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Background: Hepatitis C virus (HCV) is a main public health problem causing chronic liver infection and subsequently
liver cirrhosis and lethal hepatocellular carcinoma (HCC). Vaccination based on HCV capsid proteins has attracted a spe-
cial interest for prevention of viral infections. The core protein is a basic and evolutionary most conserved protein, which
regulates the cellular processes related to viral replication and pathogenesis. The envelope E1 and E2 proteins involve in
generation of the infectious particles, viral entry by binding to a host cell receptor, and modulation of the immune respons-
es.

Objectives: In current study, the efficient generation of recombinant core and core-E/E2 proteins was developed in bac-
terial expression systems.

Materials and Methods: The expression of HCV core and core-E1E2 proteins was performed using prokaryotic pET-28a
and pQE-30 expression systems in BL21/ Rosetta, and M15 strains, respectively. The recombinant proteins were purified
using affinity chromatography under native conditions and also reverse staining method. Finally, the levels of recombinant
proteins were assessed by BCA kit and spectrophotometer.

Results: The data showed a clear band of ~573 bp for HCV core and ~2238 bp for core-E/E2 genes in agarose gel.
Moreover, a ~21 kDa band of core protein and a ~83 kDa band of core-E1E2 protein were revealed in SDS-PAGE. The
affinity chromatography could not purify the core and core-E1E2 proteins completely, because of low affinity to Ni-NTA
bead in comparison with reverse staining method.

Conclusions: This study is the first report for purification of HCV core and core-E1E2 proteins using the reverse staining
procedure with no need of any chromatography columns. The BL21 strain was more potent than Rosetta strain for HCV
core protein in pET 28a expression system. Furthermore, M 15 strain was suitable for expression of coreE1E2 in pQE-30
bacterial system.
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1. Background

Regarding the WHO report, Hepatitis C virus
(HCV) infections affect about 170 million people
(~3%) in the world (1, 2). HCV belongs to the
Flaviviridae family and has positive single strand
RNA in genome with length 0of 9.6 Kb (3, 4). The HCV
polyprotein is divided into three structural proteins
including the nucleocapsid or core protein and the two
envelope glycoproteins, E1 and E2, and seven non-
structural proteins (NS2, NS3, NS4A, NS4B, NS5A,
NS5B) (3, 4). The core protein plays an important role
in the formation of the capsid shell, and influences var-
ious host cell functions such as gene transcription,

lipid metabolism, cell signaling, and apoptosis (1, 5,
6). The envelope glycoproteins usually contain N-
linked glycans that may participate in folding, fusion
with the membrane of the host cell (entry functions),
and modulating the immune responses (7). The
humoral immune response to HCV infection is poly-
clonal antibody directed against viral antigens.
Antibodies directed against the envelope proteins of
the HCV virus are considered the first candidates for
virus-neutralizing antibodies (8, 9). However, there is
no effective HCV vaccine due to very low levels of
viral particles in plasma or liver tissues of infected
patient, and the lack of convenient tissue culture sys-
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tems and also animal models (5, 10, 11). Therefore, the
use of recombinant proteins especially structural pro-
teins can be considered as an important strategy in
stimulation of humoral immune responses. Many stud-
ies have produced HCV core or HCV core-E1E2 pro-
teins in different expression systems such as bacteria
(12, 13), insects (4, 10, 14), and yeast (15, 16).
Usually, the truncated fragments of core, E1 or E2
were produced in bacterial systems (17). In this study,
we developed the production of the full length HCV
core and also core-E1E2 protein using bacterial
expression system and reverse staining method for the
first time. Indeed, the zinc/imidazole reverse staining
procedure based on differential salt binding was used for
visualizing and separating proteins in acrylamide gel.

2. Objective

In current study, the recombinant proteins of HCV
core and core-E1E2 linked to a His-tag were generat-
ed using different prokaryotic expression systems. For
the first time, we used the reverse staining procedure
for purification of the recombinant proteins.

3. Materials and Methods

3.1. Cloning of Core and Core-E1E2 in pET-28a and
pQOE-30 Plasmids

The sequences of HCV core and core-E1E2 genes
were obtained from GenBank (Accession number:
AB047640).The design of primers and the restriction
enzymes were performed to clone the full length of
core (~573 bp) and core-E1E2 (~2238 bp) in pET-28a
and pQE-30 vectors, respectively (Table 1).

PCR reaction was carried out within 35 cycles for
core gene (denaturation at 94°C for 1 min, annealing at
55°C for 1 min, and elongation at 72°C for 1 min). The
same PCR reaction was performed for core-E1E2 with
different annealing temperature (58°C) and elongation
time for 2 min using PFU DNA polymerase
(Fermentase, Germany). The PCR product was sepa-
rated in electrophoresis using 1% (w/v) agarose gel,
stained by ethidium bromide, and visualized under a

UV transilluminator. The restriction enzymes were
BamHI/Sacl (Fermentas) for core cloning into pET-
28a plasmid and BamHI/Hindlll (Fermentas) for core-
E1E2 cloning into pQE-30 plasmid. After gel extrac-
tion (Qiagen kit), the ligation of core gene into pET
and also core-E1E2 gene into pQE30 was done by T4
DNA ligase (Fermentas) overnight at 14°C. Next, E.
coli DH5a strain was transformed by the ligation solu-
tions consisting pET-core or pQE-core-E1E2. A single
colony of each transformant was grown in LB media
containing ampicillin (100 pg.mL-!) for pQE-
coreE1E2 and kanamycin (25 pg.mL-1) for pET-core
at 37°C for 12-14 h. Plasmids were purified using
mini-kit (Qiagen) verified by PCR or digestion, and
sequenced using the dideoxy chain termination
method on an automated sequencer. Finally, the
recombinant plasmids were transformed into E. coli
BL21 (DE3) and also Rosetta strains for core and M 15
for core-E1E2. A single colony of transformant was
grown in LB media containing kanamycin for BL21
and Rosetta, and kanamycin and ampicillin for M15
strain at 37°C for 12-14 h.

3.2. Expression of Core and Core E1E2 Proteins in E.
coli BL21, Rosetta, and M15 Strains

The positive bacterial clones were inoculated in 50
ml TY2X medium and grown to an optical density of
0.7-0.8 at 600 nm. The expression of core and core-
E1E2 genes was induced by adding 1 mM IPTG and
the pellet was harvested at 3 h post-induction. The pel-
let was dissolved in 50 pL of SDS sample buffer 2X
and boiled for 5 min. Total proteins were analyzed by
SDS-PAGE in 12.5% (W/V) polyacrylamide gel (SDS
gel apparatus; BioRad), followed by staining with
coomassie brilliant blue.

3.3. Protein Purification
3.3.1. Protein Purification by Affinity Chromatography
using Ni-NTA Column

The HCV core and also core-E1E2 proteins were
purified under native conditions on a nickel-nitrilotri-
acetic acid (Ni-NTA)-agarose column according to the

Table 1. Polymerase Chain Reaction

Primers Forward(5°-3") Reverse(5°-3") Tm Product size

Core CCGGGATCCATGGGCACAAATCCTAAACCTCAAAG TGGAGCTCCTTAAGAGCAGAGACCG- 55°C 573bp
(BamHl) GAACGGTG(Sacl, Afll)

Core-E1-E2 CCGGGATCCATGGGCACAAATCCTAAACCTCAAAG ATAAGCTTTGCTTCGGCCTGGCC- 58°C 2238bp

(BamH]I)

CAACAAG(Hind 111)

58
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manufacturer protocol (Qiagen). Briefly, the cell pellet
was solved in lysis buffer A (10 mM Immidazol, pH 8)
and placed in ice for 30 min and then sonicated for 20
min. The supernatant was recovered after centrifuging
the disrupted cell suspension in 4000 xg for 20 min at
4°C. The lysate was applied on the Ni-NTA column
(Qiagen). Following three washes by buffer B (30 mM
Immidazol, and pH 8), purified protein was eluted by
300 mM imidazole elution buffer (pH 8). Purified core
and core-E1E2 proteins were analyzed by 12% SDS-
PAGE.

3.3.2. Protein Purification by Reverse Staining Method

The bacterial pellets containing core and also core-
E1E2 were dissolved in lysis buffer and placed on ice
for 30 min. The lysates were sonicated for 20 min and
the samples were dissolved in sample buffer 6x and
boiled for 5 min. The core and core-E1E2 proteins
were analyzed by SDS-PAGE. An imidazole-SDS-Zn
reverse staining method was used for the purifications
as described earlier (18). The purified proteins were
concentrated and dialyzed against PBS (dialysis mem-
brane, MWCO: 3.500 kDa). Protein concentration was
measured using BCA assay kit (Pierce, USA) and
spectrophotometer. The recombinant protein was kept
at -20°C until use.

4. Results

4.1. Construction and Expression of the Recombinant
Core and Core-E1E2 Proteins in E. coli

The recombinant plasmids expressing HCV core
and core-E1E2 proteins were confirmed by digestion
as well as PCR analysis indicating core and core-E1E2
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gene amplification. The results showed a clear band of
~573 bp for HCV core and ~2238 bp for core-E1E2
gene in agarose gel (Figure 1). In addition, a ~ 21 kDa
band for core protein and ~ 83 kDa for core-E1E2 pro-
tein were revealed in bacterial system using SDS-
PAGE (Figures 2). The pET expression system was
efficient for expression of HCV core protein, while the
pQE expression system was convenient for expression
of HCV core-E1E2 protein. Furthermore, the type of
bacterial strain was an important factor for high core
protein expression. Indeed, the level of core protein
expression in BL21 (DE3) was higher than that in
Rosetta strain (Data not shown).

4.2. Purification of Core and Core-EI1E2 from E. coli

The purification of core and core-E1E2 was per-
formed by two different methods such as affinity chro-
matography with Ni-NTA column, and reverse stain-
ing procedure. The results showed that the reverse
staining method based on Zn-Imidazole-SDS was
more efficient than affinity chromatography for pro-
tein purification (Figure 2). The Ni-NTA could not
purify completely the core and core-E1E2 proteins as
compared to reverse staining method. Total protein
concentration of the samples, was assessed using BCA
kit and spectrophotometer for next tests. The amounts
of proteins were variable with changing culture vol-
ume. Generally, the amounts were obtained as 300-400
pg.mL-1 and 100-200 pg.mL-! for core and coreE1E2
proteins, respectively.

5. Discussion
The studies showed that HCV core antigen is a
major target to improve HCV preventive vaccines.
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pQE30 .
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Figure 1. A: The confirmation of core and core-E1E2 genes by PCR and B: digestion on 1% agarose gel; Molecular weight

marker (1 Kb, Fermentas) is indicated as MW
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Figure 2. A: Expression and purification of core and B: core-E1E2 proteins in E. coli system: SDS-PAGE electrophoresis
of lysate of uninduced (Lane 1) and IPTG (1 mM) induced (Lane 2) culture of E. coli and the recombinant protein purified
by reverse-staining method (Lane 3). The weight of the molecular mass markers (Premixed protein molecular weight mark-

er: 14.4-97.4 kDa) is indicated as MW

One of the major problems in development of HCV
vaccine is its wide genetic variants. It has been shown
that core antigen is a highly conserved protein (2).
Serum antibodies against HCV core protein epitopes
(residues 7-21, 31-45, 49-63, 99-113) were shown in
HCV patients. Due to contribution of all amino acid
residues of HCV core, total of 191 amino acids of this
protein were included in vaccine design. Indeed, the
conservative feature of the core gene in different HCV
genotypes and the low susceptible of mutation in this
region, make this protein an ideal candidate for HCV
vaccine (2). Therefore, the production of core protein
was done in different expression systems (12-17). The
use of bacterial systems showed promising results as
compared to other eukaryotic systems such as insect
cells and yeast because of less time for production,
high-level yield, and cost-effectiveness ((3)). For
example, the expression of core in E. coli BL21 using
pGEX4T-2 (3) or pPGEMEX-1 (1) expression vectors
was performed using IPTG inducer as a recombinant
fusion protein (e.g., GST fused protein). In these stud-
ies, HCV core was purified through affinity chro-
matography (3). The authors showed that during viral
morphogenesis, HCV core protein is cleaved by cellu-
lar signal peptidase into the truncated core proteins of
191 and 173 with molecular weights of 21 and 19 kDa,
respectively (19, 20). Three major domains could be
determined in the 21 kDa core fragment (21, 22). The
hydrophilic domain containing an immunodominant
epitope is among the first 121 amino acids of core

60

sequence which can induce antiviral immune respons-
es (23). Therefore, some studies generated the truncat-
ed fragments of HCV core, e.g., expression of the
hydrophilic domain of core antigen (2-122 aa) in E.
coli BL21 using an arabinose induction system. This
fragment was purified in native condition on a Ni-
NTA-agarose column (17). In other study, pQE-60 and
pQE-30 plasmids were used for expression of the frag-
ments of HCV structural and nonstructural proteins in
E. coli. The fragments containing core (1-98 aa), NS3
(202-482 aa), and tetramer of hypervariable region 1
(HVR1) of E2 protein could be expressed in high lev-
els in JM109 E. coli and purified by affinity chro-
matography for mice immunization (24). Furthermore,
production of HCV-like particles in insect cells were
performed using a recombinant Baculovirus contain-
ing the cDNA of the HCV core-E1E2 structural pro-
teins (4, 10).

Up to now, the expression of core-E1E2 was not
reported in bacterial systems. In addition, the full
length of HCV core was expressed using fusion bacte-
rial vectors (e.g., GST tag) that needs further isolation
and purification processes. Also, Ni-NTA was used as
a common method for purification by His-tag.

In current study, we used two different expression
vectors including pET-28a for core expression in
Rosetta and DE3 strains, and pQE-30 for core-E1E2
expression in M15 strain. SDS-PAGE analyses of
IPTG-induced cell lysates showed the presence of a
prominent protein band that was not detectable in non-
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induced cell lysates. In the presence of SDS and 2-
mercaptoethanol, the core and core-E1E2 protein
migrated as a 21 kDa and 83 kDa protein during elec-
trophoresis, respectively. The results showed that the
core protein expression in BL21 (DE3) was higher
than that in Rosetta. In addition, the pET and pQE
expression systems were efficient for generation of
HCV core and core-E1E2 proteins, respectively,
among other bacterial expression systems. On the
other hand, the purification of recombinant core and
coreE1E2 could be performed using affinity chro-
matography and reverse staining method. However,
Ni-NTA could not purify completely the recombinant
proteins as compared to reverse staining method.
Briefly, a variety of expression systems are available
for protein production. Among them, E. coli has signif-
icant advantages of cost, ease of use and scale, which
make it suitable to generate heterologous proteins.
Improving the generation of recombinant proteins in
E. coli generally involves changing several factors
such as temperature, the expression strain, promoters,
and induction conditions (25). In addition, there are a
number of common fusion tags (e.g. His-tag) that are
used to increase the efficiency of protein purification
in E. coli. Herein, we showed a rapid protein elution
from polyacrylamide gel bands at room temperature
by reverse staining for preparation of core and core-
E1E2 proteins (26, 27). Zinc-mediated protein fixation
in the gel is fully reversible and the eluted biomole-
cules are neither chemically modified nor contaminat-
ed with organic dyes. This method can detect the bands
corresponding to 5 ng of protein (28). In conclusion,
two factors are important for efficient generation of
proteins: strains and purification method. This study
indicated the production of core and core-E1E2 pro-
teins in two E. coli systems purified by reverse stain-
ing with Imidazole/Zinc. Future studies will be consid-
ered to use the recombinant core and core-E1E2 pro-
teins for anti-viral vaccine design.
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