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The open reading frame (ORF) that encodes the 226-amino-acid coat protein (hepatitis B virus surface
antigen [HBsAg]) of hepatitis B virus has the potential to encode a 400-amino-acid polypeptide. The entire ORF
would direct the synthesis of a polypeptide whose C-terminal amino acids represent HBsAg with an additional
174 amino acids at the N terminus (pre-s). Recently, virus particles have been shown to contain a polypeptide
that corresponds to HBsAg with an additional 55 amino acids at the N terminus encoded by the DNA sequence
immediately upstream of the HBsAg gene. A novel ORF expression vector containing the TAC promoter, the
first eight codons of the gene for P-galactosidase, and the entire coding sequence for chloramphenicol
acetyltransferase was used in bacteria to express determinants of the 174 amino acids predicted from the pre-s
portion of the ORF. The resulting tribrid protein containing 108 amino acids encoded by pre-s was expressed
as one of the major proteins of bacteria harboring the recombinant plasmid. Single-step purification of the
tribrid fusion protein was achieved by fractionation on a chloramphenicol affinity resin. Polyclonal antiserum
generated to the fusion protein was capable of detecting 42- and 46-kilodalton polypeptides from virus particles;
both polypeptides were also shown to contain HBsAg determinants. The ability of the polyclonal antiserum to
identify polypeptides with these characteristics from virus particles presents compelling evidence that the DNA
sequence of the entire ORF is expressed as a contiguous polypeptide containing HBsAg. The presence of
multiple promoters and primary translation products from this single ORF argues that the function and
potential interaction of the encoded polypeptides play a crucial role in the life cycle of the virus. Furthermore,
the procedure and vector described in this report can be applied to other systems to facilitate the generation
of antibodies to defined determinants and should allow the characterization of the epitope specificity of existing

antibodies.

One of the most interesting observations made after the
determination of the total DNA sequence of a hepatitis B
viral (HBV) genome was that the open reading frame (ORF)
which encodes the viral coat protein (HBV surface antigen
[HBsAg]) potentially could direct the synthesis of a 400-
amino-acid polypeptide containing the 226 amino acids of
HBsAg at the C terminus and an additional 174 amino acids
at the N terminus (pre-s) (10, 43). The finding that all other
HBYV genomes sequenced to date (24, 25, 43), as well as viral
genomes of members of this new class of viruses which
infect woodchucks (woodchuck hepatitis virus [WHV]) (9),
ground squirrels (ground squirrel hepatitis virus), (34), and
Pekin ducks (duck hepatitis B virus) (21), contain this ORF
supports the initial suggestion that a larger HBsAg-contain-
ing polypeptide may be synthesized (10). Furthermore,
utilization of a conserved internal ATG in the pre-s region of
the ORF would allow for initiation of a polypeptide with an
additional 55 amino acids at the N terminus of HBsAg or 60
amino acids at the N termini of WHYV and ground squirrel
hepatitis virus surface antigens. Whereas the amino acid
sequence of the coat protein of the hepadna viruses is
conserved, the predicted amino acid sequence of pre-s
displays little homology among viruses. Comparative com-
puter-assisted analysis of the pre-s region from WHV and
HBYV suggested that although there is little homology at the
amino acid sequence level, the overall predicted propensities
to form secondary structure were similar (32). Schaeffer and
Sninsky (32) went on to speculate that the sequences respon-
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sible for the marked species specificity displayed by mem-
bers of the hepadna viruses may reside in the N-terminal 174
amino acids predicted by the entire ORF that encodes
HBsAg.

Evidence for the polypeptide predicted to initiate from the
conserved internal AUG in the pre-s region representing an
extended coat protein has been presented (19, 23, 40). First,
Stibbe and Gerlich (40) showed, using proteolytic digestions,
that a 33- and a 36-kilodalton (kd) protein purified from virus
particles corresponded to p24 and gp27 (commonly identified
as pl and plI, respectively, from HBsAg preparations [27])
with an N-terminal extension. They further suggested that
translation initiation could occur at the internal AUG in the
pre-s region, assuming, however, the absence of transcript
splicing. Second, Neurath et al. (23), using antibodies to a
synthetic peptide corresponding to the first 26 amino acids of
the predicted polypeptide initiating at the internal AUG, also
identified a 33- and a 36-kd polypeptide from virus particles.
These observations are consistent with transcriptional stud-
ies which have identified various mRNA species which could
direct the translation of HBsAg-containing polypeptides
larger than p24 and gp27. One series of transcripts initiates
within the pre-s region at a simian virus 40 late promoter-like
region and could be utilized for the expression of HBsAg and
pre-sss:HBsAg (4, 38). The other series initiates near the
putative TATA box promoter upstream of the entire ORF
and could direct the synthesis of an additional product,
pre-s174:HBsAg (18, 28, 29).

Possible insight into the function of the pre-s encoded
region of this protein comes from studies by Machida et al.
(19, 20) which show that the previously observed specific
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binding of virus particles to polymerized human serum
albumin occurs via recognition by the 31-kd protein but not
p24 or gp27 that represent HBsAg. Although evidence for a
protein initiating at the internal AUG of transcripts predicted
by the ORF is overwhelming, the use of the first AUG to
initiate translation is less clear. Coincident with our com-
puter studies, we embarked on an experimental approach by
using a tribrid fusion protein expression vector to synthesize
determinants from the pre-s region. This approach was
particularly attractive since determinants of HBsAg were
not present in the fusion proteins, thereby allowing the
unambiguous interpretation of the data. We report here
evidence for the existence of virus particles of two glycosyl-
ated polypeptides of 42 and 46 kd containing determinants of
both HBsAg and the pre-s region.

MATERIALS AND METHODS

DNA manipulation and analysis. Plasmid DNA was ex-
tracted and analyzed with the appropriate restriction
endonucleases by using agarose and acrylamide gels as de-
scribed previously (33). For subcloning, S to 25 pg of plasmid
DNA was cleaved with restriction enzymes. The digestion
conditions were those recommended by the suppliers (New
England Biolabs and Boehringer Mannheim Biochemicals).
The desired fragments were separated on 5% acrylamide gels
and isolated by electroelution as previously described (33).
To decrease the frequency of recircularization, plasmid DNA
was treated with calf intestine alkaline phosphatase (Boeh-
ringer Mannheim Biochemicals) as described by Ullrich et al.
(42). DNA fragments (5 to 20 png/ml) were then ligated with
T4 DNA ligase (New England Biolabs) and used to transform
bacteria containing a lac deletion, strain MC1000 (lac
IPOZYx74) (3), by the CaCl, procedure essentially as de-
scribed (5). Transformed bacteria were plated on Difco anti-
biotic medium no. 2 containing 25 g of ampicillin per ml and
either 5 or 25 pg of chloramphenicol per ml.

Purification of B-gal:CAT hybrid and B-gal:pre-s:CAT
tribrid fusion proteins. Purification of B-gal (B-galactosidase):
CAT (chloramphenicol acetyltransferase) hybrid and B-gal:
pre-s:CAT tribrid fusion proteins was done as follows.
Bacterial strain MC1000 harboring either pZL811 or
pDW111 (see below) was grown in Luria broth (22) with 25
pg of ampicillin per ml at 37°C to an Agso of 1.3 and
centrifuged in 500-ml bottles at 7,000 rpm for 10 min. Four
liters of harvested culture resulted in 14 g of bacterial paste.
All subsequent steps were performed at 4°C. Bacterial
pellets were resuspended to 0.3 g/ml in cold TEP buffer (100
mM Tris-hydrochloride [pH 7.4], 10 mM EDTA, 1 mM
phenylmethylsulfonyl fluoride [100 mM stock in ethanol])
and sonicated with a Heat Systems Cell Disrupter in a
rosette flask on ice at setting 8 and 50% duty cycle for four
S-min intervals. The insoluble fraction was removed by
centrifugation at 12,000 X g, and the remaining supernatant
was made 4% streptomycin sulfate to precipitate nucleic
acids. Bacterial proteins, including the fusion proteins, were
then precipitated by the addition of neutralized saturated
ammonium sulfate to 75% saturation. The pellets were
washed twice, resuspended, and dialyzed against TEP be-
fore loading onto the affinity resin.

An established procedure (45) and a newly developed
procedure were used to generate an affinity column with
p-amino chloramphenicol as the ligand. Resins synthesized
by either of the two methods gave similar results. Fourteen
grams of activated CH-Sepharose 4B (Pharmacia Fine
Chemicals) was hydrated to a gel volume of ca. 40 ml,
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washed extensively with cold 1 mM HCI, and coupled with
1.0 g of chloramphenicol base (Sigma Chemical Co.) dis-
solved in 100 ml of 0.1 M NaHCO; (pH 8.5) for 2 h at 27°C
with rocking. Unbound sites were blocked with the addition
of 15 ml of 1.0 M Tris-hydrochloride (pH 8.0) for an
additional 2 h. Unbound chloramphenicol was removed by
extensive alternating washings with 0.1 M sodium acetate
(pH 4.5)-150 mM NaCl and 0.1 M Tris-hydrochloride (pH
8.0)-150 mM NaCl. Chloramphenicol was also attached by
the established method of Zaidenzaig and Shaw (45); a 40-ml
bed volume column substituted with chloramphenicol was
achieved by mixing 2 mol of ligand per mol of carboxyl
spacer arm group. To prevent irreversible binding of CAT
fusions, both resins were treated with 0.1 M NaOH as
described by Goldfarb et al. (12) and before use were washed
with TEP containing 1 mg of chloramphenicol per ml and 0.5
M Na(l, followed by reequilibration with TEP.

The salt fractionated lysate from a 4.0-liter culture was
diluted in TEP to 150 ml, loaded on the chloramphenicol
affinity column, and washed until the A,y was 0. One
hundred milligrams of bound hybrid or tribrid fusion proteins
were eluted with TEP containing 1 mg of chloramphenicol
per ml. The elution profiles of the hybrid and tribrid fusion
proteins were determined by a colormetric CAT assay (35),
by 12.75% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), and by Bradford protein assays
(Bio-Rad Laboratories). For rapid estimates of CAT activity
during protein purifications, CAT assay reactions were
scaled down 10-fold (total volume, 100 wl), and the appear-
ance of yellow color in microtiter wells was followed. The
peak fractions of chloramphenicol-eluted protein were
pooled and used for all experiments.

Generation of antisera. Three milligrams of tribrid fusion
polypeptide purified from the chloramphenicol affinity col-
umn was separated by 3.0-mm 12.75% preparative SDS-
PAGE. The band corresponding to the fusion protein was
visualized in a cold 1.0 M KCI solution, excised, and grated
through a medium mesh wire screen. The polypeptide was
eluted in 0.3 M Tris-hydrochloride (pH 8.8) and 0.1% SDS
for 1 h at 27°C and then for 10 h at 4°C. The grated
acrylamide was pelleted by centrifugation, and the super-
natant was mixed with an equal volume of complete Freund
adjuvant (Difco Laboratories) until an emulsion formed.
Rabbits were immunized with 250 ug of gel-purified tribrid
protein by three intradermal injections. Four weeks later,
the rabbits were given booster injections. The secondary
injection was prepared as above with the substitution of
incomplete Freund adjuvant. Beginning 7 days later, the
rabbits were bled weekly. Sera were prepared, and the
hyperimmune titers were determined by enzyme-linked im-
munosorbent assays. The hyperimmune titers for each rabbit
serum were similar and remained high for 3 months before
exsanguination. One representative immune serum was cho-
sen and used in all experiments described in this report.

Enzyme-linked immunosorbent assay. Wells of Falcon
Microtest III Flexible Assay Plates were coated with 100 ul
of antigen diluted to 1 wg/ml in phosphate-buffered saline
(PBS; 10 mM phosphate [pH 7.2], 150 mM NacCl) at 37°C for
2 h. The plates were blocked with 1% bovine serum albumin
in PBS for 1 h at 37°C. The wells were incubated with 100 pl
of antisera diluted from 10~ to 10~° in blocking buffer for 1
h at 37°C and washed extensively with 0.05% Tween 20 in
PBS. Alkaline phosphatase-conjugated goat anti-rabbit im-
munoglobulin G (IgG) (Tago) was diluted 1:3,000 in blocking
buffer, and 100 wl per well was incubated for 1 h at 37°C and
washed as above. The plates were washed with 0.15 M NaCl
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and incubated with 100 wl of 1 mg of alkaline phosphatase
substrate (Sigma) per ml in 1.0 M Tris-hydrochloride (pH
9.8)-0.5 mM MgCl, until color in the positive control wells
developed. The reaction was stopped with 100 pl of 5.0 N
NaOH, and the plates were read at 405 nm in an ARTEK
microtiter reader.

Virus preparation. The procedure used to concentrate and
partially purify HBV particles was similar to that described
by Gerlich and Robinson (11). Plasma samples positive for
HBsAg, HBV e antigen, and DNA polymerase activity were
selected for purification. One sample, ARC 6389 of the ad
subtype (Ausria S/N 85.4; Abbott Laboratories), was found
to contain the pre-s polypeptides and was used for all
experiments described here; other sera have been shown to
contain various levels of the pre-s polypeptides. Briefly, the
plasma was clarified at 12,000 X g for 20 min, and 23-ml
samples were layered over 15 ml of 10, 20, and 30% sucrose
step gradients in TNE (0.01 M Tris-hydrochloride [pH 7.4],
0.1 M NaCl, 1.0 mM EDTA). The gradients were centrifuged
in a Beckman SW27 rotor at 24,000 rpm for 24 h at 4°C, and
the pellets were resuspended in 100 pl of TNE. These
resuspended pellets were combined and layered over a
second 10, 20, and 30% sucrose step gradient in a Beckman
SW41 rotor and centrifuged at 22,000 rpm for 24 h at 4°C.
The pellet was resuspended in 200 ul of TNE, resulting in a
650-fold concentration of HBV particles.

Protein blotting procedures. Viral polypeptides were iden-
tified by the method of Towbin et al. (41) with slight
modifications. Specifically, the viral polypeptides were sepa-
rated by 10% SDS-PAGE (17); 2.5 or 5.0 ul of a 650-fold-
concentrated virus preparation was solubilized in sample
buffer (2.5% SDS, 5% B-2-mercaptoethanol, 10% glycerol,
62 mM Tris-hydrochloride [pH 6.8]) and loaded per lane.
14C.labeled proteins (New England Nuclear Corp.) were
used as molecular weight markers. The separated
polypeptides were then transferred to nitrocellulose
(Schleicher & Schuell, Inc.) by using a Transblot apparatus
(Bio-Rad) at a constant current (250 mA) for 6 h in a 192 mM
glycine-25 mM Tris-hydrochloride (pH 8.3)-20% methanol
buffer (41). Unoccupied sites on the nitrocellulose were
blocked with 2% bovine serum albumin in PBS at 37°C for 1
h.

For the identification of specific polypeptides with pre-s or
HBsAg determinants, these protein blots were probed with a
rabbit anti-B-gal:pre-s:CAT or rabbit anti-HBsAg synthetic
peptide (amino acids 135 to 155; kindly provided by A. R.
Neurath, New York Blood Center) diluted 1:100 in the
blocking buffer for 10 h at 4°C. In competition studies, the
initial antibody solution was preincubated at 27°C for 10 min
with either affinity-purified B-gal:CAT or B-gal:pre-s:CAT
protein at concentrations of 5, 50, or 500 ng/ml. Nonspecifi-
cally bound antibodies were removed by extensive washing
with 0.05% Tween 20 (Bio-Rad) in PBS, and the blots were
incubated for 1 h at 4°C with either 10° cpm of 2’I-labeled
protein A (70 to 100 wCi/ng; New England Nuclear Corp.) or
a 1:1,000 dilution of horseradish peroxidase-conjugated
(HRP) goat anti-rabbit immunoglobulin antibody (Bio-Rad)
diluted in blocking solution. The blots were again washed
extensively with 0.05% Tween 20 in PBS and then with PBS.
The *I-protein A-labeled blots were dried and autoradi-
ographed on Kodak XARS film at —70°C (10 h) by using a
Cronex Lightning Plus intensifying screen. The HRP-labeled
blots were developed 1 to 2 min in a solution containing 20
ml of 3 mg of 4-chloro-1-napthol per ml in cold methanol and
100 ml of 0.018% H,0, in PBS.

To demonstrate glycosylation of certain viral poly-
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peptides, a nitrocellulose strip containing viral polypeptides
was probed with HRP-conjugated succinylated concanavalin
A (ConA-HRP) (Vector Laboratories) at a 1:100 dilution in
blocking solution for 30 min at 27°C, washed, and developed
as described above.

RESULTS

Construction and characterization of pre-s expression plas-
mids. Figure 1 illustrates the method and construction of an
expression vector that directs the synthesis of a tribrid
fusion protein containing 108 amino acids of the 174 amino
acids potentially encoded by the pre-s region from hepatitis
B virus (Fig. 2). The parent ORF expression vector, pZL811,
is a pBR322 derivative which contains the TAC hybrid
promoter and the first eight codons of the gene for B-gal
(lacZ) to provide the necessary signals for initiating optimal
transcription and translation. The TAC promoter containing
the —35 region of the trp promoter, the —10 region of the lac
promoter, and the lac operator has been shown to be a highly
efficient regulated promoter (2, 6, 7, 30). Adjoining the DNA
that encodes the N terminus of B-gal is a polylinker sequence
containing a unique cleavage site for BamHI but devoid of
translational stop codons. Immediately downstream lies the
structural gene for CAT. A similar plasmid with the lacUV5
promoter has been shown to direct the synthesis of an
enzymatically active B-gal:CAT fusion protein, rendering
bacteria harboring this plasmid resistant to both ampicillin
and chloramphenicol. Although the start codon for CAT is
retained in transcripts of these plasmids, the efficient initia-
tion of translation at the lacZ start codon upstream substan-
tially suppresses translation initiation at the CAT AUG, as
shown previously (33). The hybrid protein encoded by the
parent ORF vector represents one of the major proteins
synthesized by the bacteria (Fig. 3, lane B) and can be
purified to near homogeneity by using a chloramphenicol
affinity column (Fig. 3, lane C).

We noted that a significant portion of pre-s was contained
in a 318-base-pair Sau3A-BamHI fragment of HBV (adw;)
(43) and could be conveniently inserted at the BamHI
endonuclease site of the previously described ORF vector,
pZL811, since the termini generated by these two
endonucleases are identical. The HBV (adw,) genome was
initially made fully double-stranded and linearized with
EcoRI before insertion at the EcoRI endonuclease site of
pACYC184 (36). Since the EcoRlI site interrupts the desired
Sau3A-BamHI fragment, it was necessary to purify the
DNA fragment from an EcoRI head-to-tail dimer of HBV
DNA inserted in pBR322 (A. Siddiqui and J. J. Sninsky,
unpublished data). To simplify purification, a Bgl/lI-BamHI
DNA fragment, which included the sequence of interest (see
Fig. 1), was obtained by digestion with these endonucleases,
followed by preparative gel electrophoresis and electroelu-
tion. Subsequently, this purified fragment was digested with
Sau3A, and the 318-base-pair fragment was purified simi-
larly. The purified DNA fragment was ligated to BamHI-
linearized pZL811, which was alkaline phosphatase-treated
to minimize recircularization of the vector (42). After trans-
formation and selection for ampicillin resistance, candidate
colonies resistant and sensitive to chloramphenicol (25
pg/ml) were identified. Plasmid DN A was isolated from both
chloramphenicol-resistant and -sensitive colonies and ana-
lyzed (data not shown). BamHI endonuclease digestions
were used to identify recombinant molecules that had under-
gone an insertion and verify the regeneration of a unique
BamHI endonuclease site at the downstream junction. The
location of an asymmetric Pstl endonuclease site in the
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FIG. 1. Vector construction. The expression of determinants encoded by the pre-s region was directed by pDWI111, which was
constructed by the insertion of a 318-base-pair Sau3A-BamHI DNA fragment containing pre-s sequences (solid block) into an ORF expression
vector, pZL811. Purification of this fragment was achieved from an EcoRI-cloned dimer of the HBV genome (see below). However, for the
sake of simplicity, only the HBV (adw,) genome and the location of ORFs (arrows) identified from sequence data of the 3,221-base-pair
genome are depicted (43). To date, viral protein products have been identified for ORF S (HBsAg) and ORF C (HBV core antigen and e
antigen); the products of ORF P and ORF X have not been identified. The shaded region of ORF S, pre-si74, can potentially encode 174
additional amino acids at the N terminus of the polypeptide that represents HBsAg. The parent plasmid pZL811, a pBR322 derivative,
contains a TAC promoter (hatched region of pZL811)-regulated hybrid gene which includes sequences encoding the first eight amino acids
of B-gal, a linker containing a unique BamHI site, and the gene encoding CAT (open block in pZL811). This plasmid directs the expression
of the B-gal:CAT hybrid fusion protein depicted by the hatched and open regions, respectively, of the arrow above pZL811. The sequence
presented at the top of the figure represents the polylinker region between the triplet for the eighth amino acid of B-gal (CTG) and the initiation
triplet (ATG) for CAT. The BamHI endonuclease site used for insertion of the HBV fragment is bracketed. pDW111 directs the expression
of the B-gal:pre-s:CAT tribrid fusion protein containing 108 amino acids of pre-s;-4, designated by the shaded region of the arrow above
pDWI111. (Plasmids are not drawn to scale.)

inserted Sau3A-BamHI fragment and the unique Ps!I site in
the parent vector allowed the identification of the orientation
of the insert (data not shown). The results of such analyses
indicate that 60% of the plasmid candidates contained in-
serts. Although bacteria containing recircularized parent
plasmids were resistant to 25 g of chloramphenicol per ml,
bacteria harboring plasmids with the fragment in the in-
correct orientation for the production of a tribrid protein
containing pre-s determinants were sensitive to chloram-
phenicol (5 ug/ml). Bacteria carrying plasmids with the HBV
fragment in the correct orientation were found to be resistant
to 5 pg of chloramphenicol per ml but were sensitive to 25 ug

y

of chloramphenicol per ml. Previous studies have shown that
bacteria containing pBR322 are sensitive to 5 pg of chlor-
amphenicol per ml (33). A representative plasmid containing
the HBV fragment in the correct orientation that directed the
synthesis of a fusion polypeptide of the appropriate size was
designated pDW111 and was used in all subsequent studies.
In addition, the candidates with pDW111 were found to have
a slower growth rate than bacteria carrying either the parent
plasmid or recombinant plasmids with the HBV fragment
inserted in the incorrect orientation. '

Expression of pre-s determinants in a tribrid protein. Inser-
tion of the Sau3A-BamHI fragment into the BamHI site of
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FIG. 2. Schematic diagram of ORF S. Relevant endonuclease sites and their positions in the HBV genome are presented below the line
labeled DNA. The unique HBV (adw,) EcoRlI site is at nucleotide 1 in this numbering system. The location of translational start (ATG) and
stop (TAA) signals in the ORF are indicated above the line labeled DNA. The solid blocks identify promoters potentially utilized. The pre-s
region that is expressed by the Sau3A-BamHI insert of pPDW111 in the tribrid fusion polypeptide is defined by the bracket. The mRNA coding
for pre-sss: HBsAg is represented by the solid-arrow part of the line (4, 38); additional upstream sequences for pres;;s mMRNA are represented
by the dashed part of the line (18, 28, 29). The translation products, all with HBsAg at the C terminus, are diagrammed, with the pre-s-encoded
amino acids shaded. Arrows mark possible N-linked glycosylation sites as determined by the primary amino acid sequence Asn-X-Ser (Thr).

the parent vector would allow in-frame translation of the
desired HBV sequence as a tribrid fusion polypeptide with
B-gal at the N terminus (8 amino acids), pre-s-encoded
internal sequences (108 amino acids), and CAT at the C
terminus (219 amino acids). To produce an unambiguous
tribrid protein, it is essential to take particular note of the
translational reading frame of the desired Sau3A-BamHI
fragment to ensure precise in-frame insertion into the parent
ORF vector because this region also encodes a portion of the
largest open reading frame (ORF P) of HBV, but in another
reading frame.

The 318-base-pair Sau3A-BamHI fragment of HBV (adw»)
encodes amino acids 27 through 133 of the pre-s;74 region.
Although the nucleotide immediately downstream of the
BamHI recognition site is thymidine in the parent ORF
vector and cytidine in the HBV sequence, due to the
degeneracy of the proline codon (i.e., CCU or CCC), an
additional amino acid from HBV not directed by the inserted
DNA fragment is encoded in the tribrid gene. This results in
an insert of 108 amino acids in the tribrid protein, represent-
ing the major hydrophilic regions of pre-s,74 (32), and there-
fore, according to the method of Hopp and Woods (15), the

tribrid protein should contain one or more antigenic deter-
minants.

One of the major proteins synthesized by bacteria contain-
ing pDW111 is the predicted 40-kd polypeptide (Fig. 3, lane
D). The tribrid protein is recognized by antibodies generated
to CAT (data not shown) and can be purified by using a
chloramphenicol affinity resin (Fig. 3, lane E). The additional
lower-molecular-weight bands that copurify from the affinity
resin can be removed by preparative gel electrophoresis
(Fig. 3, lane F) and will be described elsewhere.

Generation of polyclonal sera to tribrid fusion protein. The
gel-purified tribrid protein containing predicted pre-s amino
acids was used as antigen for the immunization of rabbits.
Polyclonal antisera were desirable for three reasons. First,
we thought that polyclonal antibodies would more likely
recognize the native protein. Second, due to the numerous
amino acid differences in the pre-s region of HBV of various
subtypes, a single polyclonal antiserum was thought to more
likely recognize pre-s determinants from various HBV
subtypes. Third, since our studies involve the investigation
of the structure and function of pre-s in HBV and WHV, we
decided to generate an immunological reagent that was more
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FIG. 3. Analysis of E. coli synthesized fusion proteins. Protein extracts and preparations were separated by 12.5% SDS-PAGE. Protein
bands were visualized with Coomassie blue stain. Lanes A and G, Molecular weight standards and the sizes of proteins in kd are listed at the
left. Lanes B and D, Total cell lysates of the bacterial strain MC1000 transformed with pZL811 (the parent plasmid) and pDW111 (the
recombinant plasmid), respectively. Lanes C and E, Chloramphenicol affinity-purified fusion proteins encoded by pZL811 (B-gal:CAT) and
pDW111 (B-gal:pre-s:CAT), respectively. Lane 6, E. coli synthesized tribrid fusion protein (B-gal:pre-s:CAT) purified by preparative gel

electrophoresis (see the text for details).

likely to recognize determinants potentially encoded by
WHYV pre-s as well. For example, 17 of 26 amino acids show
identity when comparing amino acid positions 92 to 117 of
HBV (adw,) pre-s with positions 116 to 141 of WHYV pre-s
(see Fig. 4 of Schaeffer and Sninsky [32]). The region of the
polypeptide mentioned above is encoded by the DNA se-
quence that immediately precedes the internal conserved
ATG noted in Fig. 2.

A procedure with complementary ORF vectors was used
to verify that the antibodies generated indeed recognized the
HBV-encoded portion of the tribrid protein (D. T. Wong and
J. J. Sninsky, manuscript in preparation). Titration studies
with the antisera generated to the B-gal:pre-s:CAT tribrid
protein indicated an endpoint dilution of greater than 1073 in
enzyme-linked immunosorbent assays (see above).

Detection and characterization of polypeptides with pre-s
determinants in infectious sera. The immune serum generated
to the tribrid protein containing pre-s determinants was used
in Western blot analyses to probe partially purified virus
particles isolated from infectious sera. This antiserum was
capable of detecting two polypeptides at 42 and 46 kd (Fig. 4,
lane C). The high-molecular-weight band(s) seen in Fig. 4,
lane C, probably represent incompletely dissociated
polypeptides which have been observed previously (39). To
verify the specificity of the antiserum recognition, immune
sera was incubated with an excess of tribrid protein (B-
gal:pre-s:CAT) (Fig. 4, lanes D through F) or hybrid protein
(B-gal:CAT) (Fig. 4, lane G) before and during probing of
nitrocellulose strips containing fractionated viral poly-
peptides. Although the incubation of antiserum with an
excess of tribrid protein significantly decreased the detection
of the 42- and 46-kd polypeptides, the hybrid protein had no
effect. Competition Western blots resulted in reproducibly
higher backgrounds when the B-gal:pre-s:CAT fusion pro-
tein was used instead of the B-gal:CAT fusion protein (Fig 4,
lanes E and F). The reason for this background is unclear. In
addition, preimmune serum and hyperimmune serum gener-

ated to the hybrid protein (Fig. 4, lanes A and B, respec-
tively) did not recognize these polypeptides. Furthermore,
immune serum to the tribrid protein was not capable of
identifying polypeptides from normal sera processed in an
manner identical to that of infectious sera (data not shown).

Further characterization of the two polypeptides contain-
ing pre-s determinants employed antisera to HBsAg and
ConA-HRP. Figure 5, lane A, is identical to Fig. 4, lane C,
except that HRP-conjugated goat anti-rabbit IgG was used
instead of '*’I-labeled protein A to detect rabbit IgG. As
expected, the two bands at 42 and 46 kd were detected. The
band at ca. 53 kd in lanes A and B represents contaminating
human immunoglobulin heavy chain that is recognized by
cross-species reactivity with goat anti-rabbit IgG; the same
band in lane D represents contaminating human im-
munoglobulin heavy chain recognized by ConA-HRP. Anti-
serum to a synthetic peptide that recognizes the denatured
form of HBsAg (lane B) identified 25- and 27-kd polypeptides
(identified previously as pI and pIl) (27), as well as
polypeptides at 33, 42, and 46 kd. Antisera to native HBsAg
does not efficiently recognize denatured HBsAg in Western
blots (44). These data suggest that the 42- and 46-kd
polypeptides contain determinants of both pre-s and HBsAg.
A 33-kd polypeptide corresponding to HBsAg with an ad-
ditional 55 amino acids at the N terminus has been previ-
ously characterized (23, 40) (see Fig. 2). The tribrid protein
used to generate antisera contains only 14 amino acids
encoded by the pre-sss region, and therefore the 33-kd
polypeptide was not recognized efficiently. Virus prepara-
tions from other patient sera contain significantly more 33-kd
protein and can be identified with our immune sera (data not
shown). Figure 5, lane C, represents partially purified 25-
and 27-kd HBsAg probed with an antiserum that recognizes
denatured HBsAg, as shown in lane C. Figure 5, lane D,
shows the same virus preparation used in lanes A and B but
probed with ConA-HRP to identify glycoproteins containing
a-D-mannopyranosyl and a-D-glucopyranosyl residues (13).
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FIG. 4. Viral polypeptide immunotransfer. In each lane, S pl of
650-fold-concentrated virus particles was separated by 10% SDS-
PAGE and transferred to nitrocellulose. Each strip was then probed
with rabbit antisera and labeled with *I-labeled protein A. Lane A,
Preimmune serum; lane B, anti-hybrid (B-gal:CAT) fusion protein;
lanes C through G, anti-tribrid (8-gal:pre-s:CAT) fusion protein. The
antiserum was preincubated with affinity-purified tribrid and hybrid
fusion polypeptides at the designated concentrations. Lane D, 5 pg
of tribrid protein per ml; lane E, 50 pg of tribrid protein per ml; lane
F, 500 pg of tribrid protein per ml; lane G, 500 pg of hybrid protein
per ml. The positions of p42 and p46 containing pre-s determinants
are noted with arrows to the right of the figure. The locations of
14C.labeled protein size markers (New England Nuclear Corp.) and
their respective molecular masses in kd are designated at the left of
the figure.

Polypeptides at 27, 33, 42, and 46 kd were detected, suggest-
ing that both polypeptides identified by our immune serum
are glycoproteins. However, due to the partial purity of the
virus particle preparation, we cannot eliminate the possibil-
ity of comigrating host glycoproteins. The glycosylation site
at amino acid 146 of HBsAg has been shown to contain
covalently attached carbohydrate (26), and two potential
glycosylation sites (Asn-X-Ser [Thr]) occur in the predicted
amino acid sequence of pre-s (see Fig. 2). We suggest that
the 42- and 46-kd polypeptides represent differential
glycosylation of a unique polypeptide, but until amino acid
sequence information is available for the N and C termini of
these molecules, this remains speculation.

DISCUSSION

A prerequisite to understanding how the HBV genome
directs the synthesis of polypeptides is the delineation of
those regions of the genome that encode the various struc-
tural components of the virion (37). Proteolytic processing,
RNA splicing, and overlapping ORFs are strategies of vi-
ruses that prevent the simple correlation of a protein and the
region(s) of the genome that encodes it. The small quantities
of some polypeptides in virions and the frequent contamina-
tion by cellular or serum proteins necessitates the use of
antibodies to defined determinants to characterize virion
polypeptides. To this end, we used a novel ORF expression
vector to facilitate the synthesis and purification from Esch-
erichia coli of large quantities of a tribrid protein containing
a defined region of the pre-s;75:HBsAg ORF. Polyclonal
antiserum generated to this fusion protein was capable of
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detecting two polypeptides of ca. 42 and 46 kd in partially
purified virus particle preparations. Furthermore, these
polypeptides contain HBsAg determinants. These data
strongly support and extend the observations of others that
HBV encodes multiple polypeptides of higher molecular
weight than HBsAg which contain HBsAg sequences. Spe-
cifically, our studies unambiguously identified that se-
quences upstream and in-frame with the HBsAg gene are
expressed in polypeptides with a molecular weight consist-
ent with that predicted from the total ORF.

Sanchez et al. (31) were able to show that the minor
proteins p27, p31, p35, and p40 of virus particles, subsequent
to purification by preparative SDS-PAGE, generated anti-
bodies capable of recognizing the two major proteins pI and
pIl. Feitelson et al. (8) presented evidence that the minor
viral proteins p43, p35, and p32, upon tryptic proteolysis,
generated both unique peptides and shared peptides with pl
and pll. The first studies capable of unambiguously identify-
ing the region of HBV and the translational reading frame
used to synthesize such higher-molecular-weight forms of
HBsAg were carried out by Neurath et al. (23). These
investigators generated antibodies to a synthetic peptide
predicted from pre-sss that recognized gp33 and gp36.
Machida et al. (19, 20) not only identified p31 and p35
polypeptides of virus particles but also correlated these
polypeptides with the previously observed receptor for
polymerized human serum albumin. Studies concurrent with
ours have demonstrated the presence of gp33 and gp36 (40),
as well as p39 and gp42 (14), polypeptides that share
proteolytic fragments with similarly treated p24 and gp27.
The polypeptides identified in this report as gp42 and gp46
appear to correspond to the polypeptides of 39 and 42 kd
described by Heerman et al. (14). Although Heermann et al.
(14) presented evidence for glycosylation of only the higher-
molecular-weight polypeptide, our studies suggest that both
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FIG. 5. Viral polypeptide transfer. Concentrated virus prepara-
tions (2.5 pl; lanes A, B, and D) and HBsAg (0.1 g, kindly given by
A. R. Neurath; lane C) were separated by 10% SDS-PAGE and
transferred to nitrocellulose. Nitrocellulose strips corresponding to
these lanes were probed with antisera and labeled with HRP-
conjugated goat anti-rabbit IgG. Lane A, Rabbit anti-tribrid protein;
lanes B and C, rabbit anti-HBsAg synthetic peptides 138 to 149.
Lane D, Glycoproteins were identified with ConA-HRP. These
HRP-labeled blots were visualized with 4-chloro-1-napthol and
H,0,. The pre-s,75: HBsAg (gp46 and gp42), pre-sss: HBsAg (gp33),
and HBsAg (gp27 and p25) products of ORF S are designated. The
positions of *C-labeled protein size markers and their respective
molecular masses in kd are designated at the left of the figure.
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polypeptides are glycosylated. The reason for this difference
is unclear. Gerlich and coworkers further concluded that the
additional amino acid sequences present on these molecules
represent N-terminal extensions of HBsAg. A monoclonal
antibody to virus particles that specifically binds the p39 and
gp42 polypeptides was also described (14). The utility of our
tribrid protein is further exemplified by information resulting
from an exchange of antibody reagents with these investi-
gators (data not shown). The p39- and gp42-specific
monoclonal antibody, MA 18/7, and the polyclonal anti-
serum described in this report both bound the same two
polypeptides in the two virus particle preparations. In addi-
tion, this monoclonal antibody was capable of detecting the
tribrid fusion protein. This unambiguously identifies the
epitope recognized by the previously described monoclonal
antibody as being between amino acids 27 and 119 of pre-s,
as predicted from the ORF of HBV (adw,). Furthermore, we
recently generated monoclonal antibodies to the tribrid
protein and demonstrated the specific recognition of the 42-
and 46-kd polypeptides in Western blots (unpublished data).
Studies of RNA transcripts of the viral genome are in
agreement with information accumulating on the poly-
peptides of the virion. Transcripts that contain the entire
ORF have been identified in monkey cells infected with
simian virus 40-HBV recombinants (18), transcription ex-
periments in vitro (29), and mouse cells transfected with
head-to-tail HBV dimers (28). The initiation sites have been
located near the putative TATA box promoter just upstream
of the pre-s region. However, more recent transfection
studies of mouse cells with the long terminal repeats of Rous
sarcoma virus and subgenomic fragments of HBV DNA
were unable to detect stable RNA species initiating upstream
of the entire ORF (38). Since hepatitis viral DNA is only
expressed in human hepatocytes, those transcription studies
employing transfected cell lines will require confirmation in
infected liver cells in vivo. Several laboratories have now
shown both in vivo and in tissue culture that an efficient
non-TATA box promoter partially homologous to the simian
virus 40 late promoter occurs within the ORF (ca. 200 base
pairs upstream of the ATG of the HBsAg gene). An interest-
ing observation made by Laub et al. (18) concerning the
transcriptional regulation of the two promoters identified for
this ORF is that simian virus 40-HBV recombinants contain-
ing both promoters produce 40- to 50-fold less HBsAg than
those recombinants that contain subgenomic HBV DNA
fragments carrying only the non-TATA box promoter.
Several arguments suggest that the pre-s-encoded
polypeptides play a crucial role in the life cycle of the
hepadna viruses. First, all hepadna genomes isolated to date
(HBV, WHYV, ground squirrel hepatitis virus, and duck
hepatitis B virus) contain this extended ORF, with the
surface antigen representing the C-terminal sequence of the
predicted polypeptide. Second, whereas the amino acid
sequence of the coat protein of the various viruses is
strongly conserved, only the overall hydrophilicity and
propensity to form specific secondary structure is conserved
for pre-s, even though the amino acid sequence has diverged
(32). Third, Machida et al. (19, 20) not only identified p31 and
p35 polypeptides of virus particles but also correlated these
polypeptides with the previously observed species-specific
binding site for polymerized serum albumin. Alberti et al. (1)
identified antibodies in sera from patients which recognize
antigenic sites on virus particles containing polymerase
activity and inhibit the ability for these virus particles to bind
to polymerized human serum albumin. Whether the antibody
described by Alberti et al. (1) with anti-polymerized albumin
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receptor characteristics is the same as those antibodies that
recognize the pre-sss region described by Neurath et al. (23)
is not known. It is also not known whether the gp42 and gp46
polypeptides reported here bind to polymerized human
serum albumin. Even though Machida et al. (19) showed that
a cyanogen bromide-generated polypeptide corresponding to
the N terminus of p31 binds to polymerized human serum
albumin, one cannot exclude the possibility that regions of
the gp42 and gp46 polypeptides not represented in p31 or p35
participate in a modulation of this binding. Imai et al. (16)
proposed that the binding of HBV particles to polymerized
human serum albumin may mediate virus access to
hepatocytes, since liver cells also appear to have the capac-
ity to bind the polymerized form of albumin. Further studies
are required to elucidate the exact function of the higher-
molecular-weight polypeptides in the maturation and propa-
gation of HBV. Towards this goal, we are continuing the
biochemical and functional characterization of these
polypeptides, determining the nature of the immunological
response of infected hosts, and conducting experiments to
determine whether antibodies raised to pre-s determinants
can neutralize HBV.

E. Schaeffer and J. J. Sninsky (manuscript in preparation),
using the same technique, identified similar pre-s-encoded
polypeptides in woodchuck hepatitis virions, providing fur-
ther support for the existence of these molecules in the
hepadna viruses.
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