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Abstract

AIM: To construct and highly express an epitope of
hepatitis C virus (HCV) in a foreign epitope presenting vector
based on an insect virus, and to study the antigenicity of
the epitope.

METHODS: The HCV epitope sequence (amino acid
residues 315 to 328: EGHRMAWDMMMNWS) of the E1
region was constructed at different positions of a foreign
epitope presenting vector based on an insect virus, flock
house virus (FHV) capsid protein encoding gene as a
vector, and expressed in E. coli cells. Western blotting
and ELISA were used to detect the immunoreactivity of
these recombinant proteins.

RESULTS: The gene encoding of the concerned B-cell
epitope of HCV E1 envelope protein was expressed on
FHV capsid carrier protein at positions I1 (aa 106), I2 (aa
153) and I3 (aa 305), respectively, on the surface of FHV
capsid protein. The recombinant proteins in this system
could be highly expressed in more than 40% of total cell
protein of E. coli BL21. All the expressed recombinant
proteins were in inclusion body form, and showed obvious
immunoreactivity by Western blotting. Further purified
recombinant proteins were detected by indirect ELISA as
coating antigen respectively. All recombinant proteins
could still show immunoreactivity.

CONCLUSION: The epitope of HCV E1 envelope protein
can be highly expressed in FHV carrier system as a chimeric
protein with high immunoreactivity. This system has
multiple entry sites conferring many possible conformations
closer to the native one for a given sequence.
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INTRODUCTION

Hepatitis C virus is the major etiological agent for non-A,
non-B hepatitis[1-3]. There are 1.7 hundred million infected
patients all over the world[4], and chronic infection is
established in about 50-90% of  patients[5]. HCV-infected
patients develop a heterogeneous immune response. The
initial worldwide screening of blood for antibodies against
HCV was carried out with a polyprotein (c100-3) from the
NS3-NS4 region[6], but the specificity and sensitivity of this
region are not sufficient[7,8]. Recent studies have identified
several epitopes in the envelope protein[9-12].

The characterization of the sequences recognized by
antibodies and their reactivity has been performed mainly
with the use of synthetic peptides[13,14]. However, recent
studies have provided evidence that there are severe
limitations in the use of synthetic peptides bound to the solid
phase for the detection of  antibodies against conformational
epitopes[15,16]. A new epitope presenting system, based on
the capsid protein of the flock house virus (FHV), has been
successfully used in the presentation of  several conformational
epitopes of human immunodeficiency virus type 1[17].
Therefore, we inserted the FHV capsid protein in three
portions of an epitope of HCV envelope protein, and
studied the immunogenicity of these chimeric proteins.

MATERIALS AND METHODS

Serum samples
HCV patient serum samples were kindly provided by
Kunming Infectious Diseases Hospital. Antisera from HCV-
Eb chimeric protein (spanning hole HCV E1 envelope
protein without FHV capsid carrier protein) immunized
guinea pigs were prepared in our laboratory.

Epitope of HCV envelope E1 and coding gene
The studied epitope was the E1 region of HCV comprised
of  14 amino acids, EGHRMAWDMMMNWS, from the
residues 315-328. These residues had the highest conservation
in E1 region. Two primers coding this epitope were
synthesized by Sangon Company: primers Ps (5’-tgagggtc-
accgtatggcttgggacatgatgatgaactggtctcc-3’) and Pas (3’-
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cccagtggcataccgaaccctgtcctactacttgaccagaggagt-5’).

Annealing and kinasing of the epitope primers
The annealing reaction mixture containing 4 L primer Ps
(≈100 ng), 4 L primer Pas (≈100 ng), 5 L buffer (10×)
and 12 L H2O was incubated at 65 ℃ for 5 min, then
cooled down to 37 ℃ for 45 min in 37 ℃ water bath. The
annealed mixture was added with 2 L ATP (25 mol/L),
2 L kinase (10 U/L) and 3 L buffer (10×), and incubated
in a 37 ℃ water bath for 1 h.

Construction of expression plasmids
FHV capsid gene RNA2 was genetically modified, having a
restriction endoenzyme site Bsu36I at different positions of
the molecule. The FHV-RNA2 was constructed onto the
plasmid pET-3, and the product was designated as pET-RNA2.

After digestion with Bsu 36I (purchased from Biolabs),
pET-RNA2 as a vector was ligated with kinased HCV
epitope primers (double stranded), and transformed in
E.coli DH5 competent cells. The positive recombinant
plasmids were identified by digestion with proper restriction
endoenzymes respectively, and finally sequenced by the
dideoxy chain determination method with T7 DNA
polymerase (T7 sequencingTM, Pharmacia Biotech Inc.,
USA). Then correct plasmids was identified, designated as
pET-RNA2-E1, and used for recombinant epitope (chimeric
proteins) expression.

Expression of recombinant proteins in E.coli
Competent BL21 (DE3) was transformed with the
recombinant plasmid pET-RNA2-E1, and incubated in LB
medium. After transformation and incubation, 3 mL fresh
culture was transferred into 250 mL fresh TB-P medium
(phosphate-rich medium, containing 200 g/mL ampicillin),
and incubated overnight. The cells were then gathered by
low-speed centrifugation and resuspended in 50 mL of
sonication buffer. After sonication lysis and centrifugation,
the recombinant epitope/chimeric protein was obtained in
inclusion body form. The expressed proteins were detected
in 120 g/L SDS-PAGE gels.

Western blot analysis of recombinant proteins
Total cell lysates were run on SDS-PAGE gels and transferred
electrophoretically to nitrocellulose membrane for 2 h at
the voltage of 100 V. The membrane was then incubated
in blocking solution (50 g/L nonfat milk in Tris-buffered
saline, TBS) for 1 h at room temperature at 80 r/min followed
by incubation at room temperature for 2 h in the HCV
positive sera prediluted to 1:100 with blocking solution.
The membrane was washed thrice with TBS/T (1 g/L
Tween-20 in TBS) for 10 min, and horseradish peroxidase-
labeled goat anti-human IgG antibodies (purchased from
Sigma) diluted in TBS/T (1:2 000) were exposed to the
membrane at room temperature for 1 h. The membrane
was visualized with a substrate solution of  DAB (purchased
from Sigma) and NiCl2 after washing thrice for 10 min with
TBS/T.

Enzyme linked immunoadsorbent assay (ELISA)
ELISA for recombinant protein of HCV E1 epitope and peptide

of the E1 epitope was done in 96-well, flat-bottomed vinyl
assay plates. Microplates were coated with purified recombinant
protein or synthetic HCV E1 peptide in 0.05 mol/L sodium
carbonate buffer (pH 9.6) for 2 h at 37 ℃ and overnight at
4 ℃. The recombinant protein was diluted to 0.5 g/mL
for ELISA, and the peptide was diluted to 5 g/mL. Plates
were washed 4 times with PBS containing 0.5 g/L Tween
20 and blocked with blocking buffer (0.5 g/L Tween
20, 2.5 g/L bovine serum albumin and 0.5 g/L NaN3 in
PBS) for 2 h at 37 ℃. Antisera against HCV-Eb (1:1 000)
were applied for 30 min at 37 ℃. A peroxidase-conjugated
goat anti-guinea pig IgG used as secondary antibody was
incubated for 30 min at 37 ℃. Wells were washed four
times with PBS/T between each step and visualized with
o-phenyl-diamine-2HCL (50 mg/L in PBS, pH 5.0). The
reaction was stopped with 50 L of 2 mol/L H2SO4.
Absorption was measured at A495.

RESULTS

Construction and identification of recombinant plasmids
The recombinant plasmids were identified by digestion with
proper restriction endoenzymes, respectively. A 410 bp
(including 45 bp E1 epitope gene) fragment was obtained
when pET-RNA-I1-E1 was digested with SpeI/MluI, a 365
bp fragment was obtained when pET-RNA-I1-wt digested
with the same endoenzymes; A 472 bp (including 45 bp E1
epitope gene) fragment was obtained when pET-RNA-I2-
E1 digested with SpeI/NcoI, a 427 bp fragment was obtained
when pET-RNA-I2-wt digested with SpeI/NcoI; A 302 bp
(including 45 bp E1 epitope gene) fragment was obtained
when pET-RNA-I3-E1 digested with NsiI/NcoI, a 257 bp
fragment was obtained when pET-RNA-I3-wt digested
with the same endoenzymes; agarose gel electrophoresis
showed that the HCV epitope gene was cloned into three
positions of  the pET-RNA2 vector with correct size,
(Figures 1 and 3). The nucleotide sequence of inserted
fragments were identified by sequence analysis (Figure 2).
The recombinant protein expressed by pET vector had a
FHV RNA2 fusion protein.

Figure 1  Restriction analysis of recombinant plasmids pET-RNA-I1. Lane 1:
DNA molecular weight markers pUC19 DNA/Msp I (Hpa ll); lane 2: pET-RNA-
I1-E1 digested with SpeI/MluI ( 410 bp); lane 3: pET-RNA-I1- wt digested with
SpeI/MluI (365 bp).

Expression of recombinant proteins in E.coli
Three recombinant plasmids pETRNA2-I1E1, pETRNA2-
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I2E1, pETRNA2-I3E1, were carrying the HCV E1 epitope
gene, expressed in E. coli BL21 (DE3). The yield of
recombinant proteins was as high as 40% of the total cell
proteins (Figure 4A). The recombinant proteins RNA-I1E1,
RNA-I2E1, RNA-I3E1, were HCV E1 epitopes inserted in
positions I1 (aa106), I2 (aa153), I3 (aa305) of the FHV
capsid protein respectively. Better expression was found in
pETRNA2-I1E1 and pETRNA2-I2E1.

Western blotting analysis
Three recombinant proteins were separated by SDS-PAGE
and transferred electrophoretically to nitrocellulose for
immunoblotting as shown in Figure 4B. The three proteins
showed immunoreactivity. RNA2-I1E1, RNA2-I3E1 had
strong reactivity with HCV positive sera, and the reactivity
of pETRNA2-I2E1 was relatively weaker.

ELISA of recombinant proteins of HCV epitope
Three chimeric antigen proteins were further purified. After
purification by Q-FF/HP negative ion-exchange and
superdex 75 gel chromatography, the purity of these three

chimeric proteins was higher than 90%. These chimeric
antigens were coated respectively to microplates in 50 ng
each well. Other wells were coated with synthetic HCV E1
peptide 5 g/mL (500 ng/100 L/well) in sodium carbonate
buffer (pH 9.6) overnight. Antisera against HCV Eb and
negative sera were used in ELISA. The results showed that
the reactivities of two recombinant proteins (RNA2-I1E1,
RNA2-I3E1) were greater than those of synthetic peptide
(Figure 5).

DISCUSSION

It is well known that the immunogenicity of a peptide
depends not only on its sequence, but also on the mode of
presentation to the immune system. Attempts to increase
the immunogenicity of these antigens used as vaccines
have led to the development of a number of antigen
presentation systems. Many of these are designed to
present the antigen as a polyvalent particulate structure.
Various types of  particles have been used to present foreign
epitopes: core antigen (HbcAg) and surface antigen (HBsAg)
from HBV, capsid proteins from polio virus[18,19]. Using a
human rhinovirus capsid sequence as a guest peptide and
particles formed by HbcAg as a carrier, show that the internal
location of the foreign sequence improves immunogenicity
of that epitope by 10 to 50-fold when compared to the
amino terminus location[20]. Furthermore, both constructs

Figure 2  Sequence analysis of pET-RNA-I1-E1.

Figure 3  Restriction analysis of recombinant plasmid pET-RNA-I2 (A) and
pET-RNA-I3 (B). A: Restriction analysis of recombinant plasmid pET-RNA-I2.
Lane 1: DNA molecular weight markers (1 kb); lane 2: pET-RNA-I2- wt digested
with SpeI/ NcoI (427bp); lane 3: pET-RNA-I2-E1 digested with SpeI/NcoI (472bp);
B: Restriction analysis of recombinant plasmid pET-RNA-I3. Lane 1: DNA
molecular weight markers pUC19 DNA/MspI (Hpall); lane 2: pET-RNA-I3-E1
digested with NsiI/NcoI  (302 bp); lane 3: pET-RNA-I3- wt digested with
NsiI/NcoI (257 bp).

Figure 4  SDS-PAGE of inclusion body of RNA-E1 (A) and Western blot of
chimeric antigen protein RNA-E1(B). A: SDS-PAGE of inclusion body of RNA-
E1. Lane 1: Inclusion bodies of RNA-I1-E1; lane 2: Inclusion bodies of RNA-I2-
E1; lane 3: Inclusion bodies of RNA-I3-E1; lane 4: M: Protein molecular weight
standard (middle range); B: Western blot of chimeric antigen protein RNA-E1
Lane 1: RNA-I1-E1; lane 2: RNA-I2-E1; lane 3: RNA-I3-E1.

Figure 5  ELISA of E1 peptide and RNA-E1 chimeric antigen displaying epitope
at three different positions.
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present the epitope more efficiently to the mAbs, than the
free peptide. Since the properties of a given epitope might
be influenced by its conformation, it should have a carrier
system with multiple entry sites conferring many possible
conformations. We developed a new protein carrier (FHV
capsid protein) based on the structure known at atomic
level for the location of foreign eptitopes.

Studies of the HCV antigenic structure have allowed
construction of diagnostic systems with improved assay
specificity and sensitivity[21,22]. HCV infection is generally
detected using recombinant antigens from the conserved
capsid, NS3 and NS4 regions[23], but the specificity and
sensitivity of some regions are not sufficient. Recent studies
have identified several epitopes in the envelope protein.
Research in epitopes of envelope protein will help develop
diagnostic reagents and recombinant vaccines for HCV. Since
the nucleotide mutation rate in envelope E1 (35%) is higher
than in core (8%) of HCV, we studied the expression and
immunogenicity of  a highly conserved B-cell epitope of
E1 among different HCV genotypes. Reactivity of this
epitope to synthetic peptide was observed in 10 of  11 sera
from HCV-infected humans and 11 of  15 sera from
chimpanzee[9].

The conserved B-cell epitope gene of  HCV E1 was
synthesized and inserted into the three portions of the RNA2
encoding the FHV capsid protein as the vector.

The three chimeric genes were cloned to prokaryotic
expression vector pET-3 and expressed in E. coli BL21
(DE3). To improve the yield, we used the TB-P medium
(the phosphate-rich medium).

All the hybrid proteins reacted with antiserum of HCV
positive patients in Western blot test, but RNA2-I1E1 and
RNA2-I3E1 had a stronger reactivity with HCV positive sera
than pETRNA2-I2E1, suggesting that the same epitope
inserted into different positions of FHV capsid protein
surface may have different conformations. In this way, the
inserted epitope is placed on the exterior surface of the
protein. Therefore, the epitope is predominantly recognized
by HCV-positive sera. These antigens are extremely useful
in studying the influence of the stereochemistry of the
presenting molecule in the recognition of a short heterologous
amino acid sequence by human immune system.

The reactivity of RNA2-I1E1, RNA2-I3E1 is much higher
than that of synthetic peptide, and the synthetic peptides
are presented in 10-fold molar than recombinant proteins,
suggesting that antigenicity of  HCV E1 epitope can be greatly
enhanced by inserting the epitope in positions of FHV capsid
protein surface. The same results are observed using a
human rhinovirus capsid sequence as a guest peptide and
particles formed by HBcAg as a carrier. Both constructs
(the epitopes inserted in two different positions) present
the epitopes more efficiently to the mAbs than the free
peptide[20], indicating that the region is highly immunogenic.
This is probably due to the fact that the peptide in solution,
unlike in the solid phase or the epitope inserted in the carrier
protein, can exist in several metastable conformations[24],
some of which are more likely to acquire the native structure.

The results obtained in this study suggest that the FHV
capsomer system has the potential and flexibility for
presentation of  conformational epitopes.
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