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Spurious cross-reactions between plant viruses and monoclonal antibodies
can be overcome by saturating ELISA plates with milk proteins
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Summary. It has been claimed recently [Dietzgen (1986) Arch Virol 91: 163-
173] that a series of monoclonal antibodies (Mabs) produced against the ne-
povirus, arabis mosaic virus (ArMV) cross-reacted with the tobamovirus, to-
bacco mosaic virus (TMV). In the present report, this alleged cross-reactivity
was re-examined by two ELISA procedures using Mabs produced against each
of the two viruses. It was found that when highly concentrated preparations
of Mabs were used, all antibodies reacted in a nonspecific manner with several
plant viruses. However, when defatted milk instead of bovine serum albumin
was used both as blocking agent and as diluent for the Mabs, the spurious
cross-reactions between unrelated viruses were abolished. The use of milk as
blocking agent did not prevent the detection of genuine cross-reactions between
related nepoviruses.

Introduction

In a recent report describing the properties of 10 monoclonal antibodies (Mabs)
raised against the nepovirus, arabis mosaic virus (ArMV), it was claimed that
all the Mabs cross-reacted in enzyme-linked immunosorbent assay (ELISA)
with two plant viruses belonging to unrelated groups, i.e. tobacco mosaic virus
(tobamovirus group) and potato leafroll virus (luteovirus group) [9]. From an
analysis of the fine specificity of these Mabs with respect to different ArMV
strains and their corresponding dissociated coat proteins, it was concluded that
the 10 Mabs recognized seven distinct antigenic determinants or epitopes of
ArMV. This finding implied that a considerable number of different epitopes
could be shared between the members of unrelated groups of plant viruses:
such a possibility appears somewhat unlikely and would be at odds with the
well-established lack of serological cross-reactivity between different plant virus
groups [21].

Although a small number of unexpected cross-reactions between unrelated
viruses have been reported previously [5], such findings seem to arise from
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nonspecific interactions between immunoglobulin molecules and viral coat pro-
teins [4, 10]. Since Mabs have been raised in our laboratories to both tobacco
mosaic virus (TMV) [1, 3] and ArMV [13], we decided to reinvestigate the
alleged antigenic cross-reactivity between these two viruses.

Materials and methods

Purified preparations of TMV (common strain) containing dissociated viral subunits in
addition to intact virus particles were from laboratory stocks [12]. Mab 121 P which is
specific for TMV protein has been described previously {3]. Five ArMYV isolates (Cadman,
Syrah, Tannat, 862, and Hop) and the F 13 strain of grapevine fanleaf virus (GFLV) were
used as representatives of the nepovirus group [13, 14]. Mab 17 X 4 specific for ArMV
(Syrah isolate) and Mab 161 P were used either as culture supernatants or as ascitic fluids.
Suspension mass cultures of hybridoma were grown in 75 ml flasks using Dulbecco’s mod-
ified Eagles medium supplemented with fetal calf serum. Supernatants obtained from these
cultures contained 0.3mg/ml protein. Other viruses included in the analysis were turnip
yellow mosaic virus (TYMV), tomato bushy stunt virus (TBSV), and broad bean mottle
virus (BBMV). The reactivity of the Mabs with the different viruses was tested by two
ELISA procedures.

Procedure 1 is a double-antibody sandwhich (DAS) ELISA in which microtiter plates
{(Nunc F 96) were first coated with yolk immunoglobulins specific for different viruses [22].
After incubation with viral antigen and saturation of remaining sites on the plastic with a
blocking agent such as bovine serum albumin (BSA) or defatted milk {23], the plates were
incubated successively with Mabs, anti-mouse rabbit globulins (1/5000 dilution), anti-rabbit
goat globulins conjugated with alkaline phosphatase (1/2000 dilution) and the substrate p-
nitrophenylphosphate (1 mg/ml). After hydrolysis, absorbance at 405 nm was read using a
Titertek Multiskan MC photometer (Flow Laboaratories). This ELISA procedure 1 cor-
responds to the procedure 4 described by Al Moudallal et al. [2].

Procedure 2 is an antigen-coated plastic (ACP) type of ELISA in which microtiter
plates are first coated by 18 h incubation at 4°C with purified preparations (1 pg/mi) of
the different viruses in 0.05M carbonate buffer, pH 9.6. Subsequent steps of the assay are
as in ELISA procedure 1 described above.

Results

Initial experiments were carried out using the conditions described by Dietzgen
[7,9]. Anti-ArMV Mab 17 x 4 was allowed to react in DAS-ELISA (procedure
1) with ArMV or TMV. The Mab was used as a culture supernatant concentrated
to the level of 1 mg/ml protein [8, 9]. Under these conditions, the following
absorbances were observed after 30 min substrate incubation: > 2.0 with ArMV,
1.45 with TMV, 1.23 with BSA used as blocking agent and 0.3 with buffer
alone. Since these results indicated that the Mab reacted strongly in a nonspecific
manner with both TMV and BSA, ACP-ELISA experiments (procedure 2) were
carried out to establish if the use of defatted milk as blocking agent decreased
background values. After incubation with antigen, plates were saturated either
with a 1% preparation of powdered, defatted milk in phosphate buffered saline,
pH 7.3, containing 0.05% Tween 20 (PBS-T) or with 1% BSA in PBS-T. Mab
17 x 4 was used as ascitic fluid diluted 1/40 either in PBS-T, in PBS-T containing
1% BSA or in PBS-T containing 1% milk.
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Fig. 1. Comparative effectiveness of BSA and milk proteins as blocking agents in ELISA

procedure 2. Plates were coated with purified preparations (1 pg/ml) of ArMV (74), TMV

(M) or were left uncoated (ff]). After blocking for 1h at 37°C with PBS-T-BSA or PBS-

T-milk, anti-ArMV Mab 17 x 4 (ascitic fluid diluted either in PBS-T, PBS-T-BSA, or PBS-

T-milk) was incubated for 2h at 37°C. After rinsing with PBS-T, plates were incubated

successively with rabbit anti-mouse globulins, goat anti-rabbit globulins conjugated to
alkaline phosphatase and substrate. Hydrolysis time was 20 min
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Fig. 2. Influence of antibody concentration on binding specificity of Mab 17 x 4 in ELISA

procedure 1. Plates pre-coated with homologous chicken immunoglobulins were incubated

with AtMV (A, A), TMV ("], B, or buffer (&, #). The plates were then saturated with

PBS-T-BSA and incubated with Mab 17 x 4 diluted in PBS-T (A, [, ), or alternatively

saturated with PBS-T-milk and incubated with Mab 17 x 4 diluted in PBS-T-milk T (A,
[, ©). Subsequent steps of the assay were as in Fig. 1
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Fig. 3. Spurious cross-reactions between ArMV (A, &) and TMV (TJ, ) demonstrated

with both anti-ArMV Mab 17 x4 (A) and anti-TMV Mab 121 P (B) in ELISA procedure

2. &, & Buffer controls. A, l, ® Use of PBS-T-BSA, as blocking agent and diluent. A,
1, ¢ Use of PBS-T-milk. Assay conditions were as in Fig.

The results shown in Fig. 1 indicate that the saturation step with BSA, on
its own, was totally ineffective, but that the combined use of milk as blocking
agent and diluent for the Mab totally abolished nonspecific binding.

When the antibody activity present in a hybridoma supernatant (Mab 17 X 4)
was titrated over the range 107! to 107° by DAS-ELISA procedure 1, the
results shown in Fig.2 were obtained. At a dilution of 10~ and 1072, TMV
reacted in a nonspecific manner when BSA was used as blocking agent. However,
when milk was used as blocking agent and diluent, no spurious reactions were
observed.

It was also of interest to demonstrate the spurious nature of the cross-
reactivity between TMV and ArMV by ELISA procedure 2 using Mabs specific
for either of the two viruses. In this procedure, dissociated viral subunits instead
of intact viral proteins are preferentially adsorbed to the solid-phase. This was
shown in a recent study combining immunoelectron microscopy and ELISA
which demonstrated that when a solid-phase is coated with virus at pH 9.6, it
is mainly viral subunits released from virions under the influence of the alkaline
pH that become adsorbed [12]. Since the potential for observing a cross-
reactivity between two viruses is enhanced when dissociated viral subunits in-
stead of intact virions are compared [ 16], the alleged cross-reactivity between
ArMYV and TMV was also tested in reciprocal tests using ACP-ELISA. The
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Fig. 4. Spurious cross-reactions between four plant viruses demonstrated with A Mab 17 x 4,
B Mab 121 P. Ml Use of PBS-T-BSA as blocking agent and diluent. 7 Use of PBS-T-
milk. Assay conditions of ELISA procedure 2 were as in Fig. 1
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Fig. 5. Cross-reactivity between various isolates of ArMV (¥, /-5) and the related nepovirus
GFLV (A) demonstrated with Mab 17 x 4 in ELISA procedure 2. Assay conditions were
as in Fig. 1. & TBSV. & Buffer control

results obtained with Mab 121 P (anti-TMV protein) and Mab 17 x4 (anti-
ArMYV) using ascitic fluids diluted in the range 1/40 to 1/5000 again demon-
strated the spurious nature of the cross-reactivity observed with these two Mabs
(Fig. 3A and B). The level of absorbance reached with the heterologous virus
was the same as with BSA (i.e., in the absence of viral antigen), while the
presence of milk totally abolished the alleged cross-reactivity.
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When the ELISA procedure used for obtaining Fig. 3 was applied to different
plant viruses using Mabs 17 x 4 and 121 P (ascitic fluids diluted 1/40), and BSA
as blocking agent, spurious cross-reactions were observed in all cases (Fig. 4).
On the other hand, genuine cross-reactions between related nepoviruses could
be detected in the normal way when PBS-T-milk was used as blocking agent
and diluent. As shown in Fig. 5, the ability of Mab 17 x4 to cross-react with
various ArMYV isolates and with the related GFLV was clearly revealed in the
range of ascitic fluid dilutions 107> to 107>,

Discussion

Our data indicate that when the presence of antigenic cross-reactions between
plant viruses is examined using very high concentrations of Mabs, it is essential
to use in the immunoassay a very efficient blocking agent such as milk. In
ELISA, antigen concentrations of 1-10 pg/ml and culture supernatant concen-
trations of 0.1-1.0mg protein which correspond to the conditions used by
Dietzgen [7, 9] are clearly unsuitable for establishing the existence of genuine
cross-reactions between antigens, at least when the usual blocking agent, BSA,
is used. Spurious nonspecific reactions can usually be avoided by diluting the
antibody preparation at least 10° fold but it is preferable in any case to saturate
the plates with milk proteins. It is well-documented that electrostatic interactions
between antigen and antibody can give rise to nonspecific binding, especially
when the reactants are used at relatively high concentrations, for instance in
precipitation tests [17, 6, 4] or when the antigen is fairly basic or contains basic
domains [18, 117. In sensitive immunoassays such as immunoblotting [15] and
ELISA, high concentrations of antigen and antibody (1/10-1/100 dilutions)
should be avoided. In most cases, such high reagent concentrations are super-
fluous anyway as the very sensitivity of these techniques allows genuine, im-
munologically specific reactions to be observed at low reactant concentrations.
Our results clearly demonstrate that the alleged antigenic cross-reactivity be-
tween' tobamo- and nepoviruses reported by Dietzgen [9] is a spurious phe-
nomenon caused by the nonspecific reaction of monoclonal antibodies under
the conditions used in the assay. Although we presented only data obtained
with two Mabs, similar spurious cross-reactions have been observed when seven
other Mabs (three anti-ArMV and four anti-TMV) were tested in ELISA (data
not shown).

Our findings also cast doubt on the validity of the reported antigenic re-
lationship between TMV and ribulose-1,5-bisphosphate carboxylase [11]. This
unexpected cross-reaction between a plant enzyme present in all green plants
[21] and TMV was revealed with anti-TMV Mab 95, apparently under con-
ditions of high reactant concentrations. Mab 95 had been found in earlier work
[7, 8] to react equally well with TMV, tomato mosaic virus and ribgrass mosaic
virus and to recognize a synthetic peptide corresponding to the C-terminal
residues 155-158 of TMV coat protein. The cross-reactivity between TMV and
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the plant enzyme was rationalized on the basis that the sequence corresponding
to the three residues 151-153 of TMV protein is also found in the plant enzyme
[11]. In ribgrass mosaic virus, the valine 151 present in TMV is replaced by a
proline [20] but this does not affect binding by Mab 95, indicating that the
epitope that is recognized is probably closer to the C-terminal end. It seems
therefore unlikely that the alleged cross-reaction with the plant enzyme can be
explained by the common sequence in residues 151-153. In view of the prevalence
of nonspecific reactions when high concentrations of Mabs are used in this type
of assay, it will be necessary to confirm the specific nature of the alleged cross-
reaction between the plant enzyme and TMV by control experiments in which
milk is used as a blockling agent. Alternatively, the specificity of the reaction
between the plant enzyme and TMV could be investigated by control experi-
ments with synthetic peptides representing the common tripeptide sequence.
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