m, 4H, CH,); 6.76(d, J=8.9 Hz, 2H, ArH) ; 7.46(d, J=8.9 Hz,
2H, ArH); 8.10(s, br, 1H, OH); 8.98(s, br, 1H, NH); 10.73(s, br, 1H, COOH)

13C NMR (150 MHz, DMSO-d, and TMS) , &: 28.92, 30.81, 114.97, 120.65, 130.97, 153.01, 169. 25, 173. 84

'H NMR (600 MHz, Acetone-dg and TMS) , 8: 2.65(s, 4H, CH,); 6.53(dd, J=1.6, 8.0 Hz, 1H, ArH); 7.02(d, J=8. 1 Hz,
1H, ArH); 7.08(t, J=8.0 Hz, 1H, ArH); 7.35(s, 1H, ArH); 8.33(s, br, 1H, OH); 9. 13(s, br, 1H, NH)

13C NMR( 150 MHz, DMSO-d, and TMS) , 8: 28.76, 31.01, 106. 07, 109. 65, 110.00, 129.22, 140. 25, 157. 49, 169. 87, 173.79

'H NMR (400 MHz, Acetone-dg and TMS) , 8; 6.35(d, J=12.8 Hz, 1H, CH=CH); 6.68(d, J=12.8 Hz, 1H, CH=CH);
6.88(d, J=8.8 Hz, 2H, ArH); 7.55(d, J=8.7 Hz, 2H, ArH) ; 8.53(s, br, 1H, OH) ; 10.27(s, br, 1H, NH) ; 15. 24 (s, br,
1H, COOH)

3C NMR (150 MHz, Acetone-dg and TMS) , 8: 116.39, 123.42, 130.00, 133.03, 136.35, 156.37, 164.94, 165. 13

"H NMR(400 MHz, DMSO-d, and TMS) , 8: 6.36(d, J=12.8 Hz, 1H, CH=CH) ; 6. 67—6.72(m, 2H, ArH and CH=CH)
7.11(d, J=8.0 Hz, 1H, ArH); 7.21(t, J=8.1 Hz, 1H, ArH); 7.36(s, 1H, ArH); 10.35(s, 1H, NH)

3C NMR (150 MHz, DMSO-d¢ and TMS), &: 106.49, 110.16, 111.16, 129.45, 130.47, 137.29, 139.54, 157.59, 161.41,
166. 27

"H NMR (400 MHz, CDCl; and TMS), 8: 1.36(t, J=7.1 Hz, 6H, CH;); 4.24(qd, J=7.1, 10.0 Hz, 4H, CH, ) ; 7.26(d, J =
8.1 Hz, 2H, ArH); 8.09(d, J=8.5 Hz, 2H, ArH)

3C NMR (150 MHz, CDCl, and TMS) , §: 15.87(d), 65.28(d), 120.88(d), 126.66, 132.00, 154.88(d) , 171.43

'H NMR(400 MHz, CDCl; and TMS) , 8: 1.37(t, J=7.0 Hz, 6H, CH;); 4.25(qd, J=7.1, 9.6 Hz, 4H, CH,) ; 7.44—7.47
(m, 2H, ArH); 7.89(s, 1H, ArH) ; 7.93—7.94(m, 1H, ArH)

3C NMR( 150 MHz, CDCl; and TMS), &: 15.89 (d), 65.29 (d), 122.73 (d), 126.63 (d), 126.97, 129.68, 130. 80,
150.81(d), 171. 16

"H NMR(400 MHz, CDCl, and TMS) , 8: 1.36(t, J=7.0 Hz, 6H, CH;); 4.23(qd, J=7.1, 9.6 Hz, 4H, CH,); 6.37(d,
J=16.0 Hz, 1H, CH=—CH) ; 7.21(d, J=8.4 Hz, 2H, ArH); 7.52(d, J=8.5 Hz, 2H, ArH); 7.74(d, J=16.0 Hz, 1H,
CH=CH)

3C NMR (150 MHz, CDCl, and TMS) , §: 15.90(d), 65.25(d), 117.09, 121.54(d), 129.69, 131. 10, 145.84, 152.53(d),
171. 60

"H NMR (400 MHz, CDCl; and TMS), 8: 1.36(t, J=7.1 Hz, 6H, CH;); 4.23(qd, J=7.1, 10.0 Hz, 4H, CH, ) ; 6.43(d, J =
16.0 Hz, 1H, CH=CH); 7.22—7.23(m, 1H, ArH); 7.36—7.37(m, 3H, ArH); 7.73(d, J=16.0 Hz, 1H, CH=—CH)
3¢ NMR (150 MHz, CDCl; and TMS) , 8: 15.94(d), 65.25(d), 118.28, 120.54(d), 123.25(d), 125.25, 130.05, 135.66,
145.93, 151.21(d), 171.30

'H NMR (400 MHz, CDCl; and TMS), 8: 1.32(t, J=7.1 Hz, 6H, CHy); 2.58—2.69 (m, 4H, CH,); 4.15—4.23 (m, 4H,
CH,); 7.06(d, J=7.9 Hz, 2H, ArH); 7.42(d, J=8.6 Hz, 2H, ArH); 8. 11(s, br, 1H, NH)

B3¢ NMR( 150 MHz, CDCl; and TMS), §: 15.60(d), 28.68, 30.87, 64.78 (d), 119.92, 120.91(d), 136.49, 145.23(d),
169.93, 173. 67

'H NMR (400 MHz, CDCl; and TMS) , 8 1.32(t, J=7.3 Hz, 6H, CH;); 2.60(t, J=6.3 Hz, 2H, CH, ) ; 2.69(t, J=6.2 Hz,
2H, CH,); 4.19(qd, J=7.1,9.6 Hz, 4H, CH,); 6.87(d, J=7.5 Hz, 1H, ArH) ; 7.16—7.23(m, 2H, ArH) ; 7.48(s, 1H,
ArH) ; 8.16(s, br, 1H, NH)

B¢ NMR (150 MHz, CDCl; and TMS), &: 15.83(d), 29.35, 31.65, 65.17 (d), 112.65(d), 116.54, 129.65, 138.95,
150.85(d), 170.88, 177. 15

"H NMR(400 MHz, CDCl, and TMS) , 8: 1.33(t, J=7.0 Hz, 6H, CH,); 4. 17—4.24(m, 4H, CH,); 6.37(d, J=12.1 Hz,
IH, CH=CH); 6.71(d, J=9.5 Hz, 1H, CH=CH); 7.15(d, J=7.2 Hz, 2H, ArH); 7.66(d, J=7.8 Hz, 2H, ArH);
9.98(s, br, 1H, NH)

3C NMR (150 MHz, CDCl, and TMS) , §: 15.92(d), 65.29(d), 121.65(d), 122.39, 133.26, 133.45, 136.01, 148.53(d),
164. 47, 166. 43

"H NMR(600 MHz, CDCl, and TMS) , §: 1.39(t, J=7.1 Hz, 6H, CH;); 4.26(qd, J=7.1, 9.8 Hz, 4H, CH,) ; 6.45(d, J =
12.8 Hz, IH, CH=CH); 6.59(d, J=12.9 Hz, IH, CH=CH); 7.05(d, J=8.1 Hz, 1H, ArH); 7.33(t, J=8.1 Hz, 1H,
ArH); 7.39(d, J=8.2 Hz, 1H, ArH); 7.67(d, J=1.6 Hz, 1H, ArH) ; 9.28(s, br, 1H, NH)

3¢ NMR( 150 MHz, DMSO-dg and TMS) , 8: 15.58(d), 64.88(d), 111.65(d), 115.78(d), 116.01, 129.77, 130.00, 131. 60,
139.78, 150.23(d), 163.31, 166.75

PER BB, B0 LSRR A WG FREL0. 002 mmol BSA(FLHJE N OVA), T4 CFEIBH T 10
mL ¥ 0. 1 mol/L AY PBS(pH =8.0) v, HEFFIAMEAF B M. ERIHEHET, ¥ A WZEHMA B )
i, T4 CTFR 12 he BOBEER, T4 CTHABEKSEN 3 d, BT 3 RSN, 75515
3] 8 MRy )5 (H1-BSA ~ H8-BSA) M 8 Mu ki (HI-OVA ~ H8-OVA) , Z4E/ MY & J5 ] = i L2k
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fif R (TNBS ) V2 MR L, SRJG LA 2 mg/mL VAP 24T 0.5 mL B0, HRAFT -20 CrkA %
1.4 ZRERENHE

FHAPE H1-BSA ~ H8-BSA 435l e i v == KA. H IR e iy, Bt 5 96 [ 58 Ak R FLAk,
KA 2 S ER R A%, B 21 d )5, BRSS9 RS2 R 7L, s ferE. LUS &R
14 d PEfr e, BUEZE KL, R ELISA J5 i@ Prin i . i), Fnss s 1 k.
Ja 1 RSB SE 10 d, D HERIL, B0, M. o AR ek alifh, 75 20 MR 1Y £ e bk
PAb-HI ~ PAb-H8. V¥R TG AAHT - 20 CokFa.
1.5 ELISA AiEM&EAL

HRAE T B e B U], A4 < DU -G J AL A5 9 D e B R AR A5 4. FE Db Emt 1, 57
4554 ELISA J51%, SR HIR 4, i Originlab B G h4k , 19214 Fh ik BE (1C,, ) 18 A A%
KR (LOD) H.

2 ZR5itE

2.1 MR, AREERE

BRI 5 A ORIV T BRIy ik R R A R — L B A B Sy
SEHERBUIR, TSI S A0 fe R i il (R 28 R 2 B ) o 1 S (R 25 A0 R AE 1) R 2Bt
BEIR — LIRS MLBEA 25080 5 A B AR IR — LR 540 O A A A5, TR ASHIF9Y DL — 2 A S AR
R SR AT Y N B, BT — RV EA EARMRN A AER) . AR AN E AL S A (R
TFHIRIEPUR, DL EEEPUIREH b TR AR | BB 8 T ARV R

s A IRy SO0 AR e BUA B EEGE. X TR — L ER A HLB K
2y, T DATEGR AR R R B AR b e AR B T, o nT AR A W I TR 45 A S AR 2 A R AT 1
BN — Bk, BB T A DA SR R U B VR, Ik, BRI R A
AT AR I, T DU R s R BR i A U R I B T, DA S e by R sh 7 A B AR, 28 5
SRR, P05 SR AR B, (I ) 1 B 28 SR IS A B e A8 A, TE BN T Ht it
AU, R TNBS J5 0 il a8 B9 N TS AT LU g, HG vb G 32 S 16 L 2% ol R0 i £
BEE, A F 18 ~33 ZJal. BFFEAhYeT | (BB HLAE 1 ~30: 1385 FE P AY S8 AR R 7= AR 5 s A S PR LA,
2.2 BEFHRERESHHERER RN

H1-BSA ~ H8-BSA Sl J5i 7 il Z2 WSl v = R e, R4S T AN BUARAUREIR — LRk 2y £
FEREGUR (PAb-H1 ~ PAb-H8) . SR JH [R5 A2 8 07 =X (5 G0l A G0 i (1) P T I 45 A4 A ) ) 57 e 4258
4+ ELISA, ZEF AT BB B BERR — CBR AR 25 1Y S e Ul fe S, 45 RN 3 Fos. Wl LR
th, A H 8 AU B ST 1Y 5 ¥ X B R ( Coumaphos ) | Xk ( Parathion ) | MEBR# ( Quinalphos) |
E%%(Triazophos) . BRZEWE ( Dichlofenthion) | “EAR#E ( Phoxim ) A H $# ( Phorate ) 7 /1 2454 it 6 ) R AL
BERE R, HIC, /T 50 mg/ Ly NG EE (Sulfotep) . —#E#f ( Diazinon) | MBS (Tsazophos) . £ J&
TRBLE% ( Bromophos ethyl ) Fl1EEFL1( Chlorpyrifos ) 5 ™24 4 (1) i 72 5588 AR X 841K, X L AR e i —
CBEFR G LA AT LU I, MERERESE 7 D25 SAWE S T B B BT R S5 BN AL, 05 & BR 4 1
AEXF (TR, JC e UL, R SHUIRZ 25 G R T ER. MG IERESE 5 A 259 v A8 R 451 UL AH X
SO, N RTINS BRI AT S e BB, 3 R S R AZ RO, AN T LIRSS G LR R
BERIEEFEIR IR 1A 2SR, [AREIE AL 18R 092 A2 BH ;A ISR N A 2 i Ui —
LTRSS, 5 H B2 E U] AN,

SRR OB B EERE S 7 2GR REUE T LUR I, P as A8 v BT Y 6 B A AR 2R
XPOLINAT R T HAF SR St Ui, R AT BB TR FE R PR XL, AT DU G A IR — S MRS A B 78
oy, AR Y 7 AR SN 2K A, TR BT (HL ) 308 AT AN T ADBURE Y L T 2 e
(H3) SR FERGUSALL, 7T SR s A s B iR, s T B TR B, 2

&
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Gy R M BB RUR TR 2 T o S B AR AU A B g RIPE S5, A5 A
HBER: , T RIS e B 24 LA B8R -2 L T PAb-HS 30 H B 1 2 ke Sk v RO,
J5 PR AT REAE T IO CAE IR b AR T 25 5 A A A f U IR — CRESH 5873 2 5%, DT S 47 b 35
Y RIENLE
2.3 SHFHRELEHIT ELISA REERZN

ELISA 2 rf (0 9 R S e I B~ RS M A R eh R S IR 9. i TR ke e JsURn S e~ B
LRI 22 S, PUA SEBIE IS S REDIIE , ITHE s 1 RN S BT SE R aE )y, PR S IR AL T
PR RS R4 356 4 ELISA T vk MR AU -2 ARBF0IE B APUARLE 8 DA B R AR T
AT ELISA R AR PPN, Jf L 4 R P R e A S IR B A5 1F T 19 1C, #EATRS H 20 #r. R 3 455
AN, TESFIRABRINE DL T, ELISA J7 ik ARG R SORE 5 o KR 2 £ 7, ol 2 X e 25 W 25 7 200 A0
RPJESE R 75 LR, Hrb ) PAb-H1 LLH6-OVA 7257 P59 i85 T HCX R0 245 1) SR A0 RE i v de
VAN, RPRETERE | CPRUBE . MERTEAE . MR BRZAWE | CGRBEA T RERE 7 D2 e RBES R,
ARG I B3 5115551 0. 0002, 0. 039, 0.003, 0.002, 0.004, 0.037 F10. 028 mg/L, HJAEN L FE N IMH X
AHLBE Ly Py K Fe ek B BB DR v (MRLS ) ARSI 25K .

Table 3 Indirect ELISA evaluation[ IC,/(mg - L") ] for 12 analytes using homologous

and heterologous coating antigens

Pesticide PAb-H1 PAb-H2 PAb-H3 PAb-H4
H1—OVA H6-OVA H2—OVA H7—OVA H3—OVA H8—OVA H4—OVA H7—OVA
Coumaphos 1.017 0.013 3.152 0.112 0. 061 0.023 0.329 0.126
Parathion 12. 402 0.348 2. 639 0.779 0. 861 0. 140 5.971 1.997
Quinalphos 8.395 0.022 25.318 0.816 3.916 2.077 20. 567 4.261
Triazophos 6.442 0.035 34.766 0.420 4. 000 0.878 45. 466 5.493
Dichlofenthion 5.349 0. 850 21.341 1.304 4.503 1. 580 14. 693 11. 484
Phoxim 1.512 1. 301 12.218 4.592 2.130 0.310 8. 996 2.875
Phorate 19. 644 0.751 39. 496 2.928 20. 084 6.073 10. 318 1.286
Sulfotep 98. 282 39. 893 64. 139 19. 789 48.917 34. 356 30. 520 26.478
Diazinon 20. 729 7.939 26. 281 3. 644 18. 764 7.074 18. 888 35.233
Isazothos 82.812 14. 257 53.316 15.671 40. 008 39.170 35. 628 23.417
Bromophos ethyl 28.230 24. 873 47. 860 13.291 14. 023 12.373 19. 030 23.833
Chlorpyrifos 18.072 13.484 50. 856 50. 201 26. 442 62.424 36. 707 27.094
Pesticide PAb-H5 PAb-H6 PAb-H7 PAb-H8
H5—O0VA H8—OVA H6-OVA H7—OVA H7—OVA H5—O0OVA H8—OVA H3—OVA
Coumaphos 0.174 0. 007 41.135 3.513 0.235 0. 052 0. 289 0.138
Parathion 0. 349 0. 642 4.452 1.184 3.576 1.974 2.102 0. 642
Quinalphos 3.364 1. 941 6.577 2.521 10. 626 2.975 5.595 1.294
Triazophos 19.972 3.874 8.352 8.427 34. 141 10. 632 7.515 4.124
Dichlofenthion 2.491 2.040 1.857 1. 266 6.473 6. 706 4.761 1.437
Phoxim 5. 540 1.443 7.545 5. 604 2.139 2.024 2.852 2.123
Phorate 9.924 0.518 7.503 3.513 24.254 2.919 12. 486 1. 684
Sulfotep 7.975 3.812 26. 162 25.182 31.577 4. 194 43. 689 36. 872
Diazinon 15. 313 9. 964 36.424 1. 696 29.199 13. 821 27. 402 54.834
Isazothos 35.373 2.672 33.505 28. 854 23.539 8.730 47.455 31.286
Bromophos ethyl 13. 944 6. 847 36. 085 5.985 29. 893 7.172 4.817 27.936
Chlorpyrifos 33.063 0. 642 9. 689 1. 184 35.616 37.760 21. 853 21.027
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Design of Generic Haptens for O,0-Diethyl Phosphorothioate
Pesticides and Recognition Properties of Antibodies

XIE Gui-Mian, SUN Yuan-Ming, XU Zhen-Lin, LI Yong-Xiang,
LEI Hong-Tao, WANG Hong, SHEN Yu-Dong "
(College of Food Science/Key Laboratory of Food Quality and Safety of Guangdong Province ,
South China Agricultural University, Guangzhou 510642, China)

Abstract Class-specific polyclonal antibodies for O, O-diethyl phosphorothioate pesticides had been genera-
ted. A series of generic haptens were synthesized and coupled to bovine serum albumin( BSA) and ovalbumin
(OVA) for immunogens and coating antigens, respectively. New Zealand rabbits were immunized with immu-
nogens to obtain corresponding polyclonal antibodies. The effects of hapten structure on antibodies properties
and hapten heterology on ELISA sensitivity were also investigated. The results show that haptens with simple
spacer-arm can generate antibodies with desired properties, and hapten heterology can improve ELISA sensiti-
vity significantly. The polyclonal antibody PAb-H1 shows high sensitivity to seven commonly used O, O-diethyl
phosphorothioate pesticides in an indirect competitive ELISA using a heterologous coating antigen( H6-OVA) .
The 50% inhibition value(ICy,) is 0.013 mg/L for coumaphos, 0.348 mg/L for parathion, 0.022 mg/L for
quinalphos, 0. 035 mg/L for triazophos, 0. 751 mg/L for phorate, 0. 850 mg/L for dichlofenthion and
1.301 mg/L for phoxim, respectively. And the limit of detection( LOD) is lower than MRLS of all the seven
0, 0-diethyl phosphorothioate pesticides in food and agricultural products . Thus, this indirect ELISA with
high sensitivity can potentially be used to develop commercial ELISA kits for a sensitive and rapid detection of
0, 0-diethyl phosphorothioate pesticides residues.

Keywords  Organophosphorus pesticide; Generic hapten; Heterology coating; Enzyme-linked immuno-
sorbent assay ( ELISA) (Ed.: H, J, Z)



