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ABSTRACT
Monis, J. 2000. Development of monoclonal antibodies reactive to a new grapevine leafroll-
associated closterovirus. Plant Dis. 84:858-862.

Monoclonal antibodies reactive to a previously uncharacterized grapevine leafroll-associated
virus (GLRaV) coat protein were developed. A novel 37-kDa protein was found associated with
grapevine leafroll disease in a mixed virus infection. The polypeptide was separated from the
38-kDa polypeptide associated with GLRaV-1 using a Tricine sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis system. Concentrated p37 preparations were used to immunize
mice for the production of monoclonal antibodies (MAb). Serum collected from the immunized
mice showed reactivity with the 37-kDa polypeptide but no reactivity with the 38-kDa polypep-
tide associated with GLRaV-1 using the Western blot assay. The polyclonal antiserum reacted to
both native and heat-denatured virus preparations. Two sets of anti-p37 MAbs were developed.
One set binds p37 and also cross reacts with other GLRaV proteins, such as p36 of GLRaVv-4
and -5, while the second set recognizes p37 specifically. We obtained the partial nuclectide
sequence of the putative p37 vira protein. The predicted amino acid sequence revealed the
presence of three out of the five conserved amino acids present in closterovirus capsid and di-
verged duplicate capsid proteins. We propose the name grapevine leafroll-associated virus-8 for

the new virus with a 37-kDa capsid protein.
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Grapevine leafroll is a graft-transmissi-
ble disease caused by a least seven
serologicaly distinct  viruses (1,3,11).
Characterization of grapevine |eafroll-asso-
ciated viruses (GLRaVs) has been hindered
by the poor quality of polyclona antisera
available, which often cannot discern
between hedlthy and vira infected tissues
by enzyme-linked immunosorbent assay
(ELISA; 14). Monoclonal antibodies
(MAbs) are useful because they are mono-
specific and generaly provide better im-
munologic reagents for the detection of
plant pathogens. MAbs have been devel-
oped with specificity to GLRaV-1 (Bioreba
AG, Reinach, Switzerland), GLRaV-2 (7),
GLRaV-3 (9,19), GLRaV-4, GLRaV-5 (7),
and GLRaVv-6 (6). Although some of the
MADbs described above are commercialy
avallable, only those developed against
GLRaV-1 and -3 have been useful for the
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detection of grapevine viruses using
ELISA or Western blots (14; J. Monis,
unpublished data)

The LR 102 viral source is infected with
a number of grapevine-associated closter-
oviruses (14). In this article, we describe
the resolution and characterization of a
newly discovered capsid protein associated
with the grapevine leafroll complex
disease. MAbs with reactivity to the newly
discovered polypeptide (p37) associated
with leafroll disease, as well as MAbs with
broad spectrum reactivity to the GLRav-4
and GLRaV-5 capsid proteins, are re-
ported. We propose the name GLRaV-8 for
the new uncharacterized virus associated
with the LR 102 virus source.

MATERIAL AND METHODS

Virus sources and immunological rea-
gents. Virus sources, except for LR 100, a
grapevine cultivar infected with GLRaV-5,
and Chasselas, a Swiss grapevine cultivar
infected with GLRaV-2 and - 6 (6,7), were
previously described (14). The serological
reagents, except for GLRaV-5 polyclonal
antiserum (PAb; Sanofi Diagnostics Pas-
teur, Marnes-LaCoquette, France) and
GLRaV-7 PAb (3), were reported else-
where (14).

Virus extraction and purification of
the 37-kDa polypeptide. Virus was ex-
tracted from different virus sources as de-
scribed (14). The 37-kDa protein was iso-
lated from the LR 102 virus preparations
(14) and separated by electrophoresis using

an 8% Tricine-sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (Tricine-
SDS-PAGE; 17). The portion of the gel
containing the 37-kDa polypeptide was
excised and eluted using an Elutetrap
apparatus (Schleicher and Schuell, Moore-
stown, NJ). The region of the gel contain-
ing the 37-kDa polypeptide was identified
by Western blot analysis of a dlab gel with
GLRaV-2 USA (14) antiserum to visualize
the 37- and 38-kDa vira bands. The West-
ern blot was aligned with the remaining
lanes of the gel and the region corre-
sponding to the 37-kDa band was excised.
To ensure purity of the eluted protein, a
second run on a TricineeSDS-PAGE and
elution was performed. Serological reac-
tivity of the eluted protein was verified by
Western blotting using GLRaVv-1 MADb
(Bioreba Ag) and GLRaVv-2 USA antise-
rum. Concentration of the eluted protein
was estimated by using the BCA protein
assay kit (Pierce Chemical Co., Rockford,
IL).

Preparation of MAb secreting hybri-
domas. Three 6- to 8-week-old female
BALB/C mice were immunized intraperi-
toneally with the purified 37-kDa polypep-
tide preparation (7 pg) emulsified with
Freund’s complete adjuvant. Subsequently,
four booster inoculations were given at 3-
to 4-week intervals with the same quantity
of antigen intraperitoneally, in Freund’s
incomplete adjuvant. Anti-p37 antisera
titers were monitored and the mouse with
the highest titer was given final intraperi-
toneal and intravenous boosts of p37 with-
out adjuvants 4 and 3 days prior to being
euthanized. Immune splenocytes were
subsequently collected and stored frozen
before being fused to myelloma cells
(P3X63-Ag8.653) to make hybridoma cell
lines as described by Marusich (12). Hy-
bridoma cell supernatants were screened
using ELISA and Western blot strips as
described below. Selected hybridoma cells
were cloned twice, sequentially, by the
limiting dilution technique, isotyped, ex-
panded, and used to produce pure antibod-
ies in vitro as described by Marusich (12)
and Harlow and Lane (8).

ELISA. Indirect double antibody sand-
wich (DAS)-ELISA was used to detect
virus specific antibodies. Briefly, ELISA
plates were coated overnight (4°C) with
polyclonal antiserum (GLRaV-2 USA PAb
or GLRaV-5 PAb). Concentrated extracts
from infected and healthy vines (Table 1)
were diluted in 0.5 M Tris-HCI, pH 8.2,
143 mM NaCl, 1% polyethylene glycol



(molecular weight [MW] 8,000), 2% poly-
vinyl pyrrolidone (MW 40,000), 0.05%
Tween 20 (13), and added to each sample
well and incubated at room temperature for
1 h. Each well was then filled with the
hybridoma supernatants and incubated at
room temperature for 2 h. Assay plates
were washed and further processed as pre-
viously described (13). Hybridoma cell
lines with the lowest reactivity to healthy
extracts and highest reactivity to viral anti-
gens were chosen for further analyses.

Western blot analyses. In al experi-
ments, either 8% TrissSDS-PAGE (10) or
8% Tricine-SDS-PAGE (17), as described
above for the separation of the 37-kDa
polypeptide, were used. For Western blot
strip assay, proteins from extracts from
several virus isolates were separated by
Tricine-SDS-PAGE. After transfer of pro-
teins to nitrocellulose, the blots were cut
into 2-mm strips. Strips were treated with
individual hybridoma supernatants from
cultures of each cell line and processed
essentially as previoudy described for a
slab Western blot (14). For rapid analyses
of large numbers of MAbs, a Western blot
multichannel  (Miniblotter 28) apparatus
(Immunetics, Cambridge, MA) was used.
After incubation with the MAb super-
natants, the filters were washed and incu-
bated with peroxidase-conjugated goat-
antimouse immunoglobulin G (1gG) + M
(H + L) (Pierce). Subsequently, the peroxi-
dase was localized with the enhanced
chemiluminescence immunoblotting sys-
tem (Amersham Chemicals, Arlington
Heights, IL).

Polyclonal antiserum production and
development of ELISA for the detection
of GLRaV-5 and -8. Concentrated prepa-
ration of the LR 102 virus source was used
to immunize rabbits for the production of
antiserum as previoudy described (14).
The resultant antiserum is referred as LR
102-PAb throughout this article. A DAS-
ELISA was developed using the LR 102-
PAb as a coating serological reagent and
alkaline phosphatase labeled 15F1 MAb
(15F1-AP) conjugate as a detection rea
gent. The ELISA was carried out essen-
tialy as previously reported (13).

Development of an immunoblot for
the detection of a mix of grapevine-asso-
ciated closteroviruses. For the simultane-
ous detection of seven grapevine-associ-
ated closteroviruses, concentrated prepara-

tions from various virus sources were
separated in 10% TrissSDS-PAGE and
transferred to nitrocellulose as described
for Western blot assay. Blots were
incubated with a solution containing a mix
of anti-24K-RSI, anti-38-kDa, GLRaVv-4
(24) polyclonal antisera, GLRaV-3 MAbs
(Bioreba AG), and 15F1 MADbs (this arti-
cle). After incubation with the antibody
mix, the filters were washed and incubated
with a mix of phosphatase conjugated goat
antirabbit and goat-antimouse  1gGs
(Pierce) and developed essentidly as de-
scribed by Monis and Bestwick (14).

RNA isolation, cDNA synthesis, clon-
ing, sequencing, and computer-assisted
nucleotide and amino acid sequence
analyses. Viral RNA was isolated from LR
102 virus preparations essentialy as de-
scribed in the RNeasy kit protocol (Qiagen,
Inc., Valencia, CA) as modified by X.
Good and J. Monis (unpublished data).
cDNA libraries were generated using the
LR 102 vira source (X. Good and J. Mo-
nis, unpublished data). Nucleotide se-
guencing was performed on both strands of
cDNA using the ABI Tag Dye Deoxy Ter-
minator Cycle Sequencing kit and the ABI
373 Automated Sequencer (Perkin-Elmer
Applied Biosystems, Foster City, CA). The
nucleotide sequences were analyzed using
MacVector DNA analyses programs. The
nucleotide and amino acid sequences of
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other closteroviruses were obtained with
the Entrez program; sequence comparisons
with  nonredundant  databases were
searched for with the Blast program from
the National Center for Biotechnology
Information (NCBI).

RESULTS

Tricine-SDS PAGE separation of the
37-kDa polypeptide. Previous work
showed that adoublet of approximately 37-
to 38-kDa polypeptides was observed
when analyzing concentrated preparations
of the LR 102 viral source in Western blot
assays (14). In preliminary work, we used
the Tris-SDS-PAGE system, which was not
able to separate these proteins in spite of
trying different acrylamide concentrations
and gradient gels. The Tricine-SDS-PAGE
allowed the resolution of two polypeptides
from the LR 102 virus source doublet. The
TrissSDS-PAGE and Tricine SDS PAGE
systems produced separation of FC/2 virus
source extracts (infected with GLRaV-1)
and extracts from the LR 102 virus source
(Fig. 1). The blots were reacted with the
GLRaVv-2 USA antiserum (2,14). Two
polypeptides are resolved using the
Tricine-SDS-system (Fig. 1B), whereas a
broad band is observed with the Laemmli
system (Fig. 1A). Preparative batch
Tricine-SDS-PAGE was used to separate
and concentrate the novel 37-kDa poly-
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Fig. 1. Western blot analyses of (A) Laemmli and (B) Tricine-sodium dodecy! sulfate-polyacrylamide
gel electrophoresis using the grapevine leafroll-associated virus-2 USA polyclonal antiserum. Lane
M, protein molecular standards; lane 1, purified virus from FC/2 (p38 virus source); and lane 2, LR

102 (p37 virus source).

Table 1. ELISA reactivity of monoclonal antibodies to grapevine leafroll-associated virus (GLRaV) sources?

Virus source
Infection status FC/2, GLRaVv-1 LR106, GLRaVv-4 LR100, GLRaV-5 LR102, GLRaVv-8 Healthy
AGTOcell line
3F76 Neg Neg Neg Neg Neg
5G5 Neg Neg Neg Neg Neg
14F9 Neg Neg Neg Pos++ Neg
15F1 Neg Neg Pos++ Pos+++ Neg
19A12 Neg Neg Neg Pos+++ Neg

a Samples were scored based on the Ay readings: neg (<0.2), pos+ (0.4 to 1.0), pos++ (1.0 to 2.0), and pos+++ (>2.0).
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peptide for mice immunization. Gel-
purified 37-kDa polypeptide was im-
munoreactive with the GLRaV-2 USA PAb
(Fig. 2A), but no reactivity with the
GLRaV-1 MADb (Fig. 2B) was observed. In
earlier work, we showed that the GLRaV-2
USA antiserum (2) had aweak reactivity to
the 24-kDa polypeptide associated with
GLRaV-2 (14). In the Western blots in the
present work, the 24-kDa polypeptide is
amost undetectable due to the poor reac-
tivity of this polyclona antiserum or the
lability of this viral protein. However, this
protein is detectable, although at times
weakly, if a polyclonal antiserum, desig-
nated as RSI-24-kDa (14), or a mix of
antibodies including the RSI-24-kDa an-
tiserum, is used for its detection as de-
scribed below.

Analyses of hybridoma cell lines. Hy-
bridoma cell lines were analyzed using
ELISA and Western blot assay with anti-
gens extracted from healthy and virus-in-
fected grapevines as described below. Ap-
proximately 6,000 hybridoma colonies
distributed in 1,920 microcultures were
screened by ELISA with the LR 102 virus
source antigens. Of these cultures, 16 were
ELISA positive (i.e., they contained anti-
body reactive to the LR 102 virus source).
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Fig. 2. Western blots of Tricine-sodium dodecy!
sulfate-polyacrylamide gel electrophoresis of
the LR 102 virus preparation before purifica-
tion (lane 1) and with purified 37-kDa
polypeptide (lane 2). (A) Grapevine leafroll-
associated virus (GLRaV)-2 USA polyclonal
antiserum and (B) GLRaV-1 monoclonal anti-
bodies.

The 16 antibodies were rescreened by
Western blot as described below. Further
screening of ELISA-negative microcul-
tures alowed the identification of four
additional antibodies that were ELISA
negative but Western blot (p37) positive.
The following antigens were used in the
screen: RG (a GLRaV-uninfected grape-
vine cultivar), LR 102 (infected with
GLRav-1, -2, -5, and -8), LR 100
(GLRav-5), LR 106 (GLRaVv-4), and
Chasselas (GLRaV-2 and -6). Based on the
specificity of the secondary screen, six cell
lines were chosen for cloning: 3G3, 3F76,
5G5, 14F9, 15F1, and 19A12. The MAb
from all cloned cell lines were determined
to be from the Ig class G1, except for 5G5,
which was determined to be Ig class G2a
In later screens, one of the cell lines (3G3)
exhibited reactivity to al antigens tested
including the uninfected control (data not
shown) and was subsequently abandoned.
Summaries of ELISA and Western blot
analyses are shown in Tables 1 and 2.
Monoclonal antibodies react with a
novel GLRaV p37. Supernatants from the
culture of the 14F9 and 19A12 cdl lines
were reactive in both ELISA and Western
blots to the LR 102 virus source only.
These MADbs did not react to antigens from
GLRaVv-1 (Fig. 3B), GLRaV-2 (Fig. 3C),
GLRaV-3 (data not shown), GLRav-4
(Fig. 3D), GLRaV-5 (Fig. 3E), GLRaVv-6
(Fig. 3F), or hedlthy extracts (Fig. 3A). A
virus source infected with GLRaV-7 was
unavailable for our studies, but the
GLRaV-7 polyclonal antiserum (3) did not
react to the LR 102 antigens or any anti-
gens from other virus sources tested.
Furthermore, the generated antibodies
did not react to the LR 102 virus source
after being subjected to meristem tip tissue
culture to eliminate the viruses previously
present (GLRaV-1, -2, -5, and -8).
Development of ELISA for the detec-
tion of GLRaVv-5 and -8 and im-
munoblot for the multiple detection of
grapevine-associated closteroviruses. An
optimized ELISA using the LR 102 PAb
and 15F1-AP conjugates alowed the spe-
cific detection of GLRaV-5 and GLRaVv-8
present in the LR 100 and LR 102 virus
sources. Incubation of coating antiserum,

served when crude extracts of tissues in-
fected with GLRaV-1, -2, 3, -4, or -6 were
tested.

The mixed antibody Western blot al-
lowed the sensitive detection of GLRaV-1,
-2, -3, -4, -5, -8, and grapevine rootstock
scion incompatibility-associated virus. A
typical immunoblot illustrating the reac-
tivity of the antibody mix to various grape-
vine associated closteroviruses is shown in
Figure 4. The faint reactivity of the anti-
body mix with the 24-kDa polypeptide
associated with rootstock-scion incompati-
bility and GLRaV-2 is due to the lability of
this antigen or low concentration of this
virus in infected tissues.

Sequence analyses of putative
GLRaV-8 sequences. The cDNA from the
LR 102 virus source generated clones with
homology to GLRaV-1, -2, and -5 (J. Mo-
nis and X. Good,unpublished data). In
addition, clones with no homology to any
of the other known closterovirus were gen-
erated and further characterized. One
cDNA clone contained a partial open
reading frame that potentially codes for a
90 amino acid polypeptide. The deduced
sequence suggests that this polypeptide is
the putative partial closterovirus capsid or
duplicate capsid polypeptide based on the
presence of three out of the five amino acid
signature sequences (SNR) present in other
closterovirus capsid and or diverged dupli-
cate capsid proteins (4,18). The sequences
of the capsid and diverged capsid proteins
of GLRaV-1 (5), GLRaVv-2 (18), and
GLRaV-5 (X. Good and J. Monisinpub-
lished data) are known; therefore, we pro-
pose that the partial amino acid sequences
reported here corresponds to GLRaV-8
capsid or diverged duplicate capsid protein.
The partial GLRaV-8 amino acid sequence
with the highlighted SNR sequence is
shown in Figure 5.

DISCUSSION

In this study, five hybridoma cell lines
immunoreactive with GLRaVs were
cloned and characterized. Although some
of the MAbs produced reacted only to
denatured polypeptides, some MAbs rec-
ognized both native and denatured
proteins with the same apparent

samples, and conjugates at 4°C overnightspecificity (e.g., the reactivity of MAbs
were the best conditions for the detection 14F9, 15F1, and 19A12 as compared in
of viral antigens. No reactivity was ob- Tables 1 and 2).

Table 2. Western blot reactivity of monoclonal antibodies to grapevine leafroll associated virus (GLRaV) sources?

Virus source
Infection status FC/2, GLRaV-1 LR106,GLRaV-4 LR100,GLRaV-5 Chasselas, GLRaV-2and-6 LR102, GLRaV-8 Healthy
AGTOcéll line
3F76 Neg Pos Pos Neg Pos Neg
5G5 Neg Neg Pos Neg Pos Neg
14F9 Neg Neg Neg Neg Pos Neg
15F1 Neg Neg Pos Neg Pos Neg
19A12 Neg Neg Neg Neg Pos Neg

2 Presence of virus-specific band at the expected molecular weight of the capsid protein is indicated by pos and lackviriad sfecific

band is indicated by neg.
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Grapevine clones derived from meristem
tissue culture to eliminate the viruses pres-
ent in the LR 102 virus source did not dis-
play typical leafroll symptoms. The p37
was undetectable when these virus-free
clones were analyzed by Western blotting
using the generated MAbs. Because of the
lack of serological reactivity of the 14F9
and 19A12 MAb with any other charac-
terized GLRaVs, we propose that the un-
characterized, =37-kDa polypeptide is the
capsid protein of GLRaV-8.

The MADbs produced in this work dis-
played reactivities to either the =37-kDa
polypeptide alone, the =37-kDa polypep-
tide and the =36-kDa polypeptide associ-
ated with GLRaV-4 and -5, or the =36-kDa
polypeptide associated with GLRaV-5 and
the novel =37-kDa polypeptide. Thus, the
36-kDa polypeptide associated with
GLRaV-4 and -5, and the 37-kDa polypep-
tide associated with the novel GLRaV-8,
share at least one epitope with p37. In a
previous study, we determined that, al-
though the GLRaV-2 USA PAb (14) was
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able to detect a GLRaV-4 antigen, GLRaV-
4 PAbs were unable to detect the p37
polypeptide in Western blot (14). Interest-
ingly, GLRaV-4 and GLRaV-5 PAbs do not
crossreact with the heterologous antigens
in Western blot assays or in ELISA (J.
Monis, unpublished data).

It was not possible to determine the re-
activity of the newly developed MAbs with
GLRaV-7 because an isolate infected with
this virus was unavailable, but the newly
described =37-kDa polypeptide associated
with the LR 102 vira source was not rec-
ognized by the GLRaV-7 PAb developed
by Choueiri et a. (3).

Preliminary sequence information sug-
gests that GLRaVv-8 is related to other
characterized closteroviruses (X. Good and
J. Monis, unpublished data). Sequence
analyses of the putative GLRaVv-8 vira
coat protein or diverged duplicate coat
protein has identified the invariant amino
acid sequences (S, N, R) characteristic of
rod-shaped and filamentous RNA plant
viruses, supporting the notion that this
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Fig. 3. Western blot analyses of monoclonal antibodies from selected cloned cell lines (3F76, 5G5,
14F9, 15F1, and 19A12). Preparative Tricine-sodium dodecyl sulfate-polyacrylamide gel electropho-
resis was run with the following antigens from the following plant material: (A) Healthy; (B) grape-
vine leafroll-associated virus (GLRaV)-1; (C) GLRaV-2, -6; (D) GLRaV-4; (E) GLRaV-5; and (F)
GLRaV-8. The (+) on top of the first strip in each group indicates a positive control reacted with the
following immunologica reagents (14): healthy polyclona antiserum (PAb) (Healthy); GLRav-1
PAb (GLRaV-1); RSI-24-kDa PAb (GLRaV-2 and -6), GLRaV-4 PAb (GLRaVv-4); GLRaV-5 PAb

(GLRaV-5); and GLRaV-2 USA PAb (GLRaV-8).

virus belongs to the closterovirus group
(4,18). The sequence comparison of the
putative GLRaV-8 capsid and diverged
capsid protein with the homologues of
GLRav-1 (5), GLRaV-2 (18), and GLRaV-
5 (X. Good and J. Monis, unpublished
data) indicate that these proteins share the
typical SNRGD sequence found in other
characterized closteroviruses (X. Good and
J. Monis, unpublished data).

There are severa features of the p37
protein that strongly suggest it is the capsid
protein of a new member (GLRaV-8) of
the closterovirus group: first, the asso-
ciation of p37 with leafroll disease; second,
the large molecular weight of p37 istypical
of the capsid protein of other closterovi-
ruses that infect grapevines; third, the se-
rological cross reactivity of GLRaV-4 and -
5 capsid proteins with some MAbs
generated with the p37 (shared epitopes);
and, finaly, the presence of conserved
amino acid signature sequences found in
other characterized closterovirus homo-
logue genes. Work is in progress to clone
the complete GLRaV-8 capsid and di-
verged duplicate capsid protein genes. The
in vitro expression of the putative protein
and resctivity of the recombinant protein
with the MAbs reported here will allow the
corroboration of the function of the pute-
tive protein gene with the corresponding
sequences reported here.

The MAbs have proven useful in ELISA
and Western blot assays. The developed
ELISA using the 15F1 MAb and the LR
102 PAb alowed the detection of GLRaV-
5 and -8 in crude plant extracts. The mixed
antibody Western blot assay has been used
successfully for screening grapevines for
virus infection (Fig. 4). The use of the
present MAbs has increased the virus
specificity and sensitivity of the ELISA
and Western blots by reducing the back-
ground due to the presence of host-specific
antibodies in polyclona antiserum. Al-
though the MAbs worked poorly as trap-
ping antibodies due to epitope specificity,
viral detection was improved in ELISA
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Fig. 4. Western blot using a mix of monoclonal
antibodies and polyclonal antisera and the
following virus sources (14): Lane 1, healthy
grapevine source; lane 2, a mix of LR 102 and
LR 109 virus source; lane 3, a mix of LR 106
and RSl virus source; lane 4, LR 100; and lanes
510 9, uninfected grape test samples.
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Fig. 5. Partial amino acid sequence of the putative grapevine leafroll-associated virus-8 capsid or diverged capsid protein. Note that the SNR amino acid

sequence conserved in filamentous viruses is highlighted.

when the MAbs were used as conjugates.
Likewise, the MAbs used in the mixed
antibody Western blot reduced the nonspe-
cific background as compared to the use of
the GLRaV-2 USA polyclonal antiserum
reported previously (15).

Routh et al. (16) reported inconsistent
positive results with GLRaV-5 polyclonal
antiserum in ELISA-immunocapture re-
verse transcriptase polymerase chain reac-
tion assays using plant material infected
with amix of GLRaVs. The availability of
specific MAbs to grapevine leafroll-asso-
ciated closteroviruses and new molecular
data will help further our understanding of
the complex group of grapevine-associated
closteroviruses.
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