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Hepatitis C virus (HCV) infection is a public health
problem with the global prevalence of 2.2%, corre�
sponding to about 130 million people [1]. Chronic
HCV infection frequently leads to cirrhosis and hepa�
tocellular carcinoma. Currently, there is no vaccine
against this virus and therapeutic approaches obliter�
ate the virus in only 50% of the patients [2, 3]. HCV
belongs to the flaviviridae family and its single�strand
positive RNA encodes a polyprotein that is cleaved by
cellular and viral proteases, generating at least 10 ma�
ture proteins including three structural (core, E1 and
E2) and six non�structural (NS) proteins [4]. The
HCV core protein (HCVcp) is located at the N�termi�
nus of the polyprotein and consists of 191 amino acid
residues with a molecular mass of 23 kDa (p23) that is
further processed to a mature 173–182�residue frag�
ment (p21) [5–6]. Recently, it has been shown that
another 16 kDa protein is expressed from the HCV
core coding region by a +1 ribosomal frameshift mu�
tation, starting at codon 11 and ending at codon 161 of
the core open reading frame (ORF) [7]. Presence of

this so called “core+1”, or “ARFP” (alternative read�
ing frame protein), or “ARFP/F” protein [7–9] was
initially recognized by detection of anti�(ARFP) anti�
bodies in serum of HCV�positive patients via applica�
tion of synthetic peptides coding portions of this pro�
tein [9, 10]. Subsequently, other alternative forms of
this protein like ARFP/DF (double�frameshift) and
ARFP/S (short form of core+ю1) were also described.
The ARFP/DF is composed of the first 42 amino acids
of HCVcp linked to the next 101 amino acids encoded
in the alternate reading frame (ARF), followed by the
C�terminus of the HCVcp, while the ARFP/S is de�
rived from an internal initiation event around the
codons 85/87 of HCVcp that may generate products in
the +1 reading frame [11, 12].

The exact role of core+1 in the development of
chronicity and HCV pathogenesis is still not well char�
acterized; however, some of the functional properties
that were attributed to the core [5, 6] were recently as�
signed to the ARFP. In fact, recent studies indicated
that ARFP is an unstable protein that associates with
the endoplasmic reticulum [13] and may play a role in
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the regulation of gene expression, cell signaling and
apoptosis [14–17], as well as in altering immune re�
sponses [18]. These potential properties of the ARFP
have attracted recently much attention and intensified
the studies of its features. However, in order to charac�
terize the ARFP/F protein and to study its functional
properties, as well as to produce poly/monoclonal an�
tibodies for clinical studies, a source of high amounts
of this protein in a pure form should be available. Al�
though in previous studies, expression of different re�
combinant forms of ARFP (the full�length or truncat�
ed forms) of different HCV genotypes 1a, 1b, 1c and 2
in E. coli was decribed [19–23], optimization of ex�
pression and purification conditions was only reported
for the ARFP/S form of ARFP (amino acid residues
85–142 and 85–160) with a maximum achieved yield
of 1 mg/L [24]. Moreover, accurate evaluation of anti�
genic properties or potential immunogenicity of these
proteins was not addressed in prior studies.

The aim of present study was to develop and opti�
mize a prokaryotic system for high level expression and
simple purification of ARFP/F (amino acid residues
11–161) protein. Alignment of different ARFP/F ami�
no acid sequences from NCBI Gene Bank database
with the ARFP/F sequence employed in our study
[25] was conducted. In addition, antigenic properties
of this HCV�1b�derived ARFP/F protein were investi�
gated theoretically using the Hopp & Woods method
[26] and experimentally using HCV�infected human
sera and sera of mice immunized with a specific
epitopic peptide (Pf) of ARFP/F protein. Finally, by
immunization of BALB/c mice with this produced re�
combinant protein, immunogenic properties of
ARFP/F were evaluated. According to our knowledge,
this study is the first report on the potency of ARFP/F
protein for the induction of humoral response in an
animal model. 

EXPERIMENTAL

Construction of ARFP/F sequence and cloning. A
pIVEX2.3�HCVcp plasmid containing the HCV core
gene [25] was used as a template for constructing the
core+1 sequence and production of the capsid protein
(HCVcp). Amplification of the DNA corresponding to
the ARFP/F protein coding sequence in the +1 frame
of the core starting from amino acid residue 11 (i.e.
lacking the first 10 core�derived amino acids) to amino
acid 161, was performed by PCR using C1F (forward)
and C1R (reverse) primers harboring BamHI and
XhoI restriction sites respectively (C1F: 5'�CAAG�
GATCCCCAAACGTAACACCAACCG�3', C1R: 5'�
CCCCTCGAGCGCCGTCTTCCAGAAC�3'; restric�
tion sites are in bolded italics). Subsequently, the PCR
product was double digested by BamHI/XhoI restriction
enzymes and inserted into the same sites of the expres�
sion vector pET�24a (“Novagen”, USA) under the con�
trol of a T7 promoter and upstream of a 6xHis�tag (fig. 1).
The resulting chimeric construct pET�HCVFP after

confirmation by restriction and sequencing analysis
(Seq lab) was transfered into E. coli. All plasmid ma�
nipulation and cloning steps were performed accord�
ing to standard procedures [27].

Expression and purification of recombinant
ARFP/F protein. Expression of the recombinant
ARFP/F protein was analyzed in four bacterial hosts:
BL21 (DE3), BL21 (DE3) pLysS, Rosetta (DE3),
BL21�CodonPlus (DE3)�RIL (“Novagen”). The
E. coli cells containing pET/HCVFP were grown in LB
medium at 37°C. Protein expression was induced by ad�
dition of 1 mM IPTG at mid�log phase (OD600 = 0.6). To
increase the yield, the expression of the recombinant
ARFP/F protein was optimized at different tempera�
tures (22°C, 30°C and 37°C), various concentrations
of IPTG (0.5, 1 and 1.5 mM), and varying duration of
induction time (1, 2, 3, 4 and 5 h). The ARFP/F pro�
tein was purified in denaturizing conditions on a nick�
el�nitrilotriacetic acid (Ni�NTA)�agarose column ac�
cording to the manufacturer’s protocol (“Qiagen”,
Germany). Briefly, the cell pellet was resuspended in
the lysis buffer containing 8 M urea, 0.1 M NaH2PO4,
0.01 M Tris�HCl (pH 8.0). Subsequently, the lysate
was centrifuged at 12000 × g for 30 min and the super�
natant was applied onto a Ni�NTA column. Following
two washing steps by 4 mL of the wash buffer (8 M
urea, 0.1 M NaH2PO4, 0.01 M Tris�HCl, pH 6.5); the
His�tagged recombinant protein was eluted 5 times
with 0.5 mL of the elution buffer (8 M urea, 0.1 M
NaH2PO4, 0.01 M Tris�HCl, pH 4.5). Subsequently,
the eluted fractions of the purified ARFP/F protein
were dialyzed against the refolding buffer: 25 mM Tris�
HCl (pH 7.4), 10% (v/v) glycerol, 250 mM NaCl,
10 mM glycine, 25% sucrose and protease inhibitor
cocktail (“Roche”, Germany) – with decreasing con�
centrations of urea (6, 4, 2, 1, 0.5, 0.25, 0 M) at 4°C
for 20 h. Protein concentration was determined by the
BCA protein assay method (“Pierce”, USA) and the
endotoxin level was measured with the QCL�1000
Chromogenic Limulus amoebocyte lysate test (Bio�
Whittaker) [27].

Characterization of the recombinant ARFP/F pro�
tein and its antigenicity. Accuracy of recombination
and the authenticity of the ARFP/F protein were eval�
uated by SDS�PAGE and Western blotting assays.
Western blotting was performed in separate experi�
ments with a set of different antibodies: anti�His tag
monoclonal antibody, sera collected from mice immu�
nized with a B�cell specific ARFP/F related epitopic
peptide (anti�Pf sera), which was shown to produce high�
ly specific ARFP/F antibodies (paper in preparation),
and a mouse monoclonal antibodies against the HCVcp

(“Alexis Biochemical”, UK) as positive and negative
controls, respectively. Briefly, after SDS�PAGE the pro�
tein bands were transferred to a nitrocellulose membrane
(“Sigma”, USA) using a Bio�Rad Mini�protein II
System. The membrane was blocked in PBS buffer
containing 3% BSA for 2 h, and treated with either
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anti�HCV core (1/10000) or anti�His�tag (1/2000)
monoclonal antibodies or mice sera (1/100) diluted in
PBST. After washing step, the membrane was incubat�
ed for 2 h with 1/10000 dilution of HRP�conjugated
goat anti�mouse antibody (“Sigma”) in PBST. Fol�
lowing more washing steps, the bands were visualized
using the DAB (3,3'�diaminodbenzidine) as a sub�
strate (“Roche”, Germany). In parallel and separate
assays, the non�immunized mice sera were used as a
control.

The antigenicity and immune�reactivity of the re�
combinant ARFP/F protein to sera of mice immu�
nized with a peptide encoding the dominant core+1
B�cell epitope (anti�Pf sera) and 11 blood sera samples
from the HCV positive patients (Tehran Blood Trans�
fusion Centre) were also analyzed by ELISA accord�
ing to standard protocols [27]. In these sets of analy�
ses, the ELISA plates were coated with either purified
recombinant ARFP/F protein (3 μg/mL) or Pf pep�

tide or HCVcp (3 μg/mL) as positive or negative con�
trols, respectively.

Immunization of mice against HCV ARFP/F pro�
tein. Seven inbreed female BALB/c mice aged 6–
8 weeks were housed under standard pathogen�free
conditions and commercial food and water were pro�
vided. Mice were immunized subcutaneously (s.c.)
with 25 μg of the purified ARFP/F antigen in a com�
plete Freund’s adjuvant. Three weeks later, the same
dose of antigen in an incomplete Freund’s adjuvant
was injected s.c. as a booster. Blood samples were ob�
tained from the retroorbital sinus of mice at weeks 0, 3
and 6 and stored at –20°C prior to analysis.

Evaluation of humoral response against ARFP/F
protein in immunized mice. The level of anti�ARFP/F
antibodies in mice sera was measured by ELISA. Briefly,
the purified ARFP/F protein (3 μg/mL) was used as a
capture molecule to coat 96�well plates (“Nunc”, Den�
mark). After washing with PBS and blocking with BSA
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Fig. 1. Cloning strategies for constructing the pET�HCVFP expression vector. a – Schematic representation of the expression el�
ements in the pET/HCVFP plasmid. The HCV ARFP nucleotide sequence corresponding to amino acid residues 11–161 (nu�
cleotides 372–825 of the core sequence with a +1 frame shift) was amplified by PCR using a frameshifted�forward primer and
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(1% w/v), wells were probed with 100 μL of serially�di�
luted sera (from 1 : 650 to 1 : 166400) obtained from
mice immunized with the recombinant ARFP/F pro�
tein, and incubated for 1 h at 37°C. After three wash�
ing steps with PBST, the plates were incubated at 37°C
for 1 h with a goat anti�mouse IgGγ chain specific
HRP�labeled conjugate (“Sigma”, USA) diluted to
1/10000. Finally, conjugate binding was visualized
with TMB (3,3',5,5'�Tetramethylbenzidine; “Sigma”)
as a substrate. After the color developed, the reaction
was stopped by addition of 50 μL of 1N HCl, and ab�
sorbance (at 450 nm) was measured. Sera prepared
from 3 naive BALB/c mice were used as a negative
control, and each sample was tested in triplicate. The
positive cut�off value was taken as twice the mean val�
ues of the negative control sera.

Sequence analysis of ARFPs. The sequence align�
ment of the putative ARFP1�161 from 2 different HCV
genotypes (1a and 1b) and ARFP sequence employed
in this study (1b genotype) was performed to analyze
the degree of amino acid conservation among these se�
quences using the Bioedit program. An antigenicity
plot of the studied F protein was generated using the
algorithm proposed by Hopp & Wood [26].

RESULTS

Expression, purification and characterization
of recombinant ARFP/F

The PET/HCVFP plasmid containing 459 bp
ARFP/F coding sequence downstream of the T7 pro�
moter (fig. 1) was transformed into various E. coli
strains, and the positive transformants were analyzed
for the expression of the ARFP/F protein by SDS�
PAGE. Several expression parameters including IPTG
concentrations, temperatures and induction times
were evaluated to optimize the expression conditions.
The highest expression levels were achieved at the
1 mM IPTG at 37°C. Finally, by screening various in�
cubation times, maximal expression levels of the
ARFP/F protein were observed after the 3�h induction
periods (fig. 2b). Accordingly, analysis of bacterial ly�
sates resulted in detection of protein bands at the cal�
culated (theoretically expected) molecular weight
(18.1 kDa) for both BL21 (DE3) and Rosetta (DE3)
E. coli strains. However, the expected bands were not
observed in case of BL21 (DE3) pLysS and BL21�
CodonPlus (DE3)�RIL strains (fig. 2a). 

Analysis of recombinant ARFP/F solubility under
native conditions using imidazole and in the absence
of urea, (i.e: lysis of the bacterial pellet in the native
buffer and evaluation of the supernatant after centrif�
ugation and separation of bacterial debris) indicated
lower amounts of the ARFP/F protein in the cell ly�
sate supernatant (containing soluble proteins) (fig. 2c)
as compared to denaturing conditions (i.e: lysis of the
bacterial pellet in a denaturing buffer containing urea
and evaluation of the supernatant after centrifugation

and separation of bacterial debris). This observation
indicated the presence of a higher amount of the ex�
pressed protein in the insoluble fraction rather than
soluble one (fig. 2c). In addition, these results implied
that purification of the ARFP/F protein under native
conditions (which is based on purifying soluble frac�
tion) should not be efficient because most of the ex�
pressed protein was in the form of inclusion bodies
rather than in the soluble cytoplasmic fraction. There�
fore, by preparing the lysate in 8 M urea buffer, the re�
combinant His�tagged ARFP/F protein was purified
by Ni�NTA chromatography under denaturing condi�
tions (fig. 2d), refolded during a dialysis procedure and
analyzed by 12% SDS�PAGE under non�reducing
conditions (without β�mercaptoethanol in the sample
buffer). SDS�PAGE analysis of ARFP/F purification
steps (binding, washing and elution) on Ni�NTA col�
umn is shown in fig. 2e. As shown, one sharp band with
MW of 18.1 kDa corresponding to ARFP/F as well as
two other faint bands with approximate MWs of
35 kDa and 70 kDa could be detected in SDS�PAGE
(non�reducing). These heavier proteins are most likely
the oligomerized forms of the ARFP/F (see discussion
section). Finally, the production yield of the purified
and refolded ARFP/F protein was shown to be 5 mg/L
of the induced culture media for the E. coli BL21
(DE3) strain. 

Western blot analysis by either commercial anti�
His monoclonal antibodies (mAbs) or anti�Pf sera in�
dicated specific bands with the expected size while no
interaction was observed when commercial anti�core
mAb was applied, indicating to the specificity of the
produced ARFP/F protein (fig. 2f). 

To evaluate antigenic features of the recombinant
ARFP/F, refolded protein was analyzed by anti�Pf sera
using the ELISA assay. As shown in fig. 3a, recombi�
nant ARFP/F protein was detected by the anti�Pf sera.
In addition, while all 11 HCV positive human sera
used in this study were anti�HCV core positive, two of
them also produced significant signals against either
the Pf peptide or ARFP/F protein (fig. 3b). Therefore,
2 HCV positive sera were ARFP/F positive and further
implied the discrimination power of the expressed
ARFP/F protein from HCVcp. In fact, core positive
human sera that did not bind to Pf peptide (i.e.
ARFP/F negative sera) did not react with the recom�
binant ARFP/F either. Thus, cross�reactivity between
HCVcp and recombinant ARFP/F was not observed.
Furthermore, this finding proposed a similar antige�
nicity for the expressed protein and Pf peptide, which
was an ARFP/F�derived B�cell determinant.

Immunogenicity of the recombinant ARFP/F
in BALB/c mice

As shown in fig. 4, all animals immunized with the
ARFP/F protein displayed different levels of specific
IgG antibody response, while sera of negative control
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groups did not show any reactivity to the ARFP/F
protein. Moreover, an average end�point antibody titer
of 1/83200 was detected in two mice sera.

Sequences analysis

Sequence analysis of ARFP/F proteins showed a
high degree of conservation, especially in the early N�
terminal (amino acid residues 1–58) and late C�termi�
nal (amino acid residues 148–160) fragments (fig. 5a).
The antigenicity plot of the ARFP/F sequence em�
ployed in the study indicated 3 major antigenic do�

mains in the first half of the protein fragment (residues
1–28, 48–75 and 85–98) (fig. 5b).

DISCUSSION

The ARFP/F protein is encoded by ORF that over�
laps the core ORF in the first 10 codons and is differ�
entiated by a +1 frameshift mutation at codon 11 [7].
The ARFP/DF (double�frameshift) and ARFP/S
(short form of core+1), are also described as two other
forms of the ARFP protein [11, 12]. There is lots of ev�
idence of ARFP expression during the life cycle of the
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Fig. 2. Analysis of expression and purification of the ARFP/F protein by SDS�PAGE and Western blot. a – SDS�PAGE analysis
of bacterial lysates of E. coli strains harboring the pET�HCVFP recombinant plasmid after induction with IPTG: lanes 1 and 2 –
bacterial lysate of BL21 (DE3) pLysS before and 3 h after induction, respectively; 3, 5 and 7 – total bacterial lysates of BL21
(DE3), Rosetta (DE3) and BL21�CodonPlus (DE3)�RIL strains before induction; 4, 6 and 8 – total bacterial lysates of the same
bacterial cells after induction, respectively. b – Time course inductions of the ARFP/F protein (lanes 1 to 6 correspond to the
induction time course of 0 to 5 h in the BL21 (DE3) host, respectively). c – Protein solubility analysis: lane 1 – total bacterial
lysate before induction; 2 – the bacterial pellet after induction was lyzed in the “native” buffer (containing immidazole) and the
supernatant after centrifugation were loaded; 3 – exactly as lane 2 but the denaturing buffer (containing urea) was used. d – Pro�
tein purification under denaturizing conditions: 1 – bacterial lysate supernatants, 2 – Ni�NTA unbounded material, 3 and 4 –
wash flows and lanes 5–9 – elution aliquots from the Ni�NTA column. e – The refolded ARFP/F protein with one sharp band
at 18.1 kDa and two other faint bands at approximately 35 kDa and 70 kDa (indicated by arrows) in a SDS�PAGE analysis under
non�reducing conditions. f – Western blot analysis of the recombinant ARFP/F protein. BL21 (DE3) bacterial lysate before
(lane 1) and after (lane 2) induction was treated either with the anti�His monoclonal antibodies (a) or with the anti�Pf peptide
mouse anti�sera (b). Purified recombinant ARFP/F and core proteins were treated with anti�core mAb (c) to discriminate be�
tween the two proteins. 
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HCV and stimulation of specific immune responses.
In some HCV positive patients expression of the
core+1 proteins has been confirmed by detecting both

the specific T�cell and the B�cell mediated immune re�
sponces against the ARFP antigen [9, 10, 18, 22, 28].
Furthermore, ARFP proteins were found to interfere
with apoptosis and cell cycle regulation [14–16], sug�
gesting a role of these proteins in HCV pathogenesis. 

Although, expression of ARFP/F has been already ad�
dressed in mammalian cells [29, 30] and E. coli [19–23],
however, our study is the first attempt towards optimi�
zation of prokaryotic expression of ARFP/F using dif�
ferent E. coli strains, induction systems or vectors (re�
sults not shown), various temperatures, IPTG concen�
tration and incubation times in order to provide a high
amount of the protein for further investigation. Our
results indicated that the vector and host are the most
important factors for effective expression of ARFP/F
protein in a bacterial system. It is noteworthy that our
primary attempts to express this novel protein by the
pIVEX2.3 vector (“Roche”) in the BL21�AI host were
not successful (data not shown). However, changing
the plasmid to pET system that encodes the protein in
fusion with a large N�terminal tag (T7�tag) resulted to
the expression of ARFP/F protein. This observation is
consistent with previous reports, demonstrating that
expression of recombinant proteins could be increased
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Fig. 4. Antibody response of BALB/c mice immunized
with the recombinant ARFP/F protein. Seven BALB/c
mice were immunized two times with 25 µg of ARFP/F
protein at 3�week intervals. Mice were bled 3 weeks after
the last immunization and anti�ARFP/F antibody re�
sponse was evaluated by ELISA. The bars represent anti�
body titers in mice sera.
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by addition of fusion polypeptides to the N�terminus
[31–34].

Here, the ARFP/F protein has been effectively ex�
pressed in the BL21 (DE3) E. coli strain in accordance
with previous studies [19–22, 24, 28]; furthermore,
the ARFP/F expression has been achieved for the first
time in the Rosetta (DE3) strain, but not in the BL21
(DE3)�pLysS or BL21�CodonPlus (DE3)�RIL strains
(fig. 2a). Although there is no clear explanation for these
results, optimization of the vector/host combination
might be one of the most important issues that should be
considered in recombinant protein expression.

In previous studies the reported expression of
ARFP/S (residues 85–142 and 85–160) in E. coli cells

was at most up to 1 mg/L [24]. The optimization of ex�
pression parameters allowed us to increase the pro�
ductivity of ARFP/F (amino acid residues 11–161) up
to 5 mg of protein per liter of bacterial culture. This
difference in yields might be due to differences in ex�
pression conditions, variations in the length of ex�
pressed ARFPs and gene sequences. 

In prior studies, existence of relatively high molec�
ular mass particles in protein samples due to partial
oligomerization of the HCV Core+1/S proteins (al�
though puried in a monomeric form by size exclusion
chromatography) were reported [24]. This oligomer�
ization phenomenon was attributed to residues Ile33
and Val35 of the core protein. Accordingly, SDS�
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MSTKPK QR NVP KP TPTAAHRTSS RAVARSLVEFTCCRAGAPGWVCARS PGR RL LPSG N V

EGDNLSPR I ASPRAGPGLSLG I LGPSTAMRAWGGQDGSCHPAALDLVGAPQTPGVGRA IW
VDVSLSPRHVGPRAGPGLSPGTLGPSMAMRVAGGRDGSCLPVALGLAGAPQTPGVGRA IW
VDVSLSPRHVGPRAGTGLSPGTLGPSMAMRVAGGRDGSRPPVALGLVGAPTTPDVGRA IW
VDVSLSPRRVGPRAGPGLSPGTLGPSMAMRAAGGRDGSCPPVALGLVGAPQTPGVGRA IW
EGDNLSPR I AGPRVGPGLSPGTLGPSMATRVWGGQDGSCHPVALGLVGAPQTPGVGRV IW
EGDNLFPR I AGPRAGPGLSPGTHGPSMATRVWGGQDGSCHPVAPGLVGAPQTPGVGRVTW
EGDNLSPR I ASPRAGPGLSPGTLGPSMAMRAWGGQDGSCHPAALGLVGAPQTPGVGRATW

VSLS I PLRAASPTSWGTYRSSAPL LEALPGPWRMAPGFWKTA
VRSS I PLRAASPTSWGTYRSSAPL LEALPGPWRMASGFWKTA&
VRSS I PLRAASSTSWGTYRSSAPL LEALPGPWRMASGFWKTV&
VRSS I PLRAASPTSWGTYRL SAPL SEALPGPWRMASGFWKTA
VRSS I PLHAASPTSWGTFRL SAPP@
VRSS I PSHAASPTSWGTFRSSAPPWEALPGPWRMASGFWRTA
VRSS I PSRAASPTSWGTFRSSAPPWEAPPGPWRMASGFWRTA

ARFP
AF009606
AY885238
ABV46135.1
D90208
ACA50643.1
ABV46227.1

1b
1a

10 20 30 40 50

1a
1a
1b
1b
1b

60 70 80 90 100 110 1

20 130 140 150 160

ARFP
AF009606
AY885238
ABV46135.1
D90208
ACA50643.1
ABV46227.1

1b
1a
1a
1a
1b
1b
1b

ARFP
AF009606
AY885238
ABV46135.1
D90208
ACA50643.1
ABV46227.1

1b
1a
1a
1a
1b
1b
1b

Fig. 5. Sequence alignment of six different ARFP/F amino acid reference sequences of the 1a and 1b genotypes with the ARFP/F
sequence employed in this study (first row). a – The ARFP/F sequences were obtained after translation of nucleotide sequences
retrieved from the NCBI GeneBank database (accession numbers are shown) in the +1 ORF (with 10 amino acids of the core
protein in the N�terminal of the ARFP/F protein). b – The ARFP/F (amino acid 1–161) antigenicity plot according to the Hopp
& Woods method [26]. Positive values indicate hydrophilic or antigenic areas.

5



258

МОЛЕКУЛЯРНАЯ БИОЛОГИЯ  том 46  № 2  2012

BAGHBANI�ARANI и др.

PAGE (under non�reducing conditions) analysis of
purified and refolded ARFP/F protein obtained in our
study detected the presence of extra protein bands
with molecular mass of ~35 and ~70 kDa (fig. 2e).
These bands were most probably related to the oligo�
merized forms of ARFP/F. However a more detailed
analysis is needed to bring the evidence of such oligo�
merization.

Availability of the recombinant ARFP/F protein in
high amounts and with adequate antigenic properties
is required for its application as a diagnostic and prog�
nostic tool. In this context, results of a recent study
have demonstrated that the presence or absence of
specific antibodies to the ARFP/F protein may serve
as an indicator for predicting the efficiency of antiviral
treatment in HCV patients [20]. Although, purified
ARFP/F obtained here could be successfully used as a
primary diagnostic tool for the detection of mouse and
human anti�ARFP antibodies (fig. 3a, b) and demon�
strated no cross�reactivity with anti�core specific anti�
bodies from human HCV positive sera, still more de�
tailed studies are required to address the real diagnos�
tic value of this protein.

In accordance with previous studies [9, 10, 18, 22, 28],
anti�ARFP/F antibodies in HCV�infected individuals
were detected in 2 of 11 (18%) serum samples from
Iranian HCV�positive patients. These two serum sam�
ples reacted with the produced recombinant genotype
1b ARFP/F protein in an in�house ELISA test. The
specificity of anti�ARFP/F antibodies has been also
confirmed using a synthetic ARFP epitopic peptide
(Pf). In previous investigations, different frequencies
(from 13% [9] to 89% [27]) of anti�ARFP/F antibod�
ies in HCV�infected patients were reported. The prev�
alence of anti�ARFP/F antibodies (18%) obtained in
our study is compatible with data reported by
Pawlotsky et al. [35], namely: specific anti�ARFP/F
antibodies were detected in 17.6% (3 of 17) of HCV�
infected patients using a genotype 1b ARFP43–141 syn�
thetic peptide. Of note, this frequency variability for
the presence of anti�ARFP/F antibodies in HCV�in�
fected patients might be due to the different sample
sizes (number of investigated sera) and the different
ARFP antigens (different source, length and sequenc�
es) employed for detection of the antibodies.

According to Hopp & Woods antigenicity plot [26],
3 antigenic domains are found in the ARFP/F protein
sequence (fig. 5b); the first one is located in the N�ter�
minal part (residues 1–28) and others are in the mid�
dle part of the protein (residues 48–75 and 85–98).
Since the first domain seems to be a well conserved re�
gion among the different analyzed ARFP sequences
(fig. 5a), it could be a suitable candidate epitope for
further immunological investigations such as mono�
clonal antibody production.

Several studies already reported the presence of an�
ti�ARFP antibodies and T�cell response in some
HCV�infected patients [9, 10, 18, 22, 28]. Zhang et al.

[36] detected the anti�ARFP antibodies in mice im�
munized with a DNA vaccine containing the core�
E1–E2 fragments of the HCV genome. Results of
these prior studies indicated that ARFP was expressed
from the core sequence and could be an immunogenic
protein. However, detailed information about the im�
munogenic properties of this protein was not revealed.
We studied the induction of humoral immune re�
sponse by immunization of BALB/c mice with the re�
combinant ARFP/F protein. Accordingly, all of the
injected mice promoted high titers of specific anti�
ARFP/F antibody response (fig 4). To our knowledge,
this study is the first attempt to show an immunogenic
potency of the ARFP/F protein in an animal model.
Although, these experiments provide some basic in�
formation on the immunogenicity of the ARFP/F
protein, more investigations, especially on the evalua�
tion of the CTL response in mice, are required. This
approach is important for understanding the type and
mechanisms of immune response against the ARFP
proteins and the immunogenic nature of this protein,
as well as its use as a candidate vaccine against HCV.

Taken together, in present study an efficient and
simple system for high�yield expression (5 mg/L of
culture) and purification of the ARFP/F protein was
developed, and the proper antigenicity and immuno�
genicity of this protein was demonstrated. This expres�
sion system is currently in use for a large�scale produc�
tion of the ARFP protein for its structural and func�
tional analysis as well as mAb preparation.
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