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The hydrophilic fragment of hepatitis C virus (HCV) E2 protein was expressed in Escherichia coli as a chimera,
bound to the choline-binding domain (C-Lyt) of the major autolysin of Streptococcus pneumoniae. The C-LytE2
chimera was purified by affinity chromatography using DEAE-Sepharose. The purified antigen was used to immu-
nize rabbits and the specific humoral immune response to E2 protein was examined. Induction to high levels of

antibodies against this HCV E2 protein was found.
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ABSTRACT

RESUMEN

Clonacién y purificacion del fragmento hidrofilico de la proteina E2 del virus de la hepatitis C, fusionado
al dominio de unién a colina de la principal autolisina de Streptococcus pneumoniae (C-Lyt): evaluacién
de la respuesta inmune humoral en conejos. El fragmento hidrofilico de la proteina E2 del virus de la hepatitis
C (VHC), fue expresado en Escherichia coli como una quimera fusionado al dominio C-Lyt. La proteina quimérica
C-LytE2 fue purificada por cromatografia de afinidad mediante el uso de DEAE-Sepharosa. Este antigeno purificado
se utilizé en la inmunizacién de conejos y se evalué la respuesta inmune humoral especifica. Se encontré una alta
induccién de anticuerpos contra la proteina estructural E2 del VHC.
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Introduction

Hepatitis C virus (HCV) isthe major causative agent of
post-transfusion-associated non-A, non-B hepatitis
throughout the world [1]. Thisvirushasa9.4 kb single-
stranded positive-sense RNA genome that encodes a
polyprotein precursor, which is cleaved post-transla-
tionally into putative structural and non-structural
proteins [2].

The structural E2 glycoprotein is likely located
at the surface of the HCV virion. This association
with the surface of the virus makes this protein a
major target for humoral immune responses to in-
fection by HCV [3].

Antigenic sequences found within hypervariable
region 1 (HVR-1) of the E2 protein have been sug-
gested to act as neutralizing epitopes. However, the
emergence of escape mutants makes difficult to ex-
ploit this finding for therapeutic purposes [4].

Other antigenic regions outside the HVR-1 have
been aso identified and characterized [5]. Neverthe-
less, few data are available regarding the mapping of B
cell epitopes in these regions [6-9]. In vitro neutral-
ization of HCV by antibodies directed to some of
these epitopes, has been described [10]. These find-
ings made E2 protein an attractive candidate to study
the neutralization of HCV by antibodies directed
against this protein, as well as to evaluate its use as a
putative vaccine.

The aim of this work was to purify the E2 pro-
tein in a single step, in order to prepare anti-E2
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antibodies that could be useful to perform protein
expression experiments in eukaryotic cells. The hy-
drophilic fragment of E2 protein was expressed in
Escherichia coli as a fusion protein containing the
choline-binding domain (C-Lyt) of the major autol-
ysin of Streptococcus pneumoniae (C-LytE2). The
antigen obtained was purified using DEAE-
Sepharose. The purified protein was used for im-
munization experiments.

Materials and Methods

Cloning of HCV E2 protein coding sequence

A DNA fragment encoding a region of the HCV E2
protein from amino acids (aa) 384 to 650 of the viral
polyprotein, was amplified by polymerase chain re-
action (PCR). The amplification was performed us-
ing the plasmid pHCV as template [11], which
contains the cDNA sequence of HCV genome. The
oligonucleotides 5'-GGGGATCCTGCAGATAC-
CCACGTGACAGGTGGTGCT-3' (containing a
Bglll site) and 5-GGAATTCAAAGCTTATCCTC-
GAGTCCARTTGCATGCAGC-3' (containing a
Hindlll site), were used as primers. It is worth not-
ing that a stop codon was introduced by PCR at the
3' end of the coding region. The amplified segment
was cloned between the sites Hindl11-Bgl 11 of pFGF2
plasmid. This plasmid was used as a source of the C-
Lyt domain, since it contains the sequence of acidic
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fibroblast growth factor fused to this domain [12].
The vector also contains a modified E. coli lipopro-
tein promoter/lactose promoter-operator region (Ipp/
lac) that can be used to express the C-LytE2 chi-
meric protein. Figure 1 shows the strategy followed
to construct the plasmid pC-LytE2.

Expression of the C-LytE2 fusion protein

The constructed pC-LytE2 plasmid was transformed
into E. coli W3110 strain. A single transformant
colony was grown at 37 °C for 12-14 h in Luria broth
(LB) medium containing ampicillin (50 mg/mL). Cells
were diluted in 300 mL of fresh LB medium contain-
ing ampicillin and were grown at 37 °C with vigorous
shaking (2500 rpm in thermostat shaking ZT-01,
Santiago de Cuba, Cuba), until the culture reached an
optical density (OD) of 0.5-0.8 at 600 nm. The ex-
pression of the fusion gene was induced by adding
0.5 mM of isopropyl-b-p-thiogalactopyranoside
(IPTG) to the culture medium. After 5 h of induction,
the cell extract was analyzed by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE)
according to Laemmli [13].

Western blotting

Analysis of proteins bound to polyvinylidene difluo-
ride membranes (PVDF) was performed according to
the method of Towbin et al. [14]. The sheet with the
transferred proteins was treated for 1 h at room tem-
perature with phosphate-buffered saline (PBS, 0.1 M
NaCl, 2 mM KCI, 10 mM NaHPO,, 1 mM KH,PO,,
pH 7.2) containing 5% skim milk. The membrane was
then incubated using as the primary antibody either
anti-E. coli antibody-free serum [15] from an HCV-
infected patient diluted 1:10, or rabbit anti-E2 protein
diluted 1:500. After washing with PBS, the membrane
was incubated with anti-human immunoglobulin or
anti-rabbit immunoglobulin conjugated to horseradish
peroxidase (Boehringer-Mannheim, Germany) diluted
1:25,000 as the secondary antibody. After washing,
immunoreactivity was detected by enhanced chemolu-
minescence (ECL, Amersham PharmaciaBiotech, Swe-
den) according to manufacturer’s instructions. The
expression level was determined by densitometry us-
ing amolecular analysis program (CS-9000, Shimadzu
and Kyoto, Japan).

Purification of C-LytE2 fusion protein

A modular fermentation system (BE Marubishi, Ja-
pan) with a working volume of 1.5L was used to
culture the engineered bacterium. Late-log phaseE. coli
W3110 [pC-LytE2] cells were harvested by centrifu-
gation at 6000 g for 20 min after induction with IPTG.
The resulting pellet was washed once with 10 mM
Tris-HCI pH 8.0 containing 6 mM EDTA (TE buffer).
The cells were disrupted using a French press
(1500 kg cm?) at 1 g (wet wt) mL™ in TE. The in-
soluble material was collected by centrifugation
(18 000 xg for 30 min) and washed successively with
1% Triton X-100 in TE and 2 M guanidinium hydro-
chloride in TE. The fusion protein was solubilized with
extraction buffer (0.5 M Tris-HCI pH 8.0, 6 M
guanidinium hydrochloride, 0.5 M NaCl, 2mM DTT)
for 2 h by shaking at 4 °C, and was refolded by diluting
ten-fold with renaturing buffer (50 mM TrissHCI pH
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Figure 1. The E2 amplified fragment was digested with
BamHI-Hindlll and then cloned into pFGF2 plasmid
previously digested with Bglll-Hindlll, fused to C-Lyt binding
domain to obtain pC-LytE2 expression vector.

8.0, 50 mM NaCl, 80 mM CuSO,) at 4°C for 10 h.
Finally, the sample was loaded onto a DEAE-
Sepharose column and washed using agradient of NaCl
(0.5-1.5 M), and then was eluted with a buffer
(50 mM Tris-HCI pH 8.0, 1.5 M NaCl) containing
2% choline as described by Ortega et al. [12].

Immunization

For primary immunization, two rabbits were injected
subcutaneously with an emulsion of equal volumes of
PBS containing 100 pg of the purified C-LytE2 pro-
tein, and complete Freund’ s adjuvant. Two weeks|ater,
the rabbits were boosted by injecting an emulsion of
equal volumes of PBS containing the C-LytE2 protein
and incomplete Freund’ s adjuvant. This treatment was
repeated once more. Blood samples were collected
after the second booster immunization.

Indirect ELISA

Microtiter plates (Nunc Immuno Plates, Maxisorp,
Costar, Cambridge, USA) were coated for 1 h at 37 °C
with 100 pL of 6 pg/mL antigen (C-LytE2) or
5 mg/mL internal synthetic peptide of the E2 protein
spanning aa 545-570 of the viral HCV polyprotein
(NH2-PPQGNWFGCTWMNSTGFTKTCGGPPC-
COOH), or 6 pg/mL His-E2 protein in coating buffer
(0.05 M carbonate buffer, pH 9.5, 0.02% NaN3). The
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latter is another variant of E2 protein expressed in
E. coli fused to a 6 x Histag spanning aa 458-680 of
the HCV polyprotein (manuscript in preparation).
After washing the plates with 0.05% Tween 20 in
PBS (PBST), they were incubated in 200 pL of
blocking solution containing 5% skim milk in PBST,
for 1 h at 37 °C. Immune serum was diluted in 5%
skim milk/PBST, and 100-uL samples were added
to the wells. Plates were incubated at 37 °C for 1 h
and then washed five timesin PBST. Then, the wells
were incubated with anti-rabbit |gG goat Fab conju-
gated with horseradish peroxidase diluted 1:3000
(Amersham Phramacia Biotech, Sweden), for 1 h at
37 °C. Plateswerefinally washed fivetimesin PBST
and incubated with a solution containing 100 pL of
o-phenylenediamine (OPD) (Sigma, St. Louis, USA)
and 0.02% H,0,, for 15 min at room temperature.
The reaction was stopped with 50 pL of 2 M H,SO,
and OD was measured at 492 nm in a Sensldent
Scan (Merck, USA).

Results and Discussion

Cloning and expression

A DNA fragment containing the E2 protein region (aa
384650 of the polyprotein) not including the N- and
C-terminal hydrophobic regions, was amplified from
pHCV plasmid by PCR. After digesting the amplified
fragment with BamHI and Hindlll endonucleases, it
was cloned into the plasmid pFGF2 previously di-
gested with Bglll and Hindlll, to obtain the pC-LytE2
expression vector that contains the E2 fragment fused
to the C-Lyt domain (Figure 1).

To produce the quimeric C-LytE2 protein, E. coli
W3110 cells transformed with pC-LytE2 were induced
with 0.5 mM IPTG as previously described. When the
cdl extracts were anayzed by SDS-PAGE and the pro-
teins were visualized by staining with Coomassie blue,
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Figure 2. SDS-PAGE analysis of the fusion protein produced in
E. coli W3110 [p-ClytE2]. Lane 1, molecular weight marker;
lane 2, crude extract of non-transformed E. coli W3110 as a nega-
tive control; lane 3, crude extract of E. coliW3110 [pC-LytE2].

a prominent band was observed in the induced cultures
(Figure 2). The mobility of the induced proteins in
denaturing polyacrylamide gels was in agreement with
the predicted value (~42 kD), which corresponds to
the mass of E2 plus C-Lyt domain. The expression
level of C-LytE2 protein was between 8% and 10% of
the total protein. A similar expression level has been
previously reported for the production of CPL-1
lysozyme using the same expression system [16]. In
addition, this E2 fragment has been expressed to similar
levels fused to the maltose binding protein in E. coli
[17]. Surprisingly, most of the chimeric protein was
associated with cellular debris (data not shown). There-
fore, considering the high levels of C-LytE2 protein
found in association with the cellular debrisin this case,
it was necessary to extract and refold the insoluble chi-
meric protein before purification by the C-Lyt system.

Single-step purification
of C-LytE2 fusion protein
The single-step purification system based on the C-
Lyt domain of the major autolysin of S. pneumoniae
works with a high efficiency and specificity [18]. Di-
ethylaminoethanol (DEAE) behaves as a choline ana-
logue; thus, the proteins fused to the C-Lyt domain
specifically bind to DEAE-containing matrices [19].
Therefore, this system was used to perform arapid and
simple purification of the C-LytE2 chimeric protein.

The C-LytE2 protein was extracted from cellular de-
brisand refolded by dow dilution. The refolded C-LytE2
protein was then purified using a DEAE-Sepharose
column (Figure 3). The recovery of this process was
approximately 18%. The purity of the C-LytE2 anti-
gen was about 92% as determined by densitometry.
The high level of purity has been also obtained for
other proteins using this system [18].

Western blot analysis using anti-E. coli antibody
free serum from an HCV-infected patient, showed the
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Figure 3. A) SDS-PAGE analysis of purified C-LytE2 fusion pro-
tein. Lane 1, molecular weight marker; lane 2, protein extract of
refolded sample after solubilization; lane 3, one-step purified
fusion protein. B) Western blot analysis of purified protein using
serum of an HCV infected patient. Lane 1, negative control;
lane 2, purified C-LytE2 protein.
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specific recognition of the purified protein (Figure 3B).
Minor protein bands, which are smaller in size than
the predicted, were also observed. Presumably, these
proteins represent a degradation product obtained
during the preparation of C-LytE2 protein.

Anti-E2 antibody in immunized rabbits

The purified C-LytE2 protein was used to immunize
rabbits. After a second booster immunization, blood
samples were collected. Rabhits showed a high induc-
tion of antibodies against this protein (Figure 4A). When
the humoral immune response against C-LytE2 antigen
was examined by ELISA, atiter of 1:51,200 was found.

Taking into account that the C-LytE2 antigen used
for immunization contains the C-Lyt domain, additional
ELISA experiments were performed to ensure that the
rabbit serum contained specific antibodies against the
E2 protein. Plates were coated with an internal E2 syn-
thetic peptide (P1) or another HCV-E2 variant span-
ning aa458-680 that has been partialy purified (His-E2)
(data not shown). These analyses demonstrated that
the rabbit serum recognized the P1 linear epitope with
atiter of 1:1000, and the His-E2 protein with a higher
titer of 1:25,600 (Figures 4A and 4B).

Conclusions

A HCV E2 truncated protein spanning aa 384—-680
was cloned bound to the C-Lyt pneumococcal domain
and produced in E. coli. The protein was purified by
affinity chromatography using DEAE-Sepharose and
a high induction of specific antibodies against the E2
protein was found in rabbits immunized with the
C-LytE2 fusion protein.
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Figure 4. Recognition by ELISA of the recombinant C-LytE2, the His-E2 proteins (panel A),

and the synthetic peptide (P1) of HCV E2 protein (panel B). For determining the antibody titers,

serial dilutions of anti-serum were incubated in antigen-coated wells. The antibody titer was calculated
as two-fold the average of the preimmune serum value (negative control).
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