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Abstract

Enz-vme-linked immunosorbent assay (ELlSA) is one o f the most widely employed serological
tests. For example, the double antibody sandwich (DAS-ELlSA)technique has been successfully
employed for the detection o f various rhizobia, to assess the quality o finoculum, and to assess the
establishment o f the inoculated rhizobial strains in soil. This technique can also distinguish
bet ween different strains o f R hi~obium.ELISA has successfully been adapted to direct antigen
coating (DAC-ELISA)and protein A coating (PAC)procedures for the detection and assay o f
fveralpeanut viruses. DAC-ELlSA is a simple and useful tool for virus detection in field surveys
hd in seed samples. Both DA C- and PA C-ELISA are more convenient to use lbr the detection o f
large numbers of antigens than DAS-EL ISA. More recently, a competitive ELISA procedure has
been developed to detect up to 2 ng aflatoxin B, in goundnut seed samples.

Introduction

Detection of Peanut Viruses

Nakane and Pierce (1966) coupled low molecular
weight antibodies to produce enzymatically active
immunological conjugates, and visualized the immune reaction with histochemical-staining techniques. Utilizing this principle, enzyme immunoassays, of the type popularly referred to as enzymelinked immunosorbent assay (ELISA), were developed by Engvall and Perlmann (1971) and van
Weeman and Schuurs (197 I). Subsequently,several
modifications were introduced to the ELISA test
procedures. ELISA is currently by far the most
widely used test in serological diagnosis. It permits
de
pn of antigens, of widely varying size and
m
lology, and is adaptable to a wide range of
plant extracts and conditions. This paper discusses
the uses of various forms of ELISA at ICRISAT for
the detection and/ or quantification of peanut viruses, mycoplasma-like organisms (MLOs), Rhizobium strains, and aflatoxin B,.

Most workers use the double antibody sandwich
form of ELISA (DAS-ELISA) described by Clark
and Adams (1977) for the detection of plant viruses.
In this procedure the solid phase (often wells of
polystyrene or polyvinylchloride microtitre plates)
was coated with immunoglobulins (Ig), which were
mainly immuno gamma globulins (IgG). Partially
purified Ig were prepared from antisera by precipitation with either ammonium sulfate or sodium sulfate. Test samples were then added and the Ig
trapped the virus antigen. Enzyme-labeled antivirus
Ig were added, which attached to the trapped virus
antigens (Fig. 1). Finally, a suitable substrate was
added to produce colored hydrolysates, thus permitting visual scoring and quantitative measurement,
by colorimetry, of the amounts of antigen trapped.
The DAS-ELISA procedure is known to be highly
specific and often detects closely related strains
(Koening 1978). The main disadvantageof this test is
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Figure 1. Principle of the double antibody sandwich
(DAS) form of enzyme-linked immunosorbent assay
(ELISA).
that it requires preparation of different Ig conjugates
for each virus to be,tested. To overcome this disadvantage we have tested several "indirect ELISA"
procedures for the detection of three peanut viruses.
Rabbit Fc specific Ig prepared in goats and conjugated with alkaline phosphatase was utilized in these
procedures. A single conjugate could be utilized with
antisera for different viruses. We describe below the
two indirect-ELISA procedures that we have been
able to apply successfully for the detection of several
peanut viruses. They facilitated both the detection of
a broad range of serologically related viruses, and
the utilization of high dilutions of crude antisera.
For the direct antigen coating procedure (DACELISA), the method developed by Mowat (1985)
was used with minor modifications (Hobbs et al.
1987b). In the first step, plant extracts prepared in a
carbonate buffer were applied directly io the wells.
In the second step, diluted unfractionated antiserum
was added. Ig attached to virus antigens were
detected by the addition of enzyme conjugates of
rabbit Fc specific Ig prepared in goats (Fig. 2). This
method is by far the simplest of all the ELISA test

procedures and can be completed within 3 nours.
The main disadvantage of DAC-ELISA is that
adsorption of the viral antigen to the well surface
depends to some extent on the host components
present in the plant extracts (Mowat 1985). We
found DAC-ELISA to be very useful for virus detection in disease surveys (Reddy 1986, Hobbs et al.
1987b)since plant extractscould be used for coating
plates without the necessity of using Ig for trapping
viral antigens. The procedure has also been successfully used for detecting peanut mottle virus (PMV)
in groundnut seed, thus facilitating screening of
groundnut germplasm for seed-transmitted PMV.
Small portions of cotyledon from 25 individual seed
were mixed, ground in approximately 2.0 mL of
carbonate coating buffer, and added to a well of an
ELISA plate. As 8 plates, each with 96 wells, could
be processed in a single day, we were able to test over
16 000 seeds per day for PMV presence.
Since host components tend to adsorb to th? well
surface, DAC-ELISA is not suitable for qua
q ' l racts.
tive
estimation of viruses present in crude plant ex
DAC-ELISA is not suitable for investigating serological relationships, unless the virus is present in
high concentration in crude extracts, and antisera
having few, or no, antibodies against plant host
components, are available. As a result we tried various indirect ELISA procedures described by Barbara and Clark (1982). van Regenmortel and Burck-
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Figure 2. Principle of the direct antigen coating
(DAC) form of enzyme-linked immunosorbent army
(ELISA).

ard (1980), and Edwards and Cooper (1985). We
.found that the protein-A coating ELISA (PACELISA) procedure described by Edwards and Cooper
(1985) was simpler to use and permitted cross
absorption of antisera with healthy plant extracts in
order to minimize nonspecific reaction. In the4-step
PAC-ELISA the plates were first coated with I ng
mL-I of protein-A. In the second step, high dilutions
of unprocessed antisera were added. The Fc portion
of IgG present in the antisera was bound to proteinA. In the third step, test samples were added and the
F(ab), portion of IgG trapped the virus. In the
fourth step high dilutions of antisera, usually crossabsorbed with healthy plant components, were
added. IgG present in antisera attached to the viral
antigens. The Fc portion of this IgG was detected by
the addition of conjugated antirabbit Fc specific
antibodies produced in goats (Fig. 3).

In Table 1, the results obtained on t h m peanut
viruses (tomato spotted wilt (TSWV), peanut mottle
(PMV), and peanut clump (PCV) viruses), using
DAC-, PAC-, and DAS-ELISA procedures, are
presented. Experimental details a n reported by
Hobbs et al. (1987b). Sensitivity of the DAC and
PAC procedures was comparable to that of the DAS
procedure, even under the short incubation period
(45 min at 37OC for each step) conditions (Table I).

Detection of Mycoplasma-like
Organisms
We have utilized the PAC-ELISA procedure for
detection of mycoplasma-like organisms (MLOs) in
crude extracts of leaflets, stems, and pegs of groundnut plants showing witches' broom symptoms. The
antisera produced for partially purified MLOs contained antibodies to host plant antigens. The PACELlSA procedure permitted cross-absorption of
antisera to healthy plant antigens, thus minimizing
the nonspecific reaction (Hobbs et al. 1987a). We
have used this procedure for the detection of MLOs
in several field-collected groundnut samples infected
with witches' broom.
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Figure 3. Principle of the protein-A coating (PAC)
form of enzyme-linked irnmunosorbent assay
(ELISA).

The Rhizobium strain NC 92 was used to produce
polyclonal antibodies in rabbits. In DAS-ELISA,
Rhizobium numbers could be estimated utilizing
optical density measured at 405 nm in peat-based
inoculum (Nambiar and Anjaiah 1985). Estimates
by the ELISA procedure were close to the values
obtained from the plate count and plant infection
techniques; even from samples stored at 37OC for 8
days (Table 2). The DAS-ELISA method is preferred to plant infection and antibiotic sensitivity
tests, as large numbers of samples can be processed
more economically and in a shorter time. Using an
indirect ELISA procedure, utilizing F(ab), fragments, Rhizobium populations were estimated quantitatively in several soil samples. With neither direct
nor indirect ELISA procedure was it possible to
estimate Rhizobium numbers when the populations
were below 103 cells g1soil. Antiserum produced
against Rhizobium strain NC 92 was also suoaessfully used for the estimation of the percentage of
nodules formed by this strain in soils inoculated with
the NC 92 strain (Nambiar et al. 1984).

Table I . Detection of three panut v i m using the diml antigat mating (DAC). protdn-A coating (PCA) urd double
antibody mndwicb ( D A S ) form o f EIJSA.
Absorption value -- A4 10'
[)A C

PAC

DAS

0.12
0.38

0.14
0.46

0.09
0.3 1

I . Groundnut seed2
Healthy
PMV-infected3

2. Groundnut tissue4
Healthy
PMV-infected3
3. Groundnut tissue1
Healthy
TSWV-infected5
4. Groundnut tissue'
Healthy
PCV-infected6
I

2
1
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7

All dllutlons wcrc based on the or~plnalmc\\ of the tl\rue\
1 100 dllutlon
Peanut mottle
(PMV)
1 1000 dllutlon
Tomato spotted wilt blru\ ( TSWV)
Peanut clump rlru\ (PCV)
Mcan absorbance A ol thrtc well!, for each dllutlon In three repnrnle ekpcrlmcntr

.

Table 2. Enumeration of rhizobia in peat inoculant,
stored at 37OC for 8 days1.
Enumeration method

Number of rhizobia
estimated (10-8 cells g

Plate count method
Plant infection method
Direct E L S A

I)

I .OI

2.4 1
1.37

I . Source: Nambiar and Anja~ah1985.

Detection of Aflatoxin B,
Aflatoxins are extremely potent hepatocarcinogens
affecting a wide range of animals including man
(Butler 1974). Of the four aflatoxins (Bl, B,, G I ,and
G,) naturally occurring in crop produce, Bl is the
most potent and common. The method most commonly used for aflatoxin detection and quantification is thin-layer chromatography (TLC). This method is timeconsuming, expensive, and permits
analysis of only limited numbers of samples. Immunoassays have also been used for aflatoxin determi, being
nation. They art sensitive, highly s H ~ cand,
cheap, permit analyses of large numbers of samples.

Since aflatoxins are low molecular-weight compounds, they do not possess antigenicity. However,
if the aflatoxin molecule is conjugated with a protein, such as bovine serum albumin (BSA), it can be
used to produce a specific antiserum (Fig.4) The
oxime derivative of aflatoxin Bl (aflatoxin Blcarboxymethyloxime) conjugated to BSA was found
to be suitable for production of aflatoxin Bl specific
antibodies of high titre (Gaur et al. 1980). We describe below a competitive ELISA procedure which
we have used successfully fbr the detection of aflatoxin B, in groundnut seed samples. In principle the
method adopted is similar to that described by Morgan et al. ( 1986).
Commercially obtained hapten for aflato ',)B,
Loxime-bovine serum albumin. BSA) was u k d to
prepare a polyclonal antiserum in rabbits. The
oxime-BSA was adsorbed to the wells of an ELISA
plate (NUNC)@.BSA was then added to saturate the
wells. Antiserum produced for oxime-BSA was diluted to 1:40 000 and mixed with various concentrations of pure aflatoxin B, standard, or samples of
groundnuts with antisera containing various concentrations of aflatoxin, and then preincubated at
37°C for 1 hour. Prior to mixing, the groundnut Peed
samples were homogenized in 50% aqueous methanol, filtered, and 10-fold dilutions of the extract

in saline were used. Test samples and pure toxin,
following incubation with antiserum. were added to
ELISA plates, precoated with the oxime-BSA. lg
:.present in the antiserum, not neutralized by toxin.
adsorbed to oxime-BSA. In the final step, Ig attached to oxime-BSA were detected by alkaline
phosphatase conjugated rabbit Fc specific Ig. The
intensity of color produced by the substrate, Pnitrophenyl phosphate, was inversely proportional
to the concentration of toxin present. By employing
a standard curve prepared for the pure toxin (Fig. 5)
it was possible to estimate the aflatoxin Bl concentrations in the test samples (Table 3). Results of the
ELISA test were compared with those from analyses
by TLC and there was general agreement between
the tests.

Add~tlonof prelncubated m~xture
of spec~flcIgG + tesl sample

Attachment of spec~ficIgG
(not neutralized) to hapten

Add~tionof rabbit Fc spec~ficIgG
conjugated wlth alkaline phosphatase

Conclusions
At I W l S A T we have successfully used various
forn. ,.'f ELISA in ihe study of viruses, ML,Os,
Rhizobium, and aflatoxins. We have used only
polyclonal antisera. Specific antisera, especially
monoclonal antibodies, are essential for the differentiation of several native strains of rhizobia such as
IC 6006 and lC 6 0 9 . Polyclonal antibodies for these
strains cross-reacted with several native Rhizobium
populations. Similar problems were experienced
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Figure 4. Principle of a competitive enzyme-linkec
immunosorbent assay procedure for aflatoxin B
estimation.
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Table 3. Quantification of aflatoxin in groundnut s~lmplesby comprtitive ELISA.

Sample no (naturally
~nfectedseeds)

I
2
3
4
5
6
7
8
9
10
I1

I2
13
14
15
16
17
18

'Toxin conc. ng g-1 seed

Genotype
Ah 7223
J II
U4-47-7
C55-437
Ui- 71513
PI 337394 F
JL 24
J L 24
TMV 2
EC 76446 (292)
EC 76446 (292)
NC Ac 17090
NC AC 17090 .
NC Ac 17090
ICG 3204
ICG 3206
Breeding l~ne
Breeding line

Mean

SEt

1.73
0.52
0.5 1
1.19
2.75
1.37
1.04
2.39
2 19
4.13
2.43
0.38
2.06
0.57
1 758
16 115
259 424
259 263

0.461
0.161
0.07 1
0.499
0.999
0.482
0.293
0.723
0.602
0.887
0.53 1
0.018
0.525
0.132
588
5 522
88 476
88 522

offers excellent prospects for the detection of these
strains.
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