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Among the three viral proteins present in the hepatitis B virus (HBV) envelope, both the small and large
polypeptides, but not the middle polypeptide, are necessary for the production of complete viral particles.
Whereas it has been established that the C-terminal extremity of the pre-S1 region is required for HBV
morphogenesis, whether the pre-S2 region of the large surface protein plays a critical role remains question-
able. In the present study, we have analyzed the role of the large-polypeptide pre-S2 region in viral maturation
and infectivity. For this purpose, mutants bearing contiguous deletions covering the entire pre-S2 domain were
generated. First, the efficient expression of all the mutant large envelope proteins was verified and their ability
to substitute for the wild-type form in virion secretion was tested. We found that distinct deletions covering the
domain between amino acids 114 and 163 still allowed virion production. In contrast, the polypeptide lacking
the first 5 amino acids of pre-S2 (amino acids 109 to 113) was unable to support viral secretion. This result
shows that the domain of the large surface protein, required for this process, must be extended to the
N-terminal extremity of pre-S2. We then demonstrated that all the mutants competent for virion release were
able to infect normal human hepatocytes in primary culture. Taken together, these results indicate that only
10% of the large-protein pre-S2 region at its N-terminal extremity is essential for virion export and that the
remaining part, dispensable for viral secretion, is also dispensable for infectivity.

The hepatitis B virus (HBV) envelope contains three trans-
membrane proteins known as hepatitis B surface (HBs) pro-
teins: the small (S), the middle (M), and the large (L) polypep-
tides. All these proteins have a common hydrophobic S region
with additional N-terminal pre-S extensions for the M and L
proteins. The S protein, a 226-amino-acid polypeptide, is the
most abundant and is encoded by the S gene. The M protein is
formed by the S peptide extended by 55 amino acids at its
amino terminus, corresponding to the pre-S2 region. The L
protein contains all the amino acids found in the M protein and
has an additional N-terminal sequence of 108 amino acids (ayw
subtype), referred to as the pre-S1 region. The three proteins
are posttranslationally modified: each of them exhibits a par-
tially glycosylated site in the S domain, an additional glycosyl-
ation occurs in the pre-S2 region of the M protein, and the L
protein differs from the other envelope proteins by a N-termi-
nal myristylation (22).

The S and the M proteins undergo their final transmem-
brane folding in the endoplasmic reticulum (ER) membrane
during their synthesis. Their S domains span the lipid bilayer at
two topogenic signals (I and II) and probably at their hydro-
phobic C terminus (7). Their N-terminal extremities, and par-
ticularly the pre-S2 region of the M protein, are located into
the ER lumen and so appear on the surface of secreted viral
particles. The early luminal disposition of the pre-S2 domain is
confirmed by its carbohydrate modification. Conversely, in the
L protein, no glycan is linked at the two potential sites located
in the pre-S1 and pre-S2 regions. This is explained by the fact
that in the primary translation product, the type I signal does
not cross the ER membrane and all the pre-S sequence re-
mains in the cytosol. During viral morphogenesis, half of the L

protein population keep this topology, with the pre-S region
inside the virion (i-preS form) (4, 21, 24). A posttranslational
reorganization occurs for the other half since this protein dis-
plays a topology similar to the M protein in complete viral
particles, with an external pre-S domain (e-preS form).

Several studies have investigated the role of these surface
proteins in the viral cycle. Expression of the S protein appears
sufficient for the secretion of empty envelope particles,
whereas the expression of both the S and L peptides is required
for the production of mature virions (2). Experiments based on
truncations of the L protein have shown that the N-terminal
five-sixths of the pre-S1 sequence is dispensable for this pro-
cess (5). Inhibition of the M protein expression has no effect on
viral morphogenesis (2). Concerning the infection step, only a
few data on the contribution of viral envelope proteins have
been reported. Thus, the in vitro infectious ability of HBV
requires the presence of the myristate moiety of the L protein
(3, 11). By contrast, the M protein is not likely to be involved
in viral infectivity (8, 20).

Finally, although no precise function is obviously attributed
to the pre-S2 region of the M protein, it remains to be deter-
mined whether the pre-S2 domain of the L protein could be
involved in the viral life cycle. To investigate this point, a set of
deletions extending into this domain was created and the abil-
ity of the modified proteins to substitute for the wild-type
(WT) form in virion secretion and infectivity was evaluated.

MATERIALS AND METHODS

Plasmid engineering. Plasmid pHBV-DEcoRI contains an HBV DNA insert of
more than one genome length, starting at position 1232 and ending at position
1984 (11). This viral sequence contains only one copy of the pre-S1-pre-S2-S
open reading frame (ORF) and is able to support viral replication. To introduce
a point mutation into the viral sequence, we used the U-DNA mutagenesis kit
from Boehringer Mannheim as specified by Kunkel et al. (18). The mutagenic
oligonucleotide used to introduce an L protein-defective mutation was 59 CTG
CCTTCCTCACTGGCGATT 39. Mutant viral genomes were recovered, and a
361-bp pre-S1 fragment, flanked by BstXI and EcoRI sites, was transferred back
into pHBV-DEcoRI to form the pHBV L2 plasmid. The whole sequence of the
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subcloned fragment was sequenced to verify that no fortuitous mutation had
been introduced during mutagenesis.

Plasmids have been constructed to express the L surface protein in WT or
mutated forms. Plasmid pSV12S WT (Fig. 1A) contains the 1,578-bp BglII-SphI

fragment of WT HBV DNA, bearing the entire pre-S-S coding regions, cloned
downstream of the simian virus 40 early promoter-origin region in plasmid
pSV-SPORT 1 (Life Technologies). Deletions were introduced into pSV12S by
PCR. This method is based on the amplification of a first fragment located
upstream of the deletion with primers DEL A (59 ATTTATGCAGAGGCCGA
GGC 39) and DEL B. A second fragment was amplified downstream of the
deletion with primers DEL C and DEL D (59 AGGTTGGGGACTGCGAATTT
39). Table 1 describes primers DEL B and C according to the expected deletion.
After purification, these two products were mixed and used in a second round of
amplification with primers DEL A and DEL D. Amplified fragments were
digested with EcoRI and XbaI and inserted into EcoRI-XbaI-digested pSV12S
WT. In contrast, the first N-terminal deletion eliminates the EcoRI site. In this
case, the KpnI site was used instead of the EcoRI site. In new plasmids, inserts
were sequenced to confirm the expected deletion (L x/y, where x is the position
of the N-terminal amino acid of the deletion and y is the position of the C-
terminal amino acid of the deletion) without other mutation (Fig. 1C).

Other expression vectors, WT and mutants pSV12SX (Fig. 1B), were con-
structed. They are derived from WT and mutants pSV12S, respectively. These
plasmids therefore contain a longer HBV DNA insert, starting at position 2840
and ending at position 1986.

Cell line and transfection. To produce viral proteins or virions, the permissive
HepG2 human hepatoma cell line (1, 28) was transfected with HBV DNA by
electroporation. HepG2 cells were cultured in H medium (75% minimum es-
sential medium, 25% medium 199, 5 mg of insulin per liter, 1 g of bovine serum
albumin per liter, 4.5 mg of penicillin per liter, 50 mg of streptomycin per liter)
supplemented with 3.5 3 1027 M hydrocortisone hemisuccinate and 10% fetal
calf serum (FCS).

Virus purification. HBV particles were isolated from the culture medium of
transfected HepG2 cells by precipitation with 6% polyethylene glycol (PEG
8000; Sigma) for 12 h at 4°C. The precipitates were recovered by centrifugation
(10,000 3 g for 45 min at 4°C) and concentrated 200-fold in phosphate-buffered
saline (PBS) with 25% FCS.

Primary cell culture and infection. Normal adult human liver fragments were
obtained from patients undergoing hepatic resection for liver metastases (the
fragments were taken at a distance from the metastasis in macroscopically nor-
mal liver). Access to this biopsy material was in agreement with French laws and
satisfied the requirements of the Ethics Committee of the institution. Hepato-
cytes were isolated by the procedure of Guguen-Guillouzo and Guillouzo (12)
and cultured in H medium supplemented with 3.5 3 1026 M hydrocortisone
hemisuccinate, 2% dimethyl sulfoxide, 5% adult human serum, and 5% FCS.
The combination of these two sera favors long-term culture compared with the
only use of 10% FCS (10) or 10% porcine serum (11, 25). At 3 days after seeding,
the cells were infected as described previously (9). Hepatocytes (1.5 3 106 per
10-cm2 petri dish) were covered with 1 ml of serum-free culture medium con-
taining 5% PEG 8000 and 100 ml of inoculum. Infection was performed for 12 h
at 37°C. The cells were then washed three times with culture medium and further
cultured. Virus obtained from the culture supernatant of the clonal cell line
designated 2.2.15 was used as a positive control for the infection assays (26).

Cellular protein analysis. Transfected cells were washed with PBS and scraped
in PBS containing 10% FCS. Cells were recovered by centrifugation for 3 min at
200 3 g, lysed at 0°C for 20 min in a lysis buffer (25 mM Tris-HCl [pH 7.4], 250
mM NaCl, 5 mM EDTA, 1% Nonidet P-40), and then centrifuged at 12,000 3

FIG. 1. (A and B) Expression vectors of the L protein. The heavy line
indicates the HBV sequence; the thin line indicates plasmid pSV-SPORT 1
sequences with its simian virus 40 early promoter-origin region (PO SV40); boxes
indicate ORFs for viral X, P, C, and S proteins. The envelope ORF is divided
into pre-S1, pre-S2, and S domains. The approximate locations of the posttran-
scriptional regulatory element (PRE) and the polyadenylation site (pA) in the
HBV sequence are shown. (C) Amino acid deletions in the pre-S2 region of the
S gene cloned in different L protein expression plasmids. Deletions (L x/y; x is the
wild-type position of the N-terminal amino acid flanking the deletion; y is the
wild-type position of the C-terminal amino acid flanking the deletion) are indi-
cated below as thin lines.

TABLE 1. Primers used for deletion

Mutanta Sequence of primer DEL B and DEL Cb Deleted amino acid
sequencesc

L 109/113 59 TTGGTGGAAGGTTGTGGCCTGAGGATGAGTGTTTC 39 MQWNS (5)
59 ACTCATCCTCAGGCCACAACCTTCCACCAAACTCT 39

L 114/123 59 CAGGCCTCTCACTCTGGAATTCCACTGCATGGCCT 39 TTFHQTLQDP (10)
59 ATGCAGTGGAATTCCAGAGTGAGAGGCCTGTATTT 39

L 124/133 59 TCCTGAACTGGAGCCGGGATCTTGCAGAGTTTGGT 39 RVRGLYFPAG (10)
59 ACTCTGCAAGATCCCGGCTCCAGTTCAGGAACAGT 39

L 134/143 59 AGAGGCAGTAGTCAGACCAGCAGGGAAATACAGGC 39 GSSSGTVNPV (10)
59 TATTTCCCTGCTGGTCTGACTACTGCCTCTCCCTT 39

L 144/153 59 CCCAATCCTCGAGAAAACAGGGTTTACTGTTCCTG 39 LTTASPLSSI (10)
59 ACAGTAAACCCTGTTTTCTCGAGGATTGGGGACCC 39

L 154/163 59 TGTGATGTTCTCCATGATTGACGATAAGGGAGAGG 39 FSRIGDPALN (10)
59 CCCTTATCGTCAATCATGGAGAACATCACATCAGG 39

a Numbers indicate the wild-type positions of amino acids flanking the deleted sequences.
b The sequence of DEL C is given below the sequence of DEL B for each mutant.
c Numbers in parentheses indicate the length of the deletion in amino acids.
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g for 15 min at 4°C to remove nuclei. Sample buffer (3% sodium dodecyl sulfate
[SDS], 2% 2-mercaptoethanol, 10% glycerol, 0.1% bromophenol blue, 5 mM
EDTA, 200 mM Tris-HCl [pH 6.8]) was added to the supernatants, and the
mixture was boiled for 5 min before being loaded into gels. Proteins were
separated by SDS-polyacrylamide gel electrophoresis (10% polyacrylamide) and
transferred onto a nitrocellulose filter (Amersham). Nonspecific binding sites
were blocked for 1 h in Tris-buffered saline (TBS) (10 mM Tris-HCl, [pH 7.6],
150 mM NaCl)–0.1% Tween 20–5% dried milk. For the detection of the L
protein, the filters were incubated for 2 h at room temperature with a polyclonal
antibody, raised against a pre-S1 peptide (a generous gift of H. J. Hong), at a
dilution of 1:500 in block solution. After three washes in TBS–0.1% Tween 20,
the filters were incubated for 30 min in block solution. The antibody-antigen
complex was visualized by using goat anti-mouse immunoglobulin G coupled to
horseradish peroxidase conjugate at a dilution of 1:25,000 (Jackson Immuno
Research Laboratories, Inc.) in TBS–0.1% Tween 20 and the enhanced-chemi-
luminescence Western blotting analysis system (Pierce, Rockford, Ill.).

Assays for HBV-specific proteins. HBs antigen was detected with a radioim-
munoassay kit (Abbott Laboratories, Abbott Park, Ill.) under conditions recom-
mended by the manufacturer. A signal/noise ratio (P/N ratio) of .2.1 was
considered positive.

DNA extraction and analysis. Intracellular nucleocapsids were isolated from
the cytoplasmic fraction of transfected HepG2 cells. Cells were recovered as
described above for cellular protein analysis and lysed at 0°C for 20 min in a lysis
buffer (10 mM Tris-HCl [pH 7.4], 150 mM NaCl, 1 mM MgCl2, 1% Nonidet
P-40). Nuclei were removed by centrifugation at 12,000 3 g for 20 s at 4°C. The
core particles were then immunoprecipitated with an anti-hepatitis B core (HBc)
antibody (Dako), and viral DNA was extracted as described below.

Complete viral particles were isolated from the supernatant of transfected
HepG2 cells. Viruses were immunoprecipitated with a polyclonal anti-HBs an-
tibody (Dako) or with a monoclonal anti-pre-S1 antibody, 5a-19 (6). Nucleic
acids were extracted as described below, after overnight lysis at 37°C in a buffer
consisting of 0.5% SDS, 10 mM Tris-HCl (pH 8), 10 mM EDTA, 10 mM NaCl,
40 mg of tRNA per ml, and 200 mg of proteinase K per ml.

The covalently closed circular form of HBV DNA (cccDNA) was extracted
from human adult hepatocyte cultures. To remove virions adsorbed onto the cell
monolayer, the cells were incubated with 0.5 mg of trypsin per ml–0.5 mM EDTA
in PBS for 10 min at 37°C. The reaction was stopped by adding 20% FCS. The
cells were then recovered by centrifugation for 3 min at 200 3 g. The pellet was
washed with PBS, and the cells were lysed at 20°C for 2 h with 0.5% SDS–10 mM
Tris-HCl (pH 8)–10 mM EDTA–10 mM NaCl. Cellular DNA was precipitated
overnight at 4°C in lysis buffer supplemented with 1 M NaCl (14). Chromosomal
DNA was pelleted at 12,000 3 g for 15 min at 4°C.

For nucleic acid extraction, the proteins were removed by two phenol-chloro-
form-isoamyl alcohol extractions followed by one chloroform-isoamyl alcohol
extraction. Then, in the absence of salt, 0.3 M sodium acetate (pH 5.5) was added
to the aqueous phase and the nucleic acids were precipitated with 2 volumes of
ethanol.

DNA was analyzed on 1.5% agarose gels. These gels were soaked in 0.25 N
HCl for 15 min, and DNA was denatured in situ in 0.4 M NaOH and transferred
onto positively charged nylon membranes (Amersham) by the Southern meth-
od (27). Hybridization was performed at 65°C with linearized HBV genomic
[a-32P]DNA as a probe.

RESULTS

Experimental strategy. Plasmid pHBV L2, containing an
HBV DNA insert of more than one genome length, allowed
the transcription of all known viral RNAs under the control of
their own promoters. Only the L-protein expression was sup-
pressed by introducing an opal mutation into codon 90 of the
pre-S1 frame. This point mutation remained silent in the over-
lapping polymerase gene. The defect can be complemented in
trans by cotransfecting pHBV L2 with an expression vector
carrying the missing WT protein (Fig. 1A) (2). To evaluate the
role of the pre-S2 region of the L protein, constructs carrying
a mutation were used as cotransfecting plasmids and the ability
of the mutant proteins to replace the WT form in viral cycle
was investigated. Six contiguous deletions, covering the entire
pre-S2 region, were introduced in six distinct plasmids express-
ing the L protein (Fig. 1C).

Expression of the mutant proteins. One trivial condition for
the ability of a mutant protein to complement the HBV ge-
nome defective for the L protein expression is that it must be
expressed efficiently. To investigate this point, plasmids ex-
pressing the WT or mutant L protein were transiently trans-

fected into HepG2 cells and intracellular viral proteins were
analyzed by Western blotting with a polyclonal anti-pre-S1
antibody. A first set of plasmids, pSV12S (Fig. 1A), was used.
They carried only the WT or the mutant pre-S1-pre-S2-S genes.
The amount of viral surface proteins synthesized in transfected
cells was too weak to be detectable under our Western blot
conditions (data not shown). A second set of plasmids, pSV12SX
(Fig. 1B), was constructed and transfected into HepG2 cells.
They contained the genes coding for the envelope proteins and
also had the downstream HBV sequence beyond to the poly-
adenylation signal. This additional viral sequence contained
the X gene/enhancer II region, which is known to increase the
level of surface gene transcripts. In particular, the presence
of the posttranscriptional regulatory element facilitates cyto-
plasmic accumulation of transcripts (15). Indeed, the WT and
modified L proteins became detectable (Fig. 2). The 39-kDa
unglycosylated (p39) and the 42-kDa glycosylated (gp42) forms
of the L protein were found in the lysate of cells transfected
with WT protein expression vector (13) (Fig. 2, lane 2). As
expected, proteins from all mutant forms migrated faster than
the WT protein but their expression level was similar to that of
the WT protein (lanes 3 to 8), with the exception of the L
124/133 mutant protein, for which the amount of the intracel-
lular protein was substantially increased (approximately two-
fold) for unknown reasons. In all cases, two bands with a 3-kDa
difference in their molecular masses, probably corresponding
to the unglycosylated and glycosylated forms, respectively,
were detected.

Analysis of nucleocapsid assembly. To estimate a possible
trans influence of the mutant L proteins on intracellular core
particle assembly, HepG2 cells were cotransfected with the
replication-competent L-defective genome and the different L
protein expression plasmids. DNA of cytoplasmic nucleocap-
sids was selectively extracted 10 days after cotransfection and
analyzed by the Southern blot procedure (Fig. 3). As expected
from the results of Bruss et al. (2), the DNA patterns were
identical whether the WT L protein was present or absent.
Furthermore, the viral DNA patterns observed with all mutant
forms of the L protein appeared unchanged. Comparison of
different samples showed identical amounts of encapsidated
DNA resulting from similar transfection efficiency.

Effects of pre-S2 deletions in the L protein on HBV particle
production. The ability of the mutant peptides to complement
a replication-competent L-defective genome for viral particle
secretion was tested in comparison with a WT L protein. Se-
creted HBs antigen (HBsAg) was measured from the pooled

FIG. 2. Western blot analysis of the L protein expressed in transfected cells.
HepG2 cells were transfected with 20 mg of different L expression vectors:
control plasmid without HBV insert (lane 1), L WT expression plasmid driving
the synthesis of the WT L protein (lane 2), and L x/y expression plasmids driving
the synthesis of different mutant L proteins (lanes 3 to 8). Proteins were ex-
tracted from cells 7 days after transfection and analyzed by electrophoresis
through a 10% polyacrylamide–SDS gel. The primary polyclonal antibody was
directed against the pre-S1 region. gp 42 and p 39 indicated the migration
positions of the glycosylated and unglycosylated L proteins, respectively.

VOL. 72, 1998 L pre-S2 DOMAIN IN HBV ASSEMBLY AND INFECTIVITY 5575



culture supernatants collected between days 3 and 6 posttrans-
fection (data not shown). HBsAg was found to be actively
produced by cells transfected with the L-defective genome ei-
ther uncomplemented or complemented with the WT or mu-
tant L protein expression plasmids. In all cases, slightly smaller
amounts were observed compared to those obtained for the
control without L protein, in agreement with previous data
showing that expression of the L polypeptide is responsible for
retention of viral envelope proteins (19).

To evaluate the production of complete virions by trans-
fected HepG2 cells, immunoprecipitation with anti-HBs anti-
bodies was performed on the culture supernatants. Viral DNA
was extracted from the immunoprecipitates and analyzed by
Southern blotting (Fig. 4). As previously shown (2), the muta-
tion preventing L protein expression in the viral genome abol-
ished virion release, but its complementation with a WT L
protein expression vector restored viral secretion (Fig. 4, lanes
1 and 2, respectively). Cotransfection with constructs produc-
ing deleted proteins clearly showed that mutants with a 10-
amino-acid deletion between amino acids 114 and 163 were
able to complement the L defect for virion export (lanes 4 to
8). Depending on the deletion, the amount of secreted virions

was slightly different compared to that for the WT L protein.
Thus, while complete viral particles were more efficiently re-
leased when amino acids 114 to 123 (L 114/123) were deleted
(lane 4), the level of viral secretion was slightly inhibited with
L 134/143 (lane 6). Conversely, no complete viral particle was
secreted in the presence of the mutant L 109/113 protein (lane
3). These observations provide evidence that the first 5 amino
acids of the pre-S2 region in the L protein are required for
nucleocapsid budding.

To verify that the deletions did not interfere with the pres-
ence of the pre-S1 region on the surface of virions, another
immunoprecipitation was performed with a monoclonal anti-
body directed against a pre-S1 epitope (Fig. 4). All the assem-
bled viruses were successfully immunoprecipitated with this
monoclonal antibody (Fig. 4, lanes 10 and 12 to 16). Thus,
despite a deletion in the pre-S2 region of the L protein, the
pre-S1 epitope remained present at the surface of extracellular
virions.

Infectivity of the mutant virions. To determine whether the
pre-S2 region of the L protein was involved in viral infectivity,
in vitro infections of normal adult human hepatocytes were
performed with both mutant and WT virions. Cells were incu-
bated for 12 h with viral particles prepared by concentrating
the supernatant from cotransfected HepG2 cells. As shown in
Fig. 5, long-term HBsAg production was demonstrated in ex-
periments performed with viruses containing the WT L protein
and with all mutant viruses, which were secreted. These ob-
servations strongly suggest that the mutant viruses were in-
fectious. To further sustain this assertion, we looked for the
presence of supercoiled HBV DNA (cccDNA) in infected
hepatocytes (Fig. 6). As in positive controls (Fig. 6, lanes 2 and
9), cccDNA was detected in hepatocytes infected by all mutant
viral particles (lanes 4 to 8). The results of infectivity for
mutant L 134/143 were positive but partially impaired by the
limited amount of secreted virions. As expected, both HBsAg
secretion and cccDNA detection in cultures infected with the
supernatants of HepG2 cells cotransfected with L 109/113 ex-
pression plasmid were negative, since no virus was secreted.
These results demonstrate that the C-terminal ten-elevenths of
the pre-S2 region, dispensable for viral production, is also
dispensable for infectivity.

FIG. 3. Southern blot analysis of HBV DNA from intracellular core parti-
cles. An anti-HBc antibody was used to immunoprecipitate core particles from
cells transfected with the L-defective genome complemented with different L
expression vectors: control plasmid without HBV insert (lane 1), L WT expres-
sion plasmid driving the synthesis of the WT L protein (lane 2), and L x/y
expression plasmids driving the synthesis of different mutant L proteins (lanes 3
to 8). DNA was extracted and analyzed on a 1.5% agarose gel. Molecular size
markers are indicated in kilobases; the positions of relaxed-circular DNA (RC)
and single-stranded DNA (SS) are shown.

FIG. 4. Southern blot analysis of HBV DNA in particles secreted by transfected HepG2 cells. Cells were transfected with the L-defective genome complemented
with different L expression vectors: control plasmid without HBV insert (lanes 1 and 9), L WT expression plasmid driving the synthesis of the WT L protein (lanes 2
and 10), and L x/y expression plasmids driving the synthesis of different mutant L proteins (lanes 3 to 8 and 11 to 16). Complete viral particles were immunoprecipitated
from HepG2 supernatants, collected between days 3 and 6 posttransfection, with a polyclonal anti-HBs antibody (left panel) or with a monoclonal anti-pre-S1 antibody
(right panel). Then DNA was extracted from the immunoprecipitates and analyzed on a 1.5% agarose gel. Molecular size markers are indicated in kilobases; the
positions of relaxed-circular DNA (RC) and single-stranded DNA (SS) are shown.
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DISCUSSION

Although the assembly of HBV requires the L protein, most
of the pre-S1 region is dispensable for this process, as demon-
strated by experimental mutagenesis (2, 5). Indeed, N-terminal
truncation up to amino acid 102 of the subtype adw L protein,
which corresponds to residue 91 of subtype ayw used in the
present work, interferes neither with the transmembrane to-
pology of the protein nor with the production of virus. When
the deletion was located further along the protein, the virion
release was totally inhibited. This leads us to postulate that the
crucial domain involved in the formation of complete viral
particles and their secretion might be located beyond amino
acid 91 (subtype ayw).

Different contiguous deletions were selectively introduced in
the pre-S2 region of the L protein to identify the domain
involved in the assembly process. By Western blot analysis, we
found that synthesis of deleted proteins was not impaired by
the different mutations. In addition, the deletions beyond the

fifth of the 55 amino acids of the pre-S2 domain still allowed
viral secretion. These results suggest that amino acids 114 to
163 of the L protein are not involved in virion production. By
contrast, the deletion of the N-terminal five residues of the
pre-S2 domain prevents the release of complete viral particles.
Different hypotheses concerning the involvement of this se-
quence can be advanced; all are based on direct or indirect
alteration of an interaction site with cytoplasmic nucleocap-
sids. First, a possible indirect mechanism, which involves the
translocation of the pre-S domain, may be suggested. Indeed,
because of the mutation, an early translocation of the pre-S
region through the ER membrane could prevent interaction
with the nucleocapsid. If this really occurred, the pre-S1 gly-
cosylation site should be glycosylated and we should observe
the diglycosylated form showing a reduced migration on gels. It
is obvious from Western blot experiments that this did not
occur. Second, another indirect mechanism could be involved.
Inhibition of interaction with cytoplasmic nucleocapsids, de-
spite a normal cytosolic position of the pre-S domain, could be
explained by a conformational modification of the cytosolic
sequence, which might reduce the accessibility of the interac-
tion site. Third, the lack of virion formation could result from
a direct alteration of the putative interaction site. This conclu-
sion is supported by the observations of Poisson et al. (23), who
have tested the ability of peptides corresponding to different
regions of the envelope proteins to bind core particles. The
peptide found to have the greatest binding affinity to the nu-
cleocapsid was a peptide equivalent to positions 96 to 116,
corresponding to the 13 C-terminal amino acids of pre-S1 plus
the 8 N-terminal amino acids of pre-S2. This observation, to-
gether with our data, strongly argues for the involvement of the
pre-S2 amino-terminal extremity of the L protein in the enve-
lope-nucleocapsid interaction.

Another important feature of the virion biology is the infec-
tion process. Experiments with the avian Hepadnaviridae mod-
el suggest that the pre-S domain of the L protein must be in-
volved in contacts between the virus and the host cell (16, 17).
Therefore, the presence of the e-preS topology at the surface
of virions is a necessary condition to preserve the infectious
ability of the virus. Accordingly, we first verified that deletions
did not affect the presence of the e-preS form in virions. A
monoclonal antibody directed against a pre-S1 epitope was
able to immunoprecipitate all mutant virions. Accessibility of
the pre-S1 sequence at the surface of mutant virions indicated
that the e-preS form of the mutant L protein was also pre-
served and could potentially ensure contact(s) with the host
cell surface, provided that the site(s) of interaction with a pu-
tative cell receptor remained intact. All our mutant viruses
conserved their infectious ability. The deleted sequences are
consequently not involved during the infection process. Thus,
our experiments show that 90% of the pre-S2 region of the L
protein is not involved in the infection step. By contrast, we
cannot exclude that the N-terminal 5 amino acids of pre-S2
could potentially contribute to attachment to and entry into
target cells. This region would ensure two distinct properties:
interactions with the nucleocapsid in the i-preS form and in-
teractions with the putative cell receptor in the e-preS form.
However, it is most likely that a distinct region is responsible
for cell recognition.
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FIG. 5. HBsAg secretion by human hepatocytes following in vitro infection
assays. Hepatocytes were incubated with PBS (T2) or with concentrated super-
natants obtained from either 2.2.15 cell cultures (T1) or HepG2 cells transfected
with the L-defective genome complemented with different L expression vectors:
control plasmid without HBV insert, L WT expression plasmid driving the
synthesis of the WT L protein, or L x/y expression plasmids driving the synthesis
of different mutant L proteins. HBsAg was measured by a conventional radio-
immunoassay in primary hepatocyte culture supernatants collected 10 days
postinfection.

FIG. 6. Southern blot analysis of HBV cccDNA in human hepatocytes fol-
lowing in vitro infection assays. Hepatocytes were incubated with PBS (T2) or
with concentrated supernatants obtained from either 2.2.15 cell cultures (T1) or
HepG2 cells transfected with the L-defective genome complemented with dif-
ferent L expression vectors: control plasmid without HBV insert, L WT expres-
sion plasmid driving the synthesis of the WT L protein, or L x/y expression
plasmids driving the synthesis of different mutant L proteins. Supercoiled viral
DNA was selectively extracted from hepatocytes collected 10 days postinfection
and analyzed on a 1.5% agarose gel. Molecular size markers are indicated in
kilobases to the left; the position of cccDNA is shown to the right (ccc).
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