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Background: Expression of virus coat protein (CP) in Escherichia coli often leads to production of partially folded
aggregated proteins which are called inclusion bodies. Grapevine fanleaf virus (GFLV) is one of the most serious and
widespread grapevine virus diseases around the world and in Iran.

Objective: The main objective of this study was to find a simple and brief method for producing polyclonal antibodies
(PADbs) to be used for immunodiagnosis of GFLV.

Material and Methods: An antigenic determinant in GFLV CP gene was inserted into pET-28a bacterial expression vector
and the construct (pET-28a CP42) was cloned into E. coli strain BL21 (DE3).

The recombinant coat protein of GFLV (CP42) was expressed and characterized by SDS-PAGE and western blot analysis
using commercial anti-GFLV antibody. Expression of the CP was detected in the form of inclusion bodies in insoluble
cytoplasmic fraction. Then, the inclusion bodies were isolated from the bacterial cells and injected into rabbits for PAbs
production. The reaction of the antiserum was checked by ELISA assay. In order to analyze efficiency of the produced PAbs,
first the infected and uninfected grapevine samples were confirmed based on morphological symptoms then the indirect
plate- trapped antigen Enzyme-linked Immunosorbent Assay (IPTA-ELISA) was applied using the commercial anti GFLV
antibody. In the next ELISA assay, efficiency of the raised polyclonal antibody was compared with commercial one.
Results: The expression of recombinant CP42 induced by IPTG was confirmed by the band of 42 kDa in SDS-PAGE
and western blot. The antiserum of purified inclusion body immunized rabbit was reacted with CP42 and GFLV infected
Grapevine samples. The results revealed an acceptable efficacy for prepared antibodies compared to that of commercial
antibody.

Conclusions: It was evident that the recombinant coat protein in the form of inclusion bodies can be prepared and used as
the antigen for immunizing animals in order to produce PAbs.

Keywords: Polyclonal antibodies, inclusion body, recombinant coat protein, GFLV, Enzyme-Link Immunosorbent Assay
(ELISA).

1. Background

Polyclonal antibodies are produced as the result of
proliferation and differentiation of the lymphocytes into
plasma cells in response to the highly complex antigens
with various epitopes. Amonoclonal antibody is made by
one lineage of lymphocyte B cells against each epitope,
whereas polyclonal antibodies refer to antibodies which

are made by the collective lineages of the B cells each
responding to one epitope. In a simple word, polyclonal
antibodies are a collection of different monoclonal
antibodies. Conformational changes have a lower effect
on the activity of the polyclonal antibodies as they are
able to recognize multiple epitopes in the target antigen
(1). Due to the ability of the polyclonal antibodies for
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binding to more than one antigen and forming a large
participating lattice which depends on the concentration
of the antibody and antigen, these antibodies are suitable
for the immunoprecipitation of the complex antigens and
most of immunochemical techniques such as Western
blotting, immunocapture-polymerase chain reaction (IC-
PCR) (2), immunosorbent electron microscopy (ISEM)
(3), and indirect plate-trapped ELISA. It is notable that
polyclonal antibodies generation requires less technical
skills, time, cost, and its production is much more rapid
than that of monoclonal antibodies (1).

The advent of molecular techniques was made it
possible to amplify, clone, and express viral structural
protein genes such as coat proteins (CPs). Then,
polyclonal and monoclonal antibodies are produced
against the purified recombinant CP as the antigen (4,
5).

Grapevine fanleaf virus (GFLV) is one of the
most destructive and widespread viral diseases of the
grapevine. As a member of the genus Nepoviruses
and the family Secoviridae (6), GFLV is spread by the
ectoparasitic nematode Xiphinemaindex (7, 8) and a
vegetative propagation of the infected stocks (9). The
GFLV virion is a pseudo-T = 3 icosahedral particle
formed from 60 subunits (10); each subunit containing
504 amino acids (56,019 Da) (11).

Grapevines infected by the GFLV have a lower
fruit yield and quality, misshapen leaves, shortened
internodes, yellowed and mottled leaves (9). The crop
loss ranges from moderate (5-10%) to a very high (up
to 90% or more) depending on the virus strain virulence
and varietal susceptibility. The vegetative propagation
of the shoot stock is the most important proliferation
method of the grapevine breeding. This virus is widely
spread over a long distance by the infected cutting
stocks (12). Detection of the GFLYV, as is the case with
other viruses, is a prerequisite in the elimination of the
pathogen (13). For the virus control, several efforts
have been attempted such as clean-stock certification
program in the vineyards and regular screening of the
vines by Enzyme-Link Immunosorbent Assay (ELISA).

Conventionally, virus particles are used as the viral
antigen for production of polyclonal and monoclonal
antibodies. Since virus purification is a very sensitive
process and needs a very expensive equipment (14),
this method has been replaced by recombinant DNA
technology for production of the structural proteins
such as viral CPs (15, 16). One advantage of this
system is the production of the protein (antigen) in large
quantities (17). Recombinant proteins are expressed
as native protein or inclusion bodies in the bacterial
cells. The purification of the recombinant proteins

304

from inclusion bodies is a labor-intensive and time-
consuming process. An inclusion body is both partially
folded and aggregated protein that has maintained all
of linear and some of the conformational epitopes.
Viral CP expression in the E. coli usually leads to the
formation of aggregated proteins; inclusion bodies,
which are and stainable. Such an aggregated state
of the proteins is commonly occurring during over-
expression of the heterologous genes in the E. coli;
particularly genes of the viral or mammalian sources
(18).

Polyclonal antibodies were recently prepared against
GFLV CP expressed in the E. coli (16), however in the
present study only 42kDa segment of the CP gene that
was predicted to contain epitopes; a shortened segment
more than 56 kDa of the whole protein, was synthesized
and expressed in the form of inclusion body. Then, the
inclusion body was used as the antigen.

2. Objectives

Yang et al. (2011) have demonstrated a rapid method for
polyclonal antibody production based on utilization of
inclusion body as the antigen(19).The aim of this study
was to develop rabbit polyclonal antibodies against
recombinant GFLV CP using inclusion bodies as the
antigen in order to optimize a simple and brief method
for producing polyclonal antibodies for immune-
diagnosis of GFLV.

3. Materials and Methods

3.1. Ethical Approval

All authors hereby declare that “Principles of laboratory
animal care” (NIH publication No. 85-23, revised
1985) were followed, as well as specific national laws
wherever it was demanded. All experiments have been
examined and approved by the appropriate ethics
committee.

3.2. Chimeric Construct Synthesis and Expression

A synthetic 1133 bp DNA coding for potential
epitopes of GFLV CP (GenBank, KU640965) was
chemically synthesized by the ShineGene Molecular
Biotech (Shanghai, People’s Republic of China).
The synthetic gene was sub-cloned into pET-28a
expression vector (Novagen, USA) between Ncol and
Xhol restriction sites (Fig. 1) according to Shibaei ef
al. (2017) (20).

3.3. Solubility Test and Purification of Recombinant
Protein
The pellet of bacterial culture was re-suspended in the
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Figure 1. A diagram showing antigenic determinant in
Grapevine fanleaf virus coat protein gene cloned into the
expression vector.

lysis buffer (100 mM Tris-Cl pH 8.0, 100 mM NaCl,
0.5% Triton X100, and 100 pg.mL"' lysozyme) before
subjecting to sonication. Then, inclusion bodies were
collected by centrifugation at 14000 xg for 20 min at
4 °C. Initially, the inclusion bodies were washed with
washing buffer (0.5% Triton X100, 100 mM NacCl, 100
mM Tris-Cl, pH 8.0), then with phosphate buffered
saline (PBS), and stored at -20 °C until being used.
Protein concentration was measured by the method of
Yang et al. (19).

3.4. Western Blot Analysis

The purified protein was transferred from SDS-PAGE
gel to polyvinylidene fluoride (PVDF) membrane
(Biocom Semi-Dry Blotters, UK) and Western blot
analysis was carried out as described previously (20).

3.5. Immunization Method

A 6-month—old New Zealand white rabbit was
immunized by aliquots of the extracted inclusion body
as described previously by Majidi ez a/ (2007) (21).

3.6. Titration of the Antiserum

The antiserum was titrated against CP42 in a plate-
trapped antigen (PTA)-ELISA by the method elucidated
by Sokhandan et al. (2015) with modifications (16).

3.7. Purification of the Rabbit Anti- CP42

We used an ion-exchange chromatography (IEC) based-
method to purify rabbit anti-CP42 protein (Majidi et al,
2007) (21). Finally, the eluted proteins were collected
in about 2 mL fractions and were analyzed by the SDS-
PAGE by loading the adjusted equal amounts of protein
into each well.

3.8. Efficiency of the Anti-CP42 IgG in IPTA-ELISA

In order to determine the efficiency of anti-CP42
antibody for detection of GFLV in the vineyards, the
virus-infected symptomatic vine samples were collected
from vineyards in Maragheh, Bonaband, Urmia, Iran.
Then, the efficiency of the analysis was estimated as
described before (20).
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4. Results

4.1. Recombinant CP42 Expression, Purification, and
Characterization
The synthetic gene was expressed in the E. coli BL21
(DE3).The optimum condition for the CP42 expression
was achieved after 7 h induction by IPTG (1 mM), at
37 °C and OD600 of 0.9. The solubility test of the CP42
indicated that the majority of the expressed protein was
in the insoluble fraction. SDS-PAGE analysis revealed
the presence of the expressed CP42 as a major band (42
kDa) in the all sedimented fractions (Fig. 2).
Furthermore, when the purified inclusion body
samples from the bacteria expressing CP gene was
subjected to the Western blotting they reacted with the
commercial anti-GFLV antibody and developed strong
spots, whereas no signals were produced with the un-
induced control sample (Fig. 3).

4.2. Titration of the Rabbit Anti-CP42 Antibody

In an indirect ELISA, the antiserum raised in the rabbit
and diluted to 1:2000 was the most reactive antiserum,
while antiserum diluted to 1:64000 still showed the
minimal reactivity. However, all dilutions were effective
in the detection of the CP42 using indirect ELISA. The
anti- CP42 serum had a titer of 64000 as determined by
the PTA-ELISA (Fig. 4). This recombinant antiserum
reacted with the expressed GFLV CP and detected
GFLYV in the infected plant tissue.

Figure 2. Purification of the CP42 from pET-28a. Lane 1,
supernatant or washed elution. Lane 2, purified inclusion
body. Lane 3, the expressed bacterial protein. Lane 4, protein
molecular weight marker.
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Figure 3: Western blot analysis of the CP 42 using anti-GFLV
antibody. Lane 1, extracted inclusion body from the induced
bacterial extract. Lane 2, un-induced bacterial extract as
negative control.
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Figure 4. .The titration curve of the prepared antiserum
against recombinant CP42 coat protein (CP42) by the use of
indirect ELISA. The graph is based on absorbance values of
the wells treated with the different dilutions of the antiserum.
ELISA readings were recorded after 15 min of incubation
with the TMB substrate at a wavelength of 450 nm. The
ELISA readings greater than twice absorbance value of the
control were considered as positive. The recorded O.D. data
are mean of the optical absorbance.

4.3. Purification of the Rabbit Anti-CP42 Antibody
Purification of the polyclonal antibodies from an
immunized rabbit was performed by DEAE ion-
exchange chromatography and resulted in a highly
purified fraction (Fig. 5). The protein content of this
fraction after elution from IEC was 5 mg, which was
about one-eighth of the primary protein content (about
40 mg) and its purity was determined by SDS-PAGE
(Fig. 6). A distinct band with a molecular weight of
about 50 kDa indicates the heavy chains of the rabbit
IgG, and the protein bands of being 20-30 kDa in
size are indicators of the light chains of rabbit IgG,
respectively. The purity of the rabbit anti-CP42 was
more than 95% in some fractions as estimated by the
spectrophotometer. The eluted proteins were collected
in ~ 2 mL fractions and were analyzed by the SDS-
PAGE using the adjusted equal amounts of protein
loading into the wells. Repeated measurement of the
OD helped out to estimate the exact elution time.
One of the best fractions had an OD = 6. The SDS-
PAGE analysis showed that IgG purification by ion-
exchange chromatography resulted in a very purified
and acceptable product.

4.4. Efficiency Analysis of the Purified Rabbit Anti-
CP42 Antibody
An IPTA- ELISA test was done in order to determine
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Figure 5. Chromatography pattern of purified rabbit
anti-GFLV antibody by ion-exchange column using Tris-
phosphate buffer (pH 8.1) containing 100 mM of NaCl. The
recombinant antibody elutes as a single peak indicating the
presence of one protein in the eluted fraction.

the efficiency of the anti-CP42 in detecting GFLV
and comparison of which to that of anti-GFLV in
discriminating the infected and non-infected grapevine
samples. Grapevine samples were collected based on
the Morphological symptoms such as yellow mosaic
pattern on leaf, open petiole leaf, open petiole leaf, the
vein banding, leaf deformation, and mottling.

For ELISA confirmation assay, 4 uninfected and 10
infected plants with typical symptoms were chosen.
ELISA was done using standard polyclonal anti-GFLV
antibody. The OD value of the infected samples was
at least twice than those of non- infected samples.
Other ELISA assays confirmed the efficiency of the
anti-CP42 antibody. Antigen (i.e., the crude extract of
the grapevine) coated directly onto the ELISA plate
upon incubation with CP42 antiserum showed a higher
absorbance value with the infected samples than that
of healthy controls. Accordingly, antigen detection
efficiency of the anti-CP42 was exactly the same as that
of commercial anti-GFLV antibody (Fig.7).

In the present study, the possible cross-reactivity of
the prepared anti-CP42 antibody with the other non-

25

Figure 6. SDS- PAGE of purified rabbit anti-CP42 antibody
in reduced condition. Two bands approximate of 25 and
50 kDa, corresponding to the heavy and light chains were
detected. Lane 1,protein marker. Lane 2-9, fraction number.
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Figure 7. Comparing efficiency of anti-CP42 and anti-GFLV
antibodies in the virus detection.Ten infected samples present
in the left hand of chart and 4 non-infected samples presented
in the right hand. The curve is based on absorbance values at
450 nm.

specific plant proteins such as that of poplar and pine
plants were examined in the ELISA assay. Results
showed the mean values of 0.73 and 0.61 of the
optical density for the poplar and pine plants’ protein,
respectively, which was significantly lower than that of
the infected grapevine samples.

5. Discussion

Many studies have been conducted to introduce a
simple and reliable method for the mass production
of the antibodies. These achievements have allowed a
widespread usage of the antibodies as a diagnostic tool for
on-time detection and subsequent prevention of disease
expansion. In this study, GFLV CP expressed in the F.
coli was purified and applied as an immunogen for the
production of the polyclonal anti-GFLVCP42 antibody.
It was found that the expressed protein was mainly in
the form of inclusion bodies. This was predictable as it
has been reported that GFLV CP possesses hydrophobic
properties (11) and the hydrophobic interactions among
the partially folded protein molecules are responsible
for aggregation of recombinant protein into inclusion
bodies (22).

In the present study, sonication and high-speed
centrifugation were used for cell disruption as well
as inclusion body separation. This is in accordance
with a previous report that inclusion bodies have
higher densities (~1.3 - 1 mg.mL™") than many cellular
components, and as a result, the inclusions can be easily
separated by the high-speed centrifugation after cell
disruption (23). The purity of the inclusion body in this
paper was estimated by electrophoretic methods as a
simplest and the least expensive approach (24) to be
approximately 90% using SDS-PAGE electrophoresis.
Although in the present study inclusion body was
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produced in the bacterial host system, however, the
bacterial impurity and related antibody did not reduce
the specificity of the polyclonal antibodies which were
used for detection of the GFLV infection in the plant
sample.

In addition, the antiserum raised against the GFLV
CP in the form of inclusion bodies efficiently detected
the related viral antigen in the infected plant sample
in IPTA-ELISA. Antibodies against recombinant viral
proteins from plants other than grapevine such as
Potato mop-top virus (PMTV) and Watermelon mosaic
virus (WMV) have already been prepared and used
for diagnosis of the respective diseases . In both cases,
the produced antibodies were more specific; resulted
in a reduced occurrence of unexpected heterologous
reactions (25). This feature was also shown by Fajardo
et al, based on preparation of antibodies against
Grapevine leafroll-associated virus 3 (GLRaV-3) (14).
Yang et al. used the intact inclusion bodies as the
antigens for antibody production. They directly injected
the intact inclusion bodies into rabbits and hens (19).
Likewise, in the present study, GFLV CP in the form
of inclusion bodies was used as the antigen in order
to produce polyclonal antibodies. The result obtained
through the application of ELISA together with the
Western blotting assay confirmed the specificity of
the polyclonal antibodies. Moreover, results from the
present study have demonstrated that the antiserum
produced against the recombinant viral CP in the form
of inclusion bodies was able to detect the related viral
antigen in the infected plant sample in IPTA-ELISA.

Antibodies’ breadth of reactivity and affinity are related
to three main factors including the concentration of the
covering antigen, epitope masking, and the number of
presented antigens (26). Antibodies with both the high and
low affinity can bind to high amount of antigen that is used
to immunize the rabbit. Therefore, a few antibodies with
low affinity will provide enough efficiency for serological
tests. Several reports have suggested that B-cell populations
are limited by antigen availability and on the other hand
rate of affinity maturation is dependent on the competition
between B cells for the antigen as well as the supporting
helper T cells (27). The immune system intelligently
chooses the high adaptation to a few epitopes or lower
adaptation to many epitopes. So, the mean affinity strength
of the antibody will be decreased due to an increase in the
number of the epitopes (28). Here, the antigen dosage of
each injection was not reduced. Therefore, the antigen
availability with one or a few epitopes did not limit the
immune system. Probably, multiple B-cells were involved
in the immune system and some of them were capable of
identifying native virions.
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The second factor is the role of conserved epitopes of
inclusion bodies and native protein that may justify the
ability of antisera produced against inclusion body for
detecting the related viral antigens. There will be a higher
possibility of obtaining specific antibodies against native
protein if dominant epitopes are not hidden inside the
inclusion bodies (26). Since the formation of the inclusion
bodies is a result of an intracellular accumulation of the
partially- folded expressed proteins, then the epitopes
on inclusion bodies are not predic (23). By the reason
of partially folding properties of the inclusion bodies, all
the continuous and some of the conformational epitopes
have been conserved. In other words, native hosts
respond to antigen and produce antibody against various
epitopes by two mechanisms: a consistent pattern of
immunodominance, by which, the majority of the induced
B cells target the same epitope (29) or adaptation to the
different epitopes (27). The probability of cross-reactive
antibody production arises from conserved epitopes of the
inclusion bodies and native protein is further in the second
mechanism (adaptation to different epitopes), although
the kind of response is related to antigen type and genetic
diversity of the hosts’ naive B-cell population (26). As
a result, in this experiment, the ability of the prepared
antibodies to identify the whole virus may suggest that
the antigen does not have immuno-dominant epitopes and
the host (rabbit) responds by the adaptation to the different
epitopes.

The last important factor that may justify ability
of anti-recombinant CP antibody for detection of the
whole virus in the infected sample’s protein is the effect
of virus extraction buffer. The icosahedral GFLV capsid
is formed by 60 copies of the CP arranged according
to a pseudo T = 3 symmetry (10). Then, the only
accessible region of the whole capsid could be identified
by the antibody as epitope and major region of each
subunit of capsid become hidden. A combination of
hydrophobic attractions, electrostatic repulsions, and
specific contacts between certain pairs of the amino
acids (known as ‘Caspar pairs’) cause capsid proteins
interaction (30). Changes in the ionic strength, pH, and
temperature can affect both protein-protein interactions
in the virion assembly and disassembly (31). Hence,
virus extraction buffer of an infected sample will have
an effect on the capsid disassembling and resulting in
the dissociation of the capsid proteins and exposure
of the hidden epitopes. There are different suggested
protocols for virus extraction buffer to be applied in
ELISA assay (10, 32). One of the precise experiments
about GFLV was performed by Schellenberger et al.
They extracted the whole virus from infected source
and then used it for the crystallization of the virus (10).
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Their used buffers were composed of 0.1 M sodium
phosphate buffer pH 7.2, 0.1M ascorbic acid, and 0.01
M EDTA, in the presence of 8.5 % (w/v) butanol (33)
which is different from our buffer in the ionic strength
and salt composition. We could not find any document
about the effect of extraction buffer on the release of
intact virus particles or disassembled coat protein, but
it seems an apparent difference in the virus extraction
buffer as it has caused virion disassembly during the
whole virus extraction from infected plants and may
have caused exposure of the hidden epitopes of the
virus coat protein (31). Then, the number of epitopes
were increased and resulted in an increased probability
of the whole virus detection.

While PTA-ELISA method was performed for
evaluating the efficacy of the polyclonal antibodies,
some of the infected and uninfected plants which were
selected based on symptoms were used as whole virus
sources and negative control, respectively. Subsequently,
two different ELISA tests were performed separately
with the commercial and newly- made antibody.
Afterwards, antibodies efficiency was compared with
that of commercial antibody. Results demonstrated
that the performance of the antibody was similar to
that of commercial antibody. However, the absorbance
values from grapevine infected samples suggest that
the virus titer was low in the grapevine samples under
evaluation. As a result, PTA- ELISA was a completely
efficient test for the examination of the newly- made
polyclonal antibodies. Thereby, we suggest further
works in future on the cross-reactivity of the anti-GFLV
antibody against other grapevine viruses.

This study has demonstrated the reactivity of the
anti-CP42 antibodies against the whole virus using
IPTA-ELISA. The efficiency of the polyclonal antibody
produced against inclusion bodies is comparable with
that of commercial polyclonal antibody. Thereby,
the recombinant inclusion body of the GFLV coat
protein is a very useful antigen for the production of
the polyclonal antibodies for research and diagnostic
applications. This is the first report of using synthetic
GFLV CP in the form of inclusion body from an Iranian
isolate of this virus which designed in order to produce
an antibody for diagnostic kits.

Moreover, the polyclonal antibody prepared against
GFLV was demonstrated to be efficient in the detection
of the either the purified CP or the virus in ELISA.
Availability of such antibodies facilitates screening of
apparently healthy mother vine grapevine material prior
to them being propagated for planting in nurseries and
are being implicated in the studies on the pathogenicity
of the virus.
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