
A Competitive Inhibition Enzyme Immunoassay for Detection and 
Quantification of Organophosphorus Compounds 
Peter Schmidt, Reiner Kühlmann, and Uli Lösch 
Institut für Physiologie, Physiologische Chemie und Ernährungsphysiologie, 
Tierärztliche Fakultät, Universität München. Bundesrepublik Deutschland 
Z. Naturforsch. 43c, 167-172 (1988); received November 24, 1987 
ELISA, Haptens, Organophosphorus Agents 

A sensitive and specific method for detection and quantification of methyl phosphonic acid, p-
aminophenyl 1,2,2,-trimethyl-propyl diester (MATP) as a model substance for organophosphorus 
compounds is described. 

Different procedures for coupling the haptenic group for immunization, purification and im-
mobilization allowed the detection of hapten-specific antibodies. 

The competitive inhibition enzyme immunoassay (CIEIA), using purified chicken and rabbit 
IgG-antibodies, was able to detect MATP-concentrations as low as 1(T10 mol/1. 

Based upon our results, we postulate that the CIEIA represents a good alternative to the 
customary diagnosis of organophosphate intoxications, measuring blood Cholinesterase activity. 

Introduction 

Application of organophosphates has strongly in-
creased since their first synthesis by De Clermont in 
1854. 

They are used technically as softeners, lubricants 
and in the plastics industry, particularly in the prepa-
ration of Polyvinylchloride. Due to their strong in-
secticide effects they are applied as pesticides and 
insecticides in agriculture and veterinary medicine. 
Some of the very toxic organophosphorous com-
pounds like Tabun, Sarin, and Soman are produced 
as chemical warfare agents. 

Every year more than 1000000 tons of organo-
phosphates are produced, whereas the use uf chlori-
nated hydrocarbon insecticides is more and more re-
stricted because of their longlasting residual effects 
[1]. 

Intoxication by organophosphates has resulted 
from absorption of toxic amounts of organophos-
phorous anticholinesterase compounds by careless 
handling during production, storage, distribution 
and application of these substances [2—4]. Several 
instances of intoxication have also occurred follow-
ing exposure to organophosphorous warfare agents 
[5]-
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Clinical diagnosis of such intoxications is currently 
based on estimation of blood Cholinesterase activity 
[5—9]. Although the specific methods for detecting 
organophosphate substances such as mass spectro-
metry and gas- or gas-liquid chromatography, are 
very sensitive, preparation of the samples is very 
time consuming, equipment is very expensive, per-
sonnel must be highly trained and the results are 
sometimes difficult to interpret [10—12]. 

Enzyme-immunologic methods have been ap-
proved for the detection and quantification of toxins 
and low molecular substances like hormones, drugs 
and chemical haptens [13—16]. Here, a specific 
ELISA-system for the detection of methyl phos-
phonic acid, p-aminophenyl 1,2,2-trimethyl-propyl-
diester (MATP) as a model substance for organic 
phosphorus agents will be described. 

Materials and Methods 

Chemicals 

MATP was synthesized by the TNO, Rijswijk 
(Netherlands). Bovine serum albumin (BSA), hu-
man serum albumin (HSA), Borax and AMP-buffer 
solution were purchased from Sigma, La Jolla 
(USA). 

Complete Freund's adjuvant (CFA) was obtained 
from DIFCO, Detroit (USA), 4-nitrophenylphos-
phate from Serva, Heidelberg, and CNBr-activated 
Sepharose 4B from Pharmacia, Uppsala (Sweden). 
All other reagents were purchased from Merck, 
Darmstadt . 
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Preparation of immunogenic MA TP-protein 
conjugates 

MATP was coupled to BSA and HSA by means of 
diazobinding [17]. Briefly, MATP was diazotized by 
addition of 1% NaN03-solution. The reaction was 
checked by potassium iodide starch paper. Appropri-
ate proteins dissolved in saturated borax solution 
were added dropwise. The reaction was stopped by 
dialysis against 0.15 mol/1 NaCl after 18 h. Epitope 
densities were determined by the method of Fenton 
and Singer [18]. 

Immunization of animals 

White Leghorn chickens (LSL) and dysgammaglo-
bulinemic UM-B 19 chickens [19] were given 20 mg/ 
kg bodyweight MATP17-HSA (17 MATP molecules 
coupled per 1 HSA molecule) i.v. on day 0 (= day of 
first immunization) and on days 14, 25 and 29 and 
20 mg/kg bodyweight MATP17-HSA emulsified in 
0.5 ml CFA/kg bodyweight i.m. on days 21 and 33. 

Three rabbits (dt. Riese) were immunized as fol-
lows: 

Rabbit X (RX) was given 0.7 mg MATP20-BSA 
1.m. on days 0, 21, 42, 63 and 148. 

Rabbit Y (RY) was given 0.5 mg MATP20-BSA 
emulsified in 1 ml CFA p.m. on days 0 and 28, and 
0.5 mg MATP20-BSA in 1 ml NaCl i.v. on days 14, 
42, 63, 77, 88 and 119. 

Rabbit Z (RZ) was given 5 mg MATP20-BSA 
emulsified in 1 ml CFA i.m. on days 0 and 56. 

Antibody purification 

Isolation of anti-MATP antibodies was accom-
plished by affinity chromatography on antigen bound 
sepharose 4B. MATP was directly coupled to the 
sepharose gel by the method recommended by the 
supplier. The coupled MATP concentration was 
1 umol MATP per g sepharose. 

Estimation of the concentration of the purified 
rabbit antibodies was done by protein measurement 
following Bradford's method [20]. 

Concentrations of affinity-purified chicken anti-
MATP antibody standards were determined accord-
ing to the method of Laurell [21] modified as de-
scribed by Schranner et al. [22]. 

ELISA for estimation of antibody concentration 

96-microwell titerplates (Nunc Immunoplate II) 
were reacted with uncoupled MATP by a modified 

method of Suter [23]. Briefly, the ELISA-plates 
were activated for 4 h at room temperature with 
0.2% glutaraldehyde in 0.1 mol/1 phosphate buffer 
pH 5.0 (0.2 ml per well). 

After washing with 0.1 mol/1 phosphate buffer pH 
5.0, 0.2 ml MATP in 0.1 mol/1 phosphate buffer pH 
8.0 (0.015 mg/ml) were added to each well. The 
plates were incubated for 3 h at 37 °C and overnight 
at 4 °C. 

Determination of antigen-specific antibodies was 
performed as described by Kühlmann-Rabens et al. 
[24]. 

Anti-MATP antibody concentrations were ex-
pressed as ELISA units (U) [24] using purified anti-
MATP antibodies as standard (see above). 

CI EI A for MATP-detection 

The polystyrene plates were coated as described 
above. After washing with PBS-Tween, 0.05 ml of 
MATP dissolved in PBS-Tween were added to each 
well of rows 3 - 1 2 , 0.09 ml to the wells of row 2 to 
which 0.01 ml of the related antibody solution were 
finally added. 

Beginning at row 2 a log2 serial dilution was ac-
complished by pipetting 0.05 ml from row 2 to row 3 
ending at row 12. 

After incubation at 37 °C for 1.5 h the plates were 
washed with PBS-Tween. 

After this stage the tests performed with chicken 
antibodies differed from those performed with rabbit 
antibodies. 

Chicken: Isotype specific enzyme-immunoglobu-
lin-conjugates (0.1 ml; 1:500 dilution) were added to 
all wells of the plates. Affinity-purified rabbit anti-
chicken IgG and IgM antibodies were labelled with 
alkaline phosphatase according to the method de-
scribed by Engvall and Perlmann [25]. 

Rabbit: 0.1 ml goat anti-rabbit IgG-peroxidase 
(Paesel, Frankfurt, 1:1000) were added to each well. 

The plates were then incubated for 90 min at 
37 °C. 

After washing with PBS-Tween, either 0.2 ml 
alkaline phosphatase (AP) substrate (2 mg 4-Nitro-
phenylphosphate per ml AMP-buffer) or 0.1 ml per-
oxidase (POD) substrate (0.08% 5-aminosalicylic 
acid with 0.005% H 20 2) were added to each well. 
After 10 min the enzyme reaction was stopped by 
adding 0.05 ml 1 mol/1 NaOH and optical density 
(OD) was measured by a Titertek Multiscan ELISA-
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plate reader (Flow Laboratories, Meckenheim) at 
405 nm (AP) respectively 492 nm (POD). Wells of 
row 1 served to adjust the zeropoint. Antibody dilu-
tions giving an O D of 0.1 were defined as positive 
titers. Exact titers were calculated by interpolation 
following the method of Caulfield and Shafer [26]. 

Establishing a standard curve for detection of 
MATP, concentrations of 10~2-10~12 mol/1 MATP 
were used. Titers generated in the absence of either 
inhibitor represent 100% of activity. 

Results 

To obtain the best coupling conditions, various 
MATP/carrier ratios were tested. As shown in Fig. 1, 
the MATP/carrier ratio was increased by increasing 
hapten-concentration and decreasing protein con-
centration during the coupling procedure. 

For immunization either MATP2o-BSA or 
MATP1 7-HSA were applied. 

As shown in Fig. 2 and 3 chickens did not attain 
considerable serum antibody concentrations before 

MATP/BSA 
ratio 30 

20 

1,2 MATP-concentration 
(mg/ml protein) 

2,5mg BSA Imt 

5mg BSAIml 

BSA Iml 

Fig. 1. Dependence of MATP/BSA ratio 
on the MATP and BSA concentration 
during the coupling procedure. 
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Fig. 2. Anti-MATP titers (U/ml) of LSL-chickens 
after immunization with MATP-HSA and CFA. 
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Fig. 3. Anti-MATP titers (U/ml) of dysgamma-
globulinemic chickens after immunization with 
MATP-HSA and CFA. 

the second immunization. Application of CFA how-
ever induced a much stronger elevation. In LSL-
chickens these antibodies represented mainly IgG-
isotype and in UM-B19 chickens IgM-isotype. 

Antibody synthesis in the rabbits (Fig. 4) showed 
the immunostimulating effect of CFA in a similar 
manner. RX, immunized without CFA showed only 
a slight production of specific antibodies despite fre-

quent boosters. RY, frequently immunized with low 
antigen doses using CFA on days 0 and 28 reached 
much higher antibody concentrations than RZ, im-
munized only twice using the tenfold higher antigen 
dose together with CFA. 

Neither rabbit Y nor Z showed significant anti-
body concentration before the second application of 
CFA. 

UO 60 80 100 120 
days a f te r f i r s t i m m u n i z a t i o n 

ILO Fig. 4. Anti-MATP titers (U/ml) of rabbits 
after immunization with MATP-BSA. 
(K X. Y, Z in the text: R X. Y. Z). 
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In CIEIA anti-MATP antibody solutions were 
inhibited by various MATP-concentrations (see 
above). A positive correlation was seen between 
MATP-concentration and inhibition of antibody ac-
tivity (Fig. 5 and 6). The CIEIA detected MATP-
concentrations as low as 1CT10 mol/1 and the standard 
curve generated was nearly linear between 
l C r 8 - l ( T 4 mol/1 MATP if using rabbit antibodies or 
chicken IgG-antibodies. 

In contrast, a standard curve established with 
chicken IgM-antibodies was less sensitive (Fig. 5). 
Complete inhibition was not possible at all. 

Fig. 5. ELISA for detection of MATP: Inhibition of chick-
en anti-MATP IgG and IgM antibodies by various MATP 
concentrations. 

Fig. 6. EL ISA for detection of MATP: Inhibit ion of rabbit 
ant i -MATP antibodies by various MATP concentrations. 

Discussion 

This study describes a simple and highly sensitive 
immunological method to determine an organophos-
phorus nerve agent substance. 

In order to induce specific antibodies in animals, it 
is necessary to couple the haptenic MATP to protein 
carriers. For optimal immunization it is recom-
mended to bind 10—30 hapten molecules per 1 car-
rier molecule [27]. Diazobinding provides a good 
method to get suitable hapten/carrier ratios by choos-
ing optimal coupling conditions (Fig. 1). 

Since its introduction by Engvall and Perlmann 
[28] in 1971 the enzyme linked immunosorbent assay 
(ELISA) has gained a wide application for detecting 
specific antibodies as well as antigens. In haptenic 
systems, immunologically distinct carrier proteins 
are usually employed in immunization and testing, in 
order to circumvent the problem of detection of anti-
carrier antibodies. However, detection of nonspecif-
ic antibodies directed against the diazobound occur 
in such systems as shown by Hunter and Lenz [14]. 

In the present study, therefore, a modified tech-
nique of Suter [23] was used to bind the hapten 
MATP directly to the polystyrene plate via Schiffs 
base. This method is also known to provide higher 
sensitivity and specificity [23]. In the same manner, 
coupling of MATP directly to CNBr-sepharose 4B 
should improve the specificity of the test system. 

As shown in the present results, CFA was able to 
induce high antibody levels in chickens as well as in 
rabbits if administered together with antigen. These 
results agree with Tam and Benedict [29] who recom-
mend the application of CFA especially for chickens. 

In the present study the competitive inhibition en-
zyme immunoassay (CIEIA) was capable of quan-
tifying levels of MATP as low as 10_lu mol/1 in buffer. 
A quantitative estimation of unknown MATP-con-
centrations should be possible in the linear range of 
the standard curve between 10 - 8 and 10~4 mol/1. The 
standard curves obtained with chicken IgG anti-
bodies and with rabbit antibodies are nearly identi-
cal. Obviously, the rabbit antibodies represent also 
mainly IgG-antibodies due to the long lasting im-
munization procedure. 

The relative affinity of hapten-specific antibodies 
is expressed as the molar concentration of hapten 
which inhibited 50% of the binding of anti-hapten 
antibody to immobilized hapten (IC50). As shown in 
Fig. 5, IC50 for the anti-MATP IgM-antibodies of the 
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chickens was nearly 1000-fold higher than for IgG-
antibodies due to their lower affinity. 

It is emphasized that corresponding methods are 
practicable for the detection of all organophosphates 
if suitable coupling procedures are available. 

Moreover, blood Cholinesterase activity is also de-
pressed by agents other than organophosphates, like 
the carbamate insecticides. Application of oximes 
may then cause further inhibition of Cholinesterase 
[7]. The very specific gas-chromatographic methods 
are mainly applied in the detection of trace amounts 
of organophosphate residues [30, 31]. These very ex-
pensive and complicated procedures are not useful 
for clinical diagnosis, especially in veterinary 

medicine. Thus, it seems desirable to develop 
specific immunologic methods for the determination 
of all common organophosphates. 

Chicken represents a special producer of specific 
antibodies. Large amounts of IgG antibodies are 
transferred into the egg yolk and therefore can be 
gained in a simple manner and be purified [32], 
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