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Abstract — Hepatitis C virus (HCV) has genetic diversity like most of RNA viruses. HCV major genotypes
are classified into several subtypes which are further divided into quasispecies having, genetically different
but closely related variants. The HCV core that is a nucleocapsid protein located at the amino terminus of the
viral polyprotein is relatively a conserved protein among the HCV isolates and thus it has been one of
plausible targets for anti-HCV drug development. However, different quasispecies of HCV core gene have
also been found. In this study, we compared the expression level of core protein between two different
quasispecies of HCV genotype 1b. Our data demonstrate that a little differences of amino acid sequence lead
to substantial difference of expression level. It might be another important reason of different pathogenesis

among HCV infected patients.
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INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic liver
disease and liver transplants and over the 170 million per-
sons chronically are infected with it world widely. It is a en-
veloped virus with a 9.6 kb positive-sense single-stranded
RNA genome encoding a single open reading frame
(ORF), which is processed by cellular and viral proteases
to produce at least 10 structural and nonstructural proteins.
It has been known now that there are at least six major
genotypes and a number of subtypes of HCV which are
generated due to high error rates in the viral RNA repli-
cation, (Choo et al., 1991). Among the different genotypes,
1b and 2a are the most prevalent in Korea (Lim et al.,
1997).

The HCV core is a nucleocapsid protein of 191 amino
acids in length located at the amino terminus end of the vi-
ral polyprotein. Despite of HCV genetic variability, the core
protein is relatively a conserved protein among the HCV
isolates known to date. The core is also known as a multi-
functional protein affecting progress of liver disease, im-
mune response of the infected host, transcription of sev-
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eral cellular and viral genes, and cell apoptosis and regu-
lation of viral translation (Moriya et al., 1998; McLauchlan,
2000; Shimoike et al., 2006). Therefore, the core protein is
believed to be one of possible targets for antiviral drug
development.

Due to lack of proof-reading function in RNA-dependent
RNA polymerase, however, replication of HCV leads to nu-
merous quasispecies within an infected individual (Martell
et al, 1992). It is known that quasispecies play an im-
portant role in the pathogenesis, immune escape and drug
resistance (Korenaga et al., 2001). Previous reports dem-
onstrated that the core protein in different quasispecies of
genotype 1b have been related to different outcome of
pathogenesis (Yan et al., 2008).

In this study, we have investigated two types of core
protein expression plasmids harboring different quasispe-
cies core gene of genotype 1b (Genebank accession num-
ber HCU01214) to compare their expression levels. Our
results show interestingly that two genes show a very defi-
nite difference in its expression level despite of slight differ-
ences in their amino acid composition. The result provides
useful information for understanding of the expression of
HCV core protein in host cells.
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MATERIALS AND METHODS

Construction of expression plasmids

The core gene was amplified with the following oligonu-
cleotides: 5 CCCAGATCTAGGAGGTTTAAAATAATGAG
CACGAATCCT3 and 5AAACTGCAGTTAAGCGGAA-
GCTGGGACGGTCAG3’ using pTre2COE1E2 harboring
5'UTR, core, E1 and E2 (kindly provided by Dr. H.J. Myung
at the Hankuk University of Foreign Studies) or pCIN-neo
core (kindly provided by K.L. Jang at the Pusan National
University) having Type 1 and Type 2, respectively as a
template. PCR products were inserted into pSE380Alaclq
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in which laclqg gene was deleted from E.coli expression
vector pSE380 (Invitrogen, USA) using the same re-
striction enzyme Bglll and Pstl. The PCR product of core
Type 1 was blunted and inserted into pTre2 which was di-
gested with Sacll and Xbal then blunted by the Klenow
DNA polymerase (New England Biolabs, UK). The gag/pol
region of pLP1 (Invitrogen, USA) was deleted by digestion
with Smal and Pstl and replaced with core gene obtained
from pSE380Alaclg/Type 1 and Type 2 which were di-
gested with Dral and Pstl, respectively. All protein ex-
pression plasmids were engineered to have a termination
codon (TAA) at the end of the protein coding sequence. All

Fig. 1. Nucleotide sequence and amino
acid sequence alignments of two different
quasispecies of core used in this study.
(A) Nucleotide sequence alignment. The
asterisks indicate nucleotides matched.
(B) Amino acid sequence alignment. The
square mark indicates a recognition
region of anti-core antibody used in this

A, Typel ATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAACGTAACACCAACCGCCGCCCACAG
Type2 ATGAGCACGAATCCTAAACCTCAAAGAAAAACCAAACGTAACACCAACCGCCGCCCACAG
E A R b St R R S Rt b At Rttt b bl bttt i bl b bt b b b b bt b b b b b b b b b b b b
Typel GACGTCAAGT TCCCGGGCGGTGGCCAGATCGT TGGTGGAGTTTACCTGT TGCCGCGCAGG
Type2 GACGTCAAGTTCCCGGGCGGTGGTCAGATCGT TGGTGGAGTTTACCTGT TGCCGCGCAGG
dhbhbbhb bbb bbb bbb bbbt dbhbbb bbb bbb bbb bbb bbb bbb bbb bbb bbb AA
Typel GGCCCCAGGTTGGGTGTGCGCGCGACTAGGAAGACT TCCGAGCGGTCGCAACCTCGTGGA
Type2 GGCCCCAGGTTGGGTGTGCGCGCGACTAGGAAGACT TCCGAGCGGTCGCAACCTCGTGGA
AAAEARARARARR AR AR A AR AR AR A AR A A AR AR AR AR AR AR AR A AR AR A AR AS
Typel AGGCGACAACCTATCCCCAAGGCTCGCCGGCTCGGGGGT AGGGCCTGGGCTCAGCCCGGG
Type2 AGGCGACAGCCTATCCCCAAGGCTCGCCAACCCGAGGGTAGGACCTGGGCTCAGCCCGGG
E 2 2 2 2 2 2 S 2 2 22 2ttt S * hdk hhkhkhkAbthr AhhkAkA b A A AR A A A A A AR
Typel TACCCTTGGCCCCTCTACGCCAATGAGGGCTTGGGGTGGGCAGGATGGCTCCTGTCACCC
Type2 TACCCTTGGCCCCTCTATGGCAATGAGGGTCTGGGATGGGCAGGATGGCTCCTGTCACCT
hhbk bbb b bbb bbb bdd & AhbAhhbbAh hhkddt hhbkhbbb bbb bbb bbb bbb bbb Ah
Typel CACGGCTCCCGGCCTAGTTGGGGCCCCACCGACCCCCGGCGTAGGTCGCGTAATTTGGGT
Type2 CGCGGCTCTCGGCCTAGTTGGGGCCCCACAGACCCCCGGCGTAGGTCGCGTAATTTGGGT
* RAhhAththt AAEAAAA AR AR AR AA RS AR A AR AR A A A AR AR AR A AR AR A AN
Typel AAGGTCATCGATACCCTCACATGCGGCTTCGCCGACCTCATGGGGTACATTCCGCTCGTC
Type2 AAGGTCATCGATACTCTCACATGCGGCTTCGCCGACCTCATGGGGTACATTCCGCTCGTC
R 2 2 2 2 22 2 2 2 22 2 L2 2 sttt t ]
Typel GGCGCCCCCCTAGGGGGCGTTGCCAGGGCCCTGGCACATGGTGTCCGGGT TCTGGAGGAC
Type2 GGCGCCCCCCTAGGGGGCGT TGCCAGGGCCTTGGCACATGGTGTCCGGGT TCTGGAGGAC
dhbkhh bbb bbb bbb bbb bbb A bbb bbb d A d bbb bbb bbb bbb bbb AR
Typel AGCGTGAACTATGCAACAGGGAATTTGCCTGGTTGCTCCTTTTCTATCTTCCTTTTAGCT
Type2 GGCGTGAACTATGCAACAGGGAATTTGCCTGGTTGCTCTTTCTCTATCTTCCTTTTGGCT
kbbb bb bbbt b bbb bbbb bbb bbb bbb dbdd hh bbb dbbbbbbdbAdd Ahh
Typel TTGCTGTCCTGTCTGACCGTCCCAGCTTCCGCTTAA
Type2 CTGTTGTCCTGTCTGACCGTCCCAGCTTCCGCTTAA
LA 2 2 2 S 2 2 2t sttt t sttt bt
B. Typel MSTNPKPQRKTKRNTNRRPCPDYKFPGGGQIVGGYYLLPRAGPRLGYRATRKTSERSQPRG
Type2 MSTNPKPORKTKRNTNRRPODYKFPGGGQIYGGYYLLPRAGPRLGYRATRKT SERSQPRG
LR R R R R R L P E R R R R R R R R b R R R R e R
Typel  RRQPIPKARRLGGRAWAQPGYPYWPLYANEGLGWAGWLLSPHGSRPSWGPTDPRRRSANLG
Type2 RROPIPKARQPEGRTWAQPGYPYPLYGNEGLGWAGWLLSPRGSRPSWGPTDPRRRSANLG
*hkhkhhiihd *k dhkrhhkhriiidt dhikhkriiihhkiir khkhkikiikhhkiikhkiAAiihiiA
Typel  KYIDTLTCGFADLMGY | PLYGAPLGGYARALAHGYRYLEDSYNYATGNLPGCSFSIFLLA
Type2 KYIDTLTCGFADLMGY | PLYGAPLGGYARALAHGYRYLEDGYNYATGNLPGCSFS|FLLA
B e
Typel  LLSCLTYPASA
Type2 LLSCLTYPASA

dhkhkhkktdihhd

study. The asterisks indicate amino acid
matched.
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cloned DNAs were confirmed by DNA sequencing

The core protein expression in E.coli

Core protein plasmids were transformed into E. coli
strain JM109. Bacterial cells were grown at 37°C in LB me-
dium containing 100 pg/ml of ampicillin until the culture
reached an ODggo0f 0.4 and induced by adding 1 mM IPTG
(Isopropyl-p-D-Thiogalactopyranoside Sigma Aldrich, USA).
Incubation was continued for 4 hours after induction, and
cells were harvested on every time points. An equal num-
ber of cells were harvested and centrifuged at 12,000 rpm
for 1 min. The pellet was resuspended with 80 ul of sterile
water and 20 pl of 5X sample buffer (60 mM Tris-HC, 2%
SDS, 25% Glycerol, 0.1% bromophenol blue, 3-mercap-
toethanol).

The core protein expression in mammalian cell

293T cells were a maintained in Dulbecco’s modified
Eagle medium with 10% fetal bovine serum with penicillin
and streptomycin (Invitrogen, USA) at 37°C in 5% CO..
293T cells were transfected with core protein expression
plasmid using jetPEI (Polyplus-transfection, France). Cells
were harvested 24 hours or 48 hours later and lysed with
RIPA buffer (50 mM Tris-HCI, 150 mM NaCl, 1% nonident
P-40, 0.5% deoxycholate, 10% SDS).

SDS-PAGE and western blotting

The cell lysate was boiled for 5 min and centrifuged for 5
min at 4°C. Supernatants of each sample were separated
by SDS-polyacryamide gel electrophoresis (SDS-PAGE)
on a 12% acrylamid gel. Gel was stained by coomassie
R250 staining solution (0.05% coomassie brilliant blue
R-250, 50% methanol, 10% acetic acid) in case of E.coli ly-
sates or was electrophoreticaly blotted onto a nitro-
cellulose filter membrane. The gel was then placed on the
nitrocellulose membrane sandwiched between two pieces
of 3M paper. The transfer apparatus was placed in transfer
tank filled with 1X transfer buffer (20 mM Tris, 150 mM
Glycine, 20% methanol, 0.038% SDS) and transferred for
1 hour at 300 mA. The membrane was blocked with 20 ml
of 5% non-fat dry milk (BD, USA) in TBST (20 mM Tris-
HCI, 0.5 M NaCl, 0.05% Tween 20) for 1 hour with gentle
shaking. Antibodies used were anti-core protein mono-
clonal antibody (Affinity BioReagents, USA) and anti-p-ac-
tin (Applied Biological Materials, Canada).

RESULTS AND DISCUSSION

In order to determine expression level of quasispecise
core protein, we constructed two type core protein ex-
pression plasmids harboring different quasispecise of core

gene of genotype 1b. Fig. 1 show differences in nucleo-
tides and amino acid sequences between Type 1 and Type
2 of HCV core protein investigated in this study. There are
total 23 nucleotide differences, which result in 16 synon-
ymous codons and 7 amino acid changes.

To compare the expression level of these core proteins
in bacterial and mammalian cells, we constructed two
types of core expression plasmids for either in E.coli or
mammalian cells as described in Materials and Methods,
respectively. As shown Fig. 2, a high level expression of
Type 1 core protein was observed in bacterial cells while
that of Type 2 core protein was much less than Type 1.

In the case of mammalian cells, we employed initially
pTre2-based pTre2/Type 1 and pCl-neo-based pCl-neo/
Type 2 eukaryotic expression plasmids. However, we were
able to detect only a very low (Fig. 3A) or no expression
(data not shown) for either forms of the proteins. Thus, we
exploited another pLP1 based eukaryotic expression plas-
mids, which was further optimized in our laboratory for high
level of protein expression in mammalian cell, resulting in
pLP1/Type 1 and pLP1/Type 2. By using the expression
vector, we were able to detect high level of Type 1 core
protein as shown in Fig. 3. However, pLP1/Type 2 core still
showed a very low expression level compared with
pLP1/Type 1 (Fig. 3B), as was observed in E.coli. It was
detected only when more exposure time was spent or cells
were harvested at 72 hours after tranfection (data not
shown). The transfection efficiency was estimated in the
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Induction time

26 —

T

-~ - ==

17—

Fig. 2. Comparison of core protein expression level in E.coli.
SDS-PAGE (top) shows the same volume of protein lysate
used. The same volume of lysate was subjected to western blot
analysis (bottom).
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Table I. Different amino acids and rare codons between two
different core genes

Codon No. Type 1 Type 2
70 Arg CGG Gln CAA
al Leu CTC ProCCC
72 Gly GGG Glu GAG
75 Ala GCC Thr ACC
87 Ala GCC Gly GGC

101 His CAC Arg CGC
110 Thr ACC Thr ACA
161 Ser AGC Gly GGC

Boldface indicates rare codon in E.coli.

similar range (%) for both transfections based on ex-
pression of RFP vector that we use as an internal control
for transfection efficiency. Of noted is that the anti-core
monoclonal antibody used in this analysis recognizes an
epitope ranging amino acids 21 to 40 region of the core
protein in which no amino acid changes are observed (Fig.
1B). Therefore, no or very low level of detection of Type 2
core protein is not due to a problem of antibody used for
detection.

When we analyzed codon usage and amino acid com-
positions for two types of core proteins, the followings are
observed as shown in Table |. The amino acid changes in
amino acid number 71, 87 and 101 are conservative ones.
On the other hand, changes in amino acid number 70, 72,
75 and 161 are all different property of amino acids; amino
acid number 70 of Type 1 core is positively charged where-
as that of Type 2 is uncharged, amino acid number 72 of
Type 1 is uncharged while that of Type 2 is negatively
charged, amino acid numbers 75 of Type 1 is nonpolar and
hydrophobic while that of Type 2 is polar and hydrophilic
and 161 of Type 1 are polar and hydrophilic ones whereas
that of Type 2 are nonpolar and hydrophobic. We also no-
ticed that Type 2 core encode more rare codons used in

methods.

E.coli than Type 1 as shown in boldface in Table | (Burns
and Beacham, 1985). However, we did not observe much
difference between Type 1 and 2 core proteins in their rare
codon usage or overall codon frequency in mammalian cell
(Carton et al., 2007).

Although it is not clear whether core protein directly af-
fects on pathogenesis or whether it is outcome of host im-
mune response. Previous report show that different qua-
sispecies core proteins induced different level of cell apop-
tosis and proliferation inhibition (Yan and Mei et al., 2008).
It appears that core protein related on the pathogenesis in
some ways (Moriya et al., 1998).

Our data demonstrate clearly that different quasispecies
of core gene have very different protein expression levels.
Although the exact reason for the observed difference is
not clear presently and awaits further analysis. But the re-
sults suggest that it could be a possible reason for the out-
come of various pathogenesis between HCV infected
individual.
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