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ABSTRACT
In recombinant systems, the availability of good quality antibodies is required to detect Hepatitis A virus (HAV) pro-
teins. Following this line, the cDNA sequences coding for two hepatitis A virus structural proteins, VP2 and VP3, were 
cloned into the bacterial expression vector pTrcHis yielding plasmids pTrcVP2 and pTrcVP3. Recombinant Escherichia 
coli XL1-blue strains harboring these two constructs were grown in liquid media and after IPTG gene induction, both 
fused recombinants molecules were detected by SDS-PAGE as 34 kDa and 24 kDa bands respectively. Recombi-
nant VP2 and VP3 proteins containing N-terminal hexa-histidine tags were purified under denaturing conditions by 
immobilized metal affinity chromatography yielding 8 mg and 10 mg of refolded protein per 300 mL of bacterial 
culture respectively. Immunization of rabbits against purified recombinant proteins allowed the production of high 
titer polyclonal sera with immunological reactivity detecting hepatitis A virus proteins using western-blot analysis. 
According to our results, these two polyclonal sera constitute a valuable tool to follow the production of HAV proteins 
in transgenic plants, where a putative expression of HAV proteins higher than 0.25% of the total soluble protein 
could be detected with the use of these sera by western blot assay. 
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RESUMEN
Generación de dos anticuerpos policlonales para la detección mediante western blot de virus de la 
hepatitis A en plantas. Para detectar las proteínas del virus de la hepatitis A en sistemas recombinantes se re-
quiere de anticuerpos de calidad. Siguiendo estos objetivos la secuencia de ADNc que codifica para dos proteínas 
estructurales del virus de la hepatitis A, VP2 y VP3 se clonaron en el vector de expresión en Escherichia coli pTrc His 
resultando los plásmidos pTrcHisVP2 y pTrcHisVP3. Las células recombinantes portadoras de ambas construcciones 
fueron crecidas en medio líquido y después de la inducción con IPTG se detectaron ambas proteínas de 34 kDa 
y 24 kDa mediante SDS-PAGE. Las proteínas recombinantes VP2 y VP3 que contenían el tallo de histidina fueron 
purificadas en condiciones desnaturalizantes mediante cromatografía de afinidad a iones metálicos rindiendo 8 y 
10 mg por 300 mL de cultivo respectivamente. La inmunización de conejos con las proteínas purificadas permitió 
la obtención de anticuerpos policlonales que permitieron la detección de las proteínas estructurales del virus de la 
hepatitis A en ensayos de western blot. De acuerdo a estos resultados los antisueros obtenidos pudieran ser útiles en 
el seguimiento en la producción de proteínas del virus de la hepatitis A en plantas transgénicas, donde una posible 
expresión de las proteínas del VHA superiores al 0.25% de las proteínas totales solubles podrían ser detectadas con 
estos sueros policlonales mediante ensayos de western blot. 

Palabras clave: Virus de la hepatitis A, proteína de estructura, sueros policlonales

Introduction
Hepatitis A virus (HAV) is a sole member of the fam-
ily Picornaviridae and the causative agent of hepati-
tis A [1]. The HAV long open reading frame (ORF) 
encodes a polyprotein of approximately 250 kDa that 
undergoes co- and post-translational processing into 
smaller structural (VP4, VP2, VP3, and VP1-2A) 
and non-structural (2B, 2C, 3A, 3B, 3C, and 3D) pro-
teins [2].

In spite of inactivated and attenuated vaccine 
against HAV are available, still there persist strategies 
that look for the recombinant antigen. The obtainment 
of HAV particles in recombinant system is a complex 
process because it requires processing large polypro-
teins and assembling subviral particles. Anti HAV an-
tibodies are important and useful tools to characterize 
HAV antigen produced in a number of expression sys-

tems, including insect cells infected by recombinant 
baculoviruses [3], vaccinia viruses [4] and plant cells 
[5, 6]. 

In this study, the recombinant VP2 (rVP2) and VP3 
(rVP3) proteins of HAV were expressed in Escheri-
chia coli based on the cDNA sequences previously 
cloned in our laboratory [5]. They were purifi ed by 
a zinc-charged chromatography column and used to 
produce rabbit polyclonal sera against both proteins. 
Here we report the production of a high-titer poly-
clonal sera specifi c against the rVP2 and rVP3, and 
its usefulness in the detection of HAV proteins in a 
western blot assay. The potential use of these sera to 
characterize HAV expression in plants was shown 
through immunoblotting analysis of tobacco extracts 
containing HAV particles.
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Materials and methods
Plasmid constructs
The coding region of structural proteins VP2, VP3, 
VP1, 2A and nonstructural region 3ABC of HAV 
polyprotein were previously cloned yielding plasmid 
pΔMALm [5]. From this construct, two additional 
DNA plasmids were generated using the expression 
vector pTrcHisC (Invitrogen, USA), a pBR322-de-
rived vector designed for effi cient recombinant pro-
tein expression and purifi cation in E. coli. Standard 
cloning procedures were followed: Plasmid pTrcVP2 
was generated by cleaving pΔMALm from the Sma I 
site in the pBScript backbone vector to the Sca I site 
in the HAV genome. The resulting 700 bp fragment 
containing the complete ORF of the VP2 protein and 
the coding regions of the fi rst nine aminoacids of VP3 
protein was blunt-end ligated into pTrcHisC vector 
previously digested with BamH I and further blunt-
ended. A second construct named pTrcVP3 was cre-
ated by cloning the 575 bp fragment from plasmid 
pΔMALm containing 75% of the VP3 protein cod-
ing regions from the Sca I to the Hind III site of the 
ORF into the BamH I blunt-ended and Hind III sites 
of pTrcHisC vector. Competent E. coli XL1-blue cells 
were transformed with the constructs described above 
and correctly oriented clones were selected by restric-
tion analysis with adequate enzymes.

Expression of rVP2 and rVP3 proteins in E. coli
Single colonies of E. coli strain XL1-blue containing 
the expression plasmid pTrcVP2 and pTrcVP3 were 
used to inoculate 50 mL of the Luria-Bertani (LB) 
medium containing 100 μg/mL ampicillin and 1% 
glucose. After 16 h of growth at 37 ºC, 20 mL, sam-
ples were inoculated into fresh 300 mL LB contain-
ing 100 μg/mL ampicillin. The bacterial cultures were 
incubated in a rotating orbital shaker at 37 ºC until 
reaching a 0.5 to 0.6 optical density at 600 nm. Ex-
pression of rVP2 and rVP3 was induced by addition 
of isopropyl-β,D-thiogalactopyranoside (IPTG; Ap-
plichem, Germany) at a fi nal concentration of 1 mM.
The bacterial cultures were incubated for an additional 
5 h to allow suitable protein expression levels. Then, 
cultures were harvested by centrifugation at 1500 x g 
for 15 min at 4 ºC. 

Purification of recombinant proteins
Thirty grams of bacterial pellets were resuspended 
in 30 mL 10 mM Tris, pH 8.0 (lysis buffer) and the 
cells were disrupted in French Press (Othake, Japan) 
at 1500 kgf/cm2, with two passes at 4 ºC. The cell 
lysates were separated into the soluble and insoluble 
fractions by centrifugation at 15 000 x g for 20 min at 
4 ºC, and 10 μL were analyzed by SDS-PAGE under 
denaturing conditions. Both insoluble fractions result-
ing from rVP2 and rVP3 cell extracts were exposed 
to similar processes. Pellets were washed twice with 
30 mL lysis buffer. Pellets were solubilized in 30 mL 
of 6 M Urea, made up in buffer lysis. The extraction 
was performed by gentle agitation during 1 h at 4 ºC 
and the supernatants were collected after centrifuga-
tion at 15 000 x g for 20 min at 4 ºC. 

Subsequent purifi cation of the rVP2 and rVP3 were 
performed on an immobilized metal affi nity column 

(IMAC) using Chelating Sepharose Fast Flow resin 
(Amersham Pharmacia, Sweden) under denaturing 
conditions in similar form. It was loaded with 100 mM 
ZnSO4, washed with 10 mM Tris, 200 mM NaCl, 6 M 
Urea and 250 mM Imidazole, pH 8.0 (elution buffer), 
to elute weakly bound metal ions, also it was equili-
brated with 10 mM Tris, 200 mM NaCl, 6 M Urea, 
pH 8.0 (equilibration buffer). Recombinant proteins 
solubilized in urea were applied to the IMAC column 
in both cases. The column was washed with 10 mM 
Tris, 200 mM NaCl, 6 M Urea and 50 mM Imida-
zole, pH 8.0, to eliminate contaminants. Recombinant 
proteins were eluted using the elution buffer. For all 
IMAC runs, the amount of protein loaded per volume 
of gel was 1 mg/mL. The yield of the recombinant 
protein was quantifi ed using a BCA protein assay kit 
(Biorad, USA), using bovine serum albumin as stan-
dard. Proteins were renatured by sequential dialysis 
against decrescent urea concentration in phosphate 
saline buffer (PBS). 

Production of sera against rVP2 and rVP3 
Both recombinant proteins were used to produce 
polyclonal sera by repeated immunization of two 
female New Zealand White rabbits (CENPALAB, 
Cuba) around 3 kg, for each of the proteins tested. 
Three injections were performed on days 0, 21, 42 be-
fore the fi nal bled on day 63. The fi rst injection con-
sisted of 0.5 mL of recombinant proteins (500 μg) in 
saline emulsifi ed with 0.5 mL of complete Freund´s 
adjuvant (Sigma, USA). Subsequent injections used 
200 μg of recombinant protein (0.5 mL) emulsifi ed 
with 0.5 mL of incomplete Freund´s adjuvant (Sigma, 
USA). Injections were performed at multiple subcu-
taneous sites on the animals. All rabbits were main-
tained according to the Guide for the Care and Use of 
Laboratory Animals [7]. 

Immunoenzymatic assay
The recombinant proteins were diluted with a car-
bonate-bicarbonate buffer (15 mM Na2CO3, 30 mM 
NaHCO3, pH 9.6) containing 0.02% sodium azide, 
to a fi nal concentration of 10 ng/mL. The plate was 
recovered with 1 ng of recombinant proteins during 
1 h at 37 ºC. Subsequently, wells were incubated 
with rabbit sera (dilution in the range from 1/1000 
to 1/640 000) followed by goat anti-rabbit IgG alka-
line phosphatase conjugate (Sigma, USA) diluted 
1/10 000. The reaction was revealed with the addition 
of each well of 100 μL of 4-Nitrophenyl disodium or-
thophosphate (BDH, England) prepared at a concen-
tration of 1 mg/mL. The plate was incubated for 15 min
 and the reaction was stopped with 100 mM EDTA pH 
8.0. The optical density was determined at 405 nm in 
a microtiter plate reader (Tecnosuma, Cuba).

The competition assay was carried out with a com-
mercial kit (Mediagnost, Alemania) according to the 
manufacturer instructions and containing the standard 
sera, dilution buffer, diluted conjugate, substrate, 
washing and stop solutions. Briefl y, sample, positive 
and negative standard sera were diluted 1/10 with 
dilution buffer. One hundred microliters were added 
to the wells of a microtiter plate, which have been 
previously coated with inactivated HAV antigen, and 
incubated for 2 hours at 37 °C. Subsequently, 50 μL 
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of the diluted conjugate (peroxidase labeled anti-HAV 
IgG) were added and plates incubated again for 1 h 
at 37 °C. The excess conjugate was washed off and 
100 μL of the substrate solution were added. Then, 
plates were incubated for 30 min at room temperature. 
The reaction was terminated by adding the stop solu-
tion. The optical density (OD) of the colored reaction 
product was measured on a microtiter plate reader 
(Tecnosuma, Cuba) at 450 nm.

To determine the neutralizing nature of antibodies 
obtained in rabbits against both structural proteins, 
neutralization limit (NL) was determined as follows:

pTrcHisC vector for expression in E. coli as described 
in Materials and methods. DNA inserts are positioned 
in frame with a sequence that encodes an N-terminal 
fusion peptide that includes six histidine residues in 
series which function as a metal-binding domain in the 
translated protein. The resulting plasmids were named 
pTrcHisC-VP2 and pTrcHisC-VP3 (Figure 1A). Posi-
tive clones were selected by restriction analysis.

IPTG induction of E. coli transformed with empty 
pTrcHisC vector did not express the recombinant 
proteins while induced cultures of the recombinant 
strains resulted in the expression of two proteins of 
34 kDa (rVP2) and 24 kDa (rVP3) respectively. Gel 
densitometry analysis revealed expression levels 
around 8% and 11% for both recombinant proteins 
(Figure 1B) with respect to TSP. An immunoblot a-
nalysis was performed to confi rm the identity of the 
proteins. The same bands previously described were 
detected by specifi c anti-hexahistidine tag antibody, 
although some lower bands were also evident which, 
we hypothesize, are degradation products (Figure 1C).

rVP2 and rVP3 extraction and purification
Fractionation of the bacterial lysates by high speed 
centrifugation into supernatant and pellet fractions re-
vealed that the majority of both recombinant proteins 
were located in the pellet, presumably as inclusion 
bodies. Both proteins were capable to be soluble in 
the presence of 6 M urea. After purifi cation through 
Chelating Sepharose Fast Flow resin, previously 
coupled with Zn2+ ion, rVP3 was obtained with 91% 
purity as estimated by gel densitometry analysis (Fig-
ure 2). Similarly, rVP2 was purifi ed and its purity 
was estimated as 88% by the same method (data not 
shown). Since both purifi cation procedures were un-

NL= (OD negative control – OD positive control) / 2

Sera with OD values above and below the NL were 
considered as lacking neutralization capacity and neu-
tralizing, respectively. Preimmune serum from rabbit 
2 was used as negative control and the positive control 
was taken from the kit.

SDS-PAGE and Western blot analysis
To confi rm the rVP2 and rVP3 expression, 100 μL of 
cell culture after 5 h post induction with IPTG were 
centrifuged a 5 000 x g. The pellet was resolubized 
and boiled for 30 min, separated in 12.5% SDS-PAGE 
followed by a Coomassie staining and a transfer 
to PVDF membrane (Whatman, USA). Blots were 
blocked in 5% skim milk in PBS before incubation 
with a dilution 1/10 000 of horseradish peroxidase la-
beled monoclonal anti-His tag (Sigma, USA). Mem-
brane incubations were performed at 37 ºC during 1 h. 
Detection of recombinant protein was confi rmed us-
ing diaminobenzidine (Sigma, USA) as substrate. Ex-
pression levels were determined by gel densitometry 
from a Coomassie-stained acrylamide gel.

One microgram of purifi ed recombinant protein and 
20 μL (200 ng) of HAVAC vaccine (Shenzhen Mellow 
Hope, China), were separated in 12.5% SDS-PAGE 
and transferred onto PVDF membrane. Detection of 
proteins was performed with sera against recombinant 
proteins diluted 1/200 in PBS and subsequent incuba-
tion of blots with goat anti-rabbit IgG-alkaline phos-
phatase conjugate diluted 1/10 000 (Sigma, USA). 
Membrane incubations were performed at 37 ºC for 
1 h. The reaction was revealed with NBT/BCIP solu-
tion (Promega, USA) as substrate for this enzyme. 

Functional assay and detection limits of the 
generated antibodies in Western blot assays 
Nicotiana tabacum leaves were ground with mortar 
and mixed 1/1 (w/v) with PBS supplied with 0.1% 
Tween 20 (Merck, Germany). The total soluble pro-
teins (TSP) extracted from tobacco leaves were mixed 
with concentrations of HAV proteins ranging from 
0.03 to 2% of expression of TSP. The resulting mix-
ture was separated in 12.5% SDS-PAGE. After the 
electrophoretic separation, proteins were transferred 
to a PVDF membrane. Detection of HAV proteins 
with sera against rVP2 and rVP3 was performed ac-
cording to the description above. 

Results
Cloning and expression of VP2 and VP3 fragments 
DNA fragments encoding VP2 and VP3 proteins were 
isolated from plasmid pΔMALm and cloned into the 
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Figure 1. Expression of VP2 and VP3 genes from HAV virus. A) Schematic representation of the ex-
pression vectors pTrcHisC, pTrcHisCVP2 and pTrcHisCVP3 used in this study. B) 12.5% SDS-PAGE of 
total soluble proteins from E. coli cultures after 5 hours of induction with 1 mM IPTG. Lanes: 1-3, 
Total soluble proteins from E. coli cells transformed with pTrcHisC (negative control), pTrcHisC-VP2 
and pTrcHisC-VP3, respectively;  MWM, Protein molecular weight marker (CIGB-SS, Cuba; 14, 25, 
46, 55 and 67 kDa). C) Western blot using a horseradish peroxidase-labeled anti-His tag monoclonal 
antibody (1/ 10 000).
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der denaturing conditions, the proteins were renatured 
by sequential dialysis against lower urea concentra-
tions, yielding 8 mg and 10 mg of refolded protein per 
300 mL of culture respectively.

Rabbit immunization with rVP2 and rVP3
Recombinant proteins were used to immunize two 
rabbits for each case, by a three-dosage scheme. Poly-
clonal sera were evaluated by ELISA using 1 ng of 
recombinant protein to coat the microplate. Sera was 
serially diluted to determine the sera highest dilution 
which ELISA value was 3 times the value of preim-
mune serum. For both proteins, the highest serum 
dilution was 1/80 000 (Figure 3). For further analy-
ses, rabbit serum 2 (against rVP2) and rabbit serum 4 
(against rVP3) were selected.
A competition assay using a kit for the detection of 
antibodies against the HAV was carried out. This 
ELISA would detect antibodies able to recognize the 
neutralizing sites of the HAV and in this way, to block 
them prior to later incubation with antibodies whose 
neutralizing capacity is known. According to this, NL 
was determined as described in Materials and meth-
ods, based on the OD values shown in fi gure 4, for a 
fi nal value of 1.75.
According these results, we can conclude that these 
sera do not recognize neutralizing epitopes of HAV. 

We evaluated the recognition capacity of immune 
sera to HAV structural proteins by western blotting 
(Figure 5). The Chinese vaccine HAVAC, prepared 
from an attenuated viral formulation, was used as 
positive control. The estimated molecular weights for 
rVP2 and rVP3 protein are 24.8 and 27.8 kDa respec-
tively, according to their amino acid sequence. Im-
mune serum raised against rVP2 recognized a protein 
of 29 kDa in a viral sample, a slightly higher size com-

1 2 3   4

46 kDa

25 kDa

14 kDa

Figure 2. Analysis by 12.5% SDS-PAGE of the rVP3 purification 
process by IMAC-Zn2+. Cells were disrupted in French Press 
and separated into the soluble and insoluble fractions by cen-
trifugation. The pellet-associated proteins were solubilized in 
6 M urea before purification by IMAC-Zn2+. Lanes: 1, Soluble 
fraction at 6 M urea; 2, Unbound fraction; 3, Fraction of VP3 
eluted at 10 mM of imidazole; 4, Fraction eluted at 250 mM 
of imidazole.                 
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Figure 3. Detection of antibodies against recombinant proteins in rabbit sera by ELISA (rabbits 1 
and 2 were immunized with rVP2, and rabbits 3 and 4 with rVP3). Plates were coated with 1 ng of 
recombinant proteins. Sera were serially diluted to determine the highest dilution which ELISA value 
was 3 times the value of preimmune serum.  Rabbit antibodies were revealed with goat anti-rabbit 
IgG-alkaline phosphatase conjugate diluted 1/10 000.
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Figure 4. Competition immune enzymatic assay to determine 
neutralization capacity of anti-rVP2 (rabbit 2 and anti-rVP3 
(rabbit 4) immune sera. Plates coated with HAV were incubated 
with the given rabbit serum (dilution 1/10) for 1 h at 37 ºC.
After that, they were further incubated with monoclonal an-
tibody 7E7-phosphatase conjugate. Preimmune rabbit sera 
were used as negative control and the positive control serum 
was from the Mediagnostic kit. Optical density was measured 
at 405 nm to determine the neutralization limit according the 
kit instructions described in Materials and methods.
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Figure 5. Western blot detection of recombinant proteins and 
HAV antigen using rabbit sera. Proteins were separated by 
12.5% SDS-PAGE and transferred onto a PVDF membrane. 
Blots were reveled by incubation with sera diluted 1/200, 
followed by an incubation with goat anti-rabbit IgG-alkaline 
phosphatase conjugate diluted 1/10 000. Lanes: 1, Mix of 1 
μg of rVP2 and 1 μg of rVP3; 2, 20 μL (200 ng) of HAVAC 
vaccine. A: Preimmune serum, B: Serum raised against rVP2, 
C: Serum raised against rVP3, D: Mix of both sera. 
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pared to the theoretical estimated size (Figure 5B, line 
2). This serum recognized the rVP2 protein at a size of 
34 kDa according the expected size and showed slight 
recognition of rVP3 applied in a same lane (Figure 
5B, lane 1). 

The serum raised against the rVP3 protein recog-
nized in a viral preparation a protein of similar size to 
that observed during the incubation with rVP2 serum 
(Figure 5C, lane 2) and with the expected size. Re-
combinant VP3 polyclonal serum also slightly recog-
nized rVP2, in a similar way to that described previ-
ously for the serum raised against rVP2 (Figure 5C, 
line 1). When incubating the PVDF membrane with a 
mix of both sera, only one band of 29 kDa was detect-
ed in the viral sample (Figure 5D, lane 2) while both 
recombinant proteins were observed in their expected 
size (Figure 5D, lane 2). No recognition of recombi-
nant or viral proteins was observed when blots were 
incubated with preimmune sera (Figure 5A).

Functional assay and detection limits 
of the generated antibodies 
To evaluate the ability of the generated antibodies to 
recognize structural proteins in HAV particles, extracts 
from wild-type N. tabacum leaves were mixed with 
concentrations of HAV proteins ranging from 0.03 to 
2% of expression of TSP. The resulting mixture was 
separated in 12% SDS- PAGE, and western blotting 
assay with rVP2 and rVP3 anti-sera to know the puta-
tive expression levels that could be detected by using 
these antibodies was done (Figure 6). Expression lev-
els higher than 0.25% of TSP could be detected in the 
working dilutions used. Sensitivity could be increased 
given the lack of recognition of endogenous plant pro-
teins with these antibodies at the region in which HAV 
proteins migrate in SDS-PAGE.

Discussion
The main goal of this work was the obtainment of 
polyclonal antibodies (PAbs) that could be useful 
for analyzing HAV expression in plants. For this 
purpose, fragments of two structural proteins of the 
virus were cloned and expressed in E. coli. After puri-
fi cation, rabbit sera were produced against rVP2 and 
rVP3, and further evaluated under denaturing and 

non-denaturing conditions for specifi city against the 
recombinant proteins and native HAV antigen. De-
spite of monoclonal antibodies against HAV have 
been produced and largely characterized [8, 9], poly-
clonal sera against HAV and structural proteins are 
suitable for laboratory use and epidemiological stud-
ies of HAV infection. PAbs can be generated by pro-
cedures faster, less expensive and technically simpler 
than required to produce monoclonal antibodies [10]. 
In general, the generation of PAbs is based on im-
munizing animals with proteins isolated from natural 
sources or produced by recombinant techniques. The 
latter route has been extensively used and PAbs ob-
tained are common tools for diagnostics [11] or pro-
tein expression profi le analysis [12]. Furthermore, the 
ability of polyclonal reagents to recognize a multi-
plicity of epitopes is signifi cant in some immunologi-
cal assays, where the detection of a molecule could be 
compromised by recognizing a single epitope. This is 
especially important in transgenic plants, where the 
accumulation of heterologous protein is fundamental. 
Besides, the production of rVP2 and rVP3 in E. coli 
would facilitate to obtain monoclonal antibodies by 
immunizing mice with these antigens, if necessary. 

To express rVP2, a segment of 700 bp was selected 
from plasmid pΔMALm[5], coding for the complete 
amino acid sequence of the structural VP2 protein and 
the fi rst 9 amino acids of the VP3 coding sequence. 
This nucleotide sequence generated a 304-amino acid 
polypeptide that included on its N-terminus 36 ami-
no acids corresponding to the histidines tag, XPress 
epitope and the cleavage site for enterokinase. This 
fusion protein has a theoretical molecular weight of 
approximately 34 kDa, unlike the native VP2 protein. 

In the case of rVP3, a 575-bp segment was se-
lected coding for 75% of the native VP3 amino acid 
sequence, generating a 201-amino acids polypeptide 
with a theoretical molecular weight of 27 kDa and in-
cluding the N-terminal sequences of the expression 
vector. This segment conserved the majority of lin-
eal epitopes present in the native VP3. Both proteins 
used in our study were obtained in insoluble form, 
presumably at inclusion bodies, since the cytoplas-
mic high-level expression of these proteins in E. coli 
frequently generates inclusion bodies. Strategies to 
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Figure 6. Detection of HAV proteins in N. tabacum leaves extracts contaminated with HAV antigen. A) 12.5% SDS-PAGE. B) 
Western blot using a mix of VP2 and VP3 sera (dilution 1/200) and goat anti-rabbit IgG-alkaline phosphatase conjugate diluted 
1/10 000. Lanes: 1, Broad range protein weight marker (Promega, USA; 20, 40, 60, 100, 150, 200 and 250 kDa); 2-9, 10 
μg of TSP of tobacco leaves were mixed with 0, 3, 6, 12, 25, 50, 100 and 200 ng of HAV, respectively, representing protein 
expression ranging between 0.03-2% of total soluble proteins; 10, 200 ng of HAV antigen.
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solubilize an inclusion body and refold the protein 
into its native structure have been recently reviewed 
[13]. Here, we resuspended the recombinant proteins 
in 6 M urea and further purifi ed them by IMAC under 
denaturing conditions based on the fused N-terminal 
His tag, fi nally refolding them by sequential dialysis 
at decreasing urea concentrations. Both proteins were 
properly folded by this process, since they remained 
soluble at the fi nal dialysis step. In spite of being time-
consuming, this refolding method renders high yields 
[14, 15]. The 88% and 91% of purity for rVP2 and 
rVP3 were respectively enough to produce high-titer 
polyclonal sera in rabbits. 

Sera specifi city was demonstrated by western blot-
ting analysis. A slight cross-reactivity between rVP2 
and rVP3 was seen. Keeping in mind that VP2 and 
VP3 don’t share common sequences in the HAV, this 
slight cross-reactivity could be explained by the do-
main shared by both recombinant proteins on their 
N-terminus by the His tag, the XPress epitope and 
the marginal recognition of the 9 amino acids of VP3 
at the C terminus of the rVP2 (not detrimental cross-
recognition for the purpose of antigen detection).

Sera against rVP2 and rVP3 didn’t recognize the 
major conformational epitope of HAV in a competi-
tion immunoenzymatic assay using the neutralizing 
antibody 7E7. However, we observed in this assay 
a slight blockade of the neutralization epitope when 
incubating with sera against rVP2 and rVP3, presum-
ably due to the interaction with lineal sites present in 
viral particles. A similar effect of poor neutralization 
capacity of sera obtained from the injection of HAV 
recombinant proteins has been previously demon-
strated [16, 17], even for the virus major structural 
protein VP1. This is the main cause of the search for 
the expression of HAV subviral structures to be used 
as vaccine candidates.

Anti-rVP2 and rVP3 sera recognized the structural 
proteins of HAV in a western blot analysis. When 
we incubated membrane with an anti-serum against 
rVP2, a band was detected corresponding to 29 kDa 

in a lane of viral preparation, in spite of the 24.8 kDa 
theoretical molecular weight for VP2. Previous stud-
ies have associated this delay in the migration of VP2 
in polyacrylamide gels under normal conditions with 
this protein possibly being the VP2 precursor, the 
VP0 protein, which proteolytic processing constitutes 
the fi nal step of the hepatitis A virion maturation [18]. 
The rVP2 protein was detected at a size of 35 kDa, in 
agreement with the addition of 36 amino acids from 
the expression vector. 

Serum raised after immunization with rVP3 de-
tected a protein band at the expected relative size cor-
responding to the predicted molecular weight. VP3 
was also detected when the membrane was incubated 
with this serum. The theoretical molecular weight of 
VP3 is 27.8 kDa, similar to the size at which the VP2 
protein was detected in the viral lane. As mentioned 
above, both proteins do not share common sequences 
in the HAV; however, they have similar migration pat-
terns under SDS-PAGE without adding urea. This was 
corroborated by incubating the viral lane with a mix 
of sera against both recombinant proteins, while rVP2 
and rVP3 were clearly detected as different protein 
bands. Ross and Anderson resolved this co-migration 
of VP0 and VP3 by adding urea to SDS-PAGE [19]. 

The obtainment of HAV particles in recombinant 
systems is a reliable way to develop an effective vac-
cine against this virus. Plants are emerging as a prom-
ising system to express and manufacture a wide range 
of functionally active proteins of high value for the 
health industry [20]. High-level protein expression is 
essential to develop economically competitive plant-
based processes for cultivation of transgenic varieties 
within confi ned fi elds and under controlled environ-
mental and biosafety contained conditions. We have 
previously obtained HAV particles in tobacco cells 
yielding expression levels in the range of 0.0015% 
of TSP [5] and we are developing strategies to in-
crease those expression levels. The sera obtained in 
this study will be useful in the screening of transgenic 
plants expressing HAV proteins by western blotting.
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