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Detection of Lettuce Infectious Yellows Virus (LIYV) in
Greenhouse and Field -inoculated Plants Using an Indirect
Enzyme -linked Immunosorbent Assay (Indirect ELISA).

Judith K Brown, Bonnie T. Poulos, Heather S. Costa, and Merritt R. Nelson

ABSTRACT

Lettuce infectious yellows virus (LIYV), a recently recognized plant virus, causes dramatic
yellowing symptoms and severe diseases in a wide range of vegetable crops in Arizona, adjacent
southwestern states and Mexico. Until now, the only available diagnostic method was a time -
consuming bioassay that used the insect vector to transmit the virus, with subsequent
manipulation of indicator plants. A rapid, sensitive diagnostic technique (termed an indirect
enzyme- linked immunoassay, called indirect ELISA) system was developed to detect lettuce
infectious yellows virus (LIYV) in infected plant material. A virus specific antibody was made
to viral capsid protein which was purified by polyacrylamide gel electrophoresis. The indirect
ELISA system was optimized and used to detect viral antigen in greenhouse- inoculated melons.
The system was subsequently adapted to detect LIYV in symptomatic and asymptomatic weed
and cultivated plant species collected from infected fields near Yuma and in central Arizona.
The indirect ELISA system described here allows for the detection of approximately 100 ng of
virus per well. The LIYV was detectable in symptomatic (but not in asymptomatic) leaves of
melon plants infected with the virus. In contrast, the virus could be detected in both
symptomatic and symptomless cheeseweed plants collected in the field. The optical density
readings for infected weed species were generally lower than those for cultivated species, such
as melons, lettuce, and spinach, suggesting that there is less virus in the weed hosts tested than
in infected, cultivated hosts.

INTRODUCTION

The lettuce infectious yellows virus (LIYV) is a recently recognized whitefly -transmitted plant virus which incites
severe diseases in a variety of vegetable crop species within the Chenopodiaceae, Compositae, Cucurbitaceae,
and Umbelliferae. (1, 2, 5). The virus causes severe yellowing or reddening of leaves, stunting and dramatic yield
losses in cultivated plants, including melons and lettuce, as well as discoloration and stunting in many of its
weed hosts (2). The LIYV is transmitted by the sweet potato whitefly, Bemisia tabaci Genn., but not by
mechanical means nor through seed (2). In the past, reliable diagnosis of LIYV has necessitated the use of
whitefly- transmission bioassays that requires an available virus -free whitefly colony and the subsequent time -
consuming manipulation of the whiteflies and virus specific indicator plants. In addition, this bioassay system
absolutely requires succulent field samples to which whiteflies may be exposed for feeding and subsequent
transmission.

Tc; circumvent the problems associated with LIYV diagnosis, which relies solely on a functional bioassay, an
immunodiagnostic test (termed the indirect enzyme- linked -immunosorbent assay, called indirect ELISA) was
developed to detect LIYV in plant samples (3, 6, 7). The indirect ELISA test utilizes a solid phase or
polystyrene plastic plate, to which virus particles extracted from plant material are bound. A specific primary
antibody was made against the purified LIYV; the antibody was added to the well containing the adsorbed virus
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particles and allowed to bind to the virus particles. A second antibody (made against the virus- specific antibody)
was covalently bound to a potentially reactive molecule, such as an enzyme, and allowed to bind to the primary
or LIYV -specific antibody. If the virus particles were present and bound the primary and, thus, the secondary
or enzyme- labelled antibody, the addition of a chromogenic or color producing enzyme substrate will result in
color development. The intensity of the color development is quantified by taking an optical density (O.D.)
reading with a spectrophotometer equipped with a specific visible wavelength filter. The values obtained give
a relative indication of the amount of virus which was adsorbed to the plastic well.

Serial dilution assays must be conducted to determine the optimum concentrations of antigen (virus) and
antibodies required for use in the test. Optimum conditions for release of virus particles from the plant sap and
stabilization of the particles must also be determined empirically. The non -specific binding of antibodies to plant
constituents is one of the predominant problems associated with detection of plant viruses in plant sap. Thus,
conditions must be identified and optimized that will result in reliably detecting low concentrations of virus
particles, while simultaneously minimizing the interference caused by non -viral constituents in the plant sap. In
this report, the development of a relatively sensitive diagnostic indirect ELISA test (3, 7) is described for the
detection of LIYV.

MATERIALS AND METHODS

Antiserum Production -- The LIYV was purified from virus -infected 'Golden Beauty' casaba (Cucumis melo L.)
inoculated 3 wk previously with LIYV using the whitefly vector (2). The virus capsid (coat protein) polypeptide
was further purified by polyacrylamide gel electrophoresis. A band of approximately 27,000 da. molecular weight
which corresponded to the expected size of the capsid protein was excised from the gel and emulsified in
Freund's complete adjuvant. This was injected into a rabbit (intramuscularly) for production of the antiserum.
Subsequent antigen boosts were made in similar manner and serum was collected at regular intervals following
the boosts. The IgG fraction was purified from the pooled sera by precipitation with saturated ammonium
sulfate followed by passage through a DEAE anionic exchange column. The column fractions containing the IgG
were pooled and concentrated using an Amicon ultrafiltration device fitted with a PM30 membrane. The
concentrated antibody fractions were dialyzed against a low salt buffer (0.016M potassium phosphate, 0.05M
sodium chloride, pH 7.2) and frozen at -20° C (4). The final volume of IgG was one -tenth the starting volume
of whole serum.

Indirect ELISA Protocol -- Plant material, homogenized in extraction buffer by grinding with a mortar and
pestle, or purified antigen were diluted in 0.5M carbonate buffer, pH 9.6 and added (100 ul) to the wells of a
polystyrene microtiter plate (Nunc Immuno 2 plates, Irvine Scientific, CA) and incubated overnight at 4° C. The
plates were washed three times with buffer (phosphate buffered saline, pH 8.2, containing 0.1% Tween -20), and
blocking buffer (100 ul) containing 1% bovine serum and 20% non -fat dry milk was added to each well. Plates
were incubated for 1 hr at 37° C. The plates were washed once, the anti -LIYV IgG diluted in blocking buffer
was added (100 ul), and the plates were incubated for 1 hr at room temperature. Plates were washed three times
to remove unbound antibody and enzyme- labelled anti -rabbit (secondary) antibody (horseradish peroxidase
labelled goat anti- rabbit IgG Fc; American Qualex, La Mirada, CA) was diluted in blocking buffer and added
(100 ul). Plates were incubated for an additional 1 hr at room temperature, washed four times with wash buffer,
and the enzyme substrate was added. The enzyme substrate, hydrogen peroxide, was mixed with a solution of
0.1 mM ABTS (2', 2' azino- bis -3- ethylbenzthiazoline -6- sulfonic acid, Sigma, St. Louis, MO) in citrate buffer, pH
4.2. Substrate was added to each well and incubated for 15 min at room temperature. The reaction was stopped
by the addition of 5% sodium dodecyl sulfate and the intensity of the color reactions were read at 410 nm using
a MicroELISA plate reader.
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RESULTS AND DISCUSSION

The results of the ELISA tests using a dilution series of purified virus antigen are shown in Table 1. The
relatively high optical density readings (relative to controls) for antigen dilutions in the range of 1:25 -1:250 at
both 1:500 and 1:1000 dilutions of the virus- specific (primary) antiserum indicate the feasibility of the system for
detection of LIYV. Purified cantaloupe and lettuce controls were not diluted in this experiment, which resulted
in the seemingly high optical density readings. When these preparations were adjusted to standard
concentrations equivalent to those used for purified virus antigen (at O.D. = 260), the subsequent values for
controls dropped off rapidly with the dilution, as expected (data not shown). In all cases, the healthy cantaloupe
control gave higher readings than healthy lettuce or watermelon (data not shown) and could be indicative of the
presence of exogenous peroxidase in the cantaloupe tissue, and /or the presence of antibodies to healthy
cantaloupe antigen. The substitution of alternate enzyme systems (such as alkaline phosphatase [AP]) and /or
cross -adsorption of the primary antiserum will likely reduce these values. Preliminary results in which values
were dramatically decreased when AP was used, suggested that exogenous peroxidases present in cucurbits were
the interfering factor. Using the original HP system, the indirect ELISA allows for the detection of about 100
ng and 300 ng of virus at 1:500 and 1:1000 dilutions of primary antibody, respectively.

Virus -inoculated greenhouse plants, and field samples thought to be infected with LIYV (based upon symptoms)
were analyzed in the indirect ELISA system and the results are summarized in Table 2. In greenhouse -
inoculated cantaloupe, the LIYV was easily detectable in leaves showing definite LIYV symptoms, despite the
high values obtained from healthy cantaloupe. In asymptomatic leaves taken from known infected plants,
however, the virus could not be reliably detected. This prompted a concern for the status of field material with
respect to symptoms, on which assays were performed. A similar result was observed when field material
(cantaloupe, lettuce, spinach) was analyzed (Table 2).

The virus could be reliably detected when distinct symptoms were observed on the leaf, or when a symptomatic
portion of the leaf was used in the assay. However, when weeds such as cheeseweed (Malva parviflora L.) were
assayed, both those expressing and lacking discrete symptoms gave positive results in many cases. When
representative cheeseweed samples were bioassayed using a virus -free colony of B. tabaci, virus could be
recovered to cantaloupe indicator plants, regardless of the symptom severity associated with the source plant.
This observation suggests that the virus may be present in weed sources which are not expressing obvious
symptoms. In addition, the optical density readings which resulted from assays with symptomatic cheeseweed
leaves are lower than those for melons, lettuce, or spinach. These data suggest that the level (titer) of virus
particles in infected cheeseweed may be less than in infected cultivated plants. Further investigations of these
phenomena are currently underway in the laboratory. In addition, the potential for achieving greater levels of
virus detection with lower background readings (non -specific binding) is being investigated using a double
antibody sandwich ELISA, which is a modification of the indirect system described here.
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Table 1. Results of the ELISA test using a serial dilution of purified LIYV (antigen)
and appropriate controls to optimize the assay. Values represent optical
density readings at 410 nm and are considered positive when optical density
is at least two times greater than healthy control.

Antigen 1° Antiserum Dilution'
1:500 1:1000

No 1° Antiserum

Purified LIYV (O.D. A260=0.40)
1:25 .746 .593 .150
1:50 .438 .350 .007
1:100 .271 .216 .001
1:250 .119 .099 .015
1:500 .076 .055 .008
1:1000 .057 .042 .007

Primary Antiserum Control .072 .026

Purified Healthy Control
cantaloupe (undil.) .273 .109

Purified Healthy Control
lettuce (undil.) .096 .076 .047

1) Values represent the average of two replicates.
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Table 2. Results of the ELISA test for detection of LIYV in plant sap extracted from
greenhouse or field- inoculated plant sources. Values represent optical
density readings at 410 nm after addition of chromogenic substrate, and
are considered positive for infection when optical density is at least two
times greater than healthy control.

Sample Tested 1° Antiserum Dilution
1:500 1:1000

No 1° Antiserum Control

Greenhouse Inoculated

LIYV cantaloupe -a (S)1
'Hales Best' 1.146 0.500 0.178

LIYV cantaloupe -b (S)
'Hales Best' 1.138 0.533 0.168

Healthy cantaloupe
'Hales Best' 0.240 0.111 .064

LIYV casaba (S)
'Golden Beauty' 0.471 0.361

LIYV casaba (NS)2
'Golden Beauty' 0.186 0.094

LIYV cantaloupe(S)
'Topmark' 0.407 0.329

LIYV cantaloupe(NS)
'Topmark' 0.046 0.000

Purified Antigen Control
(1:50) 0.511 0.293 0.001

NoAg 0.115 0.026 0.006



Table 2. (Cont.)

Sample Tested 1° Antiserum Dilution No 1° Antiserum Control
1:500 1:1000

Field Samples - Coolidge, Arizona

cantaloupe (S)
cantaloupe (NS)
lettuce -red leaf (S)
lettuce- romaine (S)
lettuce -greenleaf (S)
lettuce- iceberg (S)
spinach (S)
spinach (NS)
cheeseweed (S)
cheeseweed (NS)
healthy cheeseweed
healthy lettuce -greenleaf
healthy cantaloupe

Field Samples - Yuma, Arizona

lettuce- iceberg (S)
lettuce- iceberg (NS)
lettuce 'Merit' (S)
lettuce 'Merit' (NS)
lettuce 'Butler' (S)
lettuce 'Butler' (NS)
cheeseweed (S)
cheeseweed (NS)
healthy lettuce
healthy cheeseweed

1) S = Symptomatic leaf
2) NS = Asymptomatic leaf

0.728
0.077
0.560
0.651
0.335
0368
0.860
0.153
0.113
0.122
0.074
0.096
0.200

0.565
0.292
0.428
0.304
0353
0.149
0.224
0.155
0.096
0.102
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0.530
0.071
0.427
0.456

0.068
0.076
0.030
0.076
0.155

0.333
0.163
0.284
0.194
0.238
0.097
0.096
0.087
0.076
0.082


