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TEE. FUHWREERREREA, LIS 005 Beh TR TR | BRI 1A B R B 3RS RE S LA DL R 2 4L
JEFA B K, B T — RS 4 ELISA ik TR ZRlcE LBk 2y, 25 R R, RN REZ KA
SEBRIT 5l HPAPDHSSQSHQ, 52 B A4 A B 5t | S5 /K Pk B SR T vl B, vl ) S AL A A LB R 2 BT I e i, BT
HET A9 TR]4% ELISA J7 0 A HLBRAC 2558 25K B BT (BPB) (1 1C5, 1 1C,, 735310 1. 776 pg/ml e 0. 358 wg/ml, 5
SRR W | PR ERE R R =k 0 58 SRR SRR 58, 74% (44. 93% . 52. 03% 43. 98% .36. 82%
M1 4.87%, FESLMKEINIT L A GE 0 RAA RS SR — R A MU 25 B A R

FEERE.  AVBEORZY,; WEARR T TR, BRBUREM LK, 354 ELISA
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Preparation and application of broad spectrum antigen epitope peptide
against organophosphorus pesticides

ZHAO Yang'?, WU Ai-hua®, ZHANG Xiao’, MO Hai-zhen', ZHANG Cun-zheng’, LIU Xian-jin®,
HU Liang-bin'

(1.School of Food Science , Henan Institute of Science and Technology, Xinxiang 453000, China; 2.Institute of Food Quality Safety and Detection Re-
search, Jiangsu Academy of Agricultural Sciences,Nanjing 210014, China)

Abstract:  Using phage display technology, polypeptides mimicking organophosphorus pesticides antigen epitope
were obtained by broad anti-organophosphates monoclonal antibody screening. Thereby, an indirect competitive ELISA meth-
od for the multi-determination of BPB and organophosphates pesticides was established using polypeptide as immobilized an-
tigen. The obtained sequence of polypeptide is HPAPDHSSQSHQ, featured by good antigenicity, hydrophilicity and surface
accessibility. The ICy, and IC,, for the hapten BPB detected by the indirect ELISA were 1. 776 pg/ml and 0. 358 pwg/ml,
respectively. The cross-reactivities with parathion, coumaphos, disulfoton, phoxim, quinalphos and triazophos were
58.74%, 44.93%, 52.03%, 43.98% , 36.82% and 4. 87%. As a green, high-throughput technology, the broad specific
immunoassay provide a new technical route for the accumulative toxicity determination of organophosphorus pesticides.

Key words: organophosphates pesticide; phage displayed random 12-mer peptide library; antigen epitope mimic-
king peptide; indirect competitive ELISA
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17 Filr,

A BLBEAR 24 AR AT — ZR 91 BT IORH ~ORH (3
(853 AT T 35134 R0 it 156 5 328 W% B 7 ( Enzyme-linked
immunosorbent assay , ELISA ) ST ELISA BE A
W R AR SRR AR A B T R ERE AN
Z i BEHUIR ST B9 ELISA K6 5 12 3 1 X B K L
FRPIEI ) R PRI B A e AR R | T O e 38 e S 4
B TR Z K, PR | e ORI 757k B s S Ak
TRTRES M B AR R B R TR 22 BR R
B 5 A W TR MR 1 O T LR R R A
TRt A B A R IR E

AT, I Wt BR7 AR J s B R & X A 25 /)N 4y
T A R AL K UK S R B dE e
BE SR ORIy 2 I R R R
BT A B AR 25 B R BT R 1 S G Dy i
R AIF 5 AH X A8 /0 | AR gl S o B A A [) 2 PR AL B
T S N SRR ) KRR AR, B sy R
AN 5 %

A58 I I3 T Jre o HOR | i 18 REASE 4D AT AL
BESEAR 2538 H145 1 ( BPB) Bt JFL R ALY 2 ik, 7 5
XA HLIER A2 1 55, ELISA A5 75 7

1Bk

1.1 Hd

BPB-KLH /)N B 8 BE G4, i A 52 38 % (VL5
B AN B2 BE 6 i T i e A SR AT B o R R
YRR E ) §il 5591 4 15 P HRP Aric iy
Pt M13 $ifA, T Pharmacia 23 7 ; Ph.D.-12 BRI
JRIRKPEIR ) & 15 ETH Escherichia coli ER2738 LU
K g MG 14 (5'-"°CCCTCATAGTTACG-3") , )T
Yi[E NEB A ] ; 4+ i3 F & A ( BSA) I T Sigma 24
Al PURRER SRR AP U 51 -4- G- 315 -
B-D-PEUBET (x-gal) , I TAL R ERIH AR A
Al
1.2 HAHEEUREE

KON EE IR B e RE AN M, A IR K, 2 PR -
MRk W AR, F protein G 4lifbt: gt —2
4lif ) 2L $ 1K, SDS-PAGE ( SDS-polyacrylamide gel
electrophoresis ) B K 2 PUAR 4L | ELISA #6047 {4
RPUE 5
1.3 +ZRREMEE VB R IG MR

A LB AR 245 B s BE PR (Anti-BPB) F 0. 1

mol/L NaHCO, ( pH8. 6) #ii B % 100 wg/ml, ¥ 1.5
ml HUR TR B ) S A T T 1A il 106 A 28 7S FL AR —
L #E 4 CHASE PRSI (20 t/min) , 552
d 35 2 A0 Bl W, #E WK 4R 1 1 4A T, TBST (50
mmol/L Tris-HCl,pH=7.5,150 mmol/L NaCl, 0. 1%
tween-20) YE% 3 YU, 3. 0 ml H W (0. 1 mol/L
NaHCO,,5 mg/ml BSA) ,37 C F# 2 h, HEH
WL FE , TBST POHE L 6 K, 1 B s E G, B kAR
JETHE, BU10 pl + R (2x 1074 5a b ) |, i AR 3
1 ml TBST 1, In AfLH, iR IEAFE SN 60 min, 37
FWERE AR, FH TBST ¥E 10 ¥k, £ /K48 L 4A
Fo AA 500 pl ¥JE A 1 mmol/L BPB ¥EFT35 4+ Uk
i, S IRIR RS 1.0 b W AESE G Ve i, B
PRI 55 A9 7 HH RT3 AT A 7 i B

TEFE TR 3 St vead F vp, 4E R P ik i i,
MNE 2 SR TR, VAR B N E)] 30 1K, Tween-20
JEREINE 0. 5% , FF ELIMAFNBRTE BE AL B8 . Sl 3 1
UF BRI A S 100 we/ml BSA A9 55 e FL
FIEARES) 1.0 h J5 PR LA A B A pl b i 1 L
o EIEIR RSN 1.0 hy TSRSV,

W B AT B 4 < 7 LB 85 37 L o i T 1A
100 370 T-15 £ E. coli ER2738, 3538 2 %5
3.0 h (0ODg,=0.5) . T2 KI5 B #Jt H 7334
3.0 ml, BCTE 45 CRIE ORI B il 45 4F 19 LB/
IPTG/ Xgal “EHUR B T 37 C 5 3-M h Hi, &4
T R0 85 ) IOt AT S 43 B 100 pl, A E1] 200 pul
ER2738 1, JR AR 2], IR N 5 min, R IZ 4L
SEREIMA R T B TR R IR | iR AT A
MR, BRI B, 2 H 5 min JEEIE T 37 C 8
FRPRE IR, 52 d,EB/NT 100 AN EE BER)
SRR AT T

Wk PR R 184« K 0 8 %) s B K fim AL 1 20. 0 ml
SHECHTIA R ER2738 1,37 CHRIZIE 555 4.5 h
(250.0 ml =), ¥ HEEIEHEE 50.0 ml &
L ,4°C 12 000 g B0 10 min, bR 28
BT IR 4 °C 12000 g B0 2 ming,  EWEN
A 3.4 ml PEG/NaCl ¥ ¥ (20% PEGS8000, 2.5
mol/L NaCl) ,4 CULIEM R, K H 4 °C 12 000 g B
L 15 ming, FF W, BHEO, VIEET 1.0 ml
TBS [ 50 mmol/LTris-HC1 (pH 7.5), 150 mmol/L
NaCl] H,14 000 g B5.0> 5 min, R4 R, FHIX
HET 1.0 ml TBS H, B WE R RS 1
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1.4 BEEMASEEENEE

1 pe/mlAHLBEAHTINA 96 FLREGE R R 1,
1L 100 pl,4 CHighat i, A pik, 1] TBST ¥
M3 UM 3% B Ns % £ 141, BEFL 200 wl,
37 CHLE 2.0 h, s+ XMW, H TBST Pk 3 K5
JIA 10 F5 56 B I 1 W TR AR W, 37 °C R RN 1.5
he FH 3% B IE W3 # 1+ 5 000 F B HRP #5ic A 3t
M13 A, 37 CC /i 1.0 h, JH TBST ¥ 4 W%, I
AW, 15 min 5 2 mol/L H,S0, 4 1| i {5 [z
N, HEEFRCGN A 0D,y , B 3 UK, AT B A 7
TALBERE R BAPEXT B, 186 4L/ B M X R A H AR
T 2.1, RI] ] Ry BHAEAL
1.5 WKE{K DNA E

P0G PH M P R e B, D) 5190k 57-"° CCCT-
CATAGTTACG-3', TRIL 4 Wi A /T .
1.6 BHBKAGZSINGEIXEE

5 B 2 VR e T AR MR BE K Mk BE R 0. 06
pe/ml ) B ST BEPUIAINA 96 FLAk H , BEFL 100 pl,
4 CHMHER . Y H PBST ¥R 3 W, LA 3% iR
Wik, 4441 200 pl, F 37 °C FEMA 2.0 h, 78X
[a] 85 50 wl BERE AR (1x10° CFU/ml) 43515 50 wl
W4 20. 000 wg/ml ., 10. 000 wg/ml 5. 000 pg/ml,
2.500 pg/ml, 1.250 pg/ml, 0.625 pg/ml, 0.313
wg/mlFl 0. 156 wg/mlf¥) BPB T 37 C FHliE 1.0 h,
B 5 UG , PBST PR 3 ¥k, K BRI AL,
PR RECA 50wl BEFE AT 50 wl PBS, BAEXT IR
100 wl PBS,37 °C 5 1.5 h, PBST ¥tk 3 ¥, A
FHEFAS 0005 B AP M13 Brik, B:4L 100 pl,
37 CN 1.0 h, PBST Ptk 4 ¥k, InA AW, 15
min J5&FLAITA 50 wl 2 mol/L H,S0, % 1k KR,
BEFRAGINSE OD s, , IR
1.7 WEEETER X R RENE

FIFH 142 56 4 ELISA J5 35 W0 5 o A 0 4% o
REXTAS R AT AL A 25 i SRR . B LR 24 1R
PL(0.6 wg/ml) , B fL 100 pl, 4 CiEw, W HEH
SERUE KR MRS | PR SRS M =
W 43 1 10% P9 B/ PBS Hi B 6 /> ik 5 B
20.000 pg/ml. 10.000 pg/ml.5.000 pg/ml. 2. 500
pg/ml 1. 250 pg/ml 0. 625 pg/ml, HL50 wl 255
50 pl W A (1x10° CFU/ml) F 37 C F iR 1.5
h, PBST ¥tk 3 ¥, In A iR #, 37 C #ilk 1.5
h, STyt M13 Bk, B WE 0Dy, BHE

FHAEXS IR A 5 BELW R0 2051 o B 7t
0/ IS 8 0 N A RN N 7 M Y ]
1C, M XL (CR) , CR = 1Csg 5pp/ 1Cs, ez X
100%"""
1.8 MWEE+ ZIEBRA N E RS TR EN
HREE

¥ B R BB T IR LR Y 5, B
NCBI W3k, FI|H Protein Blast #£47 25 4 it 14 ] Y8 P
5387, A Protparam #4420 43 H F0M H HY 7 Be
A5
1.9 WBREE+ZIEB R R AR E T

FH Lasergene Protean Ay T s o A — K
AIBTIEERA .

2 gE W

21 mEHEAURERE

NI AL 5 IE K R o R - R i 15 0]
Al KIS, Protein G AE4lifbdifAk, ELISA ¥
KA, SDS-PAGE il oA aifir 45 3
(F 1) R, 765.5x 10" (T #E ) F12.5x 10" (584% ) 4b
FE IS5

M 1 2

—

L — ]
6.2x10* - =

A ——
4.0x10*
3.0x10*
2.5x10*

M HE ST BEARIE 1 9B SAR I BT 5 2 i AR A fe i e
E 1 BPB-KLH /MR BEEHAER 4L
Fig.1 Purification of the monoclonal antibodies for BPB-KLH

in mice

2.2 FMA+ZHRESZENBERMEFRTE

XEE— R B LB AT 4 SR R A
FasE A S M 45 5 B 03 1 Y W TR AR A5 3 58 0 T 4R
(1D,
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F1 WEERRTZKES BPB EHIFEMBNH L
Table 1 Recovery of affinity selection of polypeptide against BPB
from phage displayed random 12-mer peptide library

e A W B i I B A 7= e

T N (220
1 4.0x10'° 2.2x10* 5.5%1077
2 1.0x10" 1.7x10° 1.7x107°
3 1.6x10" 3.0x10° 1.9x1073
4 1.1x10" 7.0x10° 6.4x107°

WA (OD,,)

1 2 3 4 5 6 7 8 9

2.3 ELISA ¥FEMHMRE

S 4 B e 45 R R Pk 20 NI B AR L e
JEgm S, HEAT BRI ELISA 36030F, 255 1 5 A
P vERE (FHPE(E B L (E>2. 1) , 5 4 5 55
7% 105/ 18 F (Kl 2),
24 BEE+TZHKNFLER

WA 2N 5 A FHPE S RESEA T I Y, 759 21 3 FhAS
R HERTH (R 2) .

10 11 12 13 14 15 16 17 18 19 20
WA ST 75
O BAMEAE; m FAPE(E

B2 HEERERRE ELISA UE
Fig.2 The positive phage clones selected by ELISA

R2 SN EBEEMREREHNFZER

Table 2 The sequences of the five positive clones of phage

%' EEFFS1 (5 —3") BIERRTH)
4.7 GGAAGGCACCGACCCCAAAGGCCTCGACATCGTAGC KAPTPKASTS-Q
5 ACCCCGCCCCAGATCATTCTTCGCAGTCTCATCAAA HPAPDHSSQSHQ
10,18 CTGCACACTCGTCACACGCCCCACATCATTATCATA PAHSSHAPHHYH

2.5 WREKBAMETERE TS Lk

PR L 3E 5 BPB BT TR , SR J5 45 & [E A1
{L1 BPB $iid, Z5R %M, 5 5 W& & (HPAPDH-
SSQSHQ) SE4r 3 SR BH i, 78 foe ik TAE MR T, Bl %5
BPB Ve Ji ¥ AN W36, %o I 1 1 5 7 AL A 2 Bk
SEG MR RIS K (B 3) o 44510 S BERE R
TG, S TR RPTIAXT BPB 1 i % ¢
Z N Y = 57.464x+ 35. 667, L& R V5 B K 0.625~
10. 000 pg/ml, #1562 $r=0.998 2, IC,, & 1.776
pg/ml, IC,, >N 0. 358 pg/ml,
26 BEESAREXRGMNENIREE

H T BPB A MLBE A 25 1 FH A5 44, BT DAk
BRIPLR RN ZIRAE 5 2R AR 2G5 F 25 &

100

M= (%)

lg [BPBI FZ (ng/ml)]

B3 PAiEREEE#ETS ELISA &2
Fig.3 The resultsof indirect competitive ELISA amongpositive

clones
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PR (FR3) .

R3 BEEASFERAHIZXRAE

Table 3 The cross-reactions of the phage against different pesti-

cides

BPB 1.776 100.00
PORTRA 3.023 58.74
M REB 3.953 44.93
LR 3.413 52.03
T 4.038 43.98
TV f 15 4.823 36.82
=l 36.468 4.87

2.7 HEEE+ ZRAERANEIRERIELER

¥ H B R BEBIE P 51 B2 R LR 9, 5 i
NCBI Pk , F| F Protein Blast #4725 5 A P51 4>
Mr, R E A — R E T (g5 WP _
056927953.1, J& i K [K T Soil805 2 #EH 1 B) 7E
218 ~222 o ' 5 i 18 2] A Wk R AR -+ — K JF 51 PAP-
DH 5¢4&—34, [REYE R 82% . FIH ProtParam 3K {F
5375 HPAPDHSSQSHQ, HojrF 41 3273, pl
i 6. 25 7EREBE B 19 2F = W24 10 min, 75 K
FRRH AR IR T 10.0 h, A& EFEE N 101.3
(KT 40.0 AAFE ), FERAKIEFRECH -1. 992
(/NF 0 H3EIK) .
2.8 MEEME+ AR R R ACTR

FIH Lasergene Protean #K {443 #7 & 51| HPAP-
DHSSQSHQ ML), #% M Plot-Emini 7735437
U & 5% 1 ] KM 4% B8 Plot-Kyte-Doolittle 2
SR KME MO R W Z2 BRIR SR K X 4 BE Gam-
ier-Robson 777570 100 22 Bk — 9 25480, #5218 Jame-
son-Wolf 7532 43 #7 15 I 22 Jik v it Ji 48 5058 i 1 IXC
B, SRR, AT N B3~ 10 2R X
PR B, B XS s SRR Y 2 B A A, B
Fem0 ] SR BOM A FE R S5 K MR R KT 0, e
Z KPR FAA A T REFELL X []]

3 17 8

AR FH R e 28 A Wk R 7+ KT
BefA, Dy 16 1 REE ALY BPB B IR AL 2

Jik, IR0 FH 6] 322 35 4+ ELISA J5 9%, @ 17— Fh gt 3t
A PR W R ) 1 TERER IR 51

TEWE PR AT L R | BB AR TR S5 93
AR eSS A E R RS B 5, R
HRRFFRRE A I, H B K 2 B0 i IR ER A — A~
FL[E BP0 Ay 1k AR A [ 74 i 14 5 Wk R i e 5 B
YER T2 2~ 3 4, sk 3 f 5 0 LA )%
G, 0] AR Y AT AR 4 d e, AT b T 5 f
ZH ZRHOHE M HRGE " o 28 A (] ¥ % O
WA HRE Y R R A Y O 2 A
LI PR AT 2 A 38 AR R AR A T TR ARk B X4k
I UIREE = Bl R TR =2 SN R S PRz ¥ e kA 4ill]
HHEER (0D, <0. 05) , o A I 8] 15 % 25 3 Bk i 1R
B SR

SCHR[ 20 ] 38 A9 18] #2564+ ELISA A0 77 2% 1Y
R T P S5 AIT T B A — 2, WA LB R AR 25 1Y
KR K3.5~ 162. 2 ng/ml, ft T 7 128 56 116 46 00 FR
358.0~1 776.0 ng/ml, {HZAHFFEHE S B ELISA J7
e PR R SR 5 AR 2N TR AT A
THURGRE Ny T 5EFr, Gead T N THUEN &
TG, BEARR T A AL 300 R 2P e o0k B 5 AR A AR £ B 1)
S IR BT AU g (B S A I Ty i . AR
50 BN 07 E B BE S ASAUT R BPB IWR TR A, 257 1Y
R J7 1 BEAS BRI A2 XA 77 it TP A BILB 2R A 25700)
K6 122K, I AT LA T 385 oA HLm A 25 10 Wil
TR AT Z IR A RGN B B T 2
RSN 5725 , R ik AR A% A B S L Ll

S E Lk
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