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Comparison of Two Indirect Enzyme-linked
Immunosorbent Assay Procedures

for Detecting Zucchini Yellow Mosaic Virus*

Susamto Somowivarjo**, Nobumichi Sako** and Fukuji Nonaga™*

Abstract

Two indirect enzyme-linked immunosorbent assay (I-ELISA) procedures employing inter-
mediate antibodies of Japanese quail (Coturnix coturnix japonica Temminck ef Schlegel) and
hen immunoglobulins were compared on their sensitivity for detecting zucchini yellow mosaic
virus (ZYMV). The I-ELISA employing quail immunoglobulin on plates coated with gamma-
globulin from rabbit antiserum against ZYMV was sensitive as that on non-coated plates,
capable of detecting ZYMV in purified preparation at detection limitation of 10-50 xg/ml and
in crude extracts of infected pumpkin leaves at dilution end point of 10*-10%. In the assay
with hen immunoglobulin, both procedures permitted to detect purified ZYMV at minimum
concentration of 5-10 ng/ml. However, when antigen in crude extracts of infected pumpkin
leaves was assayed, the dilution end point obtained by non-precoated I-ELISA was 10°-107,
compared with 10°-10% of precoated I-ELISA procedure. Of the procedures tested, non-
precoated I-ELISA employing hen immunoglobulin showed the highest non-specific absor-
bance values. Despite of the relatively low sensitivity of non-precoated I-ELISA employing
quail immunoglobulin, this procedure was relatively simple and useful tool for disease diag-
nosis of field samples. Quail appears to have potential as a source of anti-viral immunoglo-
bulins in non-precoated and precoated I-ELISA for detecting ZYMV and perhaps for other
plant viruses.

(Received March 7, 1986)
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Introduction

Since enzyme-linked immunosorbent assay (ELISA) was introduced into plant virology
in 1976, it has become a key research tool of serodiagnosis. Several workers have re-
ported a narrow strain specifity with double antibody sandwich (DAS)-ELISA that has
led to it’s rapid adoption for separating strains of viruses'~®7.10,  However, indirect
ELISA (I-ELISA) has been superior for a large-scale program where thousands of
samples must be tested. Not only this procedure possesses a broad specificity that
enable us to detect the viruses which occur in many serotypes, but also offers the use
of a single anti-species IgG conjugate which is commercially available for all kinds of
viruses®»'®. The major constraint in using I-ELISA is the requirement for two virus
antisera prepared in different animal species.

* Supported in part by the Grant 59480042 from the Ministry of Education, Science and Culture
*#* Laboratory of Plant Pathology, Faculty of Agriculture, Saga University, Saga 840, Japan K
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Hen was usually employed to produce egg yolk immunoglobulin for use either as
coating (“first”)!® or intermediate (“second”)%5%® antibodies of I-ELISA. Recently we
succeeded in producing yolk immunoglobulins against ZYMV using quail (Coturnix cotur-
nix japonica Temminck ef Schlegel) and hen. This communication deals with the com-
parison of non-precoated and precoated I-ELISA procedures employing intermediate
antibodies of quail and hen immunoglobulins on their sensitivity for detection of ZYMYV.

Materials and Methods

Virus and purification. ZYMV (isolate 169) was propagated and purified as
described previously®?.

Birds and antisera. Throughout the following experiments, the term of quail
was used for Japanese quail. All quails were between 15 and 17 weeks old and were
kindly provided by Dr. M. Kobayashi, Saga University. A white Leghorn hen was kindly
supplied by Saga Prefectural Livestock Experimental Station. All birds were raised in
single battery cages with feed and water ad Ilibitum at 25-28 C, and the photoperiodicity
was 14 hr lighting: 10 hr darkness.

Three quails were employed to produce immunoglobulin against ZYMV. Each bird
was twice given intravenous injection into a wing vein with 0.2 ml of 75 ug/ml of ZYMV
in 0.02 M potassium phosphate buffer, pH 7.0 at 7 days interval. To produce hen im-
munoglobulin, the hen was twice given intravenous injection spaced a week apart at a
wing vein with total purified ZYMV of 300 ug at the first injection and 400 ug at the
second injection.

Rabbit antiserum against ZYMV was the same as in the previous studies®!?. Rabbit
anti-chicken IgG (whole molecule) was purchased from Miles Laboratories, Inc.

Immunoglobulins preparation. The group of three quail eggs and individual hen
egg were used to prepare partially purified yolk immunoglobulins using a method as
described by Polson et al'®, except that after the final addition of polyethylenglycol
6,000, washing procedure was done three times and the final solution was centrifuged
at 3,000 rpm for 15 min. The supernatant was stored at —20 C until use. The titer of
the immunoglobulins from quail and hen was determined by I-ELISA using 100 times
dilution of crude extracts of infected leaves and 10 pg/ml of purified ZYMYV, respec-
tively. In these assays, all partially purified immunoglobulins were used as coating
antibody at the concentration of 100 wg/ml. The quail and hen immunoglobulins collect-
ed at the 30th and 35th days, respectively, after injection were used in all the follow-
ing experiments.

Gamma-globulin from rabbit antisera against ZYMV or chicken IgG was prepared by
the method described by Clark and Adams®, except for the use of DE,; instead of DE,,
cellulose.

Conjugate. 1.5 mg of alkaline phosphatase (Grad 1, from calf intestine, Boehrin-
ger, Mannheim GmbH, W. Germany) was conjugated with 1 mg of gamma-globulin from
rabbit anti-chicken IgG immunoglobulin using glutaraldehyde procedure® and the con-
jugate was used at dilution of 4,000.

Indirect enzyme-linked immunosorbent assay (I-ELISA). Unless otherwise
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stated, I-ELISA procedures were based on those described by Koenig® and used in the
earlier work'?. The plates were sequentially incubated with: (1) 200 xl of coating
(“first”) antibody in 0.05 M sodium carbonate buffer, pH 9.6 for 4 h at 37 C; (2) 200
¢l of antigen in 0.02 M PBS, pH 7.4 containing 0.05% Tween 20 and 0.05% polyvinyl-
pyrrolidone 40,000 (PBS-TPO) for 18 h at 6 C; (3) 200 ul of intermediate (“second”)
antibody in PBS-TPO containing 0.1% of bovine serum albumin (BSA) for 4 hat 37 C;
(4) 200 pl of alkaline phosphatase-labeled rabbit anti-chicken IgG immunoglobulin in PBS
containing 1% of BSA for 4 h at 37 C; and (5) 250 xl of 1 mg/ml of p-nitrophenyl phos-
phate (Wako Pure Chem. Ind. Ltd.) in 10% diethanolamine, pH 9.8 for 1.5 h at 25C.
The reaction was terminated with 50 ul of 3 M NaOH. The I-ELISA absorbance values
were measured with a spectrophotometer (Hitachi Model 200-20) using a micro-cell with
a 1 cm light path at wavelength of 405 nm.

Results

Interspecies cross-reactivity

The conjugate used in these experiments was not ZYMV-specific, but specific for the
intermediate antibodies. Before using the yolk immunoglobulins as intermediate anti-
bodies in I-ELISA, it was hypothesized that rabbit anti-chicken IgG immunoglobulin may
cross-react with quail immunoglobulin. The hypothesis was verified by the following
experiments. Microtiter plates were firstly coated with immunoglobulin from quail (10
pg/ml) or hen (4 ug/ml), and 0.05 M sodium carbonate buffer, pH 9.6, as control for 4
h at 37 C; then with alkaline phosphatase-labeled rabbit anti-chicken IgG immunoglobu-
lin for 4 h at 37 C; finally with substrate for 1.5 h at 25 C. The mean absorbance
values in the wells coated with immunoglobulins from hen, quail, and control buffer
were 2.25, 1.525, and 0.074, respectively. These data suggested that rabbit anti-chicken
IgG immunoglobulin could actually cross-react with quail immunoglobulin. Thus, in the
following experiments quail immunoglobulin was employed as intermediate antibody of
I-ELISA using heterologous conjugate of alkaline phosphatase-labeled rabbit anti-chicken
IgG immunoglobulin.

Yolk immunoglobulins as intermediate antibodies of I-ELISA

The two kinds of yolk immunoglobulins were compared for their suitability for use
as intermediate antibodies in precoated I-ELISA. The assays were done on plates coat-
ed with 2 pg/ml gamma-globulin from rabbit antiserum against ZYMV. The immuno-
globulins from quail and hen were used at concentration of 10 ug/ml and 4 ug/ml,
respectively. The minimum detectable concentration of purified ZYMV by I-ELISA
using quail immunoglobulin was 10-50 ng/ml compared with 5-10 ng/ml for hen immuno-
globulin. The dilution end points of the crude extracts from infected pumpkin leaves
assayed by I-ELISA using intermediate antibodies from quail and hen were 10*-10° and
105-10%, respectively (Fig. 1).

Comparison of two procedures of I-ELISA

The sensitivity of precoated I-ELISA using intermediate antibodies of yolk immuno-
globulins in detecting ZYMV was compared to that of non-precoated I-ELISA. To re-
move the unsuitable antibody from hen immunoglobulin, it was diluted with extracts of
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Fig. 1. Relative effectiveness of yolk im-

munoglobulins as intermediate an-
tibodies of I-ELISA for detecting
ZYMV in crude extracts of healthy
(O) and infected (@) pumpkin
leaves. Antigen was trapped on
plates by using 2 ug/ml of gamma-
globulin from rabbit antisera aga-
inst ZYMV, then the trapped an-
tigen was reacted with yolk immu-
noglobulin of hen (4 pg/ml) or
quail (10 pg/ml) diluted with 0.1%
of bovine serum albumin (BSA)
in PBS-TPO. Each point is the
mean of the three experiments
using three wells in each exper-
iment.

healthy pumpkin leaves (1: 100) in PBS-
TPO to the concentration of 2 ug/ml.
The mixture was then incubated overnight
at refrigerator before being used as in-
termediate antibody in I-ELISA.

The I-ELISA employing intermediate
antibody of 10 ug/ml quail immunoglobulin
on plates coated with 2 ug/ml gamma-
globulin from rabbit antiserum against
ZYMV was as sensitive as that on non-
coated plates, capable of detecting ZYMV
in purified preparation at minimum con-
centration of 10-50 ng/ml and in crude
extracts of infected pumpkin leaves at
dilution end point of 10%10° (Fig. 2a).
Both procedures gave low non-specific
absorbance values in healthy control.

When 2 pug/ml of hen immunoglobulin
was employed as intermediate antibody,
both procedures permitted to detect pu-
rified ZYMV at minimum concentration
of 5-10 ng/ml.
in crude extract of infected pumpkin

In the assays with antigen

leaves, the non-precoated I-ELISA resulted
in dilution end point of 10%-107 compared
with 10°-10° for precoated I-ELISA pro-
cedure. However, the non-precoated I-
ELISA showed also higher non-specific
absorbance values in healthy control (Fig.

2b).

Discussion

In I-ELISA using conjugate of anti-
chicken IgG immunoglobulin, intermediate
antibody of quail immunoglobulin gave
lower sensitivity than that of henimmu-
noglobulin (Fig. 1). It can probably be
improved by using homologous conjugate
with enzyme-labeled anti-quail IgG immu-

noglobulin. In the cross-reactivity stud-
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Fig. 2. Comparison of the sensitivity of non-precoated and precoated I-ELISA
using intermediate antibody of quail or hen immunoglobulin for detecting
ZYMV in crude extracts of healthy (Q) and infected (@) pumpkin
leaves. Antigen was immobilized directly on plates (non-precoated) or on
plates previously coated with 2 pg/ml gamma-globulin from rabbit anti-
serum against ZYMV. The immobilized antigen was reacted with 10
wpwg/ml of quail immunoglobulin in 0.1% BSA or 2 pg/ml of hen immu-
nogloblin in extracts of healthy pumpkin leaves. Each point is the mean
of the three experiments using three wells in each experiment.

ies, it was found that the heterologous reaction between quail immunoglobulin and
conjugate of rabbit anti-chicken IgG immunoglobulin resulted in about 70% of absor-
bance values to those of homologous hen immunoglobulin.

Non-precoated and precoated I-ELISA procedures differ fundamentally in the way of
immobilizing antigen to the surface of polystyrene plates. In non-precoated I-ELISA,
the antigen is immobilized directly to the polystyrene surface, whereas in precoated I-
ELISA it is selectively immobilized to the polystyrene surface by using coating (“first™)
antibody.

In the assay using quail immunoglobulin, the non-precoated and precoated I-ELISA
procedures offered the same sensitivity of virus detection either in crude extracts of
infected pumpkin leaves (Fig. 2a) or in purified preparation, and showed no problems of
non-specific reaction with extracts of healthy pumpkin leaves. It was a further evi-
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dence that the non-precoated I-ELISA procedure was also useful tool for detecting
ZYMV. A similar result was obtained by using intermediate antibody of gamma-globu-
lin from rabbit antiserum against ZYMV??,

The use of extracts from healthy plants for diluting intermediate antibody of hen
immunoglobulin could almost completely avoid the non-specific reaction in precoated I-
ELISA but not in non-precoated I-ELISA. Avoiding non-specific anti-host reaction in
precoated I-ELISA by mixing hen immunoglobulin with crude extracts of healthy plants
was previously reported by Bar-Joseph and Malkinson® with citrus tristeza virus. How-
ever, the high non-specific absorbance values obtained by non-precoated I-ELISA using
hen immunoglobulin might result from the presence of residual antibodies against plant
components in the immunoglobulin. Selectively ’immobilizing antigen by gamma-globulin
from rabbit antiserum against ZYMV in precoated I-ELISA appeared to have a great ef-
fect in decreasing the non-specific reaction.

Despite of the demand for virus antisera prepared in two different animal species,
precoated I-ELISA using coating antibody of gamma-globulin from rabbit antiserum
against ZYMV and intermediate antibody of hen immunoglobulin was the most sensitive
and specific tool for diagnosis of ZYMV. Though non-precoated I-ELISA using quail
immunoglobulin showed rather low sensitivity, it proved to be as specific as the pre-
coated I-ELISA. Furthermore, non-precoated I-ELISA using quail immunoglobulin was
relatively simple because it required for producing immunoglobulin only in one species
of animal.

Finally, it seems that the use of quail as a source of anti-viral immunoglobuling in
non-precoated and precoated I-ELISA is also applicable for other plant viruses.
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Susamto SomMOWIYARJO - A EIE - WrhER 1 2O MEE ELISA JKiIc k2 Xy +—=HKBEH A 7 ¥
A WvA (ZYMV) Ol

AT, HELSERLHEROMIT, =7 M) O XS OIREL S MU v Y vih
FAHUAE LTV B ELISA ik - T, ZYMV ORI AT - 7o £ DREE, v FHiiksnEL,
WIT Y X5 HR ML #2354, 2 0OBBIBRREHILY 4 V2T 10~50ng/ml, FEREHE TIE 10°~10° %
FIRT, 9 EFHEERBL SR> K EERAONEI T, PEBKELT=7 Y HikEFNT, o4
FHAMEX & UBXORRET-> 72 & 05, BREHETIREhEN 10°0~10° £, 10°~10" EFHFFRE T
BB TRETH - 7208, by A VA TRMEXE DS 5~10ng/ml TH 7o, HHAL ZMOTENED 5 5T
12, UvHEFHEEALEETIC=T M) R EREL T, BAEHRIC X 2IEBREENR O ED - Te ¥
FEFURZMBL LN T Y X 5 HkO A2 0E T 2 [iE ELISA #:id, = OMMRASEND, HBMEET
b, FEREOBWHCSERTHA Do TR TRATAWRIZT TR, DT 4 Vv Z2OAKEI X BHH
ICHBEIFUAEERT 28 E LCHBICIHZ 3 52 5N 5,
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