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We have constructed two simian virus 40 early replacement recombinants that
have the coding sequences for hepatitis B virus surface antigen (HBsAg). One
construction, LSV-HBsAg, has the coding region for HBsAg but not the portion
encoding the putative pre-surface antigen leader. Transformed monkey kidney
cells (COS) infected with this recombinant express large quantities of the
characteristic partially glycosylated HBsAg molecule, which are assembled into
22-nm particles that appear similar to those produced by human liver cells infected
with hepatitis B virus. This result indicates that the pre-surface antigen sequences
are not required for the synthesis of HBsAg or its assembly into particulate
structures. The second recombinant, LSV-HBpresAg, has the entire surface
antigen gene, including the putative promoter and pre-surface antigen region.
COS cells infected with this recombinant plasmid produce 40- to 50-fold less
HBsAg than those infected with the LSV-HBsAg recombinant plasmid. RNA
mapping studies suggest that the transcription of the HBsAg gene is initiated at
more than one site, or alternatively, that RNA splicing of transcripts occurs in the
pre-surface antigen region.

The classic marker for infection by hepatitis B
virus (HBV) is the HBV surface antigen
(HBsAg), which appears in two distinct particles
of 42 and 22 nm. The larger particle consists of a
core containing the viral genome, the core pro-
tein, a DNA polymerase, and a phospholipid
envelope carrying the surface antigen (31). The
smaller 22-nm particle is produced in substantial
quantities in infected individuals and contains
only the elements of the surface envelope. These
HBsAg particles are about 103-fold more immu-
nogenic than the unassembled HBsAg protein
(4). Four protein-coding regions are located in
the long strand of the circular HBV DNA (8, 27,
30); the surface antigen gene occupies one of
these. The sequence of this DNA has shown that
there is a long open reading frame containing
three ATG residues preceding the coding region
of the mature HBsAg. Recently, using a cell-free
extract (18) and truncated HBV DNA templates,
we mapped an in vitro initiation site of a tran-
script coding for HBsAg. The results indicate
that a strong promoter site precedes the putative
leader sequence of HBsAg (L. B. Rall, D. N.
Standring, 0. Laub, and W. J. Rutter, Mol.
Cell. Biol., in press). Further, the successful
production of HBsAg in heterologous systems
appears to depend upon the presence of this
promoter (25) or a substitute promoter (22). In

addition, stuciies on the mRNA in a hepatoma
cell line that produces HBsAg (1) suggest that
the major HBsAg-specific transcript(s) contains
at least a portion of the pre-surface antigen
region (6).

In this study, we have inserted defined por-
tions of the HBV genome into the early region of
the simian virus 40 (SV40) virus. These recombi-
nants have been amplified and expressed in
SV40-transformed CV-1 cells (COS cells) which
synthesize T antigen in sufficient quantities to
support the replication of SV40 (9). Two vec-
tors, one with and one without the pre-surface
antigen region, have been compared in terms of
their replicative, transcriptional, and transla-
tional efficiencies. In addition, the sites of initia-
tion of HBsAg-specific transcription have been
mapped.

MATERIALS AND METHODS

Enzymes and radioisotopes. Restriction enzymes,
polynucleotide kinase, T4 DNA ligase, and Escherich-
ia coli polymerase I were purchased from Bethesda
Research Laboratories or New England Biolabs. S1
nuclease was obtained from Miles Laboratories.
[y-32P]ATP was from ICN Pharmaceuticals, Inc.
L-[35S]cysteine was purchased from New England
Nuclear Corp. Reverse transcriptase was a generous
gift from J. Beard.

Cells and virus recombinants. SV40-transformed
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FIG. 1. Strategy used for the construction of the
HBV-SV40 recombinants. HBV sequences are indi-
cated by dark solid lines. The figure shows the proce-
dure used for the LSV-HBsAg recombinant. The
SV40-HBpresAg recombinant was constructed by an

identical procedure with an HBV AvaI blunt-ended-
BamHI fragment instead of the HBV TacI-BamlHI
fragment.

monkey kidney cells (COS cells) were maintained in
Dulbecco modified Eagle medium containing penicil-
lin, streptomycin, and 10% fetal calf serum. The
construction of the two LSV-HBV recombinants is
described below. Subconfluent COS cultures (106 cells
per 10-cm plate) were transfected (24) with 5 to 10 p.g
of circularized recombinant DNA, and virus stocks
were prepared from cell lysates. This stock was used
to reinfect COS cells, and the final virus titer (about
108 PFU/ml) was estimated by comparing the amounts
of viral DNA with a known stock of wild-type SV40
(strain 777) analyzed under the same conditions.
DNA preparation. SV40 strain 777 DNA was used

for the construction of the expression vectors. The
HBV DNA fragments were purified from pHBV3.2H
(29) in which the previously cloned virus, pHBV3.2
(28, 30), was circularized and recloned via the unique
HaeII site (nucleotide 1440) into the Hindlll site of

pBR322. All DNA fragments were purified by agarose
gel electrophoresis and were eluted by shaking the
crushed gel slice in 0.01 M Tris, pH 7.5, containing 1
mM EDTA and 0.2M NaCl. The eluted DNA was
filtered through GF/C filters and concentrated with n-
butanol. Fragments were ligated as described by Man-
iatis et al. (17). SV40-HBV recombinants cloned in
pBR322 (pLSV-HBV recombinants) were amplified in
E. coli (5) and purified (26). Viral recombinant DNA
was extracted from infected COS cells as described by
Hirt (11).
RNA analysis. Cytoplasmic polyadenylated [poly

(A)] RNA was isolated from infected COS cells as
described previously (14, 15). RNA was analyzed by
the Northern blot procedure described by Alwine et al.
(2). Mapping of RNAs by the Si nuclease method of
Berk and Sharp (3) was done with 5'-end-labeled DNA
probes (20). After hybridization at 50°C for 4 h, the
DNA:RNA hybrids were digested with excess S1
nuclease and analyzed on a 5% acrylamide-8 M urea
sequencing gel (20).
An AvaIl-XbaI* (nucleotides 185 through 250) prim-

er was prepared, and the labeled single strand was
obtained by gel electrophoresis followed by elution
and ethanol precipitation in the presence of polyribo-
adenylic acid (10 jig). Primer and LSV-HBsAg poly(A)
RNA were hybridized for 8 h at 46°C in 80% forma-
mide containing 0.4 M NaCl and 10mM PIPES [piper-
azine-N,N'-bis(2-ethanesulfonic acid)], pH 6.4. The
samples were ethanol precipitated, dried, and sus-
pended in 20 p.l of buffer containing 20 mM Tris-
hydrochloride (pH 8.4), 10 mM NaCl, 6 mM MgCl2, 1
mM dithiothreitol, 1 mM deoxynucleotide triphos-
phates, and 26 U of reverse transcriptase. Samples of
10 pd were incubated for 50 min at 45 or 50°C. After
phenol extraction, the reactions were analyzed on a
5% polyacrylamide-8 M urea gel.

Protein analysis. COS cells infected for a period of
48 h with the two LSV-HBV virus stocks at a multi-
plicity of about 20 PFU per cell were maintained for an
additional 12 h in cysteine-depleted medium followed
by a 6-h labeling with 50 ,uCi of L-[355]cysteine per ml.
A 200-,ul sample of the labeled medium was immuno-
precipitated with human anti-HBsAg serum by the
SAC technique (19), and the products were analyzed
on 12% acrylamide-sodium dodecyl sulfate gels (13).
Quantitative radioimmunoassays were done with the
AUSRIA II diagnostic kit (Abbott Laboratories).
HBsAg particles were purified by affinity chromatog-
raphy with goat anti-HBsAg covalently bound to
Sepharose. The HBsAg was eluted from the column
with 3 M potassium thiocyanate and dialyzed against
phosphate-buffered saline for structural analysis.

RESULTS
Construction of the LSV-HBV recombinants.

Figure 1 summarizes the general strategy used
for the construction of the SV40-HBsAg recom-
binants. The construction takes advantage of the
fact that the early genes of the SV40 DNA are
flanked by sites for the restriction endonucle-
ases HindlIl and BclI. The HindlIl site is locat-
ed at nucleotide number 5171 on the SV40
genome and is 8 nucleotides 5' to the translation
initiation codon of the large T antigen gene. The
BclI site is located at nucleotide number 2770,
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FIG. 2. Detailed map of the SV40 recombinants showing the SV40 early promoter region and the HBV
inserts. (A) LSV-HBsAg. (B) LSV-HBpresAg. The vertical line marks the leftward boundary between the SV40
promoter-origin region and the HBV insert. The rightward boundary is at the BarmHI-BclI site. Relevant
restriction sites are shown with their nucleotide locations in parentheses; HBV sites are above each figure. SV40
sites are below. The HBV surface antigen gene is represented by an arrow showing the presurface (hatched) and
mature surface (open) antigen regions. The putative protein initiation (ATG) and termination (TAA) codons are

shown together with the TATA box (TATATAA) preceding the presurface ATG. The SV40 enhancer element is
also indicated (72-base pair repeats). Beneath each recombinant is shown the relevant end-labeled probe or

primer used to map the 5' end of the RNA species. The asterisk (*) denotes the position of the "3P label. The
major sites of RNA initiation within the SV40 early region are designated by arrows marked El (early early) and
ElI (late early). The sites mapped by S1 nuclease analysis within and around the HBV sAg gene are also marked
by arrows (b, c, d, e, and f; see Fig. 7).

which is 77 nucleotides 5' to the termination
codon of the large T antigen gene. The SV40
genome cloned in the BamHI site of pBR322
(pSV40) was amplified in E. coli GM48. pSV40
DNA was linearized by partial digestion with
HindIII followed by S1 treatment to produce
blunt ends (21). The linear pSV40 DNA was

digested with BclI, and the 7.2-kilobase frag-
ment (pLSV) was purified by preparative ag-
arose gel electrophoresis.
The coding region for HBsAg was purified as

a TacI-BamHI fragment (nucleotides 130
through 1403 on the cloned HBV genome [30]).
The gene which includes the pre-surface antigen
region was isolated as an AvaI-BamHI fragment
(nucleotides 2442 through 1403), and the AvaI
site in this fragment was filled in to form a blunt
end by using T4 DNA polymerase. These frag-
ments were inserted in the pLSV vector. Ampi-
cillin-resistant colonies were screened by hy-
bridization to 32P-labeled SV40 and HBV
probes, and the positive colonies were analyzed
by restriction endonuclease mapping. The re-

sulting plasmids contained an SV40 origin of
replication, a functional set of SV40 late genes,

and HBsAg (with or without the pre-HBsAg
region) cloned in the sense of the SV40 early
promoter sequence and polyadenylation site.
Figure 2 presents a detailed map of the SV40
early promoter region plus the HBV inserts for
the two recombinants, which are termed LSV-
HBsAg (Fig. 2A) and LSV-HBpresAg (Fig. 2B).

The BamHI fragments containing the LSV-HBV
recombinants were isolated, self-ligated to form
circular DNA, and transfected into SV40-trans-
formed monkey kidney cells (COS cells) that
produce T antigen and are hence permissive for
SV40 early replacement recombinants (9). Vi-
ruses containing the LSV-HBV DNA were effi-
ciently propagated in this host, and high-titer
stocks (108 PFU/ml) were obtained after a sec-

ond round of viral production (see above). Re-
striction analysis of the purified viral DNA
showed that no rearrangements had occurred
during replication (data not shown).
For subsequent studies, monolayers of 2 x

106 COS cells were infected with 20 PFU/cell.
DNA dot blot analysis (23) showed that both
viruses replicated at roughly the same rate and
generated comparable copy numbers per cell
(Fig. 3).

Transcription of HBsAg sequences from LSV-
HBV recombinants. The relative levels of cyto-
plasmic poly(A) RNA produced 72 h postinfec-
tion were assayed by the dot blot technique (23).
The results show that the LSV-HBsAg recombi-
nant lacking the presurface sequence accumulat-
ed about fourfold more HBsAg-specific RNA
than did the LSV-HBpresAg recombinant,
which included the entire pre-HBsAg region
(Fig. 3).
These RNAs were further analyzed by North-

ern blot analysis (2). As shown in Fig. 4, the
HBsAg-specific RNA transcribed from the

A
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FIG. 3. Replication and transcription of the LSV-
HBV recombinants. Monolayers of 2 x 106 COS cells
were infected with 20 PFU of the LSV-HBV recombi-
nant virus stocks per cell and were incubated for 72 h
at 37°C. Hirt DNA (11) and cytoplasmic poly(A) RNA
were prepared as described previously (14, 15). Two-
fold serial dilutions of heat-denatured DNA and native
poly(A) RNA were spotted on nitrocellulose paper.
The initial spot contains RNA or DNA obtained from
-5 x 105 cells (1/4 plate). The resulting dot blots were

hybridized at 42°C with a 32P-labeled HBV probe. The
blots were washed in 0.1 x SSC (SSC is 0.15 M NaCl
plus 0.015 M sodium citrate)-0.1% sodium dodecyl
sulfate at 50°C and autoradiographed. (S) RNA or
DNA extracted from COS cells infected with the LSV-
HBsAg recombinant; (preS) RNA or DNA prepared
from cells infected with the LSV-HBpresAg recombi-
nant.

LSV-HBsAg recombinant migrated as a 1.6-
kilobase band. This RNA corresponds in size to
a transcript which initiates and terminates at the
SV40 early promoter(s) and termination signal,
respectively. Thus, the RNA contains about
1,270 nucleotides coding for HBsAg flanked by
about 200 nucleotides of SV40 sequences as well
as 100 to 200 poly(A) residues. In contrast, a
similar analysis of the LSV-HBpresAg tran-
scripts revealed a heterogeneous population of
HBsAg-specific RNA ranging from 1,600 to
2,200 nucleotides in length.
The 5' termini of the RNA molecules coded by

these recombinants were determined by Si nu-
clease mapping with the 5'-end-labeled DNA
probes depicted in Fig. 2. A unique XbaI site
within the HBsAg coding region was labeled
with [-y-32P]ATP and polynucleotide kinase.
Two end-labeled DNA fragments were purified
by gel electrophoresis, namely a 1,040-base pair
Bg[II-XbaI* HBV DNA probe and a 537-base
pair HpaII-XbaI* LSV-HBsAg DNA fragment.
The BglII-XbaI* DNA probe contained the en-
tire HBV pre-surface antigen region, including
the promoter, but was devoid of SV40 se-
quences. The HpaII-XbaI* DNA probe con-
tained 119 nucleotides of the HBsAg gene and an
additional 418 bases of SV40 sequence, includ-
ing the early promoter region (see Fig. 2). The
32P-labeled probes were denatured and hybrid-
ized for 3 h at 41°C to poly(A) RNA isolated
from infected COS cells under conditions favor-
ing RNA-DNA duplex formation (80% forma-
mide, 0.4 M NaCl, 10 mM PIPES [pH 6.4]). The

resulting hybrids were digested with Si nuclease
and analyzed on a 5% acrylamide-8 M urea gel.
As shown in Fig. 5, the RNA coded by the LSV-
HBsAg recombinant protected several bands
when hybridized to the HpaII-XbaI* probe.
Two major bands about 176 and 181 (doublet
marked c in Fig. 5) nucleotides long correspond
to transcripts initiating in the SV40 El promoter
region, position 5231 to 5237 on the SV40
genome (10). The somewhat diffuse band (Fig. 5,
band marked b) of about 203 nucleotides most
likely represents initiation in the SV40 E2 pro-
moter region ascribed to position 14 to 17 on the
SV40 genome (10). The larger band (Fig. 5, band
marked a) of about 246 nucleotides corresponds
to a minor upstream initiation site described by

preS S

28S"

18S

FIG. 4. Northern analysis of the HBsAg-coding
mRNA made by COS cells infected with the LSV-
HBV recombinants. Monolayers of 2 x 106 COS cells
were infected with 20 PFU of either LSV-HBsAg or
LSV-HBpresAg virus stocks per cell and were grown
for 72 h at 37°C. Poly(A) RNA was prepared from the
cytoplasmic fraction (14), denatured in 10 mM methyl
mercury, electrophoresed through a 5 mM methyl
mercury-1.5% agarose gel, and transferred to nitrocel-
lulose paper. The resulting blots were hybridized to a
32P-labeled HBV DNA, washed in 0.1 x SSC-0.1%
sodium dodecyl sulfate at 50°C, and autoradiographed.
(pre-S) RNA extracted from COS cells infected with
the LSV-HBpresAg recombinant; (S) RNA encoded
by the LSV-HBsAg recombinant. The 18S and 28S
ribosomal RNA markers were visualized by staining
the gel before blotting.
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Hansen et al. (10). An additional protected frag-
ment of 420 nucleotides (mapping to around
nucleotide 235 on the SV40 genome) was also
seen, whereas the uppermost band comigrated
with undigested probe DNA and was seen in
some, but not all, experiments (data not shown).
This material probably represents reannealed
probe, but we cannot exclude the possibility that
this protection arose from a very long RNA
transcript. The sites of RNA initiation were also
analyzed by primer extension with a 66-nucleo-
tide AvaII-XbaI* HBV DNA fragment (see Fig.
2). Figure 6 shows the results obtained when this
primer (lane A) was hybridized with LSV-
HBsAg poly(A) RNA and extended with reverse
transcriptase at either 45°C (lane B) or 50°C (lane
C). The extended products included a prominent
band (S) at about 94 nucleotides followed by
three groups of bands in the size range of 170 to
175 (c), 203 to 212 (b), and 238 to 245 (a)
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FIG. 5. Mapping the 5' end of RNA encoded by the
LSV-HBsAg recombinant. COS cells were infected
with about 20 PFU of the LSV-HBsAg virus stock per
cell and were grown for 48 h at 37'C. Poly(A) cytoplas-
mic RNA was extracted (14). The RNA was hybrid-
ized to an end-labeled HpaII-XbaI* LSV-HBsAg
probe. The hybridization mixture, which contained
80% formamide, 0.4 M NaCl, and 0.01 M PIPES (pH
6.4), was digested for 1 h with 1,000 U of S1 nuclease
and subjected to a 5% acrylamide-8 M urea sequenc-
ing gel. (A) LSV-HBsAg RNA; (B) no RNA; (C) DNA
size markers (32P-labeled HaeIII 4X174).

FIG. 6. Analysis of the 5' end of LSV-HBsAg by
primer extension. Details of the primer extension
method can be found in the text. The lanes in the
autoradiogram are as follows: (A) sample of AvaIl-
XbaI* primer; (B) primer extension reaction at 45°C;
(C) reaction at 50'C; (D) 32P-end-labeled MspI digest
of pBR322 as size markers. The sizes of the markers
are indicated on the right of the figure. The position
of the primer (P) and the 94-base self-primed ma-

terial (S) are indicated on the left of the figure. The
bands marked a, b, and c represent the products
extended into the SV40 early promoter region. Nucle-
otide sequence analysis of the self-primed product(s)
reveals that the self-priming originates from a stem-
loop structure (below) formed by the last 23 3' nucleo-
tides of the XbaI-AvaII probe (data not shown).

/ KA C G A G C A G G G 3'
A I I I I II

\ /T G T C C G C C C C 5'
A

nucleotides. The last groups of bands corre-

spond precisely with the products described by
Hansen et al. (10) from RNA isolated during the
late lytic cycle of wild-type SV40. They reflect
initiation events at nucleotides 5231 to 5237 (EL),
21 to 32 (EII), and 56 to 65 on the SV40 genome.

' 90

4 76
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FIG. 7. Mapping of the 5'ends of RNA encoded by
the LSV-HBpresAg recombinant. COS cells were
infected with the LSV-HBpresAg virus stock (20 PFU/
cell), and cytoplasmic poly(A) RNA was extracted 48
h later. The RNA was annealed to an end-labeled
BglIl-XhaI* HBV probe. SI nuclease mapping was
done as described in the legend to Fig. 4. (A) LSV-
HBpresAg RNA; (B) no RNA; (C) DNA size markers
(32P-HaeIII 4X174).

These initiation sites are summarized in Fig. 2.
In contrast to these bands, the 94-nucleotide
species was synthesized in control experiments
involving an unrelated RNA (data not shown).
Nucleotide sequence analysis of this product
(data not shown) shows that it is generated by a

self-priming reaction which is suppressed at
higher temperatures (compare Fig. 6, lanes B
and C). The stem-loop structure which is the
basis for the self-priming reaction is shown in
the legend to Fig. 6.
The BgllI-XbaI* HBV-specific probe which

was annealed to RNA extracted from COS cells

infected by the LSV-HBpresAg recombinant
also produced several nuclease Si-protected
bands (Fig. 7). Band A, about 1,040 nucleotides
long, extends from the XbaI site to the end of the
DNA probe. This material presumably corre-
sponds to RNA initiating at the SV40 early
promoter region. Band B, about 650 nucleotides
long, maps to the putative HBV presurface cap
site about 25 nucleotides downstream from the
TATAAA box at HBV nucleotide 2816. Accu-
rate mapping of this fragment with shorter
probes is reported elsewhere (Rall et al., in
press). The bands designated c (a doublet) to f
may reflect alternate initiation sites within the
pre-surface antigen region or products of RNA
processing. The locations of these sites are
summarized in Fig. 2.

Hepatitis B surface antigen encoded by the
LSV-HBV recombinants. The effect of the pre-
surface antigen leader region on surface antigen
gene expression was assessed by quantitative
radioimmunoassays of cell extracts and culture
medium (Table 1). The HBsAg levels were about
twofold higher in cells infected with LSV-
HBsAg than in those infected with with LSV-
preHBsAg. In contrast, the extracellular medi-
um from COS cells infected with the LSV-
HBsAg recombinant contained 40- to 50-fold
more immunoreactive HBsAg than was secreted
by the LSV-HBpresAg-infected cells. Quantita-
tive assays showed that COS cells infected with
the LSV-HBpresAg recombinant containing the
entire pre-surface antigen gene secreted about
14 ng of HBsAg per 106 cells during the 24-h
period before the initiation of cell lysis (i.e., 48

TABLE 1. Surface antigen protein production"

Immunoreactive HBsAg
produced (ng/ml)

SV40 construct
Medium Cellular

fraction

LSV-HBsAg 620 17.9
LSV-HBpresAg 14.2 6.7
LSVinsC2 <0.1b <o. l b

a Monolayers of 2 x 106 COS cells were infected
with 20 PFU of either the LSV-HBsAg or the LSV-
HBpresAg recombinant virus stock per ml and were
incubated for 48 h at 37°C. The medium was then
replaced with 10 ml of new medium and was incubated
24 h at 37°C. Medium and cell lysate (0.5% Nonidet
P-40 and 0.5% deoxycholate in phosphate-buffered
saline) were assayed for HBsAg by the AUSRIA II
diagnostic kit (Abbott Laboratories). The control ex-
periment was performed as above with a recombinant
virus stock (LSVinsC2) which contains the human
insulin cDNA in place of the HBsAg-coding se-
quences. This virus has been described elsewhere (15).

b Same level of radioactivity as the AUSRIA II
negative controls.

J. VIROL.
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to 72 h after infection). Under the same condi-
tions, COS cells infected with the LSV-HBsAg
recombinant secreted up to 800 ng of HBsAg per
106 cells, an equivalent of over 107 molecules
per cell. The purified HBsAg particles are stable
and have been stored for several months without
any loss in immunoreactivity. In addition, large
quantities (5 to 10 ,ug/ml) of HBsAg accumulate
if the viral infection is allowed to progress for 10
days.
The HBsAg molecules produced by the SV40-

COS cell system were characterized by immuno-
precipitation of 35S-labeled proteins. Sodium
dodecyl sulfate gel electrophoresis of the anti-
HBsAg immunoreactive material (Fig. 8) dis-
closed three specific bands. The two predomi-
nant peptides, molecular weight 23,000 and
27,000, corresponded to the nonglycosylated
and glycosylated forms of HBsAg, respectively.
The third band, about 46,000 in molecular
weight, may be a HBsAg dimer. The HBsAg
protein produced by LSV-HBsAg-infected COS
cells appeared similar to that produced in the
Alexander cell line. The nature of the HBsAg
produced by the LSV-HBpresAg construct has
not been clarified further.
The nature of the secreted HBsAg particles

was further characterized by electron microsco-
py. Affinity-purified HBsAg coded by LSV-
HBsAg was absorbed onto carbon film grids and
negatively stained with uranyl acetate. When
examined under the electron microscope (Fig.
9), the LSV-HBsAg preparation contained a
somewhat heterogeneous population of spheri-
cal particles with a mean size of 22 nm, similar to
the spherical particles seen in the serum of
infected individuals (12) or in the medium of
NIH 3T3 cells into which HBV DNA has been
introduced by transfection (32).

DISCUSSION
We have used an SV40-based expression vec-

tor to study the role of the long open reading
frame contiguous with the HBsAg coding se-
quences in the biogenesis of the HBV surface
antigen. LSV recombinants have been con-
structed that retain the SV40 late genes, the
early promoter(s), and the polyadenylation site,
but heterologous sequences were substituted for
the coding region of T antigen. The latter func-
tion is constitutively produced by the host COS
cells, and therefore efficient replication and sub-
sequent packaging of these molecules occurred
in this system. This vector-host system was
useful for the expression of exogenous DNA. All
early SV40 splice junctions were deleted from
the SV40 vector, so aberrant splicing caused by
these sequences was eliminated. Further, the
relatively strong SV40 early promoters and the
high number of gene copies per cell achieved in

M Cont. LSVHVs Alex.

U__~~~~~~~~~~~.

m
m~-(

FIG. 8. Synthesis of HBsAg in infected COS cells.
Monolayers of Alexander cells or infected COS cells
were grown 12 h in cysteine-depleted medium fol-
lowed by 6 h of labeling with L-[5S5]cysteine (50 uCi/
ml). The labeled medium (200 ,ul) was immunoprecipi-
tated with human anti-HBsAg serum and analyzed on
12% Laemmli protein gels (13). (M) protein size mark-
ers; (Cont.) mock infected COS cells; (LSV-HVs)
COS cells infected with the LSV-HBsAg recombinant;
(Alex.) Alexander cells. The size markers were bovine
serum albumin (69K), ovalbumin (46K). carbonic an-
hydrase (30K), 3-lactoglobulin (18.4K). and cyto-
chrome c (12.3K).

this system resulted in the formation of high
cellular levels of recombinant RNA. Two LSV-
HBV recombinants were prepared for this
study; the recombinant designated LSV-HBsAg
had the coding region for mature HBsAg, and
the LSV-HBpresAg construct included the pre-
surface antigen sequences and the HBsAg pro-
moter (see Fig. 2). The results of hybridization
studies and restriction enzyme analyses demon-
strate that both viruses replicated to the same
extent (about 108 PFU/ml) without deletions or
rearrangements.
The size of the seemingly homogeneous popu-

lation of HBsAg-specific transcripts produced
from the LSV-HBsAg recombinant is consistent
with initiation and termination at the SV40 early
gene signals. The results of S1 nuclease and
primer extension experiments confirm that the
5' end of the HBsAg mRNA mapped to the SV40
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FIG. 9. Electron micrographs of HBsAg particles produced by COS cells infected with the LSV-HBsAg

recombinant. HBsAg particles were absorbed to a column of goat anti-HBsAg-specific antibody covalently
bound to Sepharose, eluted with 3 M potassium thiocyanate, and visualized by negative staining with 2%
phosphotungstic acid. Bar, 22 nm.

early promoter(s) in a complex pattern as de-
scribed by Hansen et al. (10). The major sites of
initiation occurred in the region 5231 to 5237 on
the SV40 genome designated El. A minor set of
transcripts mapped to the second promoter re-

gion, ElI, at position 14 to 17 on the SV40
genome or nucleotides 30 to 32 with Si nuclease
mapping or primer extension, respectively. This
anomaly in the two procedures is thought to
reflect an effect of the A-T-rich sequence locat-
ed at nucleotides 15 through 30. Identification of
the actual 5' capped nucleotides will help ex-

plain this discrepancy. In both cases, other
minor sites of initiation occurred in the region of
nucleotides 56 to 65. In addition, a previously
undetected initiation event at approximately nu-

cleotide 235 (corresponding to the end of the
second 72-base pair repeat) was observed in the
SI analysis. This initiation event occurred in the
region that is required for enhancer function but
is not generally thought to exhibit promoter
function. However, the assignment of promoter
function in this region is complicated by the fact
that the EIl promoter is a complex unit which is
active during viral replication but may not act
continuously as a promoter.
We observe the simultaneous use of El and

ElI in this system. The use of EII reflects the
presence of functional T antigen in COS cells.
This product is required for the use of ElI (10)
during viral infection. However, high levels of T
antigen cause a substantial shutdown of the
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early promoter region (autoregulation) late in
viral infection. That we do not observe strong
autoregulation effects on HBsAg mRNA levels
may reflect the fact that COS cells produce
relatively low levels of T antigen (9). This is an
important feature in the use of SV40 early pro-
moter-dependent constructs as expression vec-
tors.

In contrast to the simple pattern obtained with
LSV-HBsAg, Northern blotting and Si nuclease
mapping showed that the HBsAg-specific RNA
transcribed from the LSV-HBpresAg is complex
(see Fig. 2). A significant fraction of the RNA
appeared to initiate upstream from the HBV
sequences, presumably at the SV40 early pro-
moter. A second major RNA species generated
by the LSV-HBpresAg recombinant initiated at
the HBpresAg promoter which has been detect-
ed in an in vitro transcription assay (Rall et al.,
in press). The other transcripts generated may
reflect alternate initiation sites in the HBsAg
presequence. However, an analysis of the nucle-
otide sequence in this region shows that there
are putative splice acceptor sites in the HBsAg
presequence (data not shown), so that RNA
processing cannot presently be ruled out. The
LSV-HBsAg recombinant produces about four-
fold more stable HBsAg-coding mRNA than the
LSV-HBpresAg recombinant which has both an
efficient SV40 and an HBV promoter. Even
though the long pre-surface antigen leader could
attenuate :both promoters, resulting in compara-
tively lower levels of transcription, it is also
possible that the long pre-surface antigen region
includes RNA processing signals which increase
the rate of turnover of these transcripts.
COS cells infected with the LSV-HBsAg

recombinant synthesize and secrete the charac-
teristic mixture of glycosylated and nonglycosy-
lated forms of HBsAg. Further, electron micro-
scopic analysis showed that the secreted HBsAg
particles coded by the LSV-HBsAg recombinant
are similar in structure to the 22-nm particles
detected in the serum of infected individuals.
The amount of HBsAg secreted by COS cells
infected with the LSV-HBsAg recombinant is
substantial, about 107 HBsAg molecules per
infected cell during the 24-h period before the
initiation of cell lysis. This is about 10-fold more
than that produced by a human hepatoma cell
line (1) or in several HBV-SV40 late replace-
ment recombinants studied elsewhere (16, 22; 0.
Laub, unpublished results).
The efficient production of HBsAg by the

LSV-HBsAg recombinant indicates that the pu-
tative pre-surface antigen signal peptide preced-
ing the coding region of mature HBsAg is not
required for the assembly, secretion, or stability
of the HBsAg particles. However, the conserva-
tion of the long open pre-surface antigen region

in three previously described HBV DNA se-
quences and the existence of an analogous re-
gion in the Woodchuck hepatitis virus genome
(7, 8, 30) are strong arguments in favor of the
translation and functionality of this region. We
have recently mapped the HBsAg promoter in
vitro and detected only one major initiation site
at HBV nucleotide 2816 (Rall et al., in press)
that precedes the pre-surface antigen region. In
the present work, we have shown that this
initiation site is used in the LSV-HBpresAg
recombinant (additional data on this point are
presented in Rall et al., in press). These results,
together with the data from DNA transfection
experiments (25), define a promoter before the
start of the pre-surface antigen region. Thus, the
initial HBsAg transcript should contain the long
pre-surface antigen region, and the Si studies
shown in Fig. 7 demonstrate for the first time
that this sequence is also present in cytoplasmic
mRNA. In addition to this full-length mRNA,
there are at least three minor mRNA species
which map to the region between the pre-surface
and surface AUG translational start codon.
These species are not artifacts of the SV40
system since they are also seen in RNA from a
cell line which expresses HBsAg after transfec-
tion with HBV DNA (unpublished results). As
discussed above, these species may reflect dis-
crete initiation events or RNA splicing. The pre-
surface antigen region contains three in-frame
ATG residues before the mature HBsAg initia-
tion codon. At least two of the minor RNA
species would contain one of these extra AUG
codons (unpublished results) in addition to any
that might be brought in by a splicing event. This
raises the intriguing possibility that the pre-
surface/surface gene might encode a number of
protein products showing variation at the amino
terminus. Such products could show altered
cellular compartmentalization or could play a
slightly different structural role compared with
HBsAg within the HBV particles. The SV40
system described here should facilitate the
search for and function of precursors or variants
of the HBsAg protein.
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