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ABSTRACT Determination of the amino acid sequence of
the immunogenic polypeptides of hepatitis B surface antigen
may not only permit molecular localization of the distinct de-
terminants a, d, and y but may also lead to the synthesis of a
hapten useful in prophylactic immunization against hepatitis
B virus infection. For this purpose, purified monotyic hepatitis
B surface antigen of adw subtype was resolved into equal
amounts of two major polypeptides (22,000 and 28,000 daltons)
and up to six other minor polypeptides by polyacrylamide gel
electrophoresis; With the periodate staining reaction, only the
28,000 alton polypeptide stained as a glycoprotein. Guinea pigs
immunizied with the 22,000-dalton polyptide produced potent
antisera against determinants a and ,but the 28, alton
glycoprotein did not induce a response. Both polypeptides iso-
Iated by preparative polyacrylamide gel electrophoresis showed
amino acid composition identical with that of the intact antigen.
For both polypeptides, hydrazinolysis gave Ile as the carboxy-
terminus, and carboxypeptidase A digestion gave the same
terminal sequence, Val-Tyr-Ile. Both peptides also yielded an
identical sequence of amino acids in nine steps of Edman deg-
radation-Met-Glu-Asn-Ile-Thr-Ser(Cys)Gly-Phe-Leu. Our data
suggest that hepatitis B surface antigen contains a single major
immunogenic .22,000-dalton polypeptide component, part of
which is modified by the addition of carbohydrate to give rise
to the glycopeptide of apparent molecular weight 28,000.

Hepatitis B surface antigen (HBsAg) is a group of morpholog-
ically heterogeneous, complex, macromolecular structures
found in the serum of patients with hepatitis B virus infection
and also in the serum of apparently healthy chronic carriers of
hepatitis B virus. Electron microscopy reveals three forms of
HBsAg: 20-nm spherical particles, tubular structures of variable
length and a diameter of 20 nm, and 40-nm spherical "Dane"
particles (1-5). Of these, the 20-nm particles account for the
bulk of the HBsAg present. All of these particles share common
antigenic determinants. The a determinant is a group-specific
determinant found in all HBsAg. In addition, there are two sets
of mutually exclusive determinants, d/y and w/r. Thus, the
four possible phenotypes are adw, ayw, adr, and ayr (6).

Purified 20-nm HBsAg has a molecular weight of 2 to 4 X
106 (7, 8). Previous reports have shown it to be composed of
lipid, carbohydrate, and protein (9, 10). By sodium dodecyl
sulfate (NaDodSO4)/polyacrylamide gel electrophoresis the
protein components have been resolved into two to seven bands.
Some proteins stain as glycoproteins with the periodate-Schiff
staining reaction and others appear to lack carbohydrate
(11-13). Elucidation of the structure of the antigenic deter-
minants of HBsAg has been the major goal of our studies (12,
13). Such knowledge might allow the synthesis of a peptide of
the same sequence which could serve as a hapten and, when
coupled to an appropriate carrier, may serve as a vaccine for
immunization against hepatitis B virus infection. In order to
elucidate this structure, it is essential to determine the number

of proteins that make up HBsAg and to isolate these components
in pure form. Because most of the HBsAg is present as 20-nm
particles and because the adw subtype is the predominant form
found in the United States, this form has been used exclusively
for the biochemical characterization of major peptides of
HBsAg.
We report here the results of analytic and preparative-scale

polyacrylamide gel electrophoresis resolving HBsAg/adw into
two major components (polypeptide I and polypeptide II),
immunogenicity of these components in guinea pigs, and their
amino acid compositions including their amino- and carboxy-
terminal amino acid sequences.

MATERIALS AND METHODS

Purification of HBsAg. HBsAg was purified from the
plasma of an apparently healthy chronic carrier of HBsAg by
a combination of isopycnic banding and differential rate sed-
imentation through cesium chloride gradients according to the
method described by Bond and Hall (14). The material was
checked for purity by Ouchterlony double-diffusion analysis
with antiserum against normal human serum.

Analytical Electrophoresis. NaDodSO4/polyacrylamide
gel electrophoresis was performed with the Biophore gel system
(Bio-Rad Laboratories, Richmond, CA). Twelve percent
acrylamide gels were pre-electrophoresed with the running
buffer [0.025 M Tris/0.025 M acetic acid/0.1% (wt/vol) Na-
DodSO4], pH 6.6. Pre-electrophoresis was performed at room
temperature with a current of 3 mA per gel. The samples were
made 1% (wt/vol) in NaDodSO4 and 1% (wt/vol) in 2-mer-
captoethanol and heated for 1 hr at 600; then they were mixed
with bromophenol blue as a tracking dye and a 50-,ul aliquot
was applied to each gel. Electrophoresis was performed at 8 mA
per gel until the tracking dye was approximately 1 cm from the
end. The gels were removed and stained for protein with
Coomassie blue or for carbohydrate with the periodate-Schiff
stain according to the methods of Fairbanks et al. -(15).

Preparative Electrophoresis. Large-scale separation of
HBsAg into its component protein was performed by prepar-
ative electrophoresis with a custom-built apparatus (Fig. 1). The
apparatus was adapted from the method of Ryan et al. (16) with
the following improvisations. The gel column was 2.5 cm in
diameter and 15 cm in length. The acrylamide gel and the
electrophoresis buffer were formulated as described by Ste-
phens (17). The gel was cast by pouring approximately 40 ml
of 7.5% (wt/vol) acrylamide into the column; then 40% (wt/vol)
sucrose was injected into the elution tubing to create a space
(1-2 mm) between the gel and the dialysis membrane (Spec-
trapor-3000 membrane). A 3% (wt/vol) stacking gel was then
carefully layered over the 7.5% gel, followed by a buffer layer.
The gel cured in about 30 min. However, it was allowed to stand
overnight before use because this apparently prevented its being

1530

Abbreviations: HBsAg, hepatitis B surface antigen; NaDodSO4, sodium
dodecyl sulfate.



Proc. Natl. Acad. Sci. USA 74 (1977) 1531

Upper buffer
: - --- Gel column
: -Space (1-2 mm)

| ,,-Porous polyethylene
disk

-. 7/

Elution buffer inlet

FIG. 1. Diagram of custom-made preparative polyacrylamide gel
electrophoresis system used for resolution and elution of two major
component polypeptides of HBsAg. Elution buffer was pumped in
with ISCO Dialagrad pump, and fractions from the outlet were col-
lected after the effluent had passed through a recording spectro-
photometer.

displaced later by the pumping of the elution buffer. With
bromophenol blue as a tracking dye, the gel was pre-electro-
phoresed before use. Approximately 10 mg of purified HBsAg
in 2 ml of water was dialyzed extensively against 0.025 M
Tris-glycine, pH 9.5, containing 1% (wt/vol) NaDodSO4. The
solution was then made 1% (wt/vol) in 2-mercaptoethanol and
heated at 600 for 1 hr. The sample in 1-2 ml of 0.025 M Tris-
glycine, pH 8.4, containing 20% (wt/vol) sucrose was loaded
on the gel and electrophoresis was performed at room tem-
perature at 25 mA. Buffer was pumped through the elution
chamber at the rate of 16 ml/hr, and fractions were collected
at 6-min intervals. The elution was monitored with a Uvicord
spectrophotometer at 280 nm. Peaks were pooled and con-

centrated by vacuum dialysis. NaDodSO4 was removed by the
method of Tuszynski and Warren (18).
Amino Acid Analysis. Aliquots (150 ,ug) of protein were

hydrolyzed in sealed, evacuated tubes containing 1.0 ml of
constant-boiling HCI for 24-96 hr at 110°. Amino acid analyses
were performed with the single-column system of a Durrum
D-500 amino acid analyzer.
Edman Degradation. Amino-terminal sequence determi-

nations were performed with a Beckman 890C automatic se-
quencer. The sample in 0.5 ml of water was applied with the
standard application technique, followed by use of the fast
protein Quadrol program 972172-C (Beckman, Palo Alto, CA).
The released thiazolinone was identified by one or a combi-
nation of the following: (i) conversion to the phenylthiohy-
dantoin by treatment with 1.0 M HCI for 10 min at 80° (21)
followed by gas chromatography on 10% SP-400; (ii) amino
acid analysis after hydrolysis by either HI or NaOH/dithionite
(22); (iii) thin-layer chromatography of the phenylthiohy-
dantoins on silica gel, with chloroform/methanol, 80:20 (vol/
vol) as the developing solvent (23) for distinguishing amides
from corresponding acids.

Hydrazinolysis. For determination of the carboxy-terminal
amino acid, hydrazinolysis was performed essentially according
to the method of Fraenkel-Conrat and Tsung (24). Samples of
protein (350,tg) were freeze-dried in Pyrex tubes. The tubes
were constricted, 0.2 ml of anhydrous hydrazine was added,
and the tube was sealed under vacuum. Hydrazinolysis was
allowed to proceed for 24 hr at 80°. The tubes were opened and

1I

BA

FIG. 2. HBsAg resolved by analytical NaDodSOd4polyacrylamide
gel electrophoresis and stained by Coomasie blue showed two major
components, polypeptides I and 11 (A). Identical gel stained with
periodate-Schiff stain (B) showed that polypeptide II is a glycopro-
tein.

the hydrazine was removed under vacuum. The dried material
was dissolved in 50 ,l of 0.2 M sodium citrate, pH 2.2, and
centrifuged at 14,000 X g for 5 min to remove any par-

ticulate material. The entire sample was applied to the Durrum
amino acid analyzer. Prolonged regeneration for 1 hr with 0.2
M NaOH between samples was necessary to prevent large
base-line shifts on consecutive samples.

Carboxypeptidase Digestion. Carboxypeptidase A digestion
was performed according to the method of Ambler (25). Ali-
quots (150 jig) of peptides in 50,l of 0.2 M N-ethylmorpholine
acetate, pH 8.5, were treated with 1 ,Ag of carboxypeptidase A
for various times at room temperature. The pH was lowered
to pH 2.2 with 1.0 M HCl and the sample was applied to the
amino acid analyzer.

Production of Antisera. A solution of 25-50 1Ag of protein
in 0.2 ml of saline was mixed with an equal volume of Freund's
complete adjuvant and injected subcutaneously into several
guinea pigs. After 3&weeks the blood was collected by heart
puncture. The serum was separated and stored frozen.

Serological Assays. HBsAg and antisera to it were tested with
the commercially available AUSRIA and AUSAB radioim-
munoassay kits (Abbott Laboratories, Chicago). Serologic
specificity was determined by neutralization of antisera with
equal amounts of plasma containing high-titer HBsAg/adw or
HBsAg/ayw (26).
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FIG. 3. Elution profile of the polypeptides isolated in the pre-
parative polyacrylamide gel electrophoresis system.

RESULTS
Polypeptide Composition of HBsAg. NaDodSO4/gel

electrophoresis showed two major bands-polypeptides I and
II with apparent molecular weights of 22,000 and 28,000-and
other bands with apparent molecular weights of 16,000 and
40,000-90,000 (Fig. 2). Polypeptides I and II, accounting for
about 75% of the total protein, were present in nearly equal
concentration as judged by scanning the stained gels. Of these
two bands, the larger one (polypeptide II) stained as a glyco-
protein.

Preparative Isolation of Major Components of HBsAg.
The elution profile of the polypeptides isolated from prepara-
tive gel electrophoresis is shown in Fig. 3. Two distinct peaks
were obtained with some overlap between them. Elution was
continued only until the second major peak was eluted. No at-
tempt was made to recover the other components. The fractions
were pooled as shown, concentrated by vacuum dialysis to
approximately 2 ml, and then dialyzed extensively against
water. By analytical gel electrophoresis, polypeptide I was
shown to be essentially pure; only minor contamination with

Table 1. Amino acid composition of HBsAg and its major
protein components

Mole %

Amino acid HBsAg Pop I* Pop II*

Aspartic acid 5.0 5.6 5.7
Threonine 7.8 8.4 8.6
Serine 11.7 11.9 13.0
Glutamic acid 5.0 5.8 5.7
Proline 12.8 12.5 10.6
Glycine 7.2 6.1 6.6
Alanine 3.4 3.5 3.3
Half cystinet 6.8 7.2 7.0
Valine 4.7 4.1 3.9
Methionine 3.2 3.0 3.1
Isoleucine 5.6 5.7 5.1
Leucine 11.9 11.2 10.9
Tyrosine 2.2 2.4 2.3
Phenylalanine 5.1 4.9 5.1
Lysine 2.2 2.2 2.0
Histidine 0.6 0.7 0.6
Arginine 2.4 2.2 2.1

* Polypeptides I and II.
t As cysteic acid.
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FIG. 4. Electrophorograms showing purity of polypeptides I and
II used in all biochemical and immunological work.

polypeptide II was detected. The polypeptide II fraction was
contaminated with polypeptide I to an extent of about 20%.
Therefore, polypeptide II was further purified by a second
passage through the preparative electrophoresis system and was
obtained in essentially pure form (Fig. 4).
Amino Acid Analysis of Purified Polypeptides I and II.

Amino acid analysis of the purified polypeptides I and II along
with that of intact HBsAg is shown in Table 1. They had es-
sentially identical amino acid composition. The most noticeable
features of the amino acid composition are a large amount of
proline and half cystine and a large percentage of hydrophobic
residues.
Amino-Terminal Sequence of HBsAg Peptides. The results

of automatic Edman degradation performed on 1-2 mg of each
of the major polypeptides are shown in Table 2. They were
identical at every step. Only step 6 was uncertain: HI hydrolysis
gave alanine and NaOH/dithionite gave nothing, consistent
with either serine or half-cystine.

Hydrazinolysis. Hydrazinolysis of either polypeptide I or
II liberated isoleucine as a free amino acid in a yield of 3040%.
Only trace amounts of other amino acid were released. This is
in the expected range for the yield of carboxy-terminal iso-
leucine (27).

Carboxypeptidase A Digestion. Carboxypeptidase A di-
gestion of either polypeptide I or II released isoleucine, tyrosine,
and valine, with only traces of other residues. Based on the ki-
netics of the release of the amino acids, the likely carboxy-ter-
minal sequence is Val-Tyr-Ile.
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Table 2. Amino acid sequence of major polypeptide
components of HBsAg

Yield*
Method of

Step Amino acid Pop I Pop II identificationt

1 Met 100 100 NaOH
2 Glu 100 100 HI; TLC
3 Asn 83 88 HI; TLC
4 Ile 75 79 HI
5 Thr 62 65 HI
6 Ser or Cys 50 53 NaOH; HI
7 Gly 72 76 HI
8 Phe 61 65 HI
9 Leu 70 71 HI

* Yield is defined as the amount of amino acid obtained relative to
the amount of amino acid obtained in step 1. Pop I = polypeptide
I; Pop II = polypeptide II.

t Amino acids were identified by amino acid analysis after hydrolysis
of the phenylthiazolinone by HI (indicated by HI) or by NaOH
(indicated by NaOH) or they were identified by thin-layer chro-
matography (TLC).

Production of Antibodies to Components of HBsAg. When
injected into guinea pigs, only polypeptide I elicited an antibody
response. The antibodies were completely neutralized by a
single absorption with HBsAg/adw. However, neutralization
with HBsAg/ayw only decreased the measured radioactivity
in the AUSAB test by about half relative to the control neu-
tralization with normal human serum (20,000 cpm). Additional
neutralization with HBsAg/ayw did not influence the residual
antibody to HBsAg/d. Hence, we concluded that polypeptide
I produced antibodies against HBsAg/a and HBsAg/d whereas
polypeptide II did not produce any antibody response. Two
additional experiments with booster immunization gave
identical results.

DISCUSSION
The amino acid composition of HBsAg reported here is essen-
tially the same as previously reported (7, 12). The high content
of proline, cysteine, and hydrophobic amino acids may be
largely responsible for the high degree of resistance to physical
denaturation and proteolytic digestion.
The identical amino-terminal and carboxy-terminal se-

quences of amino acids in polypeptides I and II indicate that
HBsAg/adw consists of a single major polypeptide chain or two
homologous polypeptide chains that differ only in limited areas
of their structure rather than being two completely different
proteins as has been generally assumed (10-13). The apparent
difference in the molecular weights of the two components
reflects the contribution of the carbohydrate moiety of the
glycoprotein (polypeptide II). This is consistent with the general
observation that glycoproteins migrate at a slower rate on Na-
DodSO4/gel electrophoresis than would be expected based only
on their protein molecular weight (28). Therefore, it is likely
that HBsAg consists of a single major polypeptide chain, part
of which has been modified by the addition of carbohydrate.
This likelihood is particularly attractive in view of the small size
of the hepatitis B virus genome which is reported to be a 1.6 X
106-dalton double-stranded DNA (29). Such a genome can code
for only 700-800 amino acids and could not make all of the
apparently different proteins of HBsAg resolved by gel elec-
trophoresis. These results are analogous to those reported for
the major envelope glycoproteins of Rauscher murine leukemia

virus, which have apparent molecular weights of 48,000 and
62,000 but apparently identical amino acid sequences (30).
The nature of the minor components of HBsAg has not been

determined. However, it is possible that these higher molecular
weight components are aggregates of the major peptide and
glycopeptide. Such aggregates resistant to treatment with
NaDodSO4, mercaptethanol, and heating have been reported
for other proteins and glycoproteins (31, 32).

Consistent with the findings of other investigators (10, 33),
the nonglycosylated polypeptide I from preparative gel elec-
trophoresis was found to be immunogenic in guinea pigs, giving
rise to antibodies against HBsAg/a and HBsAg/d. Therefore,
this peptide contains antigenic determinants found on the intact
HBsAg. However, guinea pigs immunized by us with glycos-
ylated polypeptide II, obtained by purification with two suc-
cessive passages through the preparative gel electrophoresis
system, showed no antibody response. The discrepancies in
immunogenicity of glycosylated peptides reported by two
groups (10, 33) could be due to contaminating polypeptide I
in polypeptide II cut out of gels and used in immunization ex-
periments. This is a more likely explanation of differences
among the three observations (including our findings reported
here).
The carbohydrate composition of intact HBsAg is 45.8 ttg of

N-acetylglucosamine, 12.1 gg of mannose, 8.3 Ag of galactose,
and 8.5 ,ug of sialic acid per mg of protein (H. Shirachi and N.
Ishida, personal communication). Because these carbohydrates
commonly bind to asparagine and threonine residues, it is
conceivable that steric hindrance is operative in the failure of
the glycopeptide (polypeptide II) to elicit an antibody response
in immunized guinea pigs. Further, it has been shown that, after
reduction and alkylation, otherwise immunogenic HBsAg
undergoes conformational changes and fails to elicit antibodies
in immunized guinea pigs (34). If, indeed, the sixth step in the
sequence is a cysteine residue, it is conceivable that the
amino-terminal sequence is conformationally rendered in an
immunogenic form. Such a hypothesis can be tested with syn-
thesis of the amino-terminal sequence and determination of its
immunogenicity in guinea pigs.

Complete information about the amino acid composition of
HBsAg and its components, amino acid sequence in the hap-
tenic determinant a of HBsAg, and synthesis of such a haptenic
peptide could achieve the goal of a synthetic vaccine against
hepatitis B virus infection.
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