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MOLECULAR MECHANISMS OF PRODUCTION OF HEPATITIS B VIRUS
—— THREE-DEMENSIONAL MAP OF CORE PROTEIN SHELL VISUALIZED
BY CRYO-ELECTRON MICROSCOPY —
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The electron cryomicroscopy technique demonstrated three-demensional map of core
particle of hepatitis B (HB) virus using ice embedding. The icosahedral-shaped core particle
shows protruding spikes on the surface of the shell. Each spike is arranged with dimer of HB
core protein. It is of interest that the binding of [3°S]-labeled large HBsAg (large S protein)
to HBcAg was inhibited by the synthetic peptides bearing the octapeptide sequence 'SLLGRM-
KG’, which was identified as a ligand to native core particle (HBcAg). Furthermore, the two
flanking amino acids to the 'SLLGRMKG’ octapeptide was found to increase the binding
affinity to HBcAg and this synthetic peptide (GSLLGRMKGA) inhibited the binding of large
S protein to HBcAg most effectively. Hep G2 cells were transfected with replication-compe-
tent HBV construct in the presence or absence of peptide. HBYV production was inhibited by
the inhibitory peptides (SLLGRMKG, SLLGRMKGA, GSLLGRMKGA), but not by irrelevant
peptide (ALLTRILG). The relative inhibitory effects of the three peptides reflected their
affinities for HBcAg. The pre-S regions of large S protein were found to be important for
viral assembly and attachment to the host cell during infection. We demonstrated that specific
interactions between the outer surface of the core and the inner surface of the envelope are
likely to guide correct assembly of the virus and stabilize the resulting particle. Therefore,
peptides that bind to core protein may inhibit the assembly of HBV particles.

(Tokyo Jikeikai Medical Journal 2003 ; 118: 1-8)
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Fig. 1.

Structure of HBV Genome

The hepatitis B virus is a circular, partially
double-stranded DNA, 3.2 kb in length,
which replicates via an RNA intermediate

and has the capacity to integrate randomly
into the host genome. There are four open
reading frames in this virus; S, C, X, and
polymerase (P) ORF. SORF encodes three
proteins, preS1, preS2 and S protein.
These are envelope proteins of this virus.
Core ORF encodes two proteins, precore
and core antigen. Core protein forms nu-
cleocapsid and precore protein produce
HBeAg after the cleavage of 19-aminoacid
hydrophobic signal peptide and the 34-
aminoacid arginine-rich C-terminal
X ORF encodes for X tran-

sactivator protein which may be involved

regions.
in a hepatocarcinogenesis. Polymerase
(P) ORF encodes for a putative reverse
trans-

transcriptase. There are four

lational reading frames. The largest tran-
script, 3.5 kb mRNAs contain precore, core
RNA. This
pregenome RNA serves as a template for
HBV DNA and important for replication of
the virus. 2.4 kb mRNA consist of a pre S1
mRNA and pre S2, and S mRNA is 2.1 kb.

Shortest 0.7 kb transcript is X mRNA.

mRNA and pregenome
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Fig.2. Life .00Cycle of HB virus
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Core protein DNA polymerase

DNA @@

RNA — 35kb RNA ——> Core mRNA, precore mRNA, polymerase mRNA
2.4kb RNA —> preS1 mRNA
2.1kb RNA ———» preS2 mRNA, S mRNA
0.7kb RNA ———» X mRNA

This catoon demonstrates a natural life cycle of HBV. HBV enters hepatocytes by a
putative receptor mediated endocytosis process. After entering the cell, it releases the
nucleocapsid (core particle) from envelope. The viral genome is then translocated to the
nucleus. It is converted into full-length circular HBV DNA by DNA polymerase. Four
species of mRNAs are trancribed using cellular RNA polymerase II, and only 3.5 kb
pregenomic RNA is encapsideted into subviral cores and serves as a template for HBV
DNA replication. The nimus strand of HBV DNA is synthesized by reverse transciptase
in the core particle, and then the double stranded HBV DNA is synthesized. The size of
mature HBV DNA is 3.2 kb in size. HBV particles are secreted after they are encapsulated
with envelope protein in endoplasmic reticulum. It is important to note that some of the
intracellular HBVs are recycled into nucleus and produce HBV.
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Fig. 3. Three-demensional Map of Whole Core Protein Shell Visualized by Cryo-electron Micro-

scopy

This figure demonstrates three-demensional map of HB core particle visualized by cryo-
electron microscopy. The electron cryomicroscopy technique employs ice embedding.
This technique is able to look at structures that do not crystallize, and which can not
therefore be studied by X-ray crystallography. In addition, solving the atomic structure
is possible (extends to atomic resolution of 3 to 4A). The icosahedral-shaped core
particle shows protruding spikes on the surface of the shell. Each spike is arranged with
dimer of HB core protein. The shell of the core particle is penetrated by small pore.
Inhibitory peptides are show in red color at the tips of spikes.(EMBO J, Volume 17, 1998)
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Fig.4. Topology of HBs Large Protein at the
Membrane of Endoplasmic Reteculum
The pre-S regions (pre-S1 and S2) are
believed to play a role in both viral assem-
bly and attachment to the host cell. Most
of these pre-S residues are displayed on the
surface of mature virions and hence would
be expected to be translocated into the
endoplasmic reticulum (ER) lumen during
biosynthesis. However, contrary to this
expectation, it was demonstrated by the
group of Don Ganem using a coupled in
vitro translation/translocation system that
virtually all pre-S residues of the large
protein are cytoplasmically disposed in the
initial translocation products.
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Inhibiton of HBs Large Protein Binding to HBcAg by the Synthetic Peptide GSLLGRMK-
GA

The binding of [**S]-labeled HBs large protein to HBcAg was inhibited by the synthetic
peptides bearing the octapeptide sequence 'SLLGRMKG’, which was identified as a ligand
to native core particle (HBcAg). Synthetic peptides bearing the octapeptide sequence ’
SLLGRMKG’ inhibited the binding of large S protein to HBcAg in a dose-dependent
manner. Furthermore, the two flanking amino acids to the 'SLLGRMKG’ octapeptide was
found to increase the binding affinity to HBcAg and this synthetic peptide (GSLLGRMK-
GA) inhibited the binding of large HBsAg to HBcAg most effectively. In contrast, a
peptide, ALLTRILG, which is identified as the 21-27 amino acid sequence within the S
region, did not show any inhibitory effect. The peptide, ALLTRILG, includes amino acids
of 21-27 of the S region of HBsAg. It shows a highly significant sequence match of five
residues with the inhibitory peptide, ALLGRMKG, but had no inhibitory effect on the

interaction between HBcAg and large HB Ag.
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Inhibition of HBV Production by Inhibitory Peptides in HBV-transfected Hep G2 Cells
In order to determine whether these peptides could interfere with virus production by
blocking its assembly, Hep G2 cells were transfected with replication-competent HBV
construct in the presence or absence of peptide. We introduced 10 g of pHBV-HTD
DNA and 500 M of peptide into the Hep G2 cells simultaneously by permeabilization of
cell membrane. Following 72hrs incubation, HBV production in the culture supernatant
was examined. For quantification of the production of HBV in the culture supernatant,
a radioactive PCR method was used after DNase digestion and immunoprecipitation of
HBYV particles with a monoclonal antibody specific for HBsAg. As demonstrated in this
figure, HBV production was inhibited by the inhibitory peptides (SLLGRMKG, SLLGRM-
KGA, GSLLGRMKGA), but not by irrelevant peptide (ALLTRILG). The relative inhibi-
tory effects of the three peptides reflected their affinities for HBcAg.

Endoplasmic Reticulum
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- N
Core Particle ﬁ'

Assembly of Dane Particle at endoplasmic membrane

Large S protein is required for Dane particle formation, and it is postulated that sequence
in pre-S1 and/or per-S2 region interacts with the surface of core protein. These pre-S
regions of large S protein were found to be important for viral assembly and attachment
to the host cell during infection. Since pre-S sequences are found on the external
surface of the virion envelop, during of following budding, a dramatic reorganization of
either the envelope proteins or the lipid bilayer (or both components) must occur to allow
surface display of these sequences. In some molecules, the pre-S region is translocated
across the lipid bilayer and exposed on the virus surface. We demonstrated that specific
interactions between the outer surface of the core and the inner surface of the envelope are
likely to guide correct assembly of the virus and stabilize the resulting particle. There-
fore, peptides that bind to core protein may inhibit the assembly of HBV particles.
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