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ABSTRACT

Full length GFLV Coat Protein (CP) gene of Grapevine fanleaf Virus (GFLV) as
one of the most destructive viruses of grapevine around the world was amplified
from a previously prepared clone Kh4-5-3 with apair of newly-designed primers.
The CP gene was inserted into bacterial expression vector pET-21a (+) and the
construct (pET21aGFLV CP) was cloned in Escherichia coli strain Rosetta.
Optimization of expression was done by induction with 0.25, 0.5, 1, 2 and 6 mM
final concentration of IPTG each for 3, 4, 6 and 16 h. Induction with 1 mM IPTG
for 4 h proved to be the most efficient. Expression of the CP was verified with
SDS-PAGE, Western blotting and Dot Immunobinding Blot Assay (DIBA) by the
useof commercially availableanti-GFLV antibody. The expressed CPwaspurified
asthe denatured or native protein beforeusing asthe antigen for raising anti-GFLV
CP antiserum in rabbits. Specificity and titration of the antiserum was determined
by Plate-Trapped Antigen Enzyme-Linked Immune Sorbent Assay (PTA-ELISA).
Efficiency of theanti-GFLV CP1gG purified from the antiserum was demonstrated
in Western blotting and Double Antibody Sandwich (DAS)-ELISA. Thisisthefirst
report on preparation of polyclonal antibodies against recombinant GFLV CP
isolate from Iran and its application in the virus detection.
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INTRODUCTION

Preparation of antibodies to plant viruses by expressing
virus Coat Protein (CP) gene in bacteria has been boosted by
the advent of recombinant DNA technology in recent years
(Ling et al., 2007; Nickel et al., 2004; Minafra et al., 2000).
This method bears advantages as virus purification, a crucia
step in conventional antibody preparation is not required. In
addition, the cloned CP gene can be preserved indefinitely in
deep freezer for future uses.

Grapevine fanleaf Virus (GFLV) is one of the most
destructivevirusesof grapevinethat causes symptoms, such as
open petiole sinuses, shark-toothed leaf edges, mosaic, vein
yellowing, stem fasciations, zigzag stems, leaf distortion and
shortened internodes (Raski et al., 1983) and resultsin yield
losses of up to 80% (Andret-Link et al., 2004). The GFLV is
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spread in vineyards all over the world and occurs in Iran
(Sokhandan-Bashir et al., 2011). It is transmitted exclusively
by the dagger nematode, Xiphinema index, which
survives in vineyard soils for many years, while retaining
GFLV (Vigne et al., 2005). The GFLV belongsto subgroup
A of the genus Nepovirus in the family Secoviridae
(Sanfacon et al., 2009).

The GFLV particles areisometric and 30 nmin diameter.
The virus genome is comprised of two single-stranded,
positive sense RNA-1 and RNA-2 (Pinck et al., 1988) each
containing one large Open Reading Frame (ORF) and coding
for apolyprotein (P1 and P2). P1 is proteolytically processed
into five proteins including a putative proteinase cofactor,
putativehelicase, virusgenome-linked protein (VPg), cysteine
proteinase and a putative RNA-dependent RNA polymerase
(RdRp). P2iscleavedinto threeproteins including aHoming
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Protein (HP), Movement Protein (MP) and Coat Protein (CP)
from N- C-terminus, respectively (Andret-Link et al., 2004).
The CP hasapredicted molecular mass of approximately,
56 kDa.

Molecular methods such as RT-PCR are generally not
suitabletestsfor indexing large numbers of samplesdueto the
costs and relative complexity of execution (Fajardo et al.,
2007). Indexing on woody indicators as an aternative, takes
a long time for symptoms to appear (Nickel et al., 2004).
Therefore, serological tests particularly Enzyme-Linked
Immune Sorbent Assay (ELI1SA) has been used commonly for
screening a large number of samples (Zimmermann et al.,
1990). Antibody is the main reagent of ELISA and purified
from the antiserum, which is raised against highly purified
virus. However, virus purification might be a lengthy
procedure (3-4 daysfor nepoviruses) and provide varying and
occasionally unsatisfactory results concerning specificity and
titer of the prepared antiserum because the virus purity is
variable (Fajardo et al., 2007). Besides, equipment such as
high speed and ultra-centrifuges may be unavailable in
laboratories, particularly in under developed countries. But,
advances in recombinant DNA technology has facilitated
preparation of antibodies against viral gene products, such as
CP. Expression of Foreign genes in Escherichia coli is
relatively simple, fast and inexpensive for producing high
guantities of proteins with minimal post-translational modi
cations (Hartley, 2006). In addition, fusion of tags to target
genesfacilitatestheir expression and improvestheir solubility,
stability and purification (Butt et al., 2005).

Proteinsfrom several plant viruses have been producedin
E. coli and used for raising virus-specific antibodies for
immunodiagnosis (Lee and Chang, 2008; Cerovska et al.,
2006; Jain et al., 2005; Abou-Jawdah et al., 2004;
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Cerovska et al., 2003; Hourani and Abou-Jawdah, 2003;
Korimbocus et al., 2002; Kumari et al., 2001). In this study,
we report the use of GFLV CP expressed in E. coli as the
antigen to produce GFLV-specific polyclonal antibodies,
which proved to be efficient, when tested in ELISA and
Western blotting.

MATERIALSAND METHODS

PCR: Polymerase chain reaction (PCR) was done with the
forward GFLV 2048 (5ACGGATCCGGATTAGCTGGT
AGAGGAGS") and reverse GFLV3559 (5'CCGAAGCTTC
TAGACTGGGAAACTGG3) primers on a previously
cloned GFLV CP (clone Kh4-5-3, GenBank accession
FJ513386) to amplify the CP gene without the stop codon
(1512 bp). The BamHI and Hindlll sites (underlined) were
engineered inthe primersto facilitate cloning, respectively. A
50 uL PCR reaction contained 1X PCR buffer, 2 mM MgCl,,
0.2mM dNTPs, 2.5 pmol each primer, 1 ng plasmid DNA and
2.5 units Tag DNA polymerase (Fermentas, Vilnius,
Lithuania). The thermo-profile included 1 cycle of 94°C for
2 min; 35 cyclesof 94°C for 30 sec, 50°C for 30 sec, 72°C for
100 sec and 1 cycle of 72°C for 5 min.

Construction of expression plasmid: The amplified CP
gene was cloned into pGEM-T. Easy cloning vector
(Promega, Fitchburg, WI, USA), as described elsewhere
(Sokhandan-Bashir et al., 2011) to increase quantity of the
fragment for gel purification purpose. Both pGEM GFLV CP
and pET2la (+) (Novagen, Madison, WI, USA) were
double- digested with BamHI/Hindl 1. Then, the CPDNA and
linearized pET vector were purified from agarose gel before
ligating to each other to prepare the construct pET21a GFLV
CP (Fig.1). Escherichia coli DH5 was transformed with
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Fig. 1(a-b): A diagram showing Grapevine fanleaf virus coat protein gene cloned into the (a8) Cloning vector and

(b) Expression vector
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pET21a GFLV CP by the heat shock method (Chung et al.,
1989) and the transformants were selected on ampicillin.
Plasmid was extracted using AccuPrep® Nano-Plus Plasmid
Mini kit (Bioneer, Alameda, CA, USA) according to the
manufacturer’s instruction and subjected to BamHI/Hindll|
restriction analysis before sequencing on both strandswith the
universal T7-promoter and terminator primers in Pasteur
Institute (Tehran, Iran).

Expression and analysis of GFLV CP: Competent E. coli
Rosetta cells were transformed with pET21aGFLV CP. A
desired colony carrying the correct construct was grown for
about 8 hiin 2x YT medium (tryptone 16 g L™, yeast extract
10gL*, NaCl 5g L™ containing 100 ug mL~* ampicillinin
a shaker incubator (37°C, 150 rpm). Next, the culture was
diluted 50 times in 10 mL of 2x YT medium and grown at
37°C with 200 rpm in a shaking incubator until the optical
density (ODgy ) Of 0.4-0.6. Then, 1.5 mL of non-induced
culture was sampled before adding isopropyl-p-D thio-
gaactopyranoside (IPTG) at concentrations of 0.25, 0.5, 1, 2
or 6 mM to induce the T7 promoter. A 1.5 mL samples from
the cultures were taken for analyses after 3, 4, 6 and 16 h of
the induction and centrifuged at 9000 g for 7-10 min in a
Heraeus Megafuge 1.0 R rotor 3041 (Hanau, Germany). The
resulting pellet was suspended in 1xphosphate-buffered saline,
PBS buffer (8 mM Na,HPO,, 1.8 mM KH,PO,, 2.7 mM KCI
and 136.8 mM NaCl, pH 7.4) and centrifuged at 15000 g for
10 min. The supernatant and pellet were examined to which
fraction contained the expressed protein. The pellet was
resuspended in Lysis buffer (10 mM TrigHCI, 100 mM
NaH,PO,, 8M urea, pH 8) containing Lysosyme (1 mgmL Y.
Then, both pellet and supernatant samples were denatured by
boiling for 5 min with an equal volume of 2x sample buffer
pH 6.8 (50 mM Tris-HCI pH 6.8, 2% SDS, 10% Glycerol, 1%
2-mercaptoethanol, 12.5 mM EDTA, 0.02% bromophenol
blue) before separating (each sample 15-20 pL) on duplicate
12% Polyacrylamide Gel's Electrophoresi s containing Sodium
Dodecy! Sulphate (SDS-PAGE) (Laemmli, 1970) for 4 h at
100 V. One gel was stained with coomassie brilliant blue
G-250 and followed by destaining buffer (H,O 80%, methanol
10%, glacia acetic acid 10%). The unstained gel was blotted
onto anitrocellulose membrane (Amersham Hybound, UK) by
awet electro-transfer apparatus (Akhtarian, Tehran, Iran). The
membrane was probed with 1:1000 dilution of commercial
anti-GFLV 1gG (inPBS) (Agdia, Elkhart, USA) andincubated
with rabbit anti-mouse 1gG-akaline phosphatase conjugate.
Then, 100 pL of Nitro Blue Tetrazolium (NBT) was added
into 15 mL alkaline phosphatase buffer, before mixing with
50 pL of 5-bromo-4-chloro-3-indolylphosphate (NBT/BCIP)
(Agdia, Elkhart, USA) to stain themembraneuntil thetargeted
protein bands reached the desired intensity. The reaction was
stopped by washing the membrane in deionized water for
several minutes, before the membrane wasair-dried on afilter
paper and photographed. Based on fusion of a Hisetag in the
C-terminusof theexpressed protein, Western blottingwasal so
done with anti-His-tag antibody (Sigma-Aldrich, USA) under
the same conditions as described above.
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Purification of recombinant GFLV CP: A colony of E. coli
Rosettacarrying pET21aGFLV CPwasgrown and 100 mL of
theinduced culture was centrifuged at 6,000 g for 15min. The
soluble extract from the pellet was mixed with the denaturant
urea, loaded onto His*Bind Column Chromatography Kit
(Novagen, Madison, WI, USA) and purification proceeded
according to the manufacturer’ sinstruction. Finally, ureawas
removed from the purified preparation by dialyzing against
several changes of PBS buffer with constant stirring at 4°C.
The recombinant native GFLV CP was purified by the use of
T7+Tag Affinity Purification Kit (Novagen, Madison, WI,
USA) as per the manufacturer’ s instruction.

Concentrations of the purified proteins were determined
according to Bradford (1976). Then, 10 pg of each purified
protein sample was resuspended in 100 uL sample buffer
(defined above), boiled for 4 min and 20 pL aiquot was
loaded on 12% SDS-PAGE. The protein bands separated by
SDS-PAGE were electro-blotted onto a nitro-cellulose
membrane in wet system and followed by incubation with
appropriate antibody and conjugate as described above.

The purified protein samples were also subjected to
Plate Trapped Antigen (PTA)-ELISA (Mowat and Dawson,
1987). Further, the purified proteins were tested by DIBA
(dot immunobinding assay) on nitrocellulose membrane as
described by Hampton et al. (1990).

Injections into rabbits and antibody preparation: Two
New-Zealand 6-month old female rabbits were injected with
nativeor refolded-denatured purified proteins. Injectionswere
administered three times with 2-week intervals. A 500 pL
(100 ug mL ™) aliquot of the protein was emulsified with
an equa volume of Freund's complete adjuvant
(Biogen, Mashahd, Iran) for the first injection and Freund's
incomplete adjuvant for the subsequent two injections. One
milliliter emulsified soluble recombinant coat protein
(antigen), which was diluted in PBS and contained Freund's
adjuvant was injected subcutaneously. The rabbits were bled
2 weeks after the last injection. Then, the serum fractions
were collected and stored at -20°C until required. The
immunoglobulin fraction from the antiserum was purified
using Protein-A 1gG Purification Kit (Thermo Scientific,
Waltham, MA, USA). After neutralization of the purified IgG
by a gel filtration-based desalting column, conjugate was
prepared by the use of EasyLink Alkaline Phosphatase
Conjugation Kit (Abcam, Cambridge, UK). Antibody
concentration was estimated from the light absorption at
280 nm (A,g,). The polyclonal antibodies developed against
the recombinant GFLV CP was evaluated for sensitivity and
speci city by ELISA and Western blotting.

Titration of antiserum: The antiserum was titrated against
the recombinant CP in a plate-trapped antigen (PTA)-ELISA
with the antiserum dilutions in the range of 1:512-1:131072
in PBS buffer. Each washing step was done in three
times, each time for 5 min, with ELISA wash buffer
(PBST: PBScontaining 0.05% Tween-20). First, theexpressed
CP (1 pg mL ™) was coated on the plate and incubated at 37°C
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for 3 h before washing. Then, blocking was done with PBS
containing 2% BSA at 37°C for 2 h. After washing, different
dilutions of the antiserum in PBSwere added and incubated at
37°C for 3 h. Next, the antiserum was collected and the plate
waswashed, the conjugated antibody (HRP-conjugate), which
was diluted 1:2000 in PBS was added and incubated at
37°C for 3 h. Then, the plate was washed, the substrate TMB
(3, 3, 5, 5-Tetramethylbenzidine) was added and kept in the
dark room for 30 min. Finally, the stopper buffer (3M NaOH)
was added to the plate and absorbance values were measured
at 405 nm by Anthos 2020 plate reader (Anthos, Salzburg,
Austria).

Efficiency of anti-GFLV CP 1gG in Western blotting and
DASELISA: Crude leaf extracts from heathy and
GFLV-infected grapevineleaves, and theexpressed GFLV CP
from induced and non-induced bacteria were tested. Leaf
samples were ground in the buffer containing (per liter) 32 g
Tris-base, 37.2g Tris-HCI, 8 g NaCl, 20 g PVP (MW: 25000),
10 g PEG (6000), 0.05% Tween 20, 0.2 g NaN,, mixed withan
equal volume of 2xsample buffer and boiled for 5 min before
separating on 12% SDS-PAGE and subjecting to Western
blotting as described before. The blotted membrane was first
incubated with 1:1000 dilution of the recombinant anti-GFLV
CP1gG at 4°C with gentle shaking overnight and after 4 times
washing with PBST, was incubated with 1:5000 dilution of
mouse anti-rabbit 1gG HRP-conjugate (Sigma-Aldrich, St.
Louis, MO, USA) at room temperature for 2 h. The bands
were visualized by reacting with freshly prepared DAB
substrate (Roche Applied Science, USA).

In examining efficiency of the anti-GFLV CP 1gG by
Double Antibody Sandwich (DAS)-ELISA the micro-titer
plate was coated with the antibody solution (in coating buffer)
for 3 hat 37°C before washing as described previously. Next,
crude leaf extracts and the purified expressed protein samples
weretested against the anti-GFLV CP. A 100 pL aliquot from
each sample was added into the coated plate. After
overnight incubation at 4°C, the plate was washed, followed
by adding alkaline phosphatase conjugated anti GFLV CP
IgG (diluted 1:2000 in conjugate buffer). The plates were
incubated for 3 h at 37°C and washed three times with PBST
before adding the substrate, P-nitrophenyl phosphate.
Absorbance value at 405 nm was measured by Anthos 2020
(Anthos, Sazburg, Austria). A sample was considered
positive, if its mean absorbance value was twice greater than
of the healthy control.

RESULTS

Cloning and expresson of GFLV CP: Nucleotide
sequencing dataconfirmed in-phaseinsertion of thefull length
GFLV CPgeneintheexpression vector. When E .coli Rosetta
was transformed with pET21a GFLV CP and the resultant
desirable colonies were grown in the presence of IPTG, a
subsequent SDS-PAGE analysis showed that the CP
(~60kDa) was efficiently expressed under induction with
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Fig. 2. A 12% SDS-PAGE presenting Grapevine fanleaf
Virus coat protein gene expressed under different
concentrations of IPTG and duration of induction

IPTG, whereas no CP band was observed with the
non-induced sample. When arange of |PTG concentrations at
0.25,0.5, 1, 2 and 6 mM each for duration of 3, 4, 6 and 16 h
were applied a subsequent SDS-PAGE analysisreveaed that
up to 4 h after induction, the CP gene expression was
increased as did by the duration of induction by 1mM IPTG
(Fig. 2). However, beyond 4 h of induction, there was no
increase in the expression level. Theidentity of the expressed
protein was confirmed to be GFLV CP by Western blotting,
where acorresponding spot wasrevealed on the nitrocel lulose
membrane (Fig. 3).

Inaddition, SDS-PAGE analysisof solubleand cell debris
(pellet) fractionsfrom | PT G-induced bacterial culturesshowed
that the major part of GFLV CP fusion protein was present in
the pellet fraction.

Further, when protein samples from bacteria carrying the
CP gene was subjected to DIBA, they reacted with the
commercia anti-GFLV antibody and developed strong spots,
whereas no signals were produced with the control samples.

Purification and characterization of expressed GFLV
CP: The purified native or denatured recombinant GFLV CP
when subjected to SDS-PAGE analysis appeared to have one
distinct expected band of about 60 kDa. Also, Western blotting
showed presence of one distinct band after adding BCIP/INBT
(data not shown). Yield of the native or denatured GFLV CP
fusion protein purified from 100 mL of E. coli growth was
about 0.8 or 1 mg, respectively, as estimated by Bradford
assay and spectrophotometer.

Efficiency of the antibody: Anti-GFLV CP serum which
was prepared inrabbit had atiter of 1: 8192 as determined by
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Fig. 4: Titration of antiserum prepared against recombinant
coat protein of Grapevine fanleaf virus by the use of
indirect ELISA. The graph is based on absorbance
values of the wells treated with different dilutions of
the antiserum. The protein purified through His*Tag
column (A) or T7+Tag (B) column were used as the
antigens

PTA-ELISA (Fig. 4). Thisrecombinant antiserumreacted with

the expressed GFLV CP and detected GFLV in the infected
plant tissue.
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Fig. 5: Efficiency of anti-GFLV 1gG prepared against the
virus recombinant coat protein in DAS-ELISA. The
curve is based on absorbance values at 405 nm

Thepurified 1gG and thealkaline phosphatase- conjugated
1gG (both at 1:1000 dilution) detected the expressed GFLV CP
and GFLV virionsin DAS-ELISA (Fig. 5). Also, the antibody
reacted efficiently in Western blotting with the expressed
protein as well as extract from the GFLV-infected grapevine
leaves (Fig. 6).

DISCUSSION

The possibility of raising antibodies against the
recombinant GFLV CP expressed in E. coli was studied.
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Fig. 6: Western blotting of protein from bacteria 4 h after
induction with IPTG. A pre-stained marker included
for sizedetermination. Becausethe recombinant GFLV
CPistagged, its size is dlightly bigger that the actual
GFLV CPsize

Antibodies against recombinant proteins of a number of
plant viruses have been  prepared successfully
(Iracheta-Cardenas et al., 2008; Lee and Chang, 2008;
Raikhy et al., 2007; Jain et al., 2005; Abou-Jawdah et al.,
2004; Nickel et al., 2004; Cerovskaet al., 2003; Hourani and
Abou-Jawdah, 2003; Korimbocus et al., 2002; Kumari et al.,
2001). By the use of different IPTG concentrations it was
concluded that the optimal expression was achieved, when
transformed E. coli Rosetta cells was induced with 1 mM
IPTG at OD = 0.5 and grown at 37°C for 4 h. Different IPTG
concentrations including 1 mM (Bragard et al., 2000;
Kadkhodayan et al., 2000; Saini and Vrati, 2003;
Thomas and Baneyx, 1996) and 0.4 mM (Jacob and Usha,
2002) have been reported as the optima concentration
with various genes of interest for expression of
Cardamommosaic virusCPand 0.1 mM (Petrzik et al., 2001)
for that of Prunus necrotic Ring Spot virus (PNRSV) CPin
E. coli. Similarly, an optimal duration in expression at a
particular |PTG concentration may vary according to the gene
of interest or other conditions even though expression for
3-4 h a 37°C has been widely reported as being optimal
(Bragard et al., 2000; Jacob and Usha, 2002; Liu et al., 2001,
Saini and Vrati, 2003). Like other virus systems such as
Faba bean necrotic yellows virus (Kumari et al., 2001),
sugarcane yellow leaf virus (Korimbocus et al., 2002),
Potato mop-top virus (Cerovska et al., 2003, 2006) and
Groundnut bud necrosisvirus (Jain et al., 2005) where tagged
viral CPwas expressed in insolublefraction, the fusion GFLV
CP was detected in the insoluble fraction (pellet) from the
transformed E. coli. Expression of recombinant fusion
protein in the soluble fraction has also been reported
elsewhere (Hema et al., 2003; Hourani and Abou-Jawdah,
2003; Lee et al., 2008; Raikhy et al., 2007), but we detected
only a small amount of the fusion protein in the soluble
fraction.

Possible influence of the T7sTag and His*Tag, fused in
the CP, on antibody specificity might be a point of concern.

Www.ansinet.com

Although, there are vectors that possess a cleavage facility to
remove the tags from the expressed protein before injecting
into animal the tags are not expected to have significant
immunogenic properties on the CP expressed in E. coli
(Gulati-Sakhuja et al., 2009; Kumari et al., 2001;
Mutasa-Gottgena et al., 2000). Also, tags at the N-and
C-terminus are not expected to have significant immunogenic
properties(Kumari et al., 2001; M utasa-Gottgenaet al ., 2000).
It was found in the present study that affinity- purified fusion
GFLV CP as the good antigen to raise specific and efficient
polyclonal antiserum.

Because the fusion GFLV CP possessed T7¢Tag at the
N- terminus T7+Tag affinity chromatography kit was used for
the native protein purification. Also, a denaturing buffer
containing urea was used to purify recombinant protein in
insolubleand solublefractionsof thetransformed E. coli cells.
The purified protein was confirmed by SDS-PAGE, Western
blotting, DIBA and ELISA. The CP reacted successfully with
GFLV antibodies in DIBA as well as Western blotting.
Similarly, Potato virus Y (PVY) CP expressed in E. coli has
been reported to be detectable in DIBA (Amer et al., 2004).
However, ELISA is preferable due to its more sensitivity.

Theuseof purified expressed fusion protein astheantigen
gives consistent resultsin terms of quantity and quality of the
antigen (Raikhy et al., 2007). Thus, the recombinant viral CPs
expressed in bacterial cells have great potentials as the
alternative sources of antigens for raising specific antibodies
to plant viruses. They can be produced in large quantities and
manipulated or modified as needed for specific uses. In
contrast to the conventional method of antigen preparation,
which is associated with very poor yields for GFLV, the
purification procedure described above can be completed in
3 days.

A non-specific background reaction was encountered in
the Western blotting with anti-GFLV CPwhichisnot unusual
because non-specificities have also been reported with
recombinant antisera prepared against fusion proteins of other
viruses (Gulati-Sakhuja et al., 2009; Cerovska et al., 2003;
Hourani and Abou-Jawdah, 2003; Kumari et al., 2001). Such
non-specificity may be tackled by optimizing the procedure.
Presumably, premature or partial transcripts of target gene are
also produced which may be translated into shorter chains of
proteins reacting in the subsequent Western blot. This non
specificity seems to be rectified by the use of monoclonal
antibodies. As another explanation, some non target proteins
may contain repeats of histidine residues that end up in non
specific reactions.

Antiserumraised against the GFLV CPdetected the CPin
PTA-ELISA efficiently. A 1:1000 dilution of the IgG purified
from the anti serumwas efficient to detect the expressed GFLV
CP in E. coli and the virus in infected plant tissue in both
Western blotting and DAS-ELISA. Similar results with
1:1000 dilution of recombinant IgG for Western blotting
have been reported in detection of infected plant tissue
(Gulati-Sakhuja et al., 2009; Cerovska et al., 2003;
Hourani and Abou-Jawdah, 2003). However, there are reports
of antibodies prepared against recombinant viral proteins,
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which do not detect the related virus in DAS-ELISA
(Cerovska et al., 2006: Korimbocus et al., 2002) due to
inability of the coated antibodies to react with native vira
epitopes even though it was not case in this study.

This study addressed the possibility of using GFLV CP
expressed in E. coli to produce GFLV-specific antibodies for
applicationsin serological and immunoblotting tests.
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