Acta virologica 40: 273 — 279, 1996 273

HEPATITIS B VIRUS CORE-PRES2 PARTICLES EXPRESSED BY
RECOMBINANT VACCINIA VIRUS
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Summary. -~ Vaccinia virus (VV) recombinants expressing hepatitis B virus (HBV) surface (HBsAg) or
core (HBcAg) antigens (Kunke er al,, Virology 195, 132 ~ 139 (1993)] have been shown to raise specific
antibodies in mice, nevertheless the levels of antibodies reactive with the preS2 and $ antigens were low. In an
attempt to enhance the immunogenicity of HBsAg-preS2, a fused C-preS2 gene was constructed. The fusion
protein was expressed in E. coli and displayed both HBcAg and preS2 antigen as demonstrated by enzyme-
linked immunosorbent assay (ELISA). The same gene was then expressed using recombinant VV and chimer-
ical particles whose size and density were similar to those of native HBV core particles produced in CV-1 cells
infected with recombinant VV. Unlike HBcAg, preS2 antigen could not be detected on these particles by
ELISA but was revealed by immunoblot analysis only. The immunogenicity of the recombinantVV was evaluated
in mice. Antibodies to HBcAg and VV antigen but not to preS2 antigen were found in sera of animals inoculated
with 107 PFU of the recombinant V'V, Presumably, HBcAg-preS2 particles produced in £, coliand in eukaryotic
cells have a different conformation, and the presence of preS2 antigen on the surface of chimerical particle
might be necessary for a pronounced antibody response,
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Introduction

The nucleocapsid of HBV is built up of many copies
of a 22 K core protein (for review see Neurath and
Thanavala, 1990; Ganem, 1991). A production of core
particles, bearing HBc antigenicity, has been achieved
using several expressing systems including £. coli (Stahl
et al., 1982) and VV (Kunke ef al., 1993). These parti-
cles can serve as an efficient carrier for presentation of

Abbreviations: CPE = cytopathic effect; ELISA = enzyme-
linked immunosorbent assay; HBV = hepatitis B virus;
HBcAg = HBV core antigen; HBsAg = HBV surface antigen,
MoAb = monoclonal antibody; PBS = phosphate-buffered saline;
PCR = polymerase chain reaction; SDS = sodium dodecy! sul-
phate; SDS-PAGE = polyacrylamide gel electrophoresis in the
presence of SDS; VV = vaccinia virus

heterologous epitopes (for review see Schoedel et al.,
1994). Several sites have been found in the amino acid
sequence of core protein, where foreign epitopes can be
inserted without affecting the assembly of particles. How-
ever, it has been demonstrated that the position of the
insertion determines the immunogenicity of the epitope
and its accessibility for antibody binding (Schddel, 1992).
Experimental HBV vaccines based on chimerical core
particles comprise virus neutralization epitopes from the
preS1, preS2, or S domains of HBsAg (Borisova et
al.,1989; Stahl and Murray, 1989; Schoedel et al.,1992).
Expression of the HBc-preS2 fusion gene in E. coli can
result in formation of chimerical core-like structures ex-
hibiting preS2 antigen on their surface, and capable of
inducing preS2 antibodies in laboratory animals. In this
study we report on the construction of a similar fusion
gene and its expression in bacteria and in eukaryotic cells,
when inserted in recombinant VV.
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Recently, we constructed several recombinant VVs for
expression of HBV envelope proteins (Némeckova et al,,
1991, HBe or HBe antigens (Kunke ef al., 1993}, The
immunogenicity of these recombinant viruses was
examned i laboratory animals,
recombinants expressing HBsAg to mice elicited only low
HI3s- or cific antihody responses, However, the
mice were primed, as was revealed by inducing antibodies
to both antigens by subsequent administration of low doses
of plasma-derived HBsAg. On ﬂw other hand, mice
responded well to VVeexpressed HBcAg (Kunke et af.,
1993), To merease the immunogenicity uf VVeexpressed
presS2, we decided to construct a recombinant VV
expressing the HBe-preS2 fusion protein.

prest-spec

Materials and Methods

Virvs and cefls. VV strain Praha, clone PU3 (Kutiy
wl 1995y was propagated and titered on CV-1, LEP, and RAT-2
cell lines as deseribed earlier (Kutinovi et al., 1990),

Wr‘)/’/‘r)c“fmwfr/[‘?!‘f/NMNC’,’»‘ (Madbs), Pre82-specific MoAh F124

nova ef

(Budkowska e wf, 1986} was obtained by courtesy of D, AL
Budkowska (Tnstitut Pasteur, Paris), Anti-preS2 mouse MoAb 826
(Sonmynskaya eral 1992 was mmfw ned by courtesy of Dr, V. Bichko
(Rorga, Latvia), Illia/’w specific MoAb (HloZdnck ef al., 1987)

Wi it gzift from D, 1 Skvor (Sevae, Prague).

Playmid vectors. To construct plasmid pC82 (Fig. 1), the
previously described plasmid pC95 (Kunke er af., 1993) was
digested with BamHU and Hpall. The 449 bp frapment coding for
the 144 Neterminal amino acids of HBcAg was ligated to the
FEO bp Hpall fragment coding for the 55 preS2 amino acids. The
r Tagment was pu‘« pare d by polymerase chain reaction (PCR)
y nmlmtlc ¢oprimers m 1 (S-ACT
0 ACTAC-3Y) and preS2-2
L /\(11 l(;,/\()(&(‘x(;/\(f;(j(;;1( (-3, and plasrmid
[EP (Kutinovi e al., 1990}, which contains the preS2/S gene
HBY, ayw subtype (Pourcel er al., 1982), as template DNA,
l
t

1

igated CopreS2 fragment was deM with HamHI and
ed i the BamHI site of pUCTE, The tigated DINA mixture

mnser
was transfected in F. cali <K M 2 and transformed colonies were

sereened for synthesis 0! the |
the positive clones contained o plasmid which was denoted p24.
Thos plasmid was cleave (! with /?mm‘ll and the Cepres2 coding
g ligated to pSNE digested with Baml
plasoid was denoted pCs20 Plasmid pSNE, deseribed by Kunke
el al (1993), 15 0 VV insertion vector similar to pGS20 (Mackett
et al,, 1984,
(jwm‘s/l/rm af ¥V

SOQUETICT Wil H.The resulting

52 was used for
rical HBe-pre&2,
- Recombimation and selection of recombinants

vecombimants. Plasmid pC
peneration of a \/V recombinant expressing chime
denoted V ‘\/ (5
was performed B‘W standard procedares (Mackett, 1984, Paolett,
FOR4, Perkus, 1986}, Recombinant VV-CH expressing HBeA g was
prepared using the plasmid pCldeseribed by }mmlwual 1093)
ane recom lw mt VV-MI expressing HBsAg was deseribed by
MNémeckovd ef al (1991).

An admimistration of

e and preS2 antigens. One of

HBeAg and preS2 antigen ELISA. The synthesis of HBV
ntigens was monitored in bacterial extracts or extracts of virus-
infected cells. Briefly, E. coli K802 transformed with plasmid p24
or with control plasmids were grown overnight in4 mil of LB broth
contatming 100 pg/ml ampicillin, The bacterial pellet was
resuspended after washing in 0.5 ml TNE and disintegrated by
sonication. | wmfuwd at 9700 x g for 20 mins and
HBV antigens were measured in the supernatants. Recombinant
Vieexpressed antigens were detected as follows, Virus infected
CV-1 cells at the stage of complete eytopathic effect (CPE) were
frozen and thawed three times. Samples were clarified by
centrifugation at 540 x g for 30 mins and HBV antigens in the
supernatant were quantified. The synthesis of HBceAg was
measured by ELISA as deseribed previously (Kunke eral., 1993).
PreS2 ELISA was deseribed by Némeckovd et al. (1991). Briefly,
microtitration plates were coated with glutaraldehyde-polymerized

it
hurnan serum alburmin, Washed wells contair
&
¥

mp les were

ning the material tested
were then incubated at 37°C for 2.5 hrs. After washing, the plates
were meubated with the pr specific MoAbs F124 diluted
110,000 or 526 diluted 1:10000 The plates were washed again
and incubated with peroxidase-labelled swine anti-mouse [gG
(SwAM/Px, Sevac, Praha) diluted 1:2000. O-phenylene diamine
was used as chromogen.
Imrmmw!ﬁ'wf analysis. CV-1 ¢
nultipheity of 1 PFU/cell. Cell

cells were infected with VVs at

monolayers with 75-90% CPE
were harvested with a rubber policeman and centrifuged. The
1 in O.Iﬁ ml of lysis buffer containing 50 mmol/l
§, 150 mmol/l NaCl, 0.1% sodium dodecy! sulphate
(S138), 1% Triton X-100, 1% sodium deoxycholate and 1.25 mmol/
phenyl methyl sylphonyl fluoride. After 20 mins of incubation at
O0C the lysates were clarified at 9600 x g for 10 mins at 4°C.
Samples, unheated, were separated by clectrophoresis in 15%
polyacrylamide gel in the presence of SDS (SDS-PAGE) under
reducing conditions according to Lacmmli (1970). Proteins were
electroblotted to BARS nitrocellulose membrane. PreS2 antigen
was detected with MoAb $26 and with a horseradish peroxidase-
labelled second antibody SWAM/Px (Sevae, Prague). HBcAg was
visuahzed by goat anti-HBe IgG labelled with horseradish
peroxidase, obtain M hy courtesy of Dr. LK&nig (National Institute
of Public Health, Prague).

Immunizarion u[ mice. Four-week-old non- mbud mice (strain
TCR) were inoculated intraperitoneally with 107 PFU of VV-CS2,
VVLCE or VV-MTL For this pm'pow viruses were propagated on
chortoallantore membranes of 1l-day-old chick embryos,
concentrated and partially punfu d mmxdmw to Joklik (1962). Four
weeks later all mice received intraperitoneally 005 mlo ‘Muapwmon
contairing 93 ng of purified plmn“m HBsAg absorbed to alum in
phosphate-buffered saline (PBS), As shown previously, this amount
of plasma HBsAg was not able to raise significant preS2 or HBs
and HBs

wtibodics in mice that had been primed with VV-HBV recombinant
(l“lammh)\m et al. 1990), The mouse sera were collected after
another four weeks and the amounts of VV-, preS2-, and HBeAg-
specific antibodies in individual sera were measured by ELISA.

HBe and preS2 antibody assays. HBce antibodies were
determined by ELISA as described by Kunke er al. (1993). The
test uses competition between the HBe antibody present in the
sera tested and goat HBe antibody labelled with peroxidase.

antibody Tevels in unprimed mice but elicited preS2
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Fig 4.
Antibody response to preS2, HBe, and VV antigens in mice
Mice were inoculated with 107 PFU of recombinant VV, boosted with %3 ng of alum-adsorbed plasma HBsAg 4 weeks Iater and sera were collected
after another four weeks, Bach colump represents an arithmetical mean of A values as detected in sera of five individual mice. Error bars indicate the
onfidence mtervals at 0,05 fevel The amounts of VV and pre antibodics were proportional to the A, values. A, values of about 1.00 were
regarded as negative results of the HBe antibody assay; the prese

ce of HBe antibodics in tested sera reduced the A values.
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to react with both 526 and F-124 pre
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