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ABSTRACT

Aim: Approximately 3% of the world population is infected with Hepatitis C virus (HCV) which is
the main cause of chronic liver disease. Blood transfusion is thought to be the leading cause of
global epidemic of HCV. The envelope proteins E1 and E2 are involved in the early stages of the
virus life cycle. These proteins have a major role in binding to receptors on the cell surface, fusion
and integration of the virus into the host cell. Considering the potency of E1 and E2 in the
development of diagnostic methods, the aim of our present study was co-expression of
recombinant envelope proteins in eukaryotic HEK293 (human embryonic kidney) cells.

Methods: The viral genomic RNA was used for cDNA (complementary DNA) synthesis. Isolation

*Corresponding authors: Email: ghah@nigeb.ac.ir, sadeghma@modares.ac.ir;



Mohammadipour et al.; BIMMR, 9(11): 1-8, 2015; Article no.BJMMR. 16720

blot analysis.

for each protein.

detection of HCV infection.

of HCV envelope proteins coding fragment was performed using cDNA and specific primers. The
target gene was cloned into pcDNA3.1 expression vector, and transfected into HEK293 cells, an
expression host. Accuracy of the cloning and expression was confirmed using PCR and Western

Results: The isolation and cloning of the gene fragment encoding the E1 and E2 proteins was
successful. Co-expression of these proteins was confirmed using monoclonal antibodies specific

Conclusion: This study showed that HEK293 host cell is suitable for the expression of hepatitis C
virus E1 and E2 coding gene. These proteins can be used in numerous virological studies and

Keywords: Hepatitis C infection; envelope protein; protein expression; HEK293 cell line.

1. INTRODUCTION

Hepatitis C virus (HCV), a member of Flaviviridae
family, is an enveloped virus containing a
positive single stranded genomic RNA which is
9.5 kb in length and a single open reading frame
[1-3]. Hepatitis C virus causes approximately 3%
of the world's population infection, more than 170
million people, and is the leading cause of
chronic liver disease. About 80% of people
infected with the virus, show liver cirrhosis
causing hepatocellular carcinoma in some cases
[4-6]. Various serotypes and genotypes of
hepatitis C virus have different distribution in
geographical regions of the world. The most
prevalent worldwide genotypes of HCV are
orderly genotype 1 (46.2%), genotype 3 (30.1%),
genotypes 2, 4, and 6 (22.8%), and genotype 5
(<1%) [7].

The infected blood transfusion is believed to be
the main responsible for the global epidemic of
hepatitis C, and therefore reliable detection of
HCV in blood samples is very important. The
method which now widely used for the diagnosis
of hepatitis C is HCV antibodies detection using
recombinant proteins derived from the HCV
genome [8]. This method is highly sensitive and
specific for the detection of hepatitis C virus
infection and can be used along with other
complementary methods of detecting viral RNA
using RT-PCR [9-11]. Structural envelope
glycoproteins E1 and E2 and core antigen are
targets for diagnosis of HCV infection in the early
stages of infection [12,13]. The main point of
serological diagnostic methods is to choose the
antigens which are involved in early steps of the
virus life cycle.

The hepatitis C virus genome encodes a poly-
protein with a length of about 3010 amino acids
that processed into at least 10 mature proteins
(C, E1, E2, P7, NS2, NS3, NS4A, NS4B, NS5A,

and NS5B) by the viral proteases and host signal
peptidases [14]. Capsid protein (C) and envelope
glycoproteins E1 and E2 are the structural
components of the viral particle. Non-structural
proteins are involved in the viral life cycle (e.g.
genome replication) but do not have a role in
viral particle formation. The two glycoproteins E1
and E2 are released from poly-protein by the
host cell signal peptidases. These proteins form
a non-covalent heterodimer in the endoplasmic
reticulum compartment of the host cells [15].
Envelope proteins are involved in the early
stages of the virus life cycle. In addition to their
role in attachment to the cell membrane, the viral
envelope proteins also play a major role in the
fusion and integration into the host cells [16]. It
seems likely E1 and E2 trigger binding of the
virus, while the virus and the host cell membrane
are involved in fusion [17-21]. Moreover, the
presence of envelope proteins E1 and E2 is
critical for the proper folding and function of the
other one [22,23]. Despite the major findings
about the structural properties of HCV envelope
proteins, the E2 structure is still unknown and
more studies need to be done in this field [24].

According to the importance of E1 and E2
antigens in the development of HCV diagnosis,
the present study reports co-expression of
recombinant proteins in eukaryotic host HEK293
cell line.

2. MATERIALS AND METHODS
2.1 cDNA Synthesis and Gene Isolation

Viral RNA was kindly provided by Dr. Teimoori
(department of virology, Tarbiat Modares
University). The complementary DNA was
synthesized according to the standard method
for RT-PCR (reverse transcriptase polymerase
chain reaction) using cDNA synthesis kit
(BioNEER). The fragment encoding HCV
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envelope proteins; E1 and E2 was isolated by a
pair of specific primers designed for gene
amplification and cloning (Table 1). After
amplification using pfu polymerase enzyme, the
PCR product was electrophoresed in 1%
agarose gel and TAE (tris base, acetic acid and
EDTA) buffer followed by purification using high
pure PCR product purification kit (Roche).

2.2 Gene Cloning and Colony Screening

Digestion and ligation of the target DNA fragment
and the plasmid vector (pcDNA3.1) were
performed using Nhel and EcoRI restriction
enzymes, and T4 DNA ligase (Roche) according
to the manufactures’ instructions followed by
agarose gel electriphoresis. The Escherichia coli
strain DH5a was used for the recombinant DNA
cloning. Briefly, a colony of E .coli was cultured in
Luria-Bertani broth (LB) medium overnight. The
following day new bacterial culturing was
performed to obtain optical density of 0.5. After
three times cold washing with 0.1 M CaCl2, the
recombinant DNA was added to the competent
cells and the mixture was incubated on ice for
half an hour followed by two minutes heat shock
at 42°C. Afterward, 0.5 ml of LB medium was
added to the mixture and incubated one hour at
37°C with shaking 200 rpm, the bacterial
suspension was spread on LB-agar selective
medium containing 100ug ampicillin/ml. Colonies
were screened for the presence of recombinant
plasmids by colony-PCR and plasmid extraction
(using high pure plasmid extraction kit, Roche)
followed by agarose gel electrophoresis. The
accuracy of cloning result was confirmed by
enzymatic digestion pattern and sequencing.

Protein

2.3 Cell Transfection and

Expression

All the culture media and reagents were
purchased from Gibco/ Invitrogen. HEK293
(human embryonic kidney) cells were cultured in
RPMI 1640 medium (Roswell Park Memorial
Institute) containing 10% FBS (fetal bovine
serum), 100 L.U. penicillin /ml, and 100 ug
streptomycin /ml and incubated in 37°C with 5%
CO2. Afterward, the proliferated cells were
enzymatically detached using 0.25% Trypsin-
EDTA, followed by washing in PBS (phosphate-
buffered saline). Then the cells were counted
and cultured in 6 well plates (3x105 cells/well).
Transfection of the attached cells was performed
using FuGENE HD Transfection Reagent
(Roche) in a ratio of 1: 1 (1 yg of recombinant
vector: 1 pl of the transfection reagent) according

to the manufacturer’s instructions. After 48 hours,
the cell extract was prepared using Lysis M
(Roche) and collected for the recombinant
protein expression analysis.

2.4 Western Blot Analysis

Western blot analysis was performed according
to the standard protocol. In brief, the cell lysate
was loaded on 10% polyacrylamide gel and the
protein bands were separated via SDS-PAGE
(Sodium dodecyl sulfate polyacrylamide gel
electrophoresis). Semi-dry electro-blotting the
protein bands were ftransferred on PVDF
(polyvinylidene difluoride) membrane.

The membrane was blocked in 5% skim milk in
PBS at 4°C overnight. After washing with PBS,
the membrane was incubated in primary Hep C
E1 and E2 mouse monoclonal antibodies (Santa
Cruz) for two hours with gentle shaking at room
temperature. Following washing three times with
PBS solution containing 0.1% of Tween 20, the
membrane was incubated for two hours in HRP-
conjugated (horseradish peroxidase) anti-mouse
secondary antibody (abcam). After washing
again, the specific protein band got visualized by
ECL (enhanced chemiluminescence) substrate.

3. RESULTS

3.1Isolation of the DNA Fragment
Encoding Envelope Proteins

The hepatitis C virus genomic RNA was used as
a template for cDNA synthesis. Specific primers
for the gene encoding the envelope proteins
were designed according to the sequence
obtained from GenBank (Table 1). The forward
primer contains expression start codon (atg),
Kozak sequence to enhance expression in
eukaryotic systems (agcatgg considering the
importance of nucleotides “a” in -3 and “g” in +4
position of the expression start site), and the
Nhel restriction enzyme cleavage site (gctagc)
for the formation of sticky end and cloning into
expression vector. The reverse primer includes
the reverse complementary of the expression
stop codon (cta), and the EcoRIl restriction
enzyme cleavage site (gaattc).

To isolate the target gene, PCR was performed
using specific primers and cDNA (as a template)
according to the program described in Table 2.
The main cycle for amplification includes
templates and primers denaturation, primer
annealing, and primer elongation was repeated
35 times.
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Table 1. The specific primers designed containing the start and stop codons, the Kozak
sequence to enhance expression in eukaryotic systems (/talic), and the restriction enzyme
cleavage sequence of Nhel and EcoRl as cloning site (Underlined). GenBank AF009606.1 was
used to primer design

Primer sequence

Restriction enzyme

Forward primer 5'-ctagctagcatggcctaccaagtgcgcaattc-3’ Nhel
Reverse primer 5'-ccggaattcctacgcctcegcettgggatatg-3’ EcoRI
Table 2. PCR program

Cycles Steps Temperature Time

1 Initial denaturation 95°C 5 min

35 Denaturation 95°C 30 sec
Annealing 65°C 30 sec
Elongation 72°C 1 min, 30 sec

1 Final extension 72°C 5 min

Amplified PCR product was run on 1% agarose performed using T4DNA ligase. Following

gel and 1.6 kb fragment was identified on gel
electrophoresis as shown in Fig. 1.

1 2

~1.6 kb

Fig. 1. Isolation of the HCV envelope proteins
coding gene; the cDNA sample was used as
template in the PCR reaction. Using the
specific primers, the expected band of
approximately 1.6 kb was obtained. Lane 1: 1
kb DNA ladder, and Lane 2: the 1.6 kb
amplified fragment, specific for HCV envelope
marked with an arrow

3.2 Construction of a Recombinant DNA
Vector

The isolated fragment and the plasmid vector
pcDNA3.1 were enzymatically digested with Nhel
and EcoRl and then insertion reaction was

bacterial transformation, the presence of the
insert in the grown colonies was checked by
colony PCR (Fig. 2).

1 2 3

~1.6 kb

Fig. 2. Colony PCR; the growth colony on the
selective medium was used as the template in
PCR by the specific primers. Lane 1: 1 kb
DNA ladder, Lane 2: 1.6 kb band as expected,
Lane 3: Absence of the expected band due to
using a plasmid-free E. coli colony as a
negative control

After plasmid extraction, the accuracy of the
construct was confirmed by sequencing (data not
shown) and digestion pattern (Fig. 3). According
to the blast analysis of the sequenced gene
fragment, it would be belong to genotype 1a. As
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shown clearly, the restriction enzymes cut out a
1.6 kb E1E2 coding fragment from the 5.5 kb
pcDNA3.1 vector. The recombinant vector
named pcDNA-HCVE is schematically shown in
Fig. 4.

Linear pcDNA3.1
—

1.6 kb E1IE2 cDNA
—

Fig. 3. Digesten pattern of the recombinant
pcDNA-HCVE; the recombinat plasmid was
double digested by Nhel and EcoRI
restriction enzymes. Lane 1: 1 kb DNA ladder,
Lane 2: the 1.6 kb envelope proteins cDNA
which was cut out from 5.5 kb pcDNA 3.1

f1 ori

BGH pA
HCVE gene N\ /

Neomycin®

Pcmv

<

pUC Ori

Fig. 4. Schematic schem of the recombinant
plasmid pcDNA-HCVE. Shown elements are
HCVE gene: a gene encoding HCV envelope
proteins, BGH pA: poly adenynation signal
drived from bovine growth hormone gene,
f1 ori: replication origin site of f1,
Neomycin'gene responsible for resistance to
the antibiotic neomycin, pUC ori: replication
origin site derived from the plasmid pUC,
Amp': ampicillin resistance gene, and Pcmv:
strong promoter derived from
cytomegalovirus

3.3 Expression of the Recombinant HCV
Envelope Proteins

At 48 hours after transfection, cell extract was
obtained to analyze the expression of the target
proteins. The presence of recombinant HCV
envelope proteins was confirmed via western blot
using specific monoclonal antibodies. The results
of this study are shown in Fig. 5, where the
appearance of specific bands in two lower rows
of column 2 shows the reactivity of the expressed
proteins with hepatitis C envelope proteins E1
and E2 monoclonal antibodies. The house-
keeping beta-actin protein shown in first lane was
used as a control for western blotting. The 31
and 70 kDa bands of the E1 and E2 proteins
confirmed that the virus envelope glycoproteins
expected to show higher molecular weight than
the estimated weight according to the number of
amino acids.

1 2

Beta-actin

CGemoweee-  <—42kDa

Fig. 5. E1 and E2 proteins expression was
confirmed by Western blot analysis; the
protein bands of cell extracts visualized

using anti Beta-actin antibody (row 1), the

specific antibodies against HCV E1 (row 2)
and E2 (row 3). Columns 1 and 2 orderly

show samples of control cells and
transfected cells with recombinant DNA. E1
and E2 proteins expression was confirmed by
the appearance of the bands on the 2" and
3" row of column 2. Beta-actin house-keeping
protein was used as a control

4. DISCUSSION AND CONCLUSION

Hepatitis C virus envelope proteins E1 and E2
play important roles in the early stage of the virus
life cycle which include viral attachment and
entry into the host cells, that is why the
production of recombinant envelope proteins is
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important for developing the prevention and
detection methods of hepatitis C infection
[25,26]. These proteins have been expressed in
various expression systems. In most studies, the
expression of these proteins in a bacterial host
(E. coli) leads to form insoluble inclusion bodies
[27,28]. Thus, despite the advantages of the
prokaryotic expression system such as being
inexpensive and easy to scale up, it is not
suitable for the expression of envelope
glycoproteins because of lacking in glycosylation
system, and the importance of glycosylation in
HCV envelope proteins folding. According to the
preference of eukaryotic hosts for the expression
of these proteins, E1 and E2 proteins expression
in insect cells was reported [29]. The main
problem with the insect system is hyper
glycosylation producing proteins which are highly
antigenic. Expression of these proteins in the
form of virus-like particles (VLPs) and also
transient expression has been reported in
several studies [30,31].

Comparison with other cells shows mammalian
cell lines are more suitable for expression of a
recombinant target protein considering the
aspects of glycosylation changes result in the
proper protein folding [32]. Moreover, it has been
found that E1 protein proper folding depends on
the presence and simultaneous expression of E2
protein [22]. Chaperone-like role of E1 protein for
the correct folding of E2 protein has been noted
as well [23]. In fact, these two proteins are
involved in the proper folding and function of
each other. Hence, the simultaneous expression
of proteins E1 and E2 using a single construct is
important.

In the present study, cloning and co-expression
of the E1 and E2 proteins in eukaryotic HEK293
cells is reported. The recombinant proteins (E1
and E2) showed greater molecular weights (31
and 70 kDa) than the expected sizes estimated
by the number of amino acids. This phenomenon
has also been reported in another similar study
[29]. Expression of both E1 and E2 proteins in cis
was separately confirmed via western blot
analysis using two monoclonal antibodies
specific for each protein. The reactivity of the
recombinant proteins with monoclonal antibodies
indicates proper expression and preservation of
their antigenic properties.

The results of this study suggest that the
isolation, cloning and expression of the gene
encoding the E1 and E2 proteins of the hepatitis
C virus in the eukaryotic host HEK293 cells has

been successfully performed. These proteins can
be used in numerous virological studies for
detection of hepatitis C infection.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Memon MI, Memon MA. Hepatitis C: an
epidemiological review. J Viral Hepatitis.
2002;9:84-100.

2. Rosenberg S. Recent advances in the
molecular biology of hepatitis C virus. J
Mol Biol. 2001;313:451-464.

3. Reed KE, Rice CM. Overview of hepatitis

C virus genome structure, polyprotein

processing, and protein properties. Hep C

Viruses. 2000;242:55-84.

Weiss U. Hepatitis. Nature. 2005;436:929.

5. Krekulova L, Rehak V, Riley LW. Structure
and functions of hepatitis C virus proteins:
15 years after. Folia Microbiol. 2006;51(6):
665-680.

6. Gottwein JM, Bukh J. Cutting the Gordian
knot-development and biological relevance
of hepatitis C virus cell culture systems.
Adv Virus Re. 2008;71:51-133.

&

7. Jane P. Messina, Isla Humphreys,
Abraham Flaxman, Anthony Brown,
Graham S. Cooke, Oliver G. Pybus,

Eleanor Barnes. Global distribution and
prevalence of hepatitis C virus genotypes.
Hepatology. 2015;61(1):77-87.

8. Seme K, Poljak M, Babic DZ, Mocilnik T,
Vince A. The role of core antigen detection
in management of hepatitis C. J Clin Virol.
2005;32:92—-101.

9. Laperche S, Le Marrec N, Simon N,
Bouchardeau F, Defer C. Maniez-
Montreuil, et al. A new HCV core antigen
assay based on disassociation of immune
complexes: An alternative to molecular
biology in the diagnosis of early HCV
infection, Transfusion. 2003;43:958-962.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mohammadipour et al.; BIMMR, 9(11): 1-8, 2015; Article no.BJMMR. 16720

Menegazzi P, Reho E, Ulivi M, Varnier OE,
Lilo FB, et al. Rapid and accurate
quantification of different HCV genotypes
by LightCycler real time PCR and direct
sequencing of HCV amplicons. New
Microbiol. 2008;31:181-187.

Cock De L, Hutse V, Vranckx R.
Correlation between detection of
antibodies against hepatitis C virus in oral
fluid and hepatitis C virus RNA in serum.
Eur J Clin Microbiol Infect Dis. 2005;24:
566-568.

Bouvier-Alias M, Patel K, Dahari H,
Beaucourt S, Larderie P, Blatt L, Hezode
C, et al. Clinical utility of total HCV core
antigen quantification: A new indirect
marker of HCV replication. Hepatology.
2002;36:211-218.

Takahashi M, Saito H, Higashimoto M,
Atsukawa K, Ishii H. Benefit of hepatitis C
virus core antigen assay in prediction of
therapeutic response to interferon and
ribavirin combination therapy. J Clin
Microbiol. 2005;43:186—191.

Flint M, McKeating JA. The role of the
hepatitis C virus glycoproteins in infection.
Rev Med Virol. 2000;10:101-117.

Voisset C, Dubuisson J. Functional
hepatitis C virus envelope glycoproteins.
Biology of the Cell. 2004;96:413-420.
Jardetzky TS, Lamb RA. Virology: A class
act. Nature. 2004;427:307-308.

Cocquere L, Voisset C, Dubuisson J.
Hepatitis C virus entry: Potential receptors
and their biological functions. J Gen Virol.
2006;87:1075-1084.

Pileri P, Uematsu Y, Campagnoli S, Galli
G, Falugi F, et al. Binding of hepatitis C
virus to CD81. Science. 1998;282:
938-941.

Bartosch B, Vitelli A, Granie C, Goujon C,
Dubuisson J, et al. Cell entry of hepatitis C
virus requires a set of co-receptors that
include the CD81 tetraspanin and the SR-
B1 scavenger receptor. J Biol Chem. 2003;
278:41624-41630.

Grove J, Nielsen S, Zhong J, Bassendine
MF, Drummer HE, et al. Identification of a
resident in hepatitis C virus E2
glycoprotein that determines scavenger
receptor Bl and CD81 receptor
dependency and sensitivity to neutralizing
antibodies. J Virol. 2008;82:12020-12029.
Evans MJ, Von Hahn T, Tscherne DM,
Syder AJ, Panis M, et al. Claudin-1 is a
hepatitis C virus co-receptor required for a

22.

23.

24,

25.

26.

27.

28.

29.

30.

late step 2007;446:

801-805.

Michalak JP, Wychowski C, Choukhi A,
Meunier JC, Ung S, Rice CM, et al.
Characterization of truncated forms of
hepatitis C virus glycoproteins. J Gen Virol.
1997;78:2299-2306.

Ortega-Atienza S, Lombana L, Goémez-
Gutiérrez J, Yélamos B, Peterson DL,
Gavilanes F. Production and
characterization of the ectodomain of E2
envelope glycoprotein of hepatitis C virus
folded in the presence of full-length E1
glycoprotein. Protein Expr Purif. 2014;
20-25.

Castelli M, Clementi N, Sautto GA, Pfaff J,
Kahle KM, Barnes T, et al. HCV E2 core
structures and mAbs: Something is still
missing. Drug Discov Today. 2014;19(12):
1964-70.

Beaumont E, Roingeard P. Chimeric
hepatitis B virus (HBV)/ hepatitis C virus
(HCV) subviral envelope particles induce
efficient anti-HCV antibody production in
animals pre-immunized with HBV vaccine.
Vaccine; 2015. In press. DOI: 10.1016/j
Wong JA, Bhat R, Hockman D, Logan M,
Chen C, Levin A, et al. Recombinant
hepatitis C virus envelope glycoprotein
vaccine elicits antibodies targeting multiple
epitopes on the envelope glycoproteins
associated with broad cross-neutralization.
J Virol. 2014;88(24):14278-88.

Hussy P, Faust H, Wagner J-C, Schmid G,
Mous J, Jacobsen H. Evaluation of
hepatitis C virus enveloped proteins
expressed in E. coli and insect cells for
use as tools for antibody screening. J
Hepatol. 1997;26:1179-1186.

Yurkova MS, Patel AH, Fedorov AN.
Characterization of bacterially expressed
structural protein E2 of hepatitis C virus.
Protein Expr Purif. 2004;37:119-125.

Tello D, Rodriguez-Rodriguez M, Yélamos
B, Gémez-Gutiérrez J, Ortega S, Pacheco
B, et al. Expression and structural
properties of a chimeric protein based on
the ectodomains of E1 and E2 hepatitis C
virus envelope glycoproteins. Protein Expr
Purif. 2010;71:123-131.

Baumert TF, Ito S, Wong DT, Liang TJ.
Hepatitis C virus structural proteins
assemble into virus like particles in insect
cells. J Virol. 1998;72:3827-3836.

in entry. Nature.



31.

32.

Mohammadipour et al.; BIMMR, 9(11): 1-8, 2015; Article no.BJMMR. 16720

Tani H, Komoda Y, Matsuo E, Suzuki K,
Hamamoto |, Yamashita T, et al
Replication-competent recombinant
vesicular  stomatitis  virus  encoding
hepatitis C virus envelope proteins. J Virol.
2007;81:8601-8612.

Owsianka A, Clayton RF, Loomis-Price LD,
McKeating JA, Patel AH. Functional

analysis of hepatits C virus E2
glycoproteins and virus-like particles
reveals structural dissimilarities between
different forms of E2. J Gen Virol. 2001;
82:1877-1883.

© 2015 Mohammadipour et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/10271




