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Five nonoverlapping antigenic sites (sites I through V) of woodchuck hepatitis
virus surface antigen were identified with competitive binding assays involving
monoclonal antibodies. Site I contributed to cross-reactions among surface
antigens of hepatitis B-like viruses infecting woodchucks, ground squirrels, and
humans. At least three distinct sites (sites I, II, and III) are responsible for cross-
reactions between woodchuck and ground squirrel hepatitis virus surface anti-
gens. Sites IV and V of woodchuck hepatitis virus surface antigen are not major
cross-reactive sites, suggesting that these elicit virus-specific antibodies. There
were no cross-reactions with duck hepatitis B virus surface antigen.

Woodchucks (Marmota monax) are naturally
infected by an hepatotropic DNA virus, or he-
padnavirus (23), that is morphologically and
structurally similar to hepatitis B virus of hu-
mans (27, 28). Infection of marmots by wood-
chuck hepatitis virus (WHV) has been viewed as
a naturally occurring animal model for virus-
induced liver disease and its long-term sequelae,
which include chronic hepatitis and hepatocellu-
lar carcinoma (2, 21). The surface antigen of
these and other hepatitis B-like viruses is found
mainly in the form of noninfectious subviral
particles that circulate in the blood of infected
hosts in vast excess of the virion (26). The
particles share antigenic determinants with viral
coat proteins (12, 24) and are therefore useful in
the preparation of subunit vaccines (9, 10, 19,
22, 29). In the hepatitis B virus system, genetic
variation in the hepatitis B surface antigen
(HBsAg) can be detected with serum antibodies
recognizing group (a) and subtype (dly, wir)
antigenic determinants (1, 9, 15, 25). In contrast,
serological specificities corresponding to differ-
ent surface antigenic determinants ofWHV have
not yet been identified. In the present study, we
used monoclonal antibodies to identify five non-
overlapping antigenic domains of woodchuck
hepatitis virus surface antigen (WHsAg). The
five sites were delineated in competitive binding
assays with monoclonal antibodies and were
further characterized for their cross-reactivity
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with HBsAg and with surface antigens of the
ground squirrel hepatitis virus (GSHsAg) (17)
and duck hepatitis B virus (18).

MATERIALS AND METHODS

MCABs. Monoclonal antibodies (MCABs) prede-
fined by immunization of BALB/c mice with WHsAg
have been described previously (4). One antibody
reacts with WHsAg, GSHsAg, and HBsAg (MCAB
no. 101-2), several react with WHsAg and GSHsAg,
and others react only with WHsAg. MCABs are herein
identified by their primary clonal identification num-
bers and their antigenic site specificity (e.g., 101/I,
3/11, etc.; see below). Antibodies were partially puri-
fied from ascites fluids by ammonium sulfate salt
precipitation and were radioiodinated by a solid-phase
lactoperoxidase method (14).

Antigens. The 22-nm form of WHsAg was isolated
from plasma of WHV chronic carrier woodchucks by
established ultracentrifugation procedures (9, 10). Sol-
id-phase antigen adsorbents and radioiodinated anti-
gen (3, 4) were prepared with purified WHsAg ob-
tained from two different woodchucks (no. 7 and 8,
respectively; National Institute of Allergy and Infec-
tious Diseases Animal Colony, Meloy Laboratories,
Inc., Rockville, Md.). The standard WHsAg-positive
serum was that obtained from woodchuck no. 8. A
serum sample positive for GSHsAg was a gift of P. L.
Marion and W. S. Robinson (5, 11, 17). A serum
sample positive for duck hepatitis B virus surface
antigen was a gift of J. Summers (18). Sera positive for
various HBsAg subtypes were obtained from the Re-
search Resources Branch of the National Institute of
Allergy and Infectious Diseases (Bethesda, Md.).
Standard control serum was obtained from a colony
woodchuck that was negative for all markers of WHV
infection. Normal human serum was obtained from the
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TABLE 1. Nonoverlapping antigenic sites of 22-nm WHsAg defined by CAB assaysa
% Inhibition

Site Clone I II III IV V
101 3 14 114 19 172 71 181 41 31 151

I 101 82 28 25 0 27 19 36 40 26 18 11
II 3 8 91 92 8 27 14 14 15 32 1 23
II 14 17 83 89 13 33 19 6 18 24 1 1

III 114 37 16 16 80 52 46 32 31 31 8 22
III 19 36 21 35 44 90 85 18 23 17 17 13
III 172 31 27 33 61 91 95 29 32 33 19 9
IV 71 14 25 27 14 29 3 76 87 32 11 12
IV 181 18 24 20 22 37 11 74 93 27 10 4
V 41 32 30 37 10 24 8 15 17 80 54 76
V 31 13 33 41 11 33 13 18 18 84 94 77
V 151 10 15 14 23 35 27 20 32 91 87 89

a MCABs are listed by site (i.e., I through V) and clone identification number (e.g., 101, 3, etc. [4]). The matrix
shows the competitive binding between antibody in ascites fluids and radioiodinated antibody probes for
antigenic sites of WHsAg. Values are the percent inhibition of labeled antibody binding by the corresponding
ascites fluid sample. The data represent the averages for two or three separate experiments. Strong inhibition
was 74 to 95%); moderate inhibition was 44 to 61%; values less than or equal to 35% inhibition were considered
negligible. If the average of reciprocal tests was less than 35% inhibition, the antibodies were considered
noncompetitive. See the text for details.

commercial Ausab kit (Abbott Laboratories, Inc.,
Chicago, Ill.).
CAB assay. Purified WHsAg was diluted to 5 jig/ml

in phosphate-buffered saline (0.85% NaCl, 0.01 M
phosphate buffer, pH 7.3) and was absorbed to wells of
polyvinylchloride plates (Dynatech, Inc., Alexandria,
Virginia) (60 p.l/well, 18 h, 4°C). Wells were then
washed and coated with 1% bovine serum albumin in
phosphate-buffered saline (albumin-buffer) (18 h, 4°C).
For competitive antibody-binding (CAB) assays, asci-
tes fluids containing MCABs were diluted 1:5 in albu-
min-buffer, and 50-p.l samples were incubated in anti-
gen-coated wells (30 min, 25°C). This was followed by
the addition to the fluid phase of an appropriate
radioiodinated MCAB and further incubation (2 x 105
cpm/5 p.l, 2 h, 37°C). Wells were then washed, and
bound counts were determined. CAB experiments
between different MCABs were performed two to
three times each and in both directions (i.e., X ascites
versus 1251_ Y and Y ascites versus 1251_X). Control
samples consisted of the probe plus albumin-buffer
containing 2% normal mouse serum (blank). The per-
cent inhibition or the degree of competition between
labeled and unlabeled antibodies was calculated as
100% x 1.00 - (counts bound in the presence of test
antibody/counts bound for the blank).

Site-specific RIAs. Solid-phase sandwich radioimmu-
noassays (RIAs) for antigen detection were developed
based on antigenic site specificities of the MCABs
(Cote et al., submitted for publication). In one RIA
system, WHsAg- or GSHsAg-positive serum was in-
cubated with a cross-reactive antibody immunoadsor-
bent, and bound antigen was detected by site-specific
radioiodinated MCAB probes. In another RIA system,
the group-specific 101 antibody was used to probe for
hepadnavirus surface antigens reacted with site-specif-
ic immunoadsorbents. Respective incubation condi-
tions for sera and probes were 18 h at 25°C and 3 h at
37°C; sera were diluted to 1:25 or greater for the RIA,
and all probes were used at 2 x 105 cpm/50 .Ll. The
results are expressed as the positive or test sample

counts per minute (P value) divided by counts for a
negative control (N value). Normal woodchuck and
human sera served as negative controls. The avidity of
the 101 antibody is lower for HBsAg than for WHsAg
and GSHsAg (4); therefore, immunoadsorbents able to
bind HBsAg were prepared from a 1:50 dilution of
ascites fluids rather than the 1:500 dilutions used for
binding WHsAg and GSHsAg.
Immunocomplex mapping of viral antigens by RIA.

Five microliters of ascites fluid was incubated with 50
p.1 of antigen-positive serum diluted 1:125 in albumin-
buffer (30 min, 25°C). The mixture of immunocom-
plexes was then transferred to an assay well coated
with MCAB to an overlapping or nonoverlapping site
relative to the blocking antibody (18 h, 25°C). After
washing, the presence or absence of bound immune
complexes was detected with the 101 probe. For
controls, the 1:125 dilutions of antigen-positive sera
were assayed similarly in the absence of blocking
antibody. Normal woodchuck serum was used as the
negative control.

Terminology. For the interpretation of present re-
sults, we assume that MCABs define individual epi-
topes of antigens, also referred to as single antigenic
determinants. Competitive inhibition between two
MCABs indicates that they are directed against the
same antigenic site, or domain, which may or may not
correspond to a single antigenic determinant. The
serologically defined (13) group and subtype determi-
nants of HBsAg have not yet been characterized in
relation to the above definitions. Application in the
HBsAg system of terms such as group or subtype
determinant is by convention (1, 15) and need not
imply that either specificity is restricted to a single
epitope.

RESULTS
Antigenic domains of WHsAg. Analysis of

WHsAg in CAB assays revealed at least five
nonoverlapping antigenic sites (or domains)
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ANTIGENIC SITES OF WHV SURFACE ANTIGEN 17

(sites I through V; Table 1). To construct the
matrix, antibodies were ordered so that strong
reciprocal inhibition reactions fell on either side
of the central diagonal. Three levels of competi-
tion inhibition reactions were discerned by his-
tographic analysis (data not shown); these were
qualitatively designed as strong, moderate, and
low level (i.e., negligible). The mean percent
inhibition (± standard error) for strong competi-
tion reactions was 86 ± 1% (n, 22; range, 74 to
95% inhibition). The mean for moderate compe-
titions was 51 ± 3% inhibition (n, 5; range 44 to
61%); that for negligible competition was 20 ±
1% inhibition (n, 88; range, 0 to 35%). A few of
the assays resulted in borderline competition
between antibodies when tested in one direction
(n, 6; range, 36 to 41%); however, the reciprocal
test demonstrated little or no competition (e.g.,
31/V ascites versus 1251-14/I1 and 14/II ascites
versus 125I-31/V). In such cases, the average of
reciprocal tests was always less than 35% inhibi-
tion, and thus the antibodies were considered
mutually noncompetitive. One-way observa-
tions of this type could be explained if an
antibody specific for one epitope was able at
higher concentrations to interact weakly with a
heterologous epitope or to induce partial alloste-
ric changes elsewhere in the antigen. Weak
reciprocal competition between antibody groups
mapping to distinct sites could suggest either
partial recognition phenomena or immediate
proximity relationships between two sites.

Strong reciprocal inhibition reactions in CAB
assays suggested that domains mapped by two
or more MCABs are defined by steric inhibition
between antibodies directed against the same
epitope (or determinant) (sites II through V,
Table 1). On the other hand, this level of inhibi-
tion need not imply that a given antigenic do-
main corresponds to a single determinant; that
is, competition between two antibodies against
two distinct epitopes may be strong if the deter-
minants are spatially close together within a
reactive domain. We noted that the reciprocal
inhibition reactions between antibody 114 and
antibodies 19 and 172 were consistently within
the moderate range (site III, Table 1). This could
suggest that the 114 determinant is distinct from
the 19 and 172 epitope(s) although they are all
spatially close enough to be resolved as a single
domain by antibody competition. Other factors
could also influence the relative strengths of
reciprocal inhibition reactions, including the bal-
ance and affinities of labeled and unlabeled
antibody species in the reaction mixture. Molec-
ular size differences, as in immunoglobulin M
(IgM) versus IgG competition, were not a com-
plicating factor because the competing species
were all of the same isotype (IgGl, K). Enhance-
ment of antibody binding at distinct sites was not

observed for any of the antibody combinations
tested (16). At present, allosteric inhibition of
antibody binding to topographically distinct sites
of WHsAg cannot be differentiated from steric
inhibition. More detailed knowledge of the
structure and location of determinants in the 22-
nm WHsAg particle is required to resolve this
issue.

Antigenic analysis with site-specific RIAs. Site-
specific solid-phase RIAs were developed for
the detection and analysis ofWHsAg and related
antigens (Cote et al., submitted for publication);
two types of assay systems were most useful in
this regard, and they are detailed below. RIA
positive/negative ratios greater than 3.1 were
obtained consistently for known positive sam-
ples having WHsAg concentrations between 16
and 80 ng/ml (i.e., the level of assay sensitivity);
thus, the 3.1 mark was used as the positive-
negative cutoff point. WHsAg and GSHsAg
bound to a cross-reactive antibody immunoad-
sorbent could be detected with different radioio-
dinated MCABs. WHsAg was detected by all
antibody probes directed against each of its five
antigenic domains; however, GSHsAg was only
detected by antibody probes corresponding to
sites I, II, and III of WHsAg (Table 2). Thus,
sites I, II, and III of WHsAg cross-react with
GSHsAg, whereas sites IV and V are not major
antigenic sites of GSHsAg (the latter being most
likely WHsAg-specific sites). The same general
pattern of detection was observed when these
two antigens were assayed on site-specific im-
munoadsorbents followed by a probe with the
101 antibody; in this system some low-level
reactivity of GSHsAg with the site IV and V
immunoadsorbents was detected by the 101
probe (Table 3). Such reactivity was only associ-
ated with assay of GSHsAg-postive serum at
lower dilutions (Fig. 1). Overall, the data clearly
show site-specific antigenic differences between
WHsAg and GSHsAg. HBsAg was detected
with the site I immunoadsorbent-probe combi-
nation, but not with any of the others (Table 3).
These observations were further confirmed in
double-antibody RIP assays against highly puri-
fied, 125I-HBsAg/ ad and /ay ligands; of the
present antibodies, only the 101 antibody reacts
with HBsAg in RIP (data not shown). In addi-
tion, HBsAg bound to HBsAg-specific monoclo-
nal immunoadsorbents can be readily detected
with the 101 probe at positive/negative ratios
comparable to or greater than that given in Table
3 (Cote et al., submitted for publication). Duck
hepatitis B virus surface antigen was not detect-
ed in any of the present assay systems (data not
shown).
Immunocomplex mapping of WHsAg and

GSHsAg domains by RIA. Although sites I, II,
and III of WHsAg are shared by GSHsAg, this
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TABLE 2. RIA of WHsAg and GSHsAg with site-
specific 251I-labeled antibody probes'

PIN ratio
Probe

WHsAg GSHsAg

101/1 24.4 23.4
3/1I 16.2 7.8
14/II 21.4 6.9
114/III 17.6 27.3
19/IlI 20.2 7.4
172/III 57.9 24.3
71/IV 12.3 0.8
181/IV 22.8 1.1
41/V 18.3 0.2
31/V 47.8 0.7
151/V 22.8 0.9

a Serum positive for either WHsAg or GSHsAg was
diluted 1:25 and incubated on an immunoadsorbent
composed of MCAB 3 (a site II antibody that reacts
with both antigens). Bound antigen was detected with
radiolabeled antibody probes as shown. Values are
positive/negative (P/N) ratios (N, 30 to 90 cpm), and
those greater than or equal to 3.1 are considered
positive. See the text for details.

need not imply that the cross-reactive antibodies
will define analogous nonoverlapping domains
of GSHsAg. The following indirect analysis of
WHsAg and GSHsAg sites by an immunocom-
plex mapping technique obviates the need for
purified ligand and antigen immunoadsorbents.
Blocking of antigen with excess 101/I antibody
would theoretically interfere with antigen bind-
ing to a 101/I immunoadsorbent and also with
binding of the 101/I probe. Blocking of immuno-
complex detection by excess 101/I antibody
would occur at the level of the homologous
probe in other instances where 101-antigen com-
plexes are bound to immunoadsorbents of non-
overlapping specificity. These conditions can be
demonstrated for the present immunocomplex
assay of either WHsAg or GSHsAg (Table 4).
Except for such cases, specific blocking would
occur at the level of the immunoadsorbent (see
below). Whenever either antigen was prereacted
with MCABs other than 101/I, the immune com-
plexes were bound to a 101/I immunoadsorbent,
and the antigens were detected at or near control
levels with the 101/I probe (Table 4). Thus,
antibodies to sites II through V of WHsAg did
not map to site I of WHsAg which is defined by
the 101/I antibody (see also CAB assay in Table
1); the comparative immunocomplex mapping
data in Table 4 indicate that domain I is distinct
from other sites on GSHsAg also.

In keeping with this approach, we found that
site II antibodies could produce an inhibition of
immunocomplex binding to a site II solid phase;
antibodies to other sites (with the exception of
the 101 antibody) did not block antigen detection
by the 101 probe. Similarly, site III antibodies

could block immunocomplex binding to a site III
solid phase, whereas others did not (except for
the 101 antibody; see above). The immunocom-
plex mapping of sites II and III on WHsAg and
GSHsAg is given in Table 4. GSHsAg in positive
serum at 1:125 dilutions was not consistently
detected at significant levels when site IV and V
immunoadsorbents were used to bind the anti-
gen; however, WHsAg was readily detected in
those assay systems (Table 4, Table 3, Fig. 1F,
G, and H). Therefore, only WHsAg was detect-
ed in the immunocomplex mapping of sites IV
and V (Table 4). In general, results for WHsAg
domains obtained with immunocomplex and
competitive antibody mapping were in agree-
ment (Tables 1 and 4). Thus it can also be
concluded that antibodies to sites I, II, and III of
WHsAg map to and define analogous antigenic
domains of GSHsAg. The site IV and V antibod-
ies do not block GSHsAg detection in the cross-
reactive RIA systems because they do not react
strongly with the antigen (Tables 2 and 3).
Second, any weak interactions would probably
be directed against sites that do not overlap with
site I, II, or III. Note that GSHsAg prereacted
with site II or III antibodies is not detected with
site IV and V immunoadsorbents, nor are any of
the immunocomplexes bound by substrates con-
sisting of bovine serum albumin alone (Table 4;
data for bovine serum albumin substrate are not
shown). Thus the interference by blocking anti-
body at the level of the immunoadsorbent is

TABLE 3. RIA of WHsAg, GSHsAg, and HBsAg
with site-specific antibody immunoadsorbentsa

PIN ratio
Substrate WHsAg GSHsAg HBsAg

101/I 8.7 16.8 (4.5)
3/II 16.3 20.5
14/1I 9.7 8.2
114/IIl 18.1 25.2
19/III 17.4 27.2
172/IlI 19.5 21.0
71/IV 15.1 3.1
181/IV 18.6 3.1
41/V 8.7 2.1
31/V 25.8 4.1
151N 24.2 3.5

a Serum positive for either WHsAg, GSHsAg, or
HBsAg was diluted 1:25 and incubated on immunoad-
sorbent substrates shown; bound antigen was detected
by the 101/I antibody probe. Values are positive/
negative (P/N) ratios (N, 70 to 90 cpm; except for site I
system where N was 145 cpm); those greater than or
equal to 3.1 may be considered positive values. The
value in parentheses for HBsAg was determined by
using a slight modification of conditions for the prepa-
ration of the 101/I immunoadsorbent. See the text for
details.
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TABLE 4. Immunocomplex mapping of WHsAg and GSHsAg by solid-phase RIA'
PIN ratio with indicated blocking antibody

Immuno- Anti-
adsorbent gen

Non
IIIII

adsrnNone 101 3 14 114 19 172 71 181 41 31 151

101/I W 4.6 - 4.1 5.3 6.2 4.7 4.7 4.1 5.6 4.4 4.8 3.6
G 10.9 - 7.9 8.0 7.2 9.7 4.9 5.9 8.0 6.8 7.9 7.6

3/II W 13.2 - - - 9.2 6.5 11.5 8.3 8.5 9.0 10.6 10.7
G 12.3 - - - 10.6 8.7 7.2 10.1 10.4 9.3 10.4 10.6

114/Ill W 8.7 - 6.7 7.8 - - - 7.3 6.4 7.7 6.6 6.7
G 15.2 - 16.6 13.6 - - - 13.5 12.7 12.8 13.5 11.9

181/IV W 9.4 - 10.3 7.8 6.6 5.7 5.7 - - 8.1 5.8 9.2
G - - - - _ _ _ _ _ _ _ _

31/V W 10.8 - 7.5 7.9 9.4 5.9 8.0 7.9 5.7 - - -
G - - - - _ _ _ _ _ _ _ _

a Excess MCAB was prereacted with either WHsAg (W) or GSHsAg (G) to block specific determinants, and
the mixtures were then assayed to detect immune complexes. The solid-phase RIA system involved site-specific
immunoadsorbents and the 101/I antibody probe. Values in the table are positive/negative (P/N) ratios (N, 95 to
175 cpm); for comparison, the P/N ratios obtained in the absence of blocking antibody are also given (none). A
dash (-) indicates no significant antigen or immunocomplex detection (PIN < 3.1). Note that GSHsAg was not
detected in the site IV and V RIA systems. Also, blocking of antigens by excess 101/I antibody interferes with
binding by the labeled 101/I probe regardless of which immunoadsorbent is used; otherwise, the data reflect
interference (or lack of interference) with immunocomplex binding at the level of the immunoadsorbent
antibody. See the text for details.

specific. The data suggests that up to three
noncompeting antibodies can bind simulta-
neously to their respective antigenic sites on
either antigen.
Enumeration and cross-reactivity of WHsAg

domains. The five nonoverlapping antigenic do-
mains of WHsAg are shown in Fig. 2A (adapted
from Table 1). The clones producing the MCABs
that define these sites were isolated indepen-
dently from three different hybridization experi-
ments (i.e., from three different mice immunized
similarly [4]). Different hybridomas defining up
to four sites could be derived from the same
mouse (Fig. 2B). More importantly, hybridomas
defining the same WHsAg site could be derived
independently from different mice (Fig. 2B). The
probability of obtaining such antibody sets out
of 11 antibodies would be low if WHsAg pos-
sessed a large number of nonoverlapping do-
mains. This, coupled with the observation that
five distinct sites could be defined by a total of
only 11 antibodies, suggests that 22-nm WHsAg
is characterized by repeat antigenic structure
involving only a limited set of nonoverlapping
antigenic specificities.

In a previous study we demonstrated at least
three different determinants ofWHsAg based on
antigenic competition assays involving WHsAg,
GSHsAg, HBsAg, and the present MCABs (4).
Those results were adapted for comparison with
RIA results obtained in the present study, and
all are presented in Fig. 2B. The present analysis

involves three distinct but related antigens. We
cannot yet identify nonoverlapping epitopes
within antigenic domains of WHsAg by using
homologous variants (7, 31, 32), because such
variants have not yet been identified. However,
the data do show that the five nonoverlapping
antigenic domains of WHsAg identified in com-
petitive antibody mapping exhibit characteristic
specificity and cross-reactivity patterns in com-
parative analyses with related antigens (Fig. 2A
and B). The 101/I antibody defines a surface
antigenic site that contributes to cross-reactions
among the mammalian hepadnaviruses. It does
not react with duck hepatitis B virus surface
antigen, which is known to be antigenically
distinct (18). Regarding woodchuck and ground
squirrel viruses, the results indicate that at least
three analogous nonoverlapping antigenic sites
contribute to moderate and strong cross-reac-
tions between WHsAg and GSHsAg (sites I, II,
and III; Fig. 2A and B; Table 4). Antibodies
reacting poorly with GSHsAg mapped to sites
IV and V of WHsAg, suggesting that at least two
nonoverlapping antigenic domains of WHsAg
are involved in eliciting virus-specific antibod-
ies. The present results do not rule out the
possibility of eventually isolating strongly cross-
reactive antibodies that map competitively to
sites IV and V of WHsAg, nor do they rule
against the mapping of WHsAg-specific antibod-
ies to sites characterized by cross-reactive anti-
bodies (such as sites I, II, and III). These types

VOL. 47, 1983
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FIG. 1. Titration of sera positive for WHsAg (0)
and GSHsAg (0) in immunoadsorbent-based, site-
specific RIAs. The probe was 1251_01/I antibody;
substrate antibodies and their site specificities were
(A) 101/I, (B) 3/11, (C) 19/11I, (D) 172/II, (E) 114/111,
(F) 181/IV, (G) 31N, and (H) 151/V. PIN is the ratio of
counts per minute for the antigen-positive sample to
that for an antigen-negative woodchuck serum assayed
at a 1:25 dilution; N ranged from 70 to 90 cpm for (B)
through (H) and was 145 cpm for (A).

of observations would argue in favor of norrover-
lapping epitopes within antigenic domains de-
fined by competing antibodies.

DISCUSSION
The molecular relationship between MCAB

cross-reactivity and shared antigenic determi-
nants among mammalian hepadnaviruses is not
yet fully understood. For example, differences
in MCAB avidity for related surface antigens
may result from partial antibody recognition of a
similar epitope on heterologous antigens, or
from differences in the copy number and distri-
bution of an epitope on related subviral particles
(or both). During our studies with WHsAg, we
isolated the 101/I murine hybridoma, whose
antibody clearly reacts with WHsAg and

GSHsAg and also reacts significantly, but to a
lesser extent, with HBsAg (4) (present results).
Antibodies other than 101/I do not react to any
extent with HBsAg. On the other hand, antibod-
ies specific for WHsAg could react to a slight
extent with GSHsAg, depending on the analyti-
cal assay used. For example, site IV and V
antibodies react poorly with GSHsAg and exhib-
it much greater specificity for WHsAg than for
GSHsAg. This is demonstrated in the liquid-
phase RIP, where antigenic competition is mea-
sured against a single antibody species (Fig. 2B).
Low-level reactivity of these antibodies with
GSHsAg is also apparent in site-specific im-
munoadsorbent systems (Fig. 2B). In contrast,
absolute specificity of these antibodies for
WHsAg is suggested by RIA with site-specific
probes (Fig. 2B). Of the antibodies demonstrat-
ing significant cross-reactivity with WHsAg and
GSHsAg, monoclonal antibodies 3/II and 14/IT
reacted preferentially with WHsAg in competi-
tion RIP, and both mapped to site II. In compari-
son, WHsAg-defined antibodies 19/III and
172/III preferred GSHsAg to WHsAg, and both
mapped to site III (Fig. 2A and B). Therefore,
competitive antibody mapping confirmed the
presence of at least two cross-reactive domains
between WHsAg and GSHsAg that were sug-
gested initially by heteroplicity in antigen com-
petition assays (4). The reason why a subset of
site III antibodies preferentially reacts with a
heterologous antigen in the liquid-phase system
is not clear at present.

Antigenic relatedness among hepadnavirus
surface antigens requires at least some degree of
homology at the level of DNA and amino acid
sequences. WHsAg and HBsAg share up to 78%
gene sequence homology and nearly 60% homol-
ogy in their predicted amino acid sequences (6);
however, there is somewhat less overall homol-
ogy suggested by shared tryptic peptides (5, 11).
This is because the latter technique gives a
minimum estimate of structural relatedness
when compared to sequencing data. The anti-
genic relationships between hepadnavirus sur-
face antigens may correlate closely with the
minimal estimates of structural homology de-
rived from peptide maps. For example, WHsAg
can be detected in commercial assays designed
for HBsAg detection; however, the reactivity in
the system is at considerably lower signal/noise
ratios when compared with HBsAg (8, 20). This
indicates that cross-reactivity between the two
surface antigen-antibody systems is not as ex-
tensive as the DNA and amino acid sequence
homologies might predict. In fact, Werner et al.
(30) found only 3 to 5% homology between
hepatitis B virus and WHV DNA by using
hybridization techniques and subsequently dem-
onstrated very little in the way of cross-reactiv-
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FIG. 2. (A) Nonoverlapping antigenic sites of WHsAg deduced from CAB assays (adapted from Table 1). The
data are further supported by immunocomplex mapping of WHsAg by RIA (Table 4). (B) Cross-reactivity of
WHsAg (W) antigenic sites with GSHsAg (G) and HBsAg (H) by different immunoassay systems. MCABs
corresponding to column headings in B (a, b, c, and d) are those listed by identification number and site at the far
left of the figure. RIA 3:X and X:1O1 refer to immunoadsorbent-probe combinations where "X" represents the
MCAB listed at the far left of the figure (see also below). The shading of squares refers qualitatively to strong,
moderate, or slight reactivity with the antigen; unshaded squares indicate negligible reactivity for the test. (a)
Hybridomas were derived from three independent fusions (i.e., three different mice [no. 1, 3, and 5] that were
immunized in the same manner); hybridomas to the same site from the same mouse were derived from different
culture wells. (b) Results of double antibody competition radioimmune precipitation assays (adapted from
reference 4); reactivities are the relative inhibition of MCAB-mediated precipitation of i251..wHsAg in the
presence of excess WHsAg, GSHsAg, and HBsAg. (c) Site-specific cross-reactivity of WHsAg and GSHsAg by
RIA; RIA-3:X refers to the immunoadsorbent-probe combination as adapted from Table 2. (d) Site-specific
cross-reactivity of the mammalian hepadnavirus surface antigens by RIA; RIA-X:1O1 refers to the immunoadsor-
bent-probe combination as adapted from Table 3.

ity between the respective antigen-antibody sys-
tems. Relative to our results, Feitelson et al. (5)
have shown that WHsAg, GSHsAg, and HBsAg
together exhibit only 25% homology in their
tryptic peptide maps, and this correlates with
present observations suggesting that one of five
(20%) of WHsAg domains may be shared by all
three viruses. In the comparison by Feitelson et
al. of GSHsAg and WHsAg (5), the major poly-
peptides of the two antigens shared 55% homol-
ogy in their tryptic peptides, and our data sug-
gest that three of five (60%) of WHsAg domains
are shared with GSHsAg. Although these obser-
vations correlate structural and cross-reactive
antigenic features among related surface anti-
gens, the present cross-reactivity profile based
on murine antibodies may only reflect the extent
to which mice respond to shared determinants
and not the actual presence or absence of the
shared determinants (4). It would appear that
antigenic regions of the animal and human viral

proteins exhibit more structural variability than
conserved "framework" regions.
The tryptic peptide maps derived from differ-

ent WHsAg isolates indicate that there is at least
75% homology (similar observations were evi-
dent for different GSHsAg samples) (5). On
these grounds, one might expect to find WHsAg
with only four of the five antigenic domains
described in the present study; the potential fifth
site would be unique to WHsAg and could thus
correspond to an antigenic subtype. One would
not expect potential subtypic sites to involve the
more conserved cross-reactive domains. In our
antigenic analysis of over a dozen chronic carri-
er woodchucks from the National Institute of
Allergy and Infectious Diseases colony, we did
not detect WHsAg variants lacking any of the
five domains presently identified (Cote et al.,
submitted for publication). The 25% nonhomol-
ogy among different WHsAg noted by others (5)
may not be evident in WHsAg from our colony
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woodchucks, or it may reflect structural micro-
heterogeneity unrelated to the presence or ab-
sence of specific antigenic determinants. Recip-
rocal antigen-antiserum absorption studies with
WHsAg and GSHsAg and with nonhomologous
WHsAg are required to further clarify these
points. In any event, the present RIA systems
will be useful in screening for WHsAg variants
in other areas where WHV infection is endemic.
The identification and isolation of potential vari-
ants lacking specific epitopes within sites de-
fined by competitive antibody mapping will en-
able the definition of nonoverlapping epitopes
within such sites.
The information concerning antigenic do-

mains of WHsAg will be of value in further
developing the WHV system as a model for
hepatitis B virus-induced liver disease in hu-
mans. The results of the present study show the
antigenic similarity of WHV used as a standard
infectious pool by our laboratory (woodchuck
no. 8) and the WHsAg used to prepare our
standard vaccine (woodchuck no. 7) (i.e.,
MCABs were predefined and selected with
WHsAg from woodchuck no. 8 and were used to
map antigenic domains of WHsAg from wood-
chuck no. 7). The antibodies can be used to
ascertain the presence and distribution of de-
fined sites on the actual virion. This is important
because only those determinants of the 22-nm
particle that are accessible on the virion surface
are necessary to stimulate protective antibodies.
Passive immunization studies in woodchucks
can determine which of these antibodies may be
immunoprotective, thus implicating the corre-
sponding surface antigenic domain. Of futher
interest is the idea that we may be able to
produce antibodies against synthetic WHsAg
peptides and then map these specificities to
antigenic domains associated with protection.
This would provide a method to screen for
synthetic peptides with vaccine potential. The
present immunocomplex RIA can be adapted for
the analysis of woodchuck antibody responses
to vaccination. In this regard, antiidiotypic anti-
bodies prepared against affinity-purified, site-
specific MCABs should also prove useful. The
MCABs can be tested for their ability to modify
the natural course of persistent infections so as
to halt progressive changes favoring the devel-
opment of hepatocellular carcinoma. The use of
these antibodies as therapeutic agents or carriers
in the treatment of woodchuck hepatoma can
likewise be investigated. The present antibodies
may also prove useful in combined passive and
active immunotherapy, especially in neonatal
woodchucks born to mothers with chronic viral
hepatitis. In comparison to the human system,
the ability to interdict the process of materno-
neonatal virus transmission by such methods

may in turn prevent the development of chronic
viral hepatitis in young animals and thus elimi-
nate the risk of hepatocellular carcinoma in later
life (2, 19).
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