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During the life cycle of hepatitis B virus (HBV), the large envelope protein (L) plays a pivotal role. Indeed,
this polypeptide is essential for viral assembly and probably for the infection process. By performing mu-
tagenesis experiments, we have previously excluded a putative involvement of the pre-S2 domain of the L
protein in viral infectivity. In the present study, we have evaluated the role of the pre-S1 region in HBV
infection. For this purpose, 21 mutants of the L protein were created. The entire pre-S1 domain was covered
by contiguous deletions of 5 amino acids. First, after transfection into HepG2 cells, the efficient expression of
both glycosylated and unglycosylated L mutant proteins was verified. The secretion rate of envelope proteins
was modified positively or negatively by deletions, indicating that the pre-S1 domain contains several regu-
lating sequences able to influence the surface protein secretion. The ability of mutant proteins to support the
production of virions was then studied. Only the four C-terminal deletions, covering the 17 amino acids
suspected to interact with the cytoplasmic nucleocapsids, inhibited virion release. Finally, the presence of the
modified pre-S1 domain at the external side of all secreted virions was confirmed, and their infectivity was
assayed on normal human hepatocytes in primary culture. Only a short sequence including amino acids 78 to
87 tolerates internal deletions without affecting viral infectivity. These results confirm the involvement of the
L protein in the infection step and demonstrate that the sequence between amino acids 3 and 77 is involved in
this process.

Serum from individuals infected by hepatitis B virus (HBV)
contains distinct forms of viral particles. Most of them are
spherical or filamentous particles of about 22 nm in diameter.
These subviral particles consist of a single viral envelope and
are therefore not infectious. However, it has been shown that
these empty forms enhance the infectivity of duck HBV, a
related hepadnavirus (2). The infectious agent is the less abun-
dant form. The virions are spherical 42-nm-diameter particles.
The viral DNA is enclosed in an icosahedral structure formed
by the association of core proteins. The viral envelope, com-
posed of cellular phospholipids and three virally encoded pro-
teins, the small (S), middle (M), and large (L) polypeptides,
surrounds this nucleocapsid. Translation of these hepatitis B
surface (HBs) proteins is initiated at three different in-frame
start sites within a single open reading frame (ORF) and is
ended at a common termination codon (19). Because of this
genetic organization, surface proteins are all related to each
other by a shared glycosylated or unglycosylated region known
as the S domain. The small protein is composed only of this S
domain containing 226 amino acids, since it results from initi-
ation at the farthest downstream start site. Initiation at the
intermediate start codon leads to the synthesis of the M pro-
tein. It includes amino acids of the S protein extended by a
55-amino-acid domain (pre-S2 domain). Utilization of the far-
thest upstream initiation site generates the L protein, which
carries a further 108-amino-acid extension (the pre-S1 domain
of the ayw subtype) with respect to the M protein.

All these viral surface proteins are cotranslationally inserted
into the lipid bilayer of the endoplasmic reticulum (ER). Apo-

lar segments located in S region mediate their anchorage. The
N-terminal extremities of the M and S proteins are immedi-
ately translocated in the ER lumen, allowing the carbohydrate
modification of the additional glycosylation site located on the
fourth amino acid of the pre-S2 domain (11–13). Conversely, a
specific internal segment of the pre-S1 domain prevents early
translocation of the pre-S region during L protein biogenesis
(25). Indeed, in this initial translation product of protein, the
pre-S domain remains in the cytosol, as attested by the lack of
carbohydrate modification at the two potential sites located in
the pre-S1 and pre-S2 regions. Part of the L protein population
undergoes translocation only posttranslationally (6, 28, 35),
and the other part keeps its initial conformation. Conse-
quently, extracellular viral particles exhibit a mixed population
of L protein, with their N-terminal pre-S domains located
either inside or outside of the viral structure. This dual topol-
ogy allows the L protein to potentially play different roles
during the viral life cycle. Secretion of complete viral particles
requires the isoform of the L protein with a cytoplasmic pre-S
region (8). A stretch of amino acids, overlapping the pre-S1/
pre-S2 regions, is thought to be involved in the interaction with
cytosolic nucleocapsids before the budding event (3, 24, 32).
Because of the external exposure of its pre-S domains, the
second isoform may participate in the infection process, par-
ticularly in the binding to the putative cellular receptor.

Concerning HBV adsorption onto and penetration into the
target cells, only few data on the contribution of viral envelope
proteins have been reported. The M protein is probably not
involved in viral infectivity (14, 24). By contrast, the in vitro
infectious ability of HBV requires the presence of the myris-
tate moiety of the L protein (5, 17). In a recent study, we have
excluded most of the L protein pre-S2 region from playing a
putative role in viral infectivity (24). By using cell-free systems
and/or cell lines incompetent for HBV infection, several ex-
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periments suggested that the pre-S1 domain was probably im-
portant for viral attachment (27, 30, 31, 33).

In this study, we have investigated the involvement of the
pre-S1 region in HBV infectivity by using an in vitro model of
HBV infection. This model, based on the use of normal human
hepatocytes in primary cultures, was developed in previous
studies (15, 16). A set of deletions over the pre-S1 domain, was
created and the ability of the modified proteins to substitute
for the wild-type (WT) form in virion 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 (17). This viral sequence contains only one copy of the pre-S1–pre-S2–S
ORF and is able to support viral replication. Plasmid pHBV L2 was derived from
pHBV-DEcoRI by introduction of a point mutation to prevent L protein expres-
sion (24).

Plasmids have been engineered to express the L surface protein in WT or
mutant forms. Plasmid pSV12SX (Fig. 1A) contains the 2,329-bp BglII-BglII
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). Short deletions were introduced into
pSV12SX by a previously described method (24), and subsequent constructs
were sequenced to confirm the expected deletion without other mutation (Fig.
1B).

Cell line and transfection. To produce viral proteins or virions, the permissive
HepG2 human hepatoma cell line (1, 38) 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, 4.5 mg of penicillin
per liter, 50 mg of streptomycin per liter) supplemented with 3.5 3 1027 M
hydrocortisone hemisuccinate, 2 mM L-glutamine, 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 8000 (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 with 25% FCS.

Primary cell culture and infection. Fragments of normal adult human liver
were obtained from patients undergoing hepatic resection for liver metastases
(the fragments were taken at a distance from the metastasis in macroscopically
normal liver). Access to this biopsy material was in agreement with French laws
and satisfied the requirements of the Ethics Committee of this institution. Hepa-
tocytes were isolated by the procedure of Guguen-Guillouzo and Guillouzo (18)
and cultured in H medium supplemented with 3.5 3 1026 M hydrocortisone
hemisuccinate, 2 mM L-glutamine, 50 mg of gentamicin per liter, 2% dimethyl
sulfoxide, 5% adult human serum, and 5% FCS. At 3 days after seeding, the cells
were infected as described previously (15). The 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
subjected to a further culture.

Intra- and extracellular protein analysis. Transfected cells and their super-
natants were harvested 7 days after transfection. HepG2 cells were lysed and
nuclei were removed before the immunoblotting analysis. Released viral parti-
cles were precipitated with 6% PEG 8000. Proteins were analyzed by electro-
phoresis through 12.5% polyacrylamide–sodium dodecyl sulfate gels and trans-
ferred onto a nitrocellulose filter (Amersham). Immunoblotting was performed
by using enhanced chemiluminescence (Amersham) with primary monoclonal
antibody F376 (26) at dilution of 1:5,000 and the secondary anti-mouse antibody
linked to horseradish peroxidase at dilution of 1:25,000 (Jackson Immunore-
search Laboratories, Inc).

Assays for HBV-specific proteins. HBs antigen was detected with a radioim-
munoassay kit (Abbott Laboratories, Abbott Park, Ill.) under the conditions
recommended by the manufacturer.

DNA extraction and analysis. Intracellular nucleocapsids were isolated from
the cytoplasmic fraction of transfected HepG2 cells as described previously (24).
The core particles were immunoprecipitated with an anti-hepatitis B core (HBc)
antibody (Dako).

Complete viral particles were immunoprecipitated from the supernatant of
transfected HepG2 cells with a polyclonal anti-HBs antibody (Dako) or with a
polyclonal antibody raised against a pre-S1 peptide (a generous gift of H. J.
Hong).

The covalently closed circular form of HBV DNA (cccDNA) was extracted
from human adult hepatocyte cultures by a previously described method (24).

All 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 South-
ern method (36). 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 in codon 90 of the
pre-S1 region. This point mutation remained silent in the over-
lapping polymerase gene. This defect can be complemented in
trans by cotransfecting pHBV L2 with a vector expressing the
missing WT protein (Fig. 1A) (4). To evaluate the role of the
pre-S1 region of the L protein, 21 constructs, each carrying a
defined mutation, were used as cotransfecting plasmids and the
ability of the mutant proteins to replace the WT form in viral
cycle was investigated (Fig. 1B).

Expression and secretion of the mutant proteins. The WT
and mutant L proteins were expressed in transiently trans-
fected HepG2 cells. Intra- and extracellular viral proteins were
analyzed by Western blotting. The use of a monoclonal anti-
pre-S2 antibody revealed the presence of both the L and M
proteins. Four main bands were detected in the lysates of cells
transfected with WT protein expression vector (Fig. 2A). Con-
sistent with the apparent molecular mass, the two lowest bands
correspond to the 33-kDa glycosylated (gp33) and 36-kDa di-
glycosylated (ggp36) forms of the M protein. A very small
amount of unglycosylated form (p30) was revealed when the
exposure of the autoradiograph was prolonged. The unglyco-
sylated (p39) and glycosylated (p42) forms of the L protein
appeared as a doublet with molecular masses of 39 and 42 kDa,
respectively. The identity of these viral surface proteins was

FIG. 1. (A) Expression vector of the L protein. The thick line indicates 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 posttranscriptional
regulatory element (PRE) (20) and the polyadenylation site (pA) in the HBV
sequence are shown. (B) Amino acid deletions in the pre-S1 region of the S gene
cloned in different L protein expression plasmids. Deletions (L x/y, where x is the
WT position of the N-terminal amino acid flanking the deletion and y is the WT
position of the C-terminal amino acid flanking the deletion) are indicated above.
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confirmed by a deglycosylation experiment (data not shown).
Analysis of supernatants of cells transfected with a WT plasmid
(Fig. 2B) showed that both unglycosylated and glycosylated
forms of the L protein were secreted while the diglycosylated
form of the M protein was mainly exported into the medium.
Furthermore, secreted HBs antigen (HBsAg) production was
measured (Fig. 2C), and it was found to be actively produced
by cells transfected with the WT plasmid.

All cells transfected with the different mutant plasmids con-
tained L mutant proteins in their two forms (Fig. 2A). How-
ever, depending on the deletion, several differences were ob-
served. We distinguished several groups of internal deletions in
the pre-S1 region that were able to differently modify the
behavior of L proteins and subviral particles for their secretion.
While some mutations reduced the retention property of the L
protein, other deletions enhanced it. Thus, deletions L3/7, L18/
22, L43/47 and L48/52 facilitated the release of viral surface
proteins without affecting the intracellular viral protein con-
tent. In the L3/7 mutant, the myristylation signal was removed,
and the lack of the myristate moiety is known to be sufficient to
induce a significant increase of secretion compared with that of
WT protein (34). In this mutant, we also observed that the L
protein was produced in a larger amount. Although reduced
levels of L and M proteins were detected in cells transfected
with the L58/62 and L68/72 mutants, their secretions were
favored. Then their overall synthesis was probably not affected.
Conversely, some deletions (L38/42, L63/67, and L83/87 to
L98/102) severely reduced the secretion rate of L protein and
the release of HBsAg. A decreased expression level of the M
protein was also observed for two of these deletions (L63/67
and L83/87). A Northern blot analysis revealed that it was
related to a reduced amount of the major surface antigen
transcripts encoding M and S proteins (data not shown). The
elimination of the CCAAT element, known as the cis sequence

required for S promoter function, could explained this low
steady-state RNA level in mutant L83/87 (40). In these two
particular cases, impairment of the major surface antigen tran-
script level could contribute to the drop in secretion of viral
surface proteins, since an excess of L with respect to M and S
proteins is known to promote their intracellular retention (9,
29, 37). Otherwise, for unknown reasons, cells transfected with
the L83/87 mutant contained a reduced amount of L modified
protein. This was not due to a low transfection efficiency, since
a Northern blot analysis did not show variation in the level of
the large surface antigen transcripts (data not shown).

Western blots also revealed that the expression level of the
M protein was partially impaired in the L103/108 mutant. The
deletion is located just upstream of the start codon of the M
protein. A change in the local sequence context of the initia-
tion codon is probably responsible for a negative influence on
the M protein translation. However, this mutation did not
affect HBsAg production and export.

HBV particle production. To initiate production of mutant
virions, HepG2 cells were transiently cotransfected with 5 mg
of the replication-competent L-defective genome together with
200 ng of different L protein expression vectors. During the
early steps of virion morphogenesis, pregenomic RNA is en-
capsidated and serves as template for synthesis of the viral
DNA by a reverse transcription mechanism. To verify whether
these steps were not influenced in trans by the different dele-
tions introduced in the pre-S1 region of the L protein, cyto-
plasmic core particles were selectively isolated 6 days after
cotransfection and their genetic content was analyzed by the
Southern blot procedure (Fig. 3A). Similar patterns were ob-
served in the presence of the WT or mutant L proteins. In all
cases, intracellular nucleocapsids preferentially contained a
single-stranded viral DNA form. Comparison of the different
samples showed no significant variation in the amount of en-

FIG. 2. Analysis of intra- and extracellular surface viral proteins. HepG2 cells were transfected with 20 mg of different L expression vectors: NC, plasmid without
an HBV insert (negative control); WT, expression plasmid driving the synthesis of the WT L protein; L x/y, expression plasmids driving the synthesis of different mutant
L proteins. (A and B) Proteins were extracted from cells (A) or precipitated from the culture medium (B) and studied by Western blotting. Samples were analyzed
by electrophoresis through a 12.5% polyacrylamide–sodium dodecyl sulfate gel. The primary monoclonal antibody was directed against the pre-S2 region. gp 42, p 39,
ggp 36, and gp 33 indicated the migration positions of the glycosylated and unglycosylated L proteins and the diglycosylated and glycosylated M proteins, respectively.
(C) HBsAg, secreted by transfected HepG2 cells, was measured by a conventional radioimmunoassay in culture supernatants collected 6 days posttransfection. The data
represent the percentage of secreted HBsAg compared to the average of the two WT controls.
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capsidated DNA. The slightly smaller amount detected for the
L58/62 mutant was not observed in repeated experiments. This
effect resulted from variation in the transfection efficiency.

After the analysis of the encapsidation step, we evaluated
the effect of deletions on viral particle secretion. Supernatants
were collected between days 3 and 6 posttransfection and were
pooled. Estimation of extracellular HBsAg showed that it was
actively secreted by cells transfected with L-defective genome
either uncomplemented or complemented with the WT or
mutant L protein expression plasmids (data not shown).

We next looked for complete viral particles into the super-
natants of transfected cells. For this purpose, a polyclonal
anti-HBs antibody was used to immunoprecipitate extracellu-
lar viral particles and then viral DNA was visualized by the
Southern blot procedure (Fig. 3B). As expected, no virion was
secreted in the absence of L protein (negative control), but
complementation of the L-defective genome with a WT L
protein expression vector restored virion secretion (4). All
mutant proteins with an internal deletion between amino acids
3 and 87 were also able to complement the L defect for virion
export (mutants L3/7 to L83/87). Conversely, the last four
deletions located at the C-terminal extremity of the pre-S1
region totally prevented the secretion of complete viral parti-
cles (mutants L88/92 to L103/108).

To verify that the pre-S1 domain was presented at the outer
face of virions, an immunoprecipitation was performed with a
polyclonal anti-pre-S1 antibody. All mutant virions, which were
assembled, were efficiently immunoprecipitated. This proved
that they exhibited the pre-S1 domain at their surface (data not
shown).

Infectivity of the mutant virions. After verifying that the
original topology of the L mutant proteins was preserved in the
mutant viruses, we evaluated their infectious capacity. Mutant
virions were concentrated from supernatants of cotransfected
cells. Viral infectivity was tested by incubation of human hepa-
tocytes in primary culture with the different inocula. It is im-
portant to note that all mutant viruses contain the same rep-
lication-competent L-defective genome. Thus, if this modified
genome is delivered into hepatocytes by an infectious mutant

virus, viral replication will be initiated. Only the assembly pro-
cess will be inhibited, since no new L protein could be synthe-
sized.

To identify infectious mutant viruses, long-term HBsAg se-
cretion (10 days postinfection) into the culture medium was
monitored (Fig. 4A). Like hepatocytes infected with WT virus,
those infected with mutant viruses containing either L78/82 or
L83/87 proteins secreted HBsAg. No HBsAg secretion was
observed for any of the other mutants. These observations
suggest that only two types of mutant virus are infectious.

After entry into host cell, the relaxed circular DNA con-
tained in infectious virus is converted into supercoiled DNA in
the nucleus. Detection of cccDNA in hepatocytes therefore
represents reliable proof of viral infectivity. To further confirm
the results supplied by HBsAg secretion, we investigated the
presence of cccDNA in hepatocytes (Fig. 4B). While this form
was found in cells infected by WT virus or L78/82 or L83/87
mutant virions, it was absent in hepatocytes exposed to mutant
viral particles with one of the different mutant L proteins, in
which deletion was located between amino acids 3 and 77. As
expected, both HBsAg secretion and cccDNA detection were
negative when cultures were exposed to the supernatants of
HepG2 cells containing no virus (L88/92 to L103/108 mutants).

DISCUSSION

In a previous work, we have analyzed the involvement of the
pre-S2 region of L protein during the HBV cycle (24). In this
region, only the N-terminal 5 amino acids are essential for viral
assembly. All the other amino acids are dispensable for both
assembly and infectivity. Site-directed mutagenesis was used
again in an attempt to study the relevance of the pre-S1 do-
main to viral infectivity.

The genetic approach we used was based on generation of
mutant virions with different contiguous deletions in the L
protein pre-S1 domain. This method required several prelim-
inary controls, such as stable expression of the modified pro-
teins. Biosynthesis investigations of the L proteins with dele-
tions showed that all of them were synthesized in their two

FIG. 3. Southern blot analysis of HBV DNA from intracellular core particles and from extracellular complete viral particles. HepG2 cells were transfected with the
L-defective genome complemented with different L expression vectors. NC, plasmid without an HBV insert (negative control); WT, expression plasmid driving the
synthesis of the WT L protein; L x/y, expression plasmids driving the synthesis of different mutant L proteins. (A) An anti-HBc antibody was used to immunoprecipitate
cytoplasmic core particles from transfected cells. (B) Complete viral particles were immunoprecipitated with a polyclonal anti-HBs antibody from HepG2 cell
supernatants collected between days 3 and 6 posttransfection. DNA was extracted from the immunoprecipitates and analyzed on a 1.5% agarose gel. Molecular size
markers are indicated in kilobases to the left; the positions of relaxed-circular DNA (RC) and single-stranded DNA (SS) are shown to the right.
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major forms, unglycosylated and glycosylated. This normal gly-
cosylation state strongly argues for a WT transmembrane to-
pology, even when some deletions (L68/72 to L93/97) overlap
the translocation repression signal, which controls the topology
of L protein. This was not surprising, since a longer internal
deletion in this signal, ranging between amino acids 70 and 94,
does not influence the transmembrane topology (25).

We next examined the secretory phenotype of the mutant L
proteins. Whereas some internal deletions reinforced the re-
tention property of the protein, others improved their export.
Our internal deletions allowed us to identify short domains
that were able to positively (amino acids 3 to 7, 18 to 22, 43 to
52, 58 to 62, and 68 to 72) or negatively (amino acids 38 to 42
and 88 to 102) influence the release of surface proteins. Until
now, these small amino acid areas with opposite features were
not identified, probably because the larger deletions or trun-
cations, used to determine domains governing retention, in-
clude domains which regulate the viral surface protein secre-
tion differently. Furthermore, large deletions could affect the
crucial transmembrane topology. Although it is likely that
small deletions altered the overall folding of the protein less
than the largest deletions did, we cannot exclude the possibility
that our mutations distantly disturb, in cis, another region(s)
regulating the intracellular retention. Two other deletions
(L63/67 and L83/87) inhibit the secretion rates of viral surface
proteins. In these two cases, this was explained by the de-
creased amounts of transcripts under the control of the S
promoter. However, it is possible that the corresponding
amino acids influence the retention property of the L surface
protein.

As demonstrated by different mutagenesis experiments,
virion morphogenesis required the 17 C-terminal amino acids
of the pre-S1 region and the 5 N-terminal amino acids of the
pre-S2 domain of the L protein, exposed at the cytosolic face of
the ER membrane (3, 7, 8, 24). Four of our mutations over-
lapped this assembly region and, as expected, were sufficient to
prevent the secretion of complete viral particles. Nevertheless,
all the other L mutant proteins could substitute for the WT
form in extracellular virion release. This assembly ability is
another evidence of the normal transmembrane topology of
these L mutant proteins.

To potentially ensure contact(s) with the host cell surface,

the accessibility of the pre-S1 domain at the surface of mutant
virions must be verified. Like WT virus, all assembled mutant
virions fulfill this requirement, as demonstrated by their effi-
cient immunoprecipitation with a polyclonal antibody specific
for the pre-S1 region. Despite this structural uniformity, most
of the modified viruses were unable to initiate viral replication
in human hepatocytes after their inoculation. However, two
mutant viruses infected cells. Their deletions, located just up-
stream of the assembly region, are contiguous and delimit a
region of 10 amino acids dispensable for the infection process
(amino acids 78 to 87). Concerning the deletion of amino acids
3 to 7, the deleterious impact on infection could be ascribed to
the destruction of the myristylation signal, since this posttrans-
lational modification of the L protein is absolutely necessary
for HBV infectivity (5, 17). The minimal myristylation signal
was restricted to the first seven or nine N-terminal residues
(21–23, 39); therefore our deletions located beyond these
amino acids (L13/17 to L103/108) do not prevent the covalent
linkage of myristate. Moreover, in previous studies (17), we
have shown that the absence of myristylation changes both the
number of secreted mature viral particles, which was increased,
and the viral DNA pattern, which preferentially contained
low-molecular-weight DNA. These features were found again
for the mutant virion with a deletion between amino acids 3
and 7 but not for the mutant virion with an L protein deleted
between amino acids 8 and 12 (Fig. 3B, compare lanes L3/7
and L8/12 with lanes WT). It is most likely that the myristyla-
tion was not altered by the second deletion. Consequently, the
loss of infectivity of the 14 mutant virions (L8/12 to L73/77)
could be attributed to the primary structure of the proteinic
region. Otherwise, we cannot reject the possibility that amino
acids that contribute to viral assembly also play a role during
infection.

To date, several studies have provided controversial data
about the domain(s) of viral surface proteins implicated in the
attachment and penetration of HBV. Some of them suggested
that the pre-S1 region is probably crucial for the early events of
infection (for a review, see reference 10). However, the exper-
iments were based on the use of either cell-free systems or cell
lines refractory to HBV infection. In this study, by using nor-
mal human hepatocytes permissive for HBV infection (15, 16),
we define a precise region in the pre-S1 domain of the L

FIG. 4. Infectivity of complete viral particles containing mutant pre-S1 proteins. Hepatocytes were incubated with concentrated supernatants obtained from HepG2
cells transfected with L-defective genome complemented with different L expression vectors: NC, plasmid without an HBV insert (negative control); WT, expression
plasmid driving the synthesis of the WT L protein; L x/y, expression plasmids driving the synthesis of different mutant L proteins. (A) HBsAg, secreted by human
hepatocytes following in vitro infection assays, was measured by a conventional radioimmunoassay in hepatocyte primary culture supernatants collected 10 days
postinfection. The data represent the percentage of secreted HBsAg compared to the average of the two WT controls. (B) Southern blot analysis of HBV cccDNA in
human hepatocytes following in vitro infection assays. 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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protein that is crucial for the infection step, probably involved
in binding and/or internalization.
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