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Several physical, chemical, and serological properties of surface antigen parti-
cles from ground squirrel hepatitis virus (GSHsAg) and human hepatitis B virus
(HBsAg) were compared. GSHsAg and HBsAg particles were purified from
positive sera by gel chromatography and isopycnic centrifugation. Both antigens
consisted mainly of spherical particles with an average diameter of approximately
20 nm and a buoyant density in CsCl of approximately 1.19 g/ml. Their UV
absorption spectra indicated the presence of more tryptophane than tyrosine and
the absence of detectable nucleic acid. GSHsAg was found to contain two major
polypeptides of approximately 23,000 and 27,000 daltons, with electrophoretic
migration rates distinctly faster than those of the two major polypeptides of
HBsAg particles. After radiolabeling of purified antigen preparations with Bolton-
Hunter reagent, the two major polypeptides of GSHsAg showed almost identical
tryptic peptide maps. The tryptic peptide map of the major polypeptide from
GSHsAg contained 13 of 37 spots also present in the map of the major HBsAg
polypeptide, and 13 of 27 spots in the map of the major HBsAg polypeptide were
also present in the map of the major GSHsAg polypeptide. This suggests consid-
erable sequence homology between the major surface antigen polypeptides of the
two viruses. However, there was only a weak serological cross-reactivity between
antigens of the two viruses. Using an anti-HBs-containing serum with a relatively
strong cross-reactivity, GSHsAg was found to consist of at least two antigenically
different subspecies. The more strongly cross-reacting form had a slightly higher
buoyant density than the other antigenic form.

When hepatitis B virus (HBV) was first char-
acterized it was found to have several interesting
differences from viruses of the recognized virus
groups. Its ultrastructure and antigenic structure
were considered unique (reviewed in 20). Its
small circular DNA had an unusual structure,
including the presence of a large single-stranded
region of different length in different molecules
which was repaired by a virion DNA polymer-
ase. It caused frequent persistent infection with
complete viral forms (the 42-nm Dane particle)
and incomplete viral forms (22-nm spherical and
filamentous particles) continuously in the blood
in high concentrations, and persistent infection
was associated with chronic hepatitis and hepa-
tocellular carcinoma. Both the complete and the
incomplete viral forms in blood appear to con-
tain on their surfaces a virus-specific antigen
now designated hepatitis B surface antigen
(HBsAg). HBsAg is a complex antigen. The
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HBsAg's from all sera appear to contain a group-
specific determinant a as well as d or y and w or
r type-specific determinants (1, 15). Antigenic
variation of some of these determinants and
additional determinants such as x and q have
also been described (4, 5). Several polypeptides
isolated from purified preparations of22-nm and
filamentous HBsAg particles have been shown
to contain the HBsAg specificities (7, 10, 12, 22).
Recently it has become apparent, however,

that HBV is not a unique virus. Viruses with
similar ultrastructural, antigenic, molecular, and
biological features have been found in eastern
woodchucks (25), Beechey ground squirrels in
northem California (16), and domestic ducks in
China (J. Summers, personal communication).
These viruses provide important animal models
ofHBV infection in humans, and it is of interest
to determine how closely related they are. Al-
though the surface antigens of woodchuck hep-
atitis virus (29) and ground squirrel hepatitis
virus (GSHsAg) (16) clearly cross-react in sero-
logical tests with HBsAg, it is not known how
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similar the surface antigens of these viruses are.
Here we describe physical, chemical, and sero-
logical properties of GSHsAg and compare it
with HBsAg. The results clarify the degree of
similarity ofthese two antigens and indicate that
the respective viruses differ serologically more
than do HBV of different HBsAg subtypes.

MATERLALS AND METHODS
Isolation of 20-nm HBsAg and GSHsAg parti-

cles. HBsAg (subtype adw) concentrations in patient
sera high in HBV-specific DNA polymerase activity
(16) and GSHsAg in ground squirrel sera high in virion
DNA polymerase activity (16) were determined by
electroimmunodiffusion (11), using sheep antiserum
(S-2/4) to HBsAg (anti-HBs). One-half to 2 ml of
serum with high concentrations of HBsAg or GSHsAg
was chromatographed over a Bio-Gel A-5M (Bio-Rad)
column in TNE buffer (0.01 M Tris-hydrochloride [pH
7.4], 0.1 M NaCl, 5 mM EDTA) as described in the
legend to Fig. 2. Fractions strongly positive for surface
antigen in electroimmunodiffusion were pooled and
concentrated approximately fivefold with Ficoll (Phar-
macia). Each 2.5 nil of concentrated material was
made up to a density of 1.30 g/ml by addition of solid
CsCl and layered over 1.3 ml of a CsCl solution with
a density of 1.35 g/ml in a tube for the Spinco SW40
rotor. Two-milliliter volumes of CsCl solutions with
densities of 1.27, 1.24, and 1.18 g/ml were consecutively
layered over the sample, followed by 0.8 ml of 0.05 M
phosphate buffer, pH 7.5. The surface antigen was
centrifuged to equilibrium in an SW40 rotor at 34,000
rpm for 40 h at 10°C. Antigen was again located by
electroimmunodiffusion, and positive fractions were
pooled and stored in CsCl at 4°C.

Since the concentration of HBsAg in the human
sera was, on the average, 10-fold less than concentra-
tions of GSHsAg in the ground squirrel sera, HBsAg
in serum was concentrated and partially purified by
polyethylene glycol 6000 precipitation in some exper-
ixnents before Bio-Gel A-5M chromatography. Briefly,
200 ml of HBsAg-positive serum was made up to 6.8%
(vol/vol) with polyethylene glycol (from a 30% [wt/
wt] stock) and centrifuged for 5 min at 5,000 rpm and
4°C. The resulting supernatant was made up to 12.5%
with additional polyethylene glycol and centrifuged
again. The 12.5% polyethylene glycol pellet was dis-
solved in 4 ml of TNE.

Radiolabeling and chemical modification of
HBsAg and GSHsAg. For radioinmmunoassay, pun-
fied preparations of HBsAg and GSHsAg were radio-
labeled by oxidative iodination, using Iodogen (Pierce
Chemical Co.; 8). Free 125I was removed by chroma-
tography in Sepharose 6B-Cl with 1% bovine serum
albumin. Specific activities up to 10 ,uCi/,ug of protein
were obtained. For peptide mapping, both HBsAg and
GSHsAg preparations were dialyzed against 0.01 M
sodium borate buffer (pH 8.5)-0.1% sodium dodecyl-
sulfate (SDS), lyophilized, and labeled with Bolton-
Hunter reagent (3) as described by Feitelson et al.
(submitted for publication). Briefly, 0.2 to 0.5 Ag ofp-
hydroxyphenylpropionic acid N-hydroxysuccinimide
ester (Calbiochem) dissolved in 1 to 2 pl of dioxane
was added to 50 pl of 0.5 M sodium phosphate buffer,

pH 7.5, and rapidly iodinated by addition of 0.5 mCi of
125I and 100,ug of chloramine-T. The labeled ester was
immediately extracted into 100 1p of benzene, the
aqueous phase was removed, and the organic phase
was transferred to the lyophilized protein sample. La-
beling and extraction of the ester were carried out in
less than 40 s to prevent excessive hydrolysis in
aqueous media. The benzene was driven offby a gentle
stream of air, the vial was cooled to 0°C, and 5 A1 of
0.1 M sodium borate buffer, pH 8.5, at 0°C was added
to each sample. After incubation at 0°C for 1 h, the
samples were stored at 4°C overnight. The next day
200 ,ug of p-hydroxyphenylpropionic acid N-hydroxy-
succinimide ester (in dioxane) was added to each sam-
ple, and the reaction mixtures were incubated at 0°C
for 3 h. The pH was then adjusted to 9 in each mixture,
and the samples were reductively methylated as de-
scribed previously (18), with minor modifications (M.
A. Feitelson and F. 0. Wettstein, submitted for pub-
lication).

Alternatively, some preparations were radiolabeled
by oxidative iodination, using chloramine-T (13). All
samples prepared for analysis by SDS-polyacrylamide
gel electrophoresis (PAGE) were reduced in 10% 2-
mercaptoethanol and 2 M urea at 100°C for 3 min and
alkylated with approximately two chemical equiva-
lents of iodoacetamide. The labeled proteins were
separated from the other reaction components by
chromatography on Bio-Gel P-10 in 0.05 M NH4HCO3
and 0.1% SDS, lyophilized, and redissolved in a solu-
tion with final concentrations of 2 M urea, 3% SDS,
and 0.001% bromophenol blue for SDS-PAGE.
SDS-PAGE and peptide mapping. Discontin-

uous SDS-PAGE was carried out with 1-mm-thick
slab gels containing 5% stacking gels (with N,N-meth-
ylenebisacrylamide cross-linker) and 12.5% running
gels (with N,N'-diallyltartardiamide cross-linker). The
buffer system and other conditions used were identical
to those of Laemmli (14). Electrophoresis was usually
carried out overnight (16 h) at a constant current of
10 mA and stopped when the dye reached the bottom
of the running gel. Gels with non-radiolabeled proteins
were stained with 2% Coomassie blue in 10% acetic
acid and 25% isopropanol overnight, destained in the
same mixture without Coomassie blue, and dried un-
der vacuum. For radiolabeled proteins, the gels were
fixed overnight in 10% acetic acid and 25% isopropanol,
dried under vacuum for 2 h, and autoradiographed
using an intensifying screen and Kodak XR-5 film.
Individual radiolabeled bands were cut from the gel,
dried under high vacuum overnight, and then rehy-
drated with 0.5 ml of a solution containing 250 Ag of
trypsin (Calbiochem) and 0.05 M NH4HCO3 at room
temperature overnight. The supematants were lyoph-
ilized, and each was redigested with 100 ,ug of trypsin
in 20 pl of 0.01 M sodium borate buffer, pH 8.5. Two-
dimensional peptide mapping was carried out on cel-
lulose thin-layer plates (20 by 20 cm; Brinkmann)
under a layer of n-heptane as described elsewhere
(Feitelson et al., submitted for publication). Electro-
phoresis was carried out in the first dimension for 2.25
h at 14°C, using 8% acetic acid and 2% formic acid, pH
2, as the running buffer. After electrophoresis, thin-
layer chromatography was carried out in n-butanol-
water-ethyl acetate-acidic acid-pyridine (120:60:20:4:
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1, vol/vol), using the top phase of the mixture only.
Thin-layer plates were then exposed to Kodak XR-5
film, using an intensifying screen (26).

RESULTS

Antigenic heterogeneity of GSHsAg.
GSHsAg was detected in the sera of infected
ground squirrels by its cross-reaction with anti-
bodies against HBsAg. For its qualitative deter-
mination, a commercially available test kit for
HBsAg (Ausria II, Abbott Laboratories) was
used, as described earlier (16). Positive sera were

assayed quantitatively by electroimmunodiffu-
sion, using a sheep antiserun (S-2/4) directed
most strongly against the group-specific a deter-
minant of HBsAg. Most other antisera against
HBsAg tested did not show sufficient cross-reac-
tivity to permit quantitation ofGSHsAg. In con-

trast to HBsAg, which produced one strong line
with this antiserum (Fig. la, well 1), GSHsAg
always produced two weaker precipitation lines
of different intensities (Fig. la, wells 3-8). This
result suggests antigenic heterogeneity in both
GSHsAg and the cross-reacting antibodies. Al-
though the relative amounts of both GSHsAg
components were similar in different positive
ground squirrel sera, the finding that one com-
ponent formed a stronger precipitation arc closer
to the origin than the other suggests that there
was more cross-reacting antibody directed
against the former subpopulation than against
the latter. Heterogeneity in buoyant density was
also demonstrated by CsCl density gradient cen-

trifugation (Fig. lb).
Size of GSHsAg. GSHsAg-containing

ground squirrel serum was chromatographed on

a column of 4% agarose beads (Sepharose 4B).
Total protein was detected by absorbance at 280
nm and GSHsAg was detected by electroimmu-

nodiffusion. GSHsAg was eluted in a single 280-
nm peak characteristic of serum macroglobulins
(Fig. 2). In contrast, HBsAg preparations have
been shown to elute with immunoglobulin M
and beta-lipoprotein, but slightly before the a-

macroglobulin peak (11). If the Stokes radius of
human a-macroglobulin is 8.9 nm, and the di-
ameter and composition of this molecule are the
same in both species, GSHsAg would have an
average diameter of 18 to 20 nm. Larger filamen-
tous and spherical particles, detected earlier by
electron microscopy (16), were apparently bro-
ken up or adsorbed to the column, because all
fractions before the antigen peak were negative
even by the sensitive enzyme-linked immuno-
sorbents assay for GSHsAg (data not shown).
Further, there was no detectable DNA polym-
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FIG. 2. Sepharose 4B chromatography of ground
squirrel serum containing GSHsAg. Serum (0.8 ml)
was loaded on an 80-cm column containing 135 ml of
Sepharose 4B in 0.02M Tris-hydrochloride (pH 7.4)-
0.13 M NaCI and eluted at 4 ml/h with the same

buffer. The solid line is a tracing of the 280-nm
absorbance of the eluate passing through a 3-mm-
light path cuvette. Fractions were assayed for
GSHsAg by electroimmunodiffusion as described in
the legend to Fig. 1, and the lengths of the long (0)
and short (0) precipitin arcs were measured. Bar
shows the fractions pooled for further purification of
GSHsAg.
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FIG. 1. Electroimmunodiffusion of GSHsAg and HBsAg with sheep anti-HBs. Ten microliters of each
HBsAg-containing sample or a 1:10 dilution of each GSHsAg-containing sample was electrophoresed at 20
mA for 8 h in a slab (25 by 75 by 1.5 mm) of1% agarose (Bio-Rad) containing 0.034 M sodium barbital (pH 8.4)
and 20% (vol/vol) antiserum. The gel was then washed, dried, and stained with 0.2% Coomassie blue in 7.5%
acetic acid. (a) Well 1, human serum with 35 pg of HBsAg (adw) per ml; well 2, normal ground squirrel
serum; wells 3 to 8, Ausria II-positive ground squirrel sera. (b) Wells 15 through 20, fractions 15 through 20,
respectively, from the CsCl density gradient described in the legend to Fig. 3a after centrifugation to
equilibrium for purification of GSHsAg.
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erase activity in any of the fractions, even
though the starting material was very strongly
positive.
Density of purified GSHsAg. GSHsAg par-

tially purified from 0.8 ml of serum by gel chro-
matography was adjusted to a solution density
of 1.3 g/ml with CsCl and centrifuged to equilib-
rium in a CsCl density gradient. Antigenic activ-
ity was detected by electroimmunodiffusion in a
prominent 280-nm absorption peak at a density
of 1.183 g/ml (Fig. 3a). The low base line of
absorption around this peak indicated that the
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FIG. 3. Isopycnic centrifugation ofGSHsAg (a) or
HBsAg (b) in CsCl. After gel chromatography of 0.8
ml of serum with GSHsAg and 2 ml of serum with
HBsAg as described in the legend to Fig. 2, thepooled
antigen-containing fractions of each were concen-
trated by osmotic dehydration with dry Ficoll to 4 ml
and adjusted to a density of 1.30 g/ml with CsCl for
centrifugation in a CsCl density gradient as de-
scribed in the text. After centrifugation in a Spinco
SW40 rotor for 40 h at 34,0X) rpm and 10°C, fractions
were collected from the bottom of the tube. Absorb-
ance at 280nm (0) in a cuvette with a 1-cm lightpath
and solution density (Ax) by refractometry were deter-
mined for each fraction. Bars represent the lengths
of the precipitation arcs in the electroimmunodiffu-
sion assay for GSHsAg or HBsAg.

antigen was already highly purified after only
two purification steps. HBsAg from 2 ml of.
serum, purified in parallel by the same proce-
dure (Fig. 3b), was found in a 280-nm peak at a
density of 1.190 g/ml. Although the starting
volume of human serum was 2.5 times greater
than the volume of ground squirrel serum used,
the density gradient profiles showed much more
GSHsAg than HBsAg. In another experiment
with serum from a second positive animal, an
even larger amount of GSHsAg was extracted,
suggesting that the serum concentration of
GSHsAg in infected ground squirrels was ap-
proximately 10 times that ofHBsAg in the high-
titer human sera used. Electroimmuno-
diffusion analysis of the three fractions making
up the GSHsAg density gradient peak (fractions
17, 18, and 19, Fig. 3a) revealed two precipitation
lines in the two fractions of highest density
(fractions 17 and 18, Fig. lb) and only the faint
j.recipitation line in the antigen-containing frac-
tion of lowest density (fraction 19, Fig. lb). This
result suggested that GSHsAg was not only an-
tigenically heterogeneous but also heteroge-
neous in buoyant density. Electron microscopy
of the GSHsAg peak fractions revealed both
spherical and short filamentous forms with mean
diameters of 18 to 20 nm. Although the mor-
phology of these particles was similar to that of
HBsAg particles, the apparent average diameter
was slightly less than that reported (2, 6) for
spherical HBsAg particles (20 to 22 nm).
UV absorption spectrum of purified

GSHsAg. The UV absorption spectrum of
GSHsAg, like that of HBsAg (11), had peaks at
280 and 290.5 nm as well as a shoulder at 275
nm (Fig. 4), which were indicative of a high
tryptophane/tyrosine ratio. Since most proteins
have a low tryptophane/tyrosine ratio, and the
absorption spectrum of tyrosine obscures the
290.5-nm peak, the UV absorption spectrum of
this preparation suggests a relatively high degree
ofHBsAg purity. Further, the spectrum showed
no evidence of the presence of nucleic acid. If
the specific absorbance of GSHsAg is assumed
to be the same as that of HBsAg, which is 4.2 at
280 nm for a 1-mg/ml solution, then the serum
from which the GSHsAg was purified in this
experiment would have contained approxi-
mately 300 ,ug of antigen protein per ml. Sera
from other animals had between 40 and 300% of
that concentration when tested in electroim-
munodiffusion.

Serological cross-reactivity ofantibodies
against HBsAg and GSHsAg in radioim-
munoassay. Antibodies directed against
HBsAg or GSHsAg determinants were detected
in sera by solid-phase radioimmunoassay (21).
Briefly, dilutions of test sera were added to U-
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FIG. 4. UV absorption spectrum of purified
GSHsAg. Fraction 19 from the CsCI density gradient
shown in Fig. 3a was measured in a Zeiss PM2
spectrophotometer at 0.1-mm slit width.

shaped wells of microtiter plates coated with
GSHsAg or HBsAg, and antibody binding was
detected by subsequent binding of "2'I-labeled
antigen of the same type used to coat the wells.
Mouse and ground squirrel antisera against
GSHsAg and guinea pig and sheep antisera
against HBsAg were titrated by this assay, using
purified GSHsAg or HBsAg as the reagent (Fig.
5). All antisera from four mice immunized with
GSHsAg bound labeled GSHsAg to saturation
(75% of the radioactivity added) at low dilutions,
and 50% was bound when antiserum dilutions
between 1:2,000 and 1:10,000 were used. With
HBsAg as reagent, two of the four antisera were
negative (<0.3% binding), and the other two sera
bound 0.5 and 2% of the added "2'I-labeled
HBsAg at a dilution of 1:10 (Fig. 5a and b).
Using HBsAg, antibody could be detected in the
two anti-HBs-containing sera diluted up to 1:
10,000. The sheep antiserum (S-2/4) bound up
to 48% ofGSHsAg when used undiluted and 28%
at a 1:10 dilution (Fig. 5c), and the guinea pig
antiserum bound only 5.6% of GSHsAg at a 1:10
dilution (Fig. 5d). It should be noted that the
sheep antiserum S-2/4 was directed mainly
against the a determinant of HBsAg because it
was prepared by boosting with an HBsAg sub-
type different from that used for the primary
inoculation. Six monoclonal antibodies to
HBsAg (a gift of Liz Jones) were also tested with
GSHsAg. Only one bound 0.5% of the GSHsAg
at dilutions up to 1:100, whereas the other five
antibodies showed no detectable binding in this
sensitive assay.
SDS-PAGE analysis of GSHsAg- and

HBsAg-associated proteins. Purified prepa-
rations of HBsAg and GSHsAg each containing
50 ,ug of protein were reduced, alkylated, and
analyzed by SDS-PAGE, and the protein bands

were revealed by Coomassie blue staining. The
HBsAg preparation yielded two major polypep-
tides with apparent sizes of 25,000 and 29,000
daltons (Fig. 6a, lane 2), similar to the findings
in previous studies (7, 10, 12, 17, 22). Two major
polypeptides were also found in the GSHsAg
preparation (Fig. 6a, lane 1), and although their
apparent sizes were similar, they consistently
migrated faster during electrophoresis (apparent
sizes of 23,000 and 27,000 daltons) than the cor-
responding major HBsAg polypeptides. Surface
antigen preparations radiolabeled by chlora-
mine-T (Fig. 6b) or Bolton-Hunter reagent (data
not shown) revealed the same two major com-
ponents by autoradiography.

Several minor components migrating more
slowly in SDS-PAGE than the major polypep-
tides were also found in surface antigen prepa-
rations from both viruses when Coomassie blue
staining or either method of radiolabeling was
used to detect polypeptides. Minor polypeptide
components have been repeatedly found in
HBsAg preparations previously (7, 10, 12, 17,
22).
Table 1 summarzes the findings from several

SDS-PAGE experiments in which polypeptides
were detected by Coomassie blue staining or by
autoradiography of preparations radioiodinated
by the iodogen procedure. None of the minor
Coomassie blue staining polypeptides with ap-
parent molecular weights greater than 30,000 in
GSHsAg preparations comigrated with any of
those from HBsAg. In contrast, the major and

-, -2 -3 -4 -, -2 -3 -4 0 -, -2 -3 -4 -5 -, -2 -3 -4
'0Log Dilution

FIG. 5. Cross-reactivity of antisera against
GSHsAg and HBsAg in solid-phase radioimmunoas-
say. A 50-,lI portion of mouse antisera against puri-
fied GSHsAg (a and b), sheep antiserum against
HBsAg determinant a (c), or guinea pig antiserum
against HBsAg subtype adw (d), each diluted in 1%
bovine serum albumin (BSA), was incubated in mi-
crotiter wellsprecoated with 10 ng ofpurified HBsAg
(0) or GSHsAg (0) for 15 h at 4°C. After two wash-
ings with BSA, 40,000 cpm of '2I-labeled HBsAg (2.5
,uCi/pg) or 8,000 cpm of "LI-labeled GSHsAg (0.5 liCi/
pg) in 50 j1 of BSA were incubated for 24 h at 4°C.
After three washings the wells were counted. Approx-
imately 75% of either radiolabeled antigen was the
maximum amount bound. The background with nor-
mal human serum instead of antiserum was between
0.2 and 0.4% (data not shown).
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a

FIG. 6. Polypeptides of GSHsAg an
ticle preparations. Purifiedpreparatic
(a, lane 1) and HBsAg (a, lane 2) we)
SDS-PAGE and Coomassie blue $tai
GSHsAg preparations from ground s
lane 1) and 147 (b, lane 2) were radioio
iodogen method and analyzed by SI
autoradiography.

TABLE 1. Apparent molecular weig)
polypeptides separated by SDS-PAG.

GSHsAg and HBsAg preparc
GSHsAg

Animal no. 83
Animal no.

Coomassie 125i 147 (1251)
blue

75 75
70 70

43 42 42
39 39 39

36 37
34 34 35

27a 27a 27a

23a 23a 23a
20 20

aMajor components.

most of the minor '25I-labeled polypeptides of
) GSHsAg preparations from the sera of two dif-

ferent ground squirrels (no. 83 and 147) radio-
2 labeled by the iodogen procedure appeared to

be identical (Table 1). There was, however, var-
iability in the intensity and position of two of
the minor components migrating in the 34,000-
to 37,000-molecular-weight range (Table 1, Fig.
6b) in the two GSHsAg preparations. Radiola-

_ 5 beling of both HBsAg and GSHsAg by the chlor-
7e anmine-T, iodogen, and Bolton-Hunter proce-

dures revealed several autoradiographic bands
4 2. in the 14,000- to 20,000-molecular-weight range
39 which were not detected on gels stained with
3 7 Coomassie blue (Fig. 6, Table 1).
35 Typtic peptide mapping of the major

polypeptides of GSHsAg and HBsAg. The
relationship between the two major polypep-
tides of GSHsAg was examined by tryptic '25I-
labeled peptide mapping of each after labeling

2 antigen preparations with Bolton-Hunter re-
agent and recovering the appropriate "25I-labeled

2 C polypeptide from a polyacrylamide gel after
SDS-PAGE. Figure 7a shows the map of '25I-
labeled peptides -detected by autoradiography
for the 23,000-dalton polypeptide (P-23) of

4 HBsAg par- GSHsAg. The peptide map of the 27,000-dalton
)ns of GSHsAg polypeptide (P-27) of GSHsAg was very similar
re analyzed by but not identical. Figure 7b shows a composite
ning. Purified diagram of the peptide maps of the two GSHsAg
quirrels 83 (b, polypeptides. The spot at position 1 was de-
dinated by the tected in the map of P-27 and not in that of P-
)S-PAGE and 23. The spot at position 2 was very heavily

labeled in P-23 and barely detectable in P-27.
itS _Xl-3) of Thus, the two major polypeptides of GSHsAg
ts (xlO .). of are closely related in their primary sequences.
tonfprified Figure 7c shows the 12II-labeled peptide map of

the 25,000-dalton polypeptide (P-25) derived
from HBsAg, and a diagram of this map is shown

HBsAg in Fig. 7d. The tryptic "2'1-labeled peptides in
(Coomassie the maps of the major polypeptides of the two

blue) viruses were compared in autoradiograms of the
two mapped separately and by digesting and

72 mapping a mixture of the two on a single thin-
layer plate. Thirteen 125I-labeled peptides in the

63 map of GSHsAg P-23 were found to be identical
56 to spots in the map of HBsAg P-25, and the
54 remainder of the spots were different in the two

maps. Specifically, the shaded spots (13 of 37
spots) in the diagram of the peptide map of
GSHsAg P-23 (Fig. 7b) are identical to spots
present in the map of HBsAg P-25. The un-

31 shaded spots are unique to GSHsAg P-23. The
29a shaded spots (13 of 27 spots) in the diagram of

the peptide map of HBsAg P-25 (Fig. 7d) are
25" those also found in the peptide map, of GSHsAg

P-23. The unshaded spots were unique to
HBsAg P-25. It can be concluded that, although
the major polypeptides of GSHsAg and HBsAg
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FIG. 7. Tryptic 'LI-labeledpeptide maps ofthe majorpolypeptides ofHBsAg and GSHsAg radioiodinated
by the Bolton-Hunter method. (a) "LI-labeledpeptide map of the 23,000-daltonpolypeptide (P-23) of GSHsAg.
(b) Diagram of the composite map of the same polypeptide and the 27,000-dalton polypeptide of GSHsAg. The
darkened spots are identical to spots in the map of the 25,000-dalton polypeptide (P-25) of HBsAg. (c) 1251.
labeledpeptide map ofHBsAg P-25. (d) Diagram ofthe map ofthe same polypeptide, with the darkened spots
corresponding to those identical to spots in the map ofGSHsAg P-23.

possess different mobilities on SDS-PAGE, they
share a considerable amount of structural ho-
mology.

DISCUSSION
By physical, chemical, and serological tech-

niques the similarities and differences between
the spherical surface antigen particles fromHBV
and ground squirrel hepatitis virus were inves-
tigated. The most numerous particles bearing
the surface antigens of both viruses had similar
sizes and morphologies, the same buoyant den-
sity, unusually high tryptophane/tyrosine ratios,
serological cross-reactivity, and a pair of major
structural polypeptides with considerable ho-
mology in primary structure. These common
features suggest that the molecular architecture
of intact GSHsAg particles is probably similar
to that of HBsAg particles. With one antiserum
(S-2/4) from a sheep immunized with HBsAg,
sufficient cross-reactivity was found to detect
and quantitate GSHsAg in electroimmunodiffu-
sion and by enzyme immunoassay. Surprisingly,
this antiserum distinguished between two anti-

genic forms in GSHsAg, although no such het-
erogeneity has been described for HBsAg. Since
this antiserum was raised against HBsAg, it is
probable that HBsAg itself has a similar heter-
ogeneity, which may be obscured by the pres-
ence ofmany common determinants on partially
heterogeneous particles. The uneven density dis-
tribution of the stronger cross-reactive compo-
nents suggests that its specificity is related to
glycosylation or masking by lipid. That there are
common determinants on HBsAg and GSHsAg
suggests a similar configuration of the polypep-
tide chains at the surface of the particles. It will
be of interest to determine whether chemical
reduction of GSHsAg reduces its antigenicity as
much as has been reported for HBsAg (27).

It is of interest that GSHsAg particles contain
two major structural polypeptides similar but
not identical in size to the major components of
HBsAg, providing further evidence for a similar-
ity in structure of the surface antigen particles
of the two viruses. Based upon amino acid com-
position (22, 28), limited sequencing data (19),
and similar antigenic properties (12, 22), the two
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major structural polypeptides of HBsAg appear
to have very similar primary sequences. Periodic
acid-Schiff staining (23) and radiolabeling (17)
experiments indicate that the major HBsAg
polypeptide with higher apparent molecular
weight, and not the smaller one, contains car-
bohydrate and this may completely account for
the difference in the mobilities of the two in
SDS-PAGE. Because of the small amounts of
antigen available, the presence of carbohydrate
in the GSHsAg polypeptides has not yet been
studied, but the larger of the two may contain
carbohydrate by analogy with the HBsAg poly-
peptides. The peptide maps of the two major
polypeptides of GSHsAg were almost identical,
differing in only two spots (Fig. 7b). Although
differences in the amino acid sequence of the
two proteins could account for these small
changes in the peptide map, glycosylation (or
other post-translational modifications) at a sin-
gle site could also account for the changes. At
present, studies are being directed toward defin-
ing the nature of these differences.
The molecular weight estimate by SDS-

PAGE for the major non-glycosylated polypep-
tide of HBsAg (25,000) is very close to the the-
oretical molecular weight calculated from the
DNA sequence that appears to code for this
polypeptide (9). If the estimates of the relative
sizes of the major polypeptides of GSHsAg and
HBsAg are accurate, an approximately 10%
smallerDNA coding sequence would be required
to specify the 23,000-dalton GSHsAg polypep-
tide than to specify the 25,000-dalton non-gly-
cosylated component of HBsAg.
For peptide mapping, the major polypeptides

from surface antigen particles of both viruses
were radiolabeled in vitro by the Bolton-Hunter
procedure, which has been shown to label pro-
teins more uniformly than oxidative iodination
(Feitelson et al., submitted for publication).
When interpreting structural relationships from
peptide maps of proteins labeled with Bolton-
Hunter reagent and digested with trypsin, it is
important to note that each- spot does not nec-
essarily correspond to a single tryptic peptide.
Depending upon the number of lysine residues
with free epsilon amino groups in a given peptide
and the extent to which these groups are acyl-
ated by the Bolton-Hunter reagent, this reaction
introduces some chemical heterogeneity into a
population of otherwise identical protein mole-
cules. The relatively large number of spots,
therefore, is a reflection of this chemical heter-
ogeneity introduced by the acylation procedure.
This is in contrast to the relatively few spots
generated from direct iodination with chlora-
mine-T or iodogen where this chemical hetero-
geneity is not present. This is especially impor-

tant when the differences involve spots which
are minor by autoradiography. Under identical
reaction conditions the heterogeneity intro-
duced by this method is quite reproducible since
different radiolabeled preparations of a protein
give identical peptide maps.
The composite peptide maps in Fig. 7b and d

define the relationship between the major struc-
tural polypeptides of GSHsAg (Fig. 7a) and
HBsAg (Fig. 7c). In Fig. 7b, about one-third of
the spots in the map of the GSHsAg polypeptide
(P-23) were also in the peptide map of the ap-
propriate HBsAg polypeptide (P-25). Nearly
half of the spots in the map of HBsAg P-25 were
also in the map of GSHsAg P-23 (Fig. 7d). That
common tryptic peptides signify considerable
sequence homology has recently been demon-
strated in the comparison of simian virus 40 and
BK virus T antigens (30). These different pa-
povavirus antigens share 7 of 20 or 21 tryptic
peptides, and yet by DNA base sequence anal-
ysis, they share 70% homology. This suggests
that the percent homology derived from the
peptide maps described here probably repre-
sents a minimum estimate. These results are in
apparent contrast to the minimal serological
cross-reactivity of HBsAg and GSHsAg, which
was undetectable or less than 10-4 with the
antisera used here. It appears possible that the
selective pressure of the host immune response
results in greater variability in the part of the
protein manifesting surface antigenic reactivity
than in the overall sequence. The core antigens
from ground squirrel hepatitis virus and HBV
have more serological cross-reactivity than the
surface antigens (W. Gerlich et al., unpublished
data). This observation confirms for this group
of viruses the greater variability of virion surface
than internal antigens found for many enveloped
viruses. As the molecular biology of the ground
squirrel virus is further elucidated and compared
with that ofHBV, the extent to which this virus-
host system can be used as a model for HBV
infection in humans will become more apparent.
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