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[38; 39], several kinds of molecules; endonexin II [40], asialoglycoprotein receptor
(ASGPR) [41; 42], lipoprotein lipase (LPL) [43], gp120 and gp180 (carboxypeptidase
D) [17; 44] and so on were reported for HBV receptors, including those for DHBV.
None of them, however, has been utilized for establishing an in vitro HBV infection
system as an HBV receptor molecule. And most recently, NTCP (sodium-taurocholate
co-transporting protein) has been nominated as a plausible HBV receptor molecule,
which has been under evaluation [45; 46; 47].

On the other hand, the ligand, i.e., HBV membrane proteins have been
characterized as well. There are three kinds of HBV membrane proteins; large S (LS),
middle S (MS) and small S (SS) and seems to be no doubt that preS1 region in the
N-terminal end of LS has a key role for receptor binding [48]. Especially, a
well-conserved region around preS1 9-23 amino acids (aa) might be critically important
and might function as a fusogenic peptide, since antibodies against preS1 (2-48 aa)
could neutralize HBV infection but not preS1 (1-21 aa) in PTH system [49; 50; 51].
And also, experiments using hepatitis delta virus (HDV) provided us with similar

important information on the HBV entry [52; 53; 54].
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Nevertheless, we have yet obtained an easy and convenient in vitro cell
culture system for HBV infection. Thus, identifying an HBV receptor seems to be
very hard, because it has not been achieved for a half century since HBV was found.
We do not understand why classical methods such as a phage screening system
expressing human liver cDNA library and so on do not work well and therefore, we
may need to design a new revolutionary assay system.

We here would like to propose a new biological assay using HBV pseudotype
particles (HBVpp) in which retroviral core particles were enveloped by HBV membrane
proteins. Successful production of HBVpp would allow us to test HBVpp infectivity
to cell culture systems introduced some cDNA library from human hepatocytes and/or
differentiated HepaRG cells. In this report, we tested whether such HBVpp could be
generated. The immunoprecipitation with anti-HBs antibodies followed by RT-PCR
and the physicochemical study using ultracentrifugation followed by RT-PCR revealed
that murine leukemia virus based core/capsid, which contained recombinant retroviral
genomes with EGFP and Hng, were enveloped by HBV membrane particles. Thus,

HBVpp should be generated and next question would be whether this HBVpp really
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could infect well-differentiated hepatocytes at suitable condition. It could be a weak

point that the HBVpp was based on murine leukemia virus, which demanded cell

growth for efficient viral genome integration into the host genome, compared to the

same kind system based on a lentivirus.  The HBV receptor could be a complex

consisted of several molecules. In such a case, it should be very difficult to clone the

HBYV receptor by cDNA library introduction to ordinary cells, since two hits or more

might be required. Nevertheless, it could possibly work if a cDNA encoding an HBV

receptor or a gene affecting HBV attachment and entry from a human liver source was

tested for HBV infectivity in various hepatoma cell culture systems_and thus this

HBVpp will be a powerful tool for separation and identification of an HBV receptor

with infectivity as a polestar.
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Figure legends

Fig. 1. Design of HBVpp packaging system. A. Construct of the retroviral genome.
A MLV-based retroviral vector was constructed. As commonly used, this vector was
two LTRs at the 5° and the 3’ end. A Packaging signal (¥), a selection marker (Hyg"),
a CMV immediate early enhancer and promoter followed by a GFP gene are
represented. B. An established packaging cell line is shown. This cells was
generated in MLV gag-pol expressing GP2 (Clontech) cells, where the retroviral vector
(see Fig. 1A) was integrated.  As a result, the packaging cells express the Hyg" and the
GFP in addition to MLV gag-pol. C. A strategy of the generation of HBVpp. The
established packaging cells could produce HBV membrane protein enveloped retroviral

capsids, when HBV membrane proteins were successfully expressed.

Fig. 2. HBYV membrane proteins and their expressing plasmid, pCEP4 LS-S. A.
Three HBV membrane proteins are shown. The S region is shared by all HBV
membrane proteins. A hexagon and a diamond represent an O-glycosylation and an

N-glycosylation site, respectively. B. An expression map of HBV membrane
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proteins. Arrows represent putative transcription start sites for each HBV membrane
gene. C. HBYV membrane protein expression was analyzgd by immunoprecipitation
with rabbit polyclonal anti-HBs antibodies followed by Western blot with a mouse
monoclonal anti-HBs antibody. Input: lysate from the transfected cells. UB:
unbound fractions with goat polyclonal anti-HBs antibodies (Austral Biologicals). B:
bound fractions with the same antibodies. Arrowheads show authentic HBV

membrane proteins.

Fig. 3. HBYV membrane bound particles contains retroviral genomes inside. A.
Culture medium of either HBV LS-S or VSV-G transfected packaging cells was
immunoprecipitated with anti-S antibodies or anti-VSV-G antibodies. Putative RNA
genomes were extracted from the immunoprecipitates and subjected to RT-PCR for the
EGFP gene. Ab: antibody, IP: immunoprecipitation, RT: reverse transcription, +ve:
positive. B. CsCl density gradient ultracentrifugaion profile, ELISA and RT-PCR of
the each fraction. (Upper) Profiles of the density, ELISA for HBV membrane proteins

(HBs and preS1). The left longitudinal axis shows the density of each fraction. p:
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density, mg/ml. The right longitudinal axis shows ODys values for HBs and preS1

measured with ELISA kits. (Lower) An agarose-gel electrophoresis of RT-PCR

products of the EGI'P gene as a target (about 320bp).

Fig. 4. Electronmicroscopy of intracellular sub-viral particles and secreted virus-like

particles. a. Sub-viral particles accumulation were seen in the ER of LS-S

expressing packaging cells. b. Secreted virus-like particles are shown.
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