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Research advance on multi-residue immunoassay of
organophosphorus insecticides
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ABSTRACT: Organophosphorus pesticides (OPs), a kind of important agricultural production material, have
been playing an important role in pest control and food production increase. But more and more attention has
been paid on the serious environmental problems because of the excess use of OPs. The quick and accurate de-
tection of residues, especially the multi-residues of OPs is always a research focus. In recent years, a great deal
of research and exploration has been made on the multi-analyte immunoassay of pesticides based on the spe-
cific recognition between antigen and antibody. This article reviewed the recent advances on the multi-residue
determination of organophosphorus insecticides, including the progresses of mixed antibodies, antibodies
against multi-antigenic determinants, antibodies against common moiety and single chain fragment variable
(ScFv) antibodies, and discussed the existed problems and future research.
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Structures and types of organophosphorus insecticides

O CH
Y }< i CH,—COOH
/N s
/ O o CH,—O [26]
cl
Cl
[8]
o)
H3CH,CO_|| ]
~P—CH,—COOH
H3CH2CO [10]
[11]
CH,CO ﬁ)
H3CH;
“P—CH,~C=CH—COOH [12]
HCH,CO H
i
H5CO
P—0—(CH,)5—COOH [14]
H,CO
i
H3CH,CO
S p—0—(CH,)s—COOH [21]
H3CH,CO

[17]

[15]
H3CH,CO._

I
/p—o—QCOOH
HyCH,CO
S :
O_

[16]

H3CH,CO_||
P_
HaCH,CO™~ [17]
COOH
. R
HaCH,CO_| [13]
~P—0—
H3CH,CO
R:-CH3/-OCH3 COOH

R
CH,CO ﬁ v
H3CH,
SP—0—
H3CH,CO COOH




33

(BEMR)

HaCH,CO.__
HCH,CO™

COOH
S
P
H4CO

COOH

H3CHZCO
COOH
H3CHZCO
H3CO-_
3 <j>7(c+|2 —COOH
H,CO™
H3CH,CO_ I|
/P—O (CH,);—COOH
H3CH,CO

S
H3CH,CO._|
P

~
H3CH,CO
3. 4 :-COOH/-CH=CH-COOH/

~NH-CO-CH,CH,-COOH/
~NH-CO-CH=CH-COOH

S
HaCO {l—o (CHa)a
HCO™ COOH
S

:
9
X

Py

S o)
HsCO._|| N._Il_(CH,),
Tp— o ~COOH
HsCO

S — H O H
HaCO] _N_J_c, oM
SP—0 c ¢
sCO \ / H
i 10 o
H3CH2CO N CH22
~P—0 S ¥ cooH
H3CH,CO
co |S|
Hs
SP—0— S—CH,

HOOC—(CHYs—N

[20]

[17]

[18]

[19]

[22]

(21]

[42]

[24]

(23]

(23]

[22]




34

(BEFfI3R)

Ri Ro
i
HaCO
~P—0 Ry
HOOC—(CHon—N

R1:-H/-CH3 R2:-H/-CH3 R3=-H/-NO2 n=3/4
CHs
6

S
HaCO_||
>pP—o0 SCHs
HN

N
n: o~

CH,CO ﬁ b " i :
H3;CH
e \P*O ‘ /

/

HOOC—(CH,)s—N
(CHy)s N N
Cl

S
H3CH,CO_|
_P—0 \ Cl
HOOC*(CH2)3*H \ /

cl
HsCO_ |
€0 / N\
/\/\H N—
HOOC
H3CO cl
3 \//s
\

CHs
\P/ CH,—COOH
o/ \ Valhe
o) CH,—O

[34]

[25]

(7]

[16]

(6]

[27]

[26]



1 R 35
(BEME %)
i
H3CH,CO
3 2 >P_ o NH2 [33]
H3;CH,CO
S
HaCO_||
—~P—SCH;COOH
H3CO
i
H,CO
~
P—SCH,CH,COOH (28]
v
H,CO
HsCO_||
H3CO
Ro\lﬂ S—(CH,)n—COOH
- q— n—
RO s ( 2) [29]
R=-CH,CH3/-CH3; X=0/S n=1/2
S 27
O D H (CH,)s—COOH -
AN 2)s 23
H3CO [23]
S [31]
H3CH,CO_||
H;CH,CO [32]
[33]
HOOC—(CHj);—0— NO,
HOOC—(CHj)3—0— NO;
[22]
CHg
HOOC—(CH,);—0— S—CH3
CHs
7;% %Ifﬁk Fenitrothion, chlorpyrifos-methyl, and pirimiphos-methyl in
wheat grain and flour-milling fractions [J]. J AOAC Int, 1992, 75:
[1] Walorczyk S. Development of a multi-residue screening method 519-528.
for the determination of pesticides in cereals and dry animal feed [4] Garcés-Garcia M, Brun EM, Puchades R, et al. Immuno-
using gas chromatography-triple quadrupole tandem mass spec- chemical determination of four organophosphorus insecticide
trometry [J]. J Chromatogr A, 2007, 1165: 200-212. . . . o . .
residues in olive oil using a rapid extraction process [J]. Anal
(2] } ) ,
Chem Acta, 2006, 556: 347-354.
[31. ,2005, 21(3): 96-98.
Zhao SQ, Cai YF, Li J, et al. Utilization of monoclonal antibod- 131 ELISA [D].
ies for pesticides residue determination [J]. Immunol J, 2005, » 2009.
21(3): 96-98. Wu YX. Preliminary study on enzyme-linked immunosorbent
[3] Skerritt JH, Hill AS, Beasley HL, et al Enzyme-linked immu- assay for multi-residue detection of organic phosphorus

nosorbent assay for quantitation of organophosphate pesticides:

pesticides [D]. Chinese Academy of Agricultural Sciences, 2009.



36

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

, , W, 3
[J]. , 2009, 32(4):
94-99.
Wu YR, Wang LM, Lou Y, et al. Preparation of organo-
phosphorus pesticide monoclonal antibodies against multiple an-
tigens [J]. J Nanjing Agr Univ, 2009, 32(4): 94-99.
Wang ST, Gui WJ, Guo YR, etal Preparation of a multi hapten
antigen and broad specificity polyclonal antibodies for a multiple
pesticide immunoassay[J]. Anal Chim Acta, 2007, 587: 287-292.
[J]. , 2008, 41(3):
727-733.
Liu XJ, Yan CR, Liu Y, et al. Use of generic hapten in produc-
tion of broad specificity anti-organophosphorous pesticides anti-
body [J]. Sci Agr Sin, 2008, 41(3): 727-733.
[J]. , 2010, 37(9):
1016-1024.
Zhang LJ, Pan JR. Preparation and identification of a monoclonal
antibody specific to a broad spectrum of O, O-diethyl organo-
phosphorus pesticides [J]. Prog Biochem Biophys, 2010, 37(9):
1016-1024.
Tang JS, Zhang M, Cheng GH, et al. Development of IC-ELISA
for detection of organophosphorus pesticides in water [J]. J En-
viron Sci Health B, 2008, 43: 707-712.
[D].
,2009.
Yin LM. Study on the multi-residue immunoassay of Or-
ganophosphorus pesticides[D]. Jiangnan University, 2009.
Alcocer MJC, Dillon PP, Manning BM, et al. Use of phosphonic
acid as a generic hapten in the production of broad specificity
anti-organophosphate pesticide antibody[J]. J Agr Food Chem,
2000, 48: 2228-2233.
Shen YD, Zhang SW, Lei HT, et al. Design and synthesis of
immunoconjugates and development of an indirect ELISA for
rapid detection of 3, 5-dinitrosalicyclic acid hydrazide [J].
Molecules, 2008, 13: 2238-2248.
Banks J N, Chaudhry M Q, Mattews W A, et al. Production and
characterisation of polyclonal anbodies to the common moiety of
some organophosphorous pesticides and development of a ge-
neric type ELISA[J]. Food Agr Immunol, 1998, 10: 349-361.
Xu ZL, Shen YD, Zheng WX, et al. Broad-specificity immuno-
assay for O, O-Diethyl organophosphorus pesticides: application
of molecular modeling to improve assay sensitivity and study an-
tibody recognition[J]. Anal Chem, 2010, 82: 9314—9321.
Xu ZL, Xie GM, Li YX, et al. Production and characterization of

a broad-specificity polyclonal antibody for O,O-diethyl organ-

[17]

[18]

[20]

[22]

(23]

[24]

[25]

ophosphorus pesticides and a quantitative structureactivity rela-
tionship study of antibody recognition[J]. Anal Chem Acta, 2009,
647: 90-96.
Piao YZ, Kim YJ, Kim YA, et al. Development of ELISAs for
the class-specific determination of organophosphorus pesticides
[J]. J Agr Food Chem, 2009, 57(21): 10004—10013.

[J]. , 2003, 23(6):
68-71.
Xue XP, Jang MS, Lee WY, et al. Identification and characteri-
zation of high affinity monoclonal antibodies against organ-
phosphorous pesticides[J]. China Biotechnol, 2003, 23(6): 68—
71.

[J1. , 2008, 30(4): 21-22.

Su J, Xue XP, Tang RH, et al. Preparation and characterizatiOn
of monoclonal antibodies for analysis of organophosphorus pes-
ticides[J]. Environ Pollut Contr, 2008, 30(4): 21-22.
Jang MS, Lee SJ, Xue XP, et al. Production and characterization
of monoclonal antibodies to a generic hapten for class-specific
determination of organophosphorus pesticides[J]. Bull Chem Soc,
2002, 23(8): 1116-1120.
Johnson JC, Van EJM, Pullman DR, et al. Development and
evaluation of antisera for detection of the O,O-diethyl phos-
phorothionate and phosphorothionothiolate organophosphorus
pesticides by immunoassay[J]. J Agr Food Chem, 1998, 46(8):
3116-3123.
Liu Y, Lou Y, Xu D, et al. Production and characterization of
monoclonal antibody for class-specific determination of O,
O-dimethyl organophosphorus pesticides and effect of heterolo-
gous coating antigens on immunoassay sensitivity[J]. Microchem
J,2009, 93: 36-43.

[J]. ,2010, 38(11): 1550-1555.
Li YX, Xu ZL, Wang H, et al. Development of broad-specificity
immunoassay for detection of O,0-dimethyl organophosphorus
pesticides[J]. Chin J Anal Chem, 2010, 38(11): 1550-1555.

[1. , 2009, 30(11) :
2193-2198.
Xie GM, Sun YM, Xu ZL, et al. Design of genericHaptens for O,
O-diethyl phosphorothioate pesticides and recognition properties
of antibodies[J]. Chem J Chin Univ, 2009, 30(11): 2193-2198.
Kim YJ, Cho YA, Lee HS, et al. Hammockc Synthesis of hap-
tens for immunoassay of organophosphorus pesticides and effect
of heterology in hapten spacer arm length on immunoassay sen-

sitivity[J]. Anal Chim Acta, 2003, 475: 85-96.



37

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Hoeve W, Wynberg H, Jones WT, et al. Syntheses of haptens
containing dioxaphosphorinan methoxyacetic acid linker arms
for the production of antibodies to organophosphate pesticide[J].
Bioconjug Chem, 1997, 8(3): 257-266.

[D]. ,
2003.
Han LJ. Study on Enzyme Immunochemistry of Organic Phos-
Phorus Pestieides[D]. China Agrieultural University, 2003.
Liang Y, Liu XJ, Liu Y, et al. Synthesis of three haptens for the
class-specific immunoassay of O, O-dimethyl organophosphorus
pesticides and effect of hapten heterology on immunoassay sen-
sitivity [J]. Anal Chim Acta, 2008, 615: 174—183.

[D].

,2012.

Liu XB. Study of multi-residue immunoassay for organophos-
phorus pesticides [D]. Northwest A&F University, 2012.
1. (

40(4): 95-101.
Liu XB, Wen WD, Qi ZJ, et al. Synthesis and identification of

), 2012,

generic antigen for phosphorothioate pesticides[J]. J Northwest A
& F Univ (Nat Sci Ed), 2012, 40(4): 95-101.
Hu Y, Shen GQ, Zhu HL, et al. A class-specific enzyme-linked
immunosorbent assay based on magnetic particles for multiresi-
due organophosphorus pesticides[J]. J Agr Food Chem, 2010, 58:
2801-2806.

[D].

,2009.
Zhang M. Study of multi-residue ELISA for organophorus pesti-
cides [D]. Shanghai Jiaotong University, 2009.
[D].
, 2008.

Tang JS. Study on fluorescence polarization immunoassay and
multi-residue ELISA for organophosphorus pesticides [D]. Shan-
ghai Jiaotong University, 2008.
Wang CM , Li XB, Liu YH, et al. Development of a mab-based
heterologous immunoassay for the broad-selective determination
of organophosphorus pesticides[J]. J Agr Food Chem, 2010, 58 (9):
5658-663.
Yau KYF, Lee H, Hall JC. Emerging trends in the synthesis and

improvement of hapten-specific recombinant antibodies[J]. Bio-

[36]

[37]

[38]

[39]

[40]

[42]

technol Adyv, 2003, 21: 599-637.
Alcocer MIC, Doyen C, Lee HA, et al. Functional ScFv Anti-
body Sequences against the Pesticide
Chlorpyrifos[J]. J Agr Food Chem, 2000, 48: 335-337.

Li TJ, Zhang Q, Liu Y, et al. Production of recombinant ScFv an-

Organo-phosphorus

tibodies against methamidophos from a phage-display library of
a hyperimmunized mouse[J]. J] Agr Food Chem, 2006, 54: 9085—
9091.
Li TJ, Cheng JR, Hu BS, et al. Construction, production, and
characterization of recombinant ScFv antibodies against
methamidophos expressed in Pichia pastoris [J]. World J Micro-
biol Biotechnol, 2008, 24: 867-874.

1 ,
2012, 33(10): 2269-2274.
Zhou LJ, Huang QX, Lei HT, et al. Preparation of a single-chain
variable fragment for O, O-diethyl phosphorothioate pesticides
and its broad-specificity[J]. Chem J Chin Univ, 2012, 33(10):
2269-2274.
Garrett SD, DJA, Wyatt GM, et al. Production of a recombinant
anti-parathion antibody (ScFv); Stability in methanolic food ex-
tracts and comparison to an anti-parathion monoclonal antibody
[J]. J Agr Food Chem, 1997, 45: 4183—-4189.

[J]. ,2011, 39(2): 178-182.
He J, Liang Y, Fan MT, et al. Preparation of anti-idiotype anti-
bodies of O, O-dimethyl organophosphorus pesticides by phage
display technology [J]. Chin J Anal Chem, 2011, 39(2): 178—182.
, R : 0,0- O-[ -(4- )
] [J]. , 2006, 45(4): 243-245.

Chen L, Wu Q, Zheng XB. Synthesis of the hapten O, O-diethyl,
O-[p-(4-carboxybutyl) phenyl] phosphorothionate[J]. Agroche-
micals, 2006, 45(4): 243-245.

(TiE% 4. RF)

fEEE N

q__ ,..!v BEE, ,
LSt [
4

R

E-mail: qzhij@nwsuaf.edu.cn



