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INTRODUCTION

Hepatitis C virus (HCV) is known to be a major
causative agent of parentally transmitted non-A,
non-B hepatitis worldwide [1]. The HCV contains a
positive-stranded RNA genome of 9.5 kb which en-
codes a large polyprotein precursor of 3011 amino
acids. In vitro translation and cell culture expression
studies established that the HCV polyprotein is pro-
cessed by a cellular signalase to produce core, E1,
and E2/p7 as structural proteins [2-5], and by viral
proteases to produce NS2, NS3, NS4A, NS4B, NS
5A, and NS5B as nonstructural proteins [6-9].
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Much effort has been given to express and charac-
terize the HCV E1 and E2 envelope proteins in bac-
teria [10-11], insects [12-13], and mammalian cells
[12-17]. These studies revealed that the E1 and E2
are heavily glycosylated proteins and can form a E1/
E2 heterodimer mainly by noncovalent interaction
[15-17]. Previously, a truncated HCV E2334.643 pro-
tein was expressed as a fusion protein of maltose
binding protein in bacteria [10]. The GST-HCV El
fusion protein with a deletion of C-terminal region
was expressed to a high level in E.coli and the fu-
sion protein was found to be antigenic [11].

This study was performed to express high levels
of truncated HCV El and E2 as GST fusion pro-
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teins and to analyze their immunological properties.
A simple procedure to obtain pure antigens in large
quantities as soluble forms in bacteria may serve to
study the immunogenicities of proteins.

MATERIALS AND METHODS

Construction of the full-length and truncated
GST-El and GST-E2 fusion plasmid

The plasmid c740 encodes the gene for HCV
structural proteins, core, E1, and E2 [2]. The cDNA
encoding HCV E1 protein (Tyr-192 to Gly-383)
was amplified from the plasmid ¢740 after po-
lymerase chain reaction (PCR). A sense primer with
a sequence of 5-GCGAATTCCTATGTACGAGGTG-
CGCAACGT-3' containing an EcoRI site and an an-
tisense primer with a sequence of 5-GCGAATTCT-
TACCGTCAACGCCAGCAAA-3' containing an
EcoRlI site and a stop codon were used in the PCR.
The amplified fragment digested with EcoRl was
cloned into the corresponding site of pTZ19U
plasmid by standard cloning procedures [18]. The
EcoRI fragment of the resulting plasmid was re-
cloned into the EcoRI site of pGEX-2T expression
vector (Pharmacia, Piscataway, NJ). This construct,
pGEX/E1, contains the full-length of HCV E1 gene
fused to the glutathione S-transferase. To delete C-
terminal portion of the E1 gene, the pGEX/E1 was
digested with BamHI. The resulting 270 bp of
BamHI fragment was cloned into pGEX-2T. The
resulting plasmid, pGEX/El19.283, codes for the trun-
cated E1 protein from Tyr-192 to Ser-283. This
plasmid contains 7 extra amino acid residues (Gly-
Ser-Pro-Gly-Ile-Pro-Met) between the thrombin
cleavage site and the amino terminus of E1 protein,
and 6 amino acids (Pro-Gly-Ile-His-Arg-Asp) deriv-
ed from the vector at the carboxy terminus of the
truncated E1 protein (Fig. 1).

The full-length of HCV E2 protein was con-
structed by a similar procedure as described above.
A sense primer (5-GCGGATCCATGCACACCCA-
CGTGACAGGGG-3') containing a BamHI site and
antisense primer (5-GCGAATTCTTACATCAGTA-
GCATCATCCAT-3") containing an EcoRI site and
a stop codon were used to amplify His-384-Leu-740

from the plasmid c740. The resulting fragment was
cloned into the BamHI and EcoRI sites of pTZ19U.
The BamHI-EcoRI fragment of the resulting
plasmid was recloned into pGEX-2T. The resulting
plasmid, pGEX/E2, contains the putative full-length
HCV E2 gene. The pGEX/E2 was partially digested
with Haell to eliminate a C-terminal‘portion of the
E2 gene. The digested DNA was separated by elec-
trophoresis on 1% agarose gel. A linear DNA frag-
ment of about 6 kb was isolated by electroelution
from the gel slice. After complete digestion with
EcoRl, the resulting 5.7 kb DNA fragment was
treated with 3' exonuclease and filled in with T4
DNA polymerase, and ligated by using T4 DNA li-
gase. The resulting plasmid, pGEX/E23s4640, codes
for the HCV E2 protein from His-384 to Gly-649.
This plasmid contains 3 extra amino acids (Gly-Ser-
Met) between the thrombin cleavage sité and the
amino terminus of E2 protein, and 5 amino acids
(Val-lle-His-Arg-Asp) derived from the vector at the
carboxy terminus of the truncated E2 protein (Fig. 1).

Expression of the GST-E1 and GST-E2 fusion
genes

E. coli DH5 was transformed with each fusion
plasmid. The expression of the fusion genes in each
transformant was directed by adding IPTG to 0.5
mM. To compare expression levels of the fusion
genes, one ml of each bacterial culture was harvested
at 4 hrs post-induction by centrifugation at 4,000 x g
for 15 min. The pellets were dissolved in 40 pl of
Laemmli sample buffer [19] containing 8 M urea.

Five pl of each protein sample was boiled and
analyzed by SDS-polyacrylamide gel electrophoresis
(PAGE).

Purification of the HCV El,; 55; protein

Affinity purification and thrombin cleavage of the
GST-Elis2283 fusion protein was mainly carried out
under the conditions previously reported [20]. One
liter of bacterial culture was harvested at 4 hrs post-
induction. The pellet was washed once with buffer
A (137 mM NaCl, 0.3 mM KCl, 8 mM Na,HPO,,
2 mM KH,PO,, pH 7.2, 1 mM DTT, 1mM PMSF)
and resuspended in 10 ml of buffer A. The cell
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suspension was sonicated with Sonifier 450
(Branson) on ice. Triton X-100 was added to the
sonicated cell lysate to 1% (v/v) of final con-
centration. The supernatant as a soluble fraction
was obtained by centrifugation of the sonicated cell
lysate at 12,000 X g for 30 min at 4°C. The soluble
fraction was loaded onto a GST-agarose (Sigma, St
Louis, MA) column (bed volume 5 ml; diameter 1

cm) and the column was washed with 5 column

mM Tris-HCI buffer (pH 8.0) containing 5 mM
reduced glutathione. The fractions containing the
GST-Elis2283 fusion protein were pooled and di-
alyzed against buffer A at 4°C. The dialyzed protein
solution was concentrated to about 7 mg/ml by Am-
icon Centriflo 25 centrifugation according to the
manufacturer's instructions. Seven mg of the pu-
rified GST-Elis2s3 fusion protein was digested
with 3 units of human thrombin (Novagen, Madison,

volumes of buffer A. The elution buffer was 50 WI) in a reaction buffer (20mM Tris-HCl, pH 8.0,

Eljgz-283

192 --- 283

Leu Val Pro Arg Gly Ser Pro Gly Ile Pro Met | Tyr -GlySer| Pro Gly Ile His Arg Asp Ter

CTG GTT CCG CGT GGA TCC CCG GGA ATT CCT ATG|TAC -GGATCC| CCG GGA ATT CAT CGT GAC TGA
0 ) \ )

BamH I ECOR I BamH I

Thrombin

PGEX/Elgs 283

PBR322 ORI
Thrombin E2384-649
' ' 384 --- 649
Leu Val Pro Arg Gly Ser Met] His --- Gly| Val Ile His Arg Asp Ter
CTG GTT CCG CGT GGA TCC ATG| CAC ~-- GGA| GAA ATT CAT CGT CGT TGA
—

PGEX/E2354-649

lac 19

Y=~ pBR322 ORI

Fig. 1. Schematic representation of pGEX/E1;9,.s3 and /E2;84 sa9 Which encode truncated GST-El;9;.243 and -
E2354.640 fusion proteins, respectively.
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150 mM NaCl, 2.5 mM CaCl) for 36 hrs at 4.
The digested protein solution which was diluted 10-
fold with buffer A, was applied onto a GST-agarose
column (bed volume 4 ml). One-point-two ml of
each flowthrough fraction was collected. Proteins
bound to the column were eluted as described a-
bove. The flowthrough fractions containing the
HCV Eligz2s3 protein were pooled and concentrated
by lyophilization and stored at -20C.

Immunization of mice with the purified HCV
E1192_233 or the GST-E2334.§49 fusion protein

Six-week-old female BALB/c mice were im-
munized intraperitoneally with either 10 pg of the
purified HCV ‘Eliso0s3 or the GST-E2agsss0 fusion
protein, which had been mixed with Freund's ad-
juvant. The GST-E231649 fusion protein was elec-
troeluted from the protein band of 57 kDa [21].

Mice were boosted three times by intraperitoneal in-
jections of 20 pg of each antigen at 3, 5, and 7
weeks. Sera of the immunized mice were tested by
Western blot analyses for their reactivity against eith-
er the GST-Elwr2s3 or GST-E23s4.649 fusion proteins.

Immunoblotting

Proteins separated by SDS-PAGE were elec-
troblotted onto nitrocellulose membranes [22]. The
membranes were blocked with 10% non-fat dried
milk in phosphate buffered saline (PBS) for 2 hrs at
37°C and then washed once with PBS. The mem-
branes were incubated with either mouse anti-El1gy.
283 serum diluted 1:1,800 in PBS, mouse anti-GST-
E2384.619 serum diluted 1:1000 or rabbit anti-E2 an-
tibody diluted 1:1,000 in PBS for 1-2 hrs at RT and
washed three times for 20 min in PBS containing 0.
05% tween 20 (PBST). An HCV positive serum
from a chronic hepatitis patient was diluted 1:1,000
in 'PBS and then used in immunoblotting. The blots
were incubated with either goat anti-mouse IgG, -
rabbit IgG, or -human IgG conjugated with alkaline
phosphatase or horseradish peroxidase (Sigma) at 1:
1,000 dilution in PBS for 1 hr at RT and washed
for 1-2 hrs in PBST with three changes. Reactive
proteins were detected by adding the substrate solu-
tion containing nitro blue tetrazolium and 5-bromo-

4-chloro-3-indolyl-phosphate  (Promega, Madison,
WI) or by enhanced chemiluminescence (ECL:Am-
ersham, Little Chalfont, Buckinghémshire).

RESULTS

Expression of the full-length and truncated
GST-E1 and GST-E2 fusion proteins

pGEX/E1 and /E2 plésmids encoding the full-
length E1 and E2 genes respectively, were con-
structed and their expressions were analyzed as des-
cribed in Materials and Methods (Fig. 2). The
pGEX containing the sequence of GST expressed
an expected protein of 27 kDa (lane 2). However,
neither pGEX/E1 nor pGEX/E2 expressed expected
full-length proteins (lanes 3 and 4). A hydropathy
plot of each full-length HCV E1 and E2 protein
showed a hydrophobic transmembrane domain at
their carboxy-terminal regions. In order to overex-
press the GST-E1 and GST-E2 fusion proteins, a hy-
drophobic C-terminus of each protein was el-
iminated. The resulting pGEX/El1s2.283 and pGEX/E

2380640 (Fig. 1) overexpressed the GST-Elysp1s5 and

GST-E23s4.540 fusion proteins, respectively (Fig. 2,
lanes 5 and 6).
Next, we examined whether the expressed fusion

* proteins were soluble. Five ml of IPTG induced bac-

terial culture containing pGEX/Elis2.283 or pGEX/
E2384.640 was pelleted at 4 hrs post-induction. Each
pellet was resuspended in 400 pl of buffer A. After
sonication of the cell suspensions, the soluble and
insoluble fractions were obtained by centrifugation
as described in Materials and Methods. The in-
soluble fractions were dissolved in 50 ul of
Laemmli sample buffer containing 8 M urea. Pro-
teins in 5 pl of each insoluble fraction and 10 wl of
each soluble fraction were analyzed by SDS-10%
PAGE and visualized by staining with Coomassie
blue (Fig. 3). The GST-Elisyass fusion protein was
detected in both the soluble and insoluble fractions.
The total amounts of protein in the sonicated cell
lysate and the soluble fraction were determined [23].
More than 90% of the total protein in the sonicated
cell lysate was found in the soluble fraction, in-
dicating that most of the GST-Elioz2s3 fusion pro-
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Fig. 2. Expression analysis of the full-length and
truncated GST-E1 and -E2 fusion proteins in E.coli.
Proteins in whole cell lysates were separated by
SDS-PAGE and stained with Coomassie blue as des-
cribed in Materials and Methods. Lanes 1 and 2;
whole cell lysates of bacteria harboring pGEX
without and with PTG induction; lanes 3 and 4,
whole cell lysates of bacteria containing the full-
length GST-E1 and -E2 fusion genes with IPTG in-
duction; lanes 5 and 6, whole cell lysates of bac-
teria harboring the GST-E1192‘233 and -E2334_649 fu-
sion genes with IPTG induction. Top and bottom ar-
rows indicate the GST-E233444 and -Eljg 553 fusion
proteins, respectively. MW, molecular mass marker (in
. kDa).
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Fig. 3. The solubility of the GST-El19,.8; and -E25g4
40 fusion proteins expressed in E. coli. Five ml of
each bacterial culture producing GST-El;g053 or -E2384
4o fusion proteins was harvested at 4 hrs post-in-
duction by IPTG. The soluble (SOL) and insoluble
(INS) fractions were prepared as described in the
text. Each protein sample was separated by SDS-
PAGE and visualized by staining with Coomassie
blue. Lanes: Top and bottom arrows indicate GST-
El95.083 and -E2sg4.649 fusion proteins, respectively.

fein was in the soluble fraction. The GST-E2384.649
fusion protein of 57 kDa was expressed mainly as
an insoluble form (Fig. 3). A small portion of the

fusion protein was expressed as a soluble form,

GST-agarose chromatography
Mw 1 2 3 4 5 6 7 8 9 10
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Fig. 4. A simple purification of the GST-Elj95.283
fusion protein by GST-agarose affinity chro-
matography. The soluble fraction obtained from one
liter of bacterial culture harboring pGEX/El;9:.283
was applied onto a GST-agarose column and the
proteins bound to the column were eluted as des-
cribed in Materials and Methods. The proteins in
the eluate were analyzed by SDS-PAGE and stained
with Coomassie blue.

which could be purified by GST-agarose. chro-
matography (data not shown).

Preparation of the HCV El;g;.2¢ protein

The soluble GST-Eligz.283 fusion protein fraction
was applied onto a GST-agarose column and the
proteins were eluted as described in Materials "and
Methods. The proteins were analyzed by SDS-
PAGE and visualized by Coomassie blue staining
(Fig. 4). The GST-Elisz283 fusion protein was al-
most completely eluted with about 10 ml of the elu-
tion buffer. No GST-Elig2s3 fusion protein was
found in the flowthrough fraction (data not shown).
The fusion protein was purified to more than 90%
homogeneity by this affinity chromatography step.
This simple procedure for purification of the GST-E
1192283 fusion protein usually yielded about 30~50
mg protein/liter of culture medium. To obtain the
HCV Elijgs3 protein, seven mg of the purified fu-
sion protein was treated with thrombin and the
cleaved fusion protein solution was applied onto a
GST-agarose column. Proteins in the flowthrough
fraction and in the eluate were obtained as des-
cribed in Materials and Methods and analyzed by
SDS-PAGE and visualized by Cogmassie blue stain-
ing. The HCV Elis:283 protein was found mostly in
the flowthrough fraction (Fig. 5A). The GST pro-
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- Fig. 5. A simple purification of the HCV Elyg5;
protein. The GST-El,oy.53 fusion protein digested
by thrombin was applied onto a GST-agarose
column. Proteins in the flowthrough fractions (A)
and proteins bound to the column (B) were ob-
tained as described in Materials and Methods. The
proteins were analyzed by SDS-PAGE and stained
with Coomassie blue. An arrow in panel A in-
dicates the HCV Eljg83 protein. Top, middle, and
bottom arrows in panel B indicate the GST-El,95.83
fusion, GST, and HCV El,g 5, proteins, respec-
tively.

tein generated by thrombin cleavage of the fusion
protein and small amounts of the HCV Eljs2.283 and
uncleaved GST-Elis2s3 fusion proteins were found
in the eluate (Fig. 5B). The results indicated that
thrombin cleaved the GST-Elis223 fusion protein ef-
ficiently and the HCV Elis2.s3 protein generated by
thrombin cleavage was purified to more than 90%

homogeneity by GST-agarose chromatography. This -

simple procedure for the protein purification yielded
about 1 mg of the Eligzss protein, which was e-
quivalent to 53% of the theoretical yield (1.9 mg),
from approximatly 7 mg of the purified GST-E1;02.283
fusion protein.

The purified HCV E1192-283 and GST-E2384_649
fusion proteins are immunologically active

To know whether GST-Elsss2s3 and -E2334.640 fu-
sion proteins expressed in bacteria were antigenic,

HCV(+) Patient's Serum
MW 1 2 3 4 5

81 -
49 - -
31- -
26 -

Fig. 6. The reactivity of the GST-El,95 23 and -E25g,.
649 fusion proteins with an HCV patient serum. Pro-
teins in the whole cell lysates of bacteria harboring
pGEX, pGEX/E1192_283 or /E2384-649 and the puriﬁed
GST-Elyss.283 protein were separated by SDS-PAGE
and transferred to nitrocellulose membrane. Im-
munoblotting was carried out with an HCV patient
serum as described in Materials and Methods.
Lanes 1 and 2, whole cell lysates of bacteria har-
boring pGEX with or without induction by IPTG;
lanes 3 and 4, whole cell lysates of bacteria har-
boring GST-Elysy83 0r -E2384440 fusion genes with
IPTG induction; lane 5, the purified GST-El,95.s3
protein.

immunoblotting was carried out with an HCV pa-
tient serum (Fig. 6). The patient's serum reacted
specifically with the GST-Elig2.283 and -E23g4.640 pro-
teins in the whole cell lysates as well as the pu-
rified GST-Elis2285 protein (lanes 3, 4, and 5). The
purified Elisz2s3 protein was specifically recognized
by the HCV patient serum in immunoblotting
analysis (data not shown). The result ‘indicated that
the GST-Elioz283 and -E2384.640 fusion proteins con-
tained antigenic epitopes which- allowed specific
reaction with HCV patient serum.

To know whether the purified HCV Eligz2s and
GST-E2384649 fusion proteins expressed in bacteria
function as immunogens, mice were immunized
with either the purified Elio2283 or the GST-E23s4.640
fusion proteins as described in Materials and
Methods. Sera obtained from mice at one week aft-
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Fig. 7. Immunogenicity of the HCV Eljg;; and
GST-E2354.640 proteins. Proteins in the whole cell
lysates of bacteria harboring pGEX or pGEX/E1;¢,.
233 as well as the purified GST-E2334.440 protein with
or without thrombin digestion were separated by
SDS-PAGE and transferred to nitrocellulose mem-
branes. Immunoblottings were carried out with eith-
er mice sera immunized with the purified HCV E
1192_253 or GST"E2384,649 Proteiﬂs, or rabbit anti-E2
antibodies (RoE2) as described in Materials and
Methods. Lane 1, whole cell lysate of bacteria har-
boring pGEX; lanes 2 and 6, whole cell lysates of
bacteria harboring pGEX with IPTG induction;
Lane 3, whole cell lysate of bacteria harboring
PGEX/El 9,283 with IPTG induction; lane 4, the pu-
rified GST-E2334449 fusion protein; lanes 5 and 7,
GST-E234, 640 fusion protein with thrombin digestion.

er the final booster immunization were diluted as
described in Materials and Methods and then used
in immunoblottings. The serum of mouse im-
munized with the purified HCV Elig283 reacted
specifically with the GST-Elisss fusion protein
and smaller proteins which may be degradation pro-
ducts of the fusion protein (Fig. 7, lane 3). The
serum did not react specifically with the GST pro-
tein of 27 kDa (lane 2). The result indicated that
the specific antibodies to the HCV Eliszas3 protein
were generated in mice. The serum collected from
the mouse immunized with the GST-E2334.649 fusion
protein reacted specifically with the purified GST-
E2334640 protein (lane 4) and the HCV E23ss.640 as
well as the GST proteins produced by thrombin
digestion of the fusion protein (lane 5). The gen-
eration of the GST and E23s4640 proteins by throm-
bin digestion of the purified GST-E23s4.649 protein
was confirmed by rabbit anti-E2 specific antibody
(lane 7). The result indicated that the GST-E23s4.640
fusion protein was able to generate specific an-

tibodies to the GST as well as the HCV E2sg649 pro-

tein in mice.
DISCUSSION

In this report we overexpressed the truncated
HCYV envelope E1 and E2 proteins as GST fusion
form in bacteria and examined their immunological
properties. The expression of the full-length of GST-
El and GST-E2 fusion proteins was not detected.
However, a deletion of 101 amino acids from the C-
terminus from the GST-Elis3s3 fusion protein al-
lowed the fusion protein to be expressed abundantly
as a soluble form. Also, a deletion of 91 amino a-
cids from 650 to 740 in the carboxy terminal por-
tion of the full-length GST-E2 fusion protein result-
ed in an abundant expression of the fusion protein
even if it was insoluble. Presumably elimination of
hydrophobic C-terminus regions of the E1 and E2
proteins resulted in the overexpression of the fusion
proteins. These results were consistent with pre-
vious data, suggesting that truncation of the putative
membrane association region circumvents the dif- -
ficulty of expressing El protein in E. coli [11]. A
GST-HCV core fusion protein with a deletion of 68
amino acids from its C-terminus including a hy-
drophobic’ transmembrane region also resulted in
overexpression of the fusion protein as a soluble
form in bacteria [24]. The E1 and E2 proteins lack-
ing C-terminal hydrophobic regions were secreted

"intq the culture media in mammalian. and insect

cells [25]. Thus, it may be suggested that a hy-
drophobic C-terminal region of HCV structural pro-
teins may interfere with producing the proteins.
The GST-E2is4640 fusion protein, which was ex-
pressed as an insoluble form, contained at least two
internal hydrophobic domains, one from GIn-434 to
Ala-449 and the other from Ala-490 to Gly-517
[25]. These domains may affect the solubility of the
expressed protein. Thus, elimination of the internal
hydrophobic domains or further truncation of the C-
terminal portion may enchance the expression level
and solubility of E2 protein.

An HCV patient serum recognized specifically
the GST-Elioz283 and GST-E2agss49 fusion proteins
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expressed in bacteria. The GST-E23g3.649 and pu-
rified Elio2283 proteins generated specific antibodies
in mice, respectively, indicating that the proteins
contained antigenic epitopes, even if they were not
glycosylated. A synthetic peptide from amino acid
residues 201 to 223 in the E1 protein has been
shown to be reactive to HCV patient sera [26].
HCV-specific cytotoxic T lymphocytes (CTL) for
the E1 protein have been detected in persons with
chronic hepatitis. A critical epitope for the CTL has
been shown to be localized at amino acid residues
235 to 242 in the E1 protein [27]. Thus, the El92.283
protein purified in large quantity as a soluble form
in this study, which contains B- and T-cell epitopes,
may serve as an immunological agent for further de-
termination of the role of El protein in HCV in-
fection.

SUMMARY

The truncated Elis2.2s3 and E2384.649 genes of hepa-
titis C virus (HCV) linked to the gene for glu-
tathione S-transferase (GST) were constructed and
their expressions were analyzed. The GST-E1,2.283
fusion gene overexpressed the fusion protein in E.
coli as a soluble form, while the GST-Elisziss
plasmid did not express expected fusion protein.
The purified GST-Eliss2s3 fusion protein was ef-
ficiently cleaved by thrombin. More than 90% pure
HCV Elisss3 protein was obtained by GST-agarose
chromatography. The truncated GST-E23s41.640 fusion
gene expressed the fusion protein mainly as an in-
soluble form, whereas the GST-E23g474 did not ex-
press the fusion prot‘ein. The truncated GST-El1s2.283
and GST-E23sss49 fusion proteins reacted spec-
ifically with an HCV patient serum. In addition,
mice immunized with either the purified El1oz.283 or
GST-E2334.640 proteins generated specific antibodies
to each antigen. The results suggested that hy-
drophobic carboxyl portions of the E1 and E2 pro-
teins might affect expression levels as well as the
solubility of each fusion protein in bacteria. Also,
the truncated E1 protein with Tyr-192 to Ser-283
contained antigenic epitope(s) which could be spec-
ifically recognized by an HCV patient serum.
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