Development of an ELISA for Cilerpyrifos

Bull. Koreanr Chem. Soc. 2002, Vol. 23, No. 3 481

Development of an ELISA for the Organophosphorus Insecticide Chlorpyrifos

Young Ae Cho, Hye-Sung Lee, Eun Young Park,” Yong Tae Lee,”” Bruce D. Hammaock,*
Ki Chang Ahn,® and Jae Koo Lee®’

Department of Food Science and Nutrition, Kyungpook National University, Daegu 702-701, Korea
“Department of Biochemistrv, Yeungnam University, Kvongsan 712-749, Korea
~Department of Entomologv and Cancer Research Center, University of California, Davis, California 95616, US4
SDepartment of Agricultural Chemistry, Chungbuk National University, Cheongju 361-763, Korea
Received Mav 25, 2001

A selective enzy me-linked immunosorbent assay (ELISA) for the insecticide chlorpyrifos was developed. Four
haptens for chlorpyrifos were sy nthesized and two of them were used as immunogens after coupling to keyhole
limpet hemocyanin by two different approaches. Rabbits were immunized with either of them and the sera were
screened against 4 haptens coupled to ovalbumin (OVA). Using the sera of highest specificity. an antigen-
coated ELISA was developed. which shows an /s; of 160 ppb with a detection limit of 10 ppb. An antibody-
coated ELISA was also developed. which shows an /sq of 20 ppb with a detection limit of 0.1 ppb. The
antibodies showed negligible cross-reactivity with other organophosphorus pesticides except for insecticides
chlompyrifos-methyl and bromophos-ethyl. which makes these assavs suitable for the selective detection of

chlompyrifos.
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Introduction

Due to the widespread use of pesticides, there is an
increasing concern over food and environmental contamination
caused by their use. The cument methods such as gas
chromatography and high-performance liquid chromatography
have been used successfully. with great sensitivity and re-
liability. for analvsis of many pesticides.! However, these
classical methods require a high capital expenditure and
skilled analysts. and involve time-consuming sample prepara-
tion steps. Therefore. there 1s a growing demand for more
rapid and economical methods for determining pesticide
residues. Immunoassays have recently been emerging as an
alternative to traditional methods to meet such demands.
Immunochemical techniques that have been used extensively
in clinical laboratories. began recently to gain acceptance as
a fast. sensitive. and cost-effective tool for environmental
analysis.”

Chlorpyrifos [O.0-diethy]l O-(3.3,6-trichloro-2-pyridiny])
phosphorothioate] is a broad spectrum organophosphorus
insecticide, and 1s used extensively in both agricultural and
domestic settings.” It is moderately toxic to mammalian spec-
1es. but extremely toxic to bees and a wide range of aquatic
species.” Therefore. there is an increasing demand for its
more comprehensive monitoring,

The development of an immunoassay requires the pro-
duction of antibodies to the analyvte. Since pesticides are
small molecules. pesticide derivatives. namely haptens. must
be svnthesized and coupled to proteins to induce antibody
production. Manclis ef ¢/ *%" developed an enzyvme-linked
immunosorbent assav (ELISA) for chlorpyrifos using several
different haptens. One tvpe of haptens used was the one with
an aminocarboxylic acid bridge at thiophosphate group.

which has been used successfully in the development of
ELISA for several other organophosphorus pesticides.¥*!”
Using different strategies to develop ELISAs for chlorpynfos,
we found that the method used by Manclis ef of. for
coupling these haptens to proteins caused a serious problem,
1.e., hvdrolysis of the haptens. Thus, we adopted different
approaches for safe conjugation of the haptens to proteins.
Borate buffer, pH 8.7, is the most frequently used medium
for the conjugation of haptens to proteins.® since the
functional groups (Iysine and histiding) of proteins reacting
with haptens exist as nucleoplulic free amine at this pH. We
used nstead distilled water as the medium which would
allow an anune to exist in an unprotonated state more than
pH 7 buffer would. The conjugates prepared by this method
were found to be suitable as the immunoreagents. Using the
sera agamst these conjugates, a sensitive and selective
ELISA for chlorpyrifos was developed.

Experimental Section

Reagents and instruments. Organophosphorus pesticides,
mcluding chlorpyrifos, were purchased from Dr. Ehrenstorfer
(Augsburg, Germany). Diethyl chlorothiophosphate. 4-anuno-
butyric acid. 6-anmunocaproic acid. 2.4, 5-trichlorophenol, 3-
(methylammmo)butyric acid hydrochloride. N-hydroxysuccin-
mde. 1.3-dicvlohexylcarbodinmde. 4-dimethylaninopyndine,
CHCla-d/, silica gel for column chromatography (60-230 mesh)
and Tween 20 were obtamed from Aldrich (Milwaukee,
USA). 1-Ethyl-3-(3-dimethylammopropylcarbodunude hydro-
chlonde. BSA (A-3059), OVA (A-2512), alkaline phosphatase
labeled goat anti-rabbit [gG (A-3687), peroxidase labeled
goat anti-rabbit IgG (A-6134). p-mtropheny] phosphate (N-
9389). Freund's complete (F-5881) and mcomplete (F-3506)
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adjuvants, and Sephadex G235 were purchased from Sigma
(St. Louis. USA). N-hvdroxvsulfosuccimimide was from
Pierce (Rockford. USA). KLH (374803) was from Calbio-
chem (La Jolla, USA) and tetramethylbenzidine was from
Boehringer Mannhein (Mannheim. Germany). Analytical
(silica gel F254) and preparative TLC plates (silica gel, ]
mm) were obtained from Merck (Darmstadt. Germany). The
dialysis membrane (MW cutoff’ 12000-14000) was a Spectra/
Por product from Spectrum Laboratories (Rancho Dominguez.
USA). Microtiter plates (Maxisorp, 442404) were purchased
from Nunc (Roskilde, Denmark). ELISA plates were washed
with a Model 1575 ImmunoWash, and well absorbances
were read with a Model 350 plate reader. both from Bio-Rad
(Hercules, USA). UV-Vis spectra were recorded on a Varian
Cary 3 spectrophotometer. NMR spectra were obtained with
a Bruker ARX spectrometer (300 MHz). Chemical shift values
are given relative to internal tetramethylsilane. Coupling
constants are expressed in Hz and the abbreviations d. t, q.
gn. m. and ar represent doublet, triplet, quartet. quintet.
multiplet. and aromatic. respectively.

Hapten synthesis. The haptens used for immunization
and antigen coating are presented in Figure 1. The svnthetic
routes for Hapten | and 2 are illustrated in Figure 2 and
those for Hapten 4 in Figure 3. The svnthetic route for
Hapten 3 was sumnilar to those for Hapten 1 and 2.

1. To a stured mixture of 3.52 g (20 mmol) of ethyl
dichlorothiophosphate, 10 g of finely ground K-CO; and 35
mL acetonitrile was added dropwise 3.00 g (15 mmol) of
3.5,6-trichloro-2-pvridinol dissolved i 30 mL of acetonitrile.
After stirmng for | h at ambient temperature, the mixture
was filtered through Celite and the solvent was removed
under reduced pressure. The residue was subjected to
column chromatography (silica gel. 4 ; | hexane-benzene) to
give 3.36 g (65%) of the product as a colorless oil. 'H NMR
(CDCls): 791 (1H, d..J= 1.3, ar), 4.57-4.46 (2H. qxd. J =
11 & 7.1. CH-CH;). 1.53-148 (3H, txd. J=7.1 & 1.L.
CH-CH>).

Hapten 1. To a stirred solution of 0.50 g (1.47 mmol) of 1
in 3 mL of methanol cooled in an ice-water bath was added
dropwise a solution of 0.205 g (3.23 mmol) of KOH and
0.166 g (1.61 mmol) of 4-aminobutyric acid in 1.7 mL
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Figure 1. Structures of the haptens for chlorpyritos ELISA used for
immunization and antigen coating.
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Figure 2. Synthetic route for Hapten | and Hapten 2.

methanol. After stirring for 10 min. the reaction mixture was
filtered and extracted with 1 N HCl-chloroform. The extract
was dried over MgSQO; and the solvent was evaporated.
Column chromatography (silica gel. 3 : 1 : trace chloroform-
ethyl acetate-acetic acid) of the residue gave 320 mg (54%)
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Figure 3. Svnthetic route for Hapten 4.
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of a white solid. '"H NMR (CDCl:): § 785 (1H, d. /=09.
ar). 4.39-4.29 (2H. qxd. /=9.5 & 7.1, CH-CH3). 3.58-3.50
(1H, m. NH). 3.30-3.19 (2H, m. NHCH»), 2.51 (2H, t.
J=72, CH-CO-H). 193 (2H, qn, J=6.9, CH-CH-CH>).
1.41 3H.t,/J=7.1. CH:CH>).

Hapten 2. This hapten was synthesized by the same
method as Hapten 1 using 1 and 6-aminocaproic acid. Yield
53%. 'H NMR (CDCls): 6 7.87 (1H. d, J= 1.0, ar). 4.42-
430 (2H. gxd, /=9.6 & 7.1. CHxCH3). 3.52-3.41 (IH, m.
NH). 3.25-3.12 2H. m, NHCH»). 2.40 (2H. t. J=73.
CH-CO-H), 1.75-1.25 [6H. m. /= 6.9, CH-(CH-);CHa]. 1.43
(3H.t,.J=7.1, CH-CH>).

Hapten 3. To a stirred solution of .50 g (1.47 mmol) of 1
in 3 mL of methanol cooled in an ice-water bath was added
dropwise a solution of 0.203 g (3.23 mmol) of KOH and
0.166 g (1.61 mmol) of 4-(methylamino)butync acid hyvdro-
chloride in 1.7 mL of methanol. After stirring for 10 min. the
reaction mixture was filtered and extracted with | N HCI-
chloroform. The extract was dried over MgSQ; and the
solvent was evaporated. The residue was subjected to col-
umn chromatography (silica gel, 3 : 1 : trace chloroform-ethyl
acetate-acetic acid) to provide 320 mg (54%) of Hapten 3.
'H NMR (CDCls): & 7.82 (1H. s, ar). 4.42-4.30 (2H. qxd.
J=87 & 7.1. CHxCHs). 3.38-3.28 2H. m. NHCH-). 2.87
(3H, d. J =124, CH:N), 2.46 (2H. t. CH-CO-H). 1.93 2H.
gn. CH~-CH-CH>), 1.43 (3H, t..J =7.1. CH-CH>).

2. To a stured solution of 10 g (30 mmol) of 2.4.5-
trichlorophenol in 50 mL of acetic acid cooled in an ice-
water bath was added dropwise 3.46 g (35 mmol) of 70%
nitric acid dissolved in 13 mL of acetic acid. After stiring
for 10 min during which the colorless solution tumed dark
orange, the solvent was removed under reduced pressure.
The product was purified by crvstallization from benzene-
hexane to provide 6.10 g of dark orange-colored solid.
Evaporation of the filtrate and crvstallization of the residue
gave an additional 3.23 g of the product. Yield 76%. 'H
NMR (CDCls): 67.67 (1H, s. ar), 5.8-3.5 (1H. 5, broad, OH).

3. A solution of 2 (100 mg, 0.4] mmol), diethyl chloro-
thiophosphate (108 mg. 0.37 mmol). and triethvlanune (30
mg, 0.49 mmol) in 0.66 mL of anhvdrous THF was stirred at
70°C for 4 h. Dieth¥l chlorothiophosphate (52 mg. (.28
mmol) and friethvlamine (25 mg. 0.25 mmol) were added
additionally to the reaction nuxture and stirred for | h. The
reaction mixture was filtered and the solvent was evaporated.
The residue was subjected to preparative TLC (silica gel.
90: 10 : | hexane-ethyl acetate-acetic acid) to provide 151
mg (93%) of the product as a colorless oil. 'H NMR
(CDCls): 6 8.10 (1H, s. NHCO), 7.70 (LH. s. ar). 4.33-4.26
(4H. qxdxd. J=96.7.1 & 2.1. CH-CH3). 140 (6H. t,J=7.0,
CH-CH>).

4. To a solution of 3 (1.74 g, 4.4 mmol) in 50 mL of ether
was added 20 mL of 9: | acetic acid-HCI. Zinc dust (4 g)
was added to the mixture in portions maintaining a gentle
reflux. After being refluxed for 43 min, the mixture was
decanted from the reaction flask and zinc was washed with
ether. The combined organic phase was then washed with
water and dried over K-COs;. The solvent was evaporated
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under reduced pressure and the residue was subjected to
TLC (silica gel, 4 : | hexane-ethyl acetate) to give 1.49 ¢
(93%) of the product as a colorless oil. '"H NMR (CDCla): §
691 (LH. s. ar). 4.76 2H. s. NH-). 4.36-4.26 (4H, qxd,
J=9.6&7.1.CH-CH;). 139 (6H.t,J=7.0. CH.-CH:).

Hapten 4. A solution of 4 (0.15 g. 041 mmol) and
adipoyl] chlonde (0.45 g. 2.4 mmol) in 0.8 mL of toluene
was stirred at 95 °C for 30 nmun under an anhydrous condition
(CaCl> drying tube). The solvent was evaporated under
reduced pressure and the residue was dissolved in 5 mL of
4.1 THF-IN HCI. After sturing at 60 °C for 50 mun. the
solution was cooled and 0.5 mL of ethyl acetate was added
to the cooled solution. The organic layer was washed with
water and dried over Na-SO,. The solvent was evaporated
and the residue was subjected to preparative TLC (silica gel,
2 mm. 30 20 : 1 hexane-ethyl acetate-acetic acid) to provide
0.16 g (79%) of a white solid. "H NMR (CDCl;): 6 8.06 (s,
LH. NH), 7.53 (1H, s. ar). 4.30-4.22 (4H. qxd, /= 9.6 & 7.0,
CH-CHa), 2.74 (2H. t. CH-CO»). 2.51 (2H. t, CH-CONH), 1.93
(4H. m, CH-CH~-CH-CH>). 1.40 (6H. t, /= 7.0. CH-CH:).

Preparation of hapten-protein conjugates. The haptens
were covalently attached to either KLH (immunogens),
OVA (coating antigens) or HRP (enzvme tracer) using the
active ester method.® The structure of the active ester in case
of Hapten 1 1s shown n Figure 4. As the haptens were found
to hydrolyze rapidly at pH > 8. distilled water-DMF was
used as the solvent for the conjugation. Hapten 4, which is
quite stable near pH 8. was conjugated to the protein (QVA)
mm pH 8 borate buffer. Conjugation reactions in water-DMF
were carried out by two different procedures: 1) the synthesis
of active ester and then conjugation of 1solated ester with
protein and 2) ir situ performing of active ester formation
and conjugation. Hapten-KLH conjugates (nununogens) were
prepared using both methods. Hapten-OVA and hapten-HRP
conjugates were prepared only by method 1.

Conjugation vig isolated active ester. The procedure for
the synthesis of the active ester of Hapten 1 is described
below. The procedures for the synthesis of other active esters
were similar.

Active ester of Hapten 1. Hapten 1 (210 mg, 0.52 mmol)
was dissolved in dichloromethane (10 mL) to which N-
hydroxysuccinimide (65 mg. 0.56 mmol) followed by N N-
dicyclohexylearbodiimide (119 mg. 0.58 muol) and 4-
dimethylammopyridine (7 mg, 0.06 mmol) were added. The

H —
A O e
N
O ¢l
NH(CH2)3COZ—N¢:,

0

Active ester of
Hapten 1

Figure 4. Structure of active ester of Hapten 1.
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mixture was stirred for | h and filtered, and the solvent was
removed. Chromatography of the resultant oil on silica gel
using 65 :35: 1 benzene-ethyl acetate-acetic acid gave the
active ester as a svrup (216 mg. 83%). 'H NMR (CDCls):
678 (IH. d. J=1.1. an), 4.53-4.4]1 2H, qxd, /=102 &
7.1. CH-CH3), 3.57-3.48 (1H, m, NH). 3.28-3.20 (ZH. m.
NHCH-). 2.86 (4H, s, sucenyl). 2.61 (2H. t..J = 7.2. CH-CO-H),
1.89 (2H. gn. J=7.0. CH.CH-CH-), 140 (3H, t, /=7.0.
CH-CH>).

Active ester of Hapten 2. Yield 31%. 'H NMR (CDCl:):
6785 (IH.d,.J=1.1,ar), 4.40-4.27 (2H, qxd. /= 9.7 & 7.0.
CH-CH;). 3.53-3.45 (1H. . NH). 3.30-3.11 (2H. m. NHCH»),
2.84 (4H, s. succinyl). 2.63 (2H. t, J = 7.3. CH-CO-H). 1.85-
1.46 [6H. m, CH-(CH~);CHa]. 1.4]1 (3H. txd. /=7.1 & 0.76.
CH-CH>).

Active ester of Hapten 3. Yield 16%. 'H NMR(CDCl:):
6 7.83 (IH. s, ar), 4.38-4.29 (2H, gxd. J=ca 9 & 7.0.
CH-CH;). 3.48-3.31 (2H, m. NCH-). 2.88 (3H, d=12.0.
CH:N). 2.84 (4H. s, succinvl). 2.76-2.71 (2H, m. CH-CO-H),
2.1-2.0 2H. m, CH~CH~CH=). 1.42 (3H. t. /= 7.0, CH-CHy>).

Active ester of Hapten 4. Yield 27%. 'H NMR(CDCl;): §
8.08 (s, LH, NH), 7.53 (1H. s. ar), 4.32-4.27 (4H, qxd. J=9.0
& 7.0. CH-CH3), 2.86 (4H. s. succinyl), 2.70 (ZH. t, CH-CO»),
2.50 (2H, t, CH.-CONH), 1.92 (4H, m, CH-CH~CH-CH>).
1.40 (6H. t, /= 7.0. CH-CH3>).

The procedure for conjugation was as follows. To prepare
KLH conjugates (immunogens). KLH (20 mg) was dissolved
in 4 mL of distilled water to which 1.2 mL of DMF was
added. A solution of hapten (0.01 mmol) and NaN3 (final
concentration of 0.02%) in 0.2 mL of DMF was then added
to the stirred protein solution and stiuring was continued for
1 or 2 days at ambient temperature. To prepare OVA con-
Jugates (coating antigens), OVA (10 mg) was dissolved in 1
mL of distilled water or borate buffer (0.2 M. pH 8.0, for the
conjugation of Hapten 4) to which 0.15 mL of DMF was
added. A solution of hapten (4.4 or 11 pmol) and NaN; (final
concentration of 0.02%) in 0.1 mL of DMF was then added
to the stirred protein solution and sturing was continued for
1 or 2 davs at ambient temperature. To prepare HRP con-
Jugates (enzyme tracer), HRP (2 mg) was dissolved in 1 mL
of distilled water or borate buffer (0.2 M, pH 8.0, for the
conjugation of Hapten 4) to which 0.15 mL of DMF was
added. A solution of hapten (0.5 or 2.5 ymol) in 0.1 mL of
DMF was then added to the stired protemn solution and
stirring was continued for 1 day at ambient temperature,
Conjugates were separated from uncoupled haptens by gel
filtration (Sephadex G-25), using PBS (10 mM phosphate
buffer, 137 mM NaCl. 2.7 mM KCI. pH 7.0). Finally the
eluates were dialyvzed agamst water overnight.

In situ conjugation. A published procedure!’ was used
with a slight modification. To a stirred solution of KLH (20
mg) m | mL of distilled water was added a solution of
hapten (0.009 mmol) in 0.1 mL of DME. 1 mg (0.1 mmol) of
sulfo-NHS and 20 mg (0.1 mmol) of EDC. Stiring was
continued ovemight at ambient temperature. Conjugates
were punified by gel filtration on Sephadex G-25, using PBS
(10 mM phosphate buffer. 137 mM NaCl. 2.7 mM KCI, pH
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7.0) and dialysis against water.

Immunization of rabbits. Female New Zealand white
rabbits were immunized with Hapten - or Hapten 2-KLH.
Routinely. 200 ug of the comjugate dissolved m PBS was
emulsified with Freund's complete adjuvant (1 : 1 volume
ratio) and injected mtradermally at multiple sites on the back
of each rabbit. After two weeks, each animal was boosted
with an additional 200 ug of the conjugate emulsified with
Freund’s incomplete adjuvant and bled 7-10 days later. After
this, boosting and bleeding were continued on a monthly
basis. Serum was 1solated by centrifugation. and sodium
azide was added as a preservative at a final concentration of
0.02%. Serum was then aliquotted and stored at —70 °C.

Screening of antisera. The titer of the serum from each
ammal was determined by measuring the binding of senal
dilutions to microtiter plates coated with several different
concentrations of the homologous coating antigens. Microtiter
plates were coated with Hapten 1-OVA (1 ug/mL. 100 gL/
well) in PBS (10 mM. pH 6.9) and incubated overmight at
4 °C while covered with adhesive plate sealers. The follow-
ing day. the plates were washed five times with PBSTA (10
mM PBS containing 0.05% Tween 20 and 0.02% NaNa. pH
7.4) and 100 uLAwell of serum diluted with PBST (10 mM
PBS containing 0.053% Tween 20. pH 6.9) was incubated for
1 hrat 37 °C. The dilution ratios were 10000. 50000, 250000.
After another washing step, 100 uL/well of goat anti-rabbit
[gG. comjugated with alkaline phosphatase, diluted 1 : 2000
with PBST was added and incubated for | h. Then the plates
were washed again. and p-mtrophenyl phosphate (1 mg/mL)
dissolved in 10% diethanolanmine buffer, pH 9.8 was added
(100 uLiwell). After mcubation at 37 °C for 30 mun, the
reaction was stopped by adding 3 N NaOH (50 uL/well) and
the absorbance was read at 403 nm.

Indirect competitive assay. A checkerboard assay.
which sera were titrated against varving amounts of a coat-
ing antigen (either one of the four haptens comjugated to
OVA) was used to optunize antigen coating and antibody
concentrations. The coated-antigen assays under the optinuzed
conditions were performed as follows. Microtiter plates
were coated with Hapten 1-OVA (2.5 gg/mL, 100 yLAvell)
m PBS (10 mM. pH 6.9) and incubated overmight at 4 °C.
The plates were washed five times with PBST and were
blocked by incubation with 1% gelatin in PBS (200 yLAvell)
at ambient temperature for 1 h. After another washing step.
senal dilutions of the analyte standard in 10% MeOH-PBS
were added (50 pL/well) followed by 30 uLAvell of ant-
serum previously diluted with PBST (1/5000). After mcuba-
tion at ambient temperature for 1 h, the plates were washed
and 100 gL/well of a diluted goat anti-rabbit IgG-
horseradish peroxidase (1/3000) was added. The mixture
was incubated at ambient temperature for 1 h, and after
another washing step, 100 yLAvell of a TMB solution (400
uL of 0.6% TMB-DMSQ and 100 gL of 1% H-O- diluted
with 25 mL of citrate-acetate buffer, pH 3.5) was added and
imcubated at ambient temperature. The reaction was stopped
after 10 muin by adding 30 gL of 2 M H-SQ, and absorbance
was read at 450 mm. Competition curves were obtamed by
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plotting absorbance agamst the loganthin of analvte concent-
ration. Sigmoidal curves were fitted to a four-parameter
logistic equation.’

Direct competitive assay. A checkerboard assay, in which
sera were titrated against varving amounts of an enzyvme
tracer (either one of the four haptens conjugated to HRP)
was used to optimize the amount of enzyme tracer and
antibody. The coated-antibody assays under the optinized
conditions were performed as follows. Microtiter plates
were precoated with protein A (5 gg/mL, 100 yLAvell) in
PBS (10 mM. pH 6.9) by incubation at 4 °C overnight. The
plates were washed five times with PBST (10 mM PBS
containing 0.05% Tween 20, pH 7.4) and were coated with
200 yL of the antiserun dilutions (1/1000) in PBS for 1 h at
ambient temperature. Instead of using PBST at pH 6.9 that
was used for indirect assay, PBST at pH 7.4 was used since
the conjugates were found later to be stable at this pH. After
another washing step, serial dilutions of the analvte in 10%
MeOH-PBS were added (30 uLAvell) followed by 50 uL/
well of enzyme tracer previously diluted with PBS (1/1000).
After incubation at ambient temperature for | h and another
washing step. 100 yL/vell of a TMB solution was added.
The reaction was stopped after 10 min by adding 50 gL of 2
M H»SO; and absorbance was read at 450 nm. Standards
were run in quadruplicate. Competition curves were obtained
by the same procedure as for the indirect assays.

Determination of cross-reactivities. The compounds
listed in Table 2 were tested for cross-reactivity by preparing
standard curves using the direct assays and determining their
{5y values (concentration at which binding of the antibody to
the enzyme tracer is inhibited by 30%). The cross-reactivity
values were calculated as follows: (/5o of chlorpyrifos/fs; of
compound) x 100.

Results and Discussion

Hapten selection. A suitable hapten for immunization
should preserve the structure of the target compound as
much as possible. The majority of organophosphorus
pesticides have the thiophosphate group in common and
differ only in the structure of aromatic rings. Therefore. to
achieve a high selectivity in chlorpyrifos ELISA. it was
desirable to synthesize immunogenic haptens having a
bridge at the thiophosphate group preserving the aromatic
ring unique to chlorpyrifos. Hapten 1 and 2 were chosen as
imumunogenic haptens on this ground. Reactivity and se-
lectivity of some of the antibodies were fairly high as de-
scribed below.

Screening of the sera. The titers of the antisera raised
against Hapten | and Hapten 2 are shown in Table I. In
general. the antibodies raised against Hapten | showed
higher titers than Hapten 2. The antisera against the un-
munogens prepared using the isolated active esters (976.
445, 834 and 381) showed reasonably high titers. but the
antisera against the immunogens prepared by i st
conjugation (593 and 228) showed virtually no titer values.

Indirect ELISA. The two dimensional titration of the
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Table 1. Titers of antisera determined by indirect ELISA? using
Hapten 1-OVA as the coating antigen

Antiserum® Boost

{1 10(]00) 1% 211(1 3rd 4!}1 Sth
976 (1) 0.1040 20115 2.9065 20165
445 (1) —0.0415 09035 1.1400 1.8020
834 (1) 07280  1.0855 1.7110 0.8425
581(2) 02940 1.2780 (0.2835 0.7135 08195
593(2) 00345 01175 0.1055 0.1365  0.2090
228(2) (02370  0.1463 =00025 =00010 (.0123

Used alkaline phasphatase-canjugated anti-rabbit IgG as the secondary
antibody. Blocking of the wells was omitted. *The figures 1 and 2 in
parenthesis indicate that the antisera were obtamed trom Hapten 1 and
Hapten 2. respectively. ‘Absorbance of antiserum-absorbance of control
serum.
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Figure 5. Standard curves for chlormpyrifos using the antisera of
lugh titers. Coating antigen: hapten 1-OVA, 230 ng/well, Blocking:
1% gelatin,

antisera 381 and 976 agamst the four coating antigens
revealed that Hapten 1-OVA 1s the one with the highest and
widest range of recognition for the antibody. Figure 3 shows
the results of the competition experiments using the antisera
of lugh titers and Hapten 1-OVA (coating antigen). Anti-
serum 976 that exhibited the highest titer in serum screening
showed virtually no recognition for the analyte (no competi-
tion) not only at 1/5000 serum dilution. but also at 1/10000
dilution. In addition, the antibodies showed a very high
background due to strong binding of the antibody to the
blocking protein BSA. The combination of antiserum 581
(2nd boost)/Hapten 1-OVA seemed to be the most promising
for indirect immunoassays. Using this combination, antigen-
coated ELISA was optimized with regard to the dilution of
antiserum and coating antigen, mcubation time and the type
of blocking protem. Figure 6 shows the mhibition curve
obtained after optimization. The assay showed an /s, value
of 160 ppb with a detection imit of about 10 ppb, which is a
rather low sensitivity. In addition to this. this assay has the
problem of too hugh a background.
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Figure 6. Standard curve for chlompyrifos by indirect competitive
ELISA using antissrum 381, the coating antigen Hapten 1-OVA
(230 ng/well) and gelatin blecking agent (1%).

Direct ELISA. Two-dimensional titration of antiserum
581 against the four enzvme tracers showed that Hapten 4-
HRP i1s the one with the highest and widest range of recogni-
tion for the antibody. All the enzyme tracers except Hapten
3-HRP showed a quite strong binding to the antibodies,
however mhibition of the binding by the analvte was ap-
preciable only in case of Hapten 4-HRP. Higher inhibition of
the binding of Hapten 4-HRP by the analvte (greater com-
petition) could be attributed to the weaker binding of this
enzyme tracer to the antibodies due to the heterogeneity of
hapten structure. Hapten 4 1s unique among the four haptens
in that it has no nitrogen in the ring. Antibody-coated ELISA
using the combination of antiserum 581/Hapten 4-HRP was
optimized with regard to the dilution of antiserum and enzy-
me tracer. and incubation time. Figure 7 shows the inhibition
curve obtained after optimization. The assay showed an /s

100+
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10° 10° 10* 10 107 107 100 10
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Figure 7. Standard curve for chlorpyrifos by direct competitive
ELISA using antiserum 581, the coating antigen Hapten 4-OVA
(250 ng/well) and gelatin blocking agent ( 1%6).
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value of about 20 ppb with a detection limit of about 0.1
ppb. which i1s much better than that of indirect ELISA 1n
sensitivity. The /s value and the detection limit of the
ELISA previously reported were approximately 4 and 1 ppb.
respectively ® Therefore, the present ELISA is somewhat
less sensitive. but shows lower detection limit compared to
the previous one. Several organophosphorus pesticides as
well as chlorpynfos metabolites were tested for cross-reac-
tivities. Table 2 shows the cross-reactivity that was found by
the direct assay, expressed m percentage of the /s, of chlor-
pyrifos. In all cases, the mterference to the assay was
negligible except for chlorpyrifos-methyl and bromophos-
ethyl. The appreciable cross-reactivities for these pesticides
are understandable as they have the same or sumilar aromatic
structure as chlorpyrifos. It 1s well known that chlorpyrifos
1s metabolized in human body and in the environment nto
the pyridinol (3.5.6-trichloro-2-pyridinol).’”* Although the
pyridinol has the same aromatic structure as that of chlor-
pyrifos, its fs; value indicates that it can not be an
mterference n the analysis of chlorpyrifos by ELISA. It may
be concluded that the direct ELISA that was developed is

Table 2. Cross-reactivity of compounds structurally related to
chlorpyrifos, as determined by direct competitive ELISA?

s Re
X
RO~E 6 N g,
e
R0 —
Rs
. 3 Structure s CR?
OIMPOUI .
we R. R X R: R, R (om) (%)
Chlomyrifos Et Et N Cl C C1 0626 100
Chlorpyritos-methyl Me Me N Cl1 Cl1 Cl 0039 666
Bromophos-ethyl Et Et C Cl Br Cl 0167 136
Bromophos-methyl Me Me € Cl1 Br Cl 0.367 438
Dichlotenthuion Et Et C H Cl Cl 083 303
Parathion Et Et C H NO. H 143 018
Parathion-methy] Me Me C H NO. H 213 012
Fenitrothion Me Me C MeNO. H 599 043
cl
3,5 6-Trichloro- N )
2-pyvridinel HO /_\ ¢l AR
cl
CHs
Diazinon 8 SN 28 0.1l
EIO\’|3| ‘ )_
" 00—\ @ CH(CHa)
s Me
Pirimiphos-ethy] Bol o/ N\ 0425 61
Et0” N—
NEt,

S
EPN Q\Q_OONOZ >100 <003

e’

“Antiserum to Hapten 1-KLH. 581. diluted 11000, enzvme tracer:
Hapten 4-HRP. bCross-reactivit)-' (%) = (Isy of chlarpyrifosis of ather
compaound) 100
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suitable for the sensitive and selective detection of chlorpyrifos.
with the exception of chlorpyrifos-methy]l and bromophos-
ethyl.
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