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The antigenic determinants of two purified protein constituents of mammalian
C-type RNA viruses, the major structural protein of about 30,000 daltons, and
the membrane glycopeptides of about 70,000 daltons were examined by competi-
tion radioimmunoassay. By the appropriate choice of antiserum and competing
proteins, it was possible to distinguish type-specific, group-specific, and interspe-
cies determinants. Both of the viral constituents were found to contain each of
these three classes of antigens. The results suggested that the majority of the
determinants of the major structural protein were group specific, 5% to 30% were
interspecies, and a small fraction were type specific. In the case of the envelope
glycopeptides, the chief determinants were type and group specific, and a small

fraction were interspecies.

Three classes of antigenic determinants pres-
ent in virions of C-type RNA viruses have been
defined: type specific, group specific, and in-
terspecies. Type-specific antigens, which distin-
guish different viruses derived from the same
species of animal, have been characterized
chiefly by studies of virus neutralization (11, 18,
23, 38). Some type-specific antigens believed to
be components of the viral envelope glyco-
proteins have been recovered in partially puri-
fied glycoprotein fractions released from virions
by treatment with detergent (7, 9, 46). Group-
specific antigens have been identified as those
that are common to different viruses of the same
species (2-4, 6, 10, 12, 16, 20, 21, 26, 28, 30, 40,
41). It appears now that there can be more than
one group of viruses in a given species of animal;
the newly isolated RD-114 and CCC viruses,
which appear to be endogenous C-type viruses
of the cat, have been found to contain a
group-specific antigen different from that of
previously reported feline C-type viruses (26).
Several viral components showing group-
specific antigenicity have been detected by
immunodiffusion analysis of degraded virions or
by partial purification of the viral proteins (10,
12, 16, 20, 21, 26, 28, 30, 40, 41). Included among
these is the major protein of the C-type viruses
with a molecular weight of about 27,000 to
30,000 which has been extensively purified and
characterized and is probably an internal ele-
ment of the virion (19, 29, 31, 33, 34, 39).
Interspecies antigens, first described by Geering
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et al. (14, 15), are defined as those that are
common among C-type viruses of different ani-
mal species. At this time, three components’ of
mammalian C-type viruses are known to con-
tain such determinants: the major internal
protein (17, 32, 35, 36, 40, 41), the viral RNA-
dependent DNA polymerase (1, 42), and two
glycopeptides which appear to be elements of
the viral envelope (45; M. Strand and T.
August, unpublished observations).

We now report additional studies of the
antigenic properties of purified components of
C-type particles: the major structural protein of
Rauscher murine leukemia virus (MuL V) with a
molecular weight of about 30,000 (p30), the
analogous protein of Rickard feline leukemia
virus (FeLV) with a molecular weight of about
27,000 (p27), and the membrane glycopeptides
of Rauscher virus with apparent molecular
weights of 69,000 and 71,000 (gp69-71). By use
of these purified proteins as '?*I-labeled anti-
gens in the competition radioimmunoassay, and
with the appropriate choice of antiserum and
competing protein, it has been possible to
analyze the proteins for each of the three
different classes of antigenic determinants. The
major internal protein contained interspecies
and group-specific antigens as previously re-
ported by Gilden et al. (17) and Oroszlan et al.
(35); moreover, it was found that this protein
demonstrated additional antigens not shared by
other murine viruses, which were thus classified
as type specific. The envelope glycopeptides
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were also found to contain multiple antigenic
determinants, with strongly reactive type- and
group-specific antigens, as well as the interspe-
cies determinants previously reported (45).

MATERIALS AND METHODS

Purification of virus proteins. The major struc-
tural proteins of Rauscher MuLV (p30) (23), Rickard
FeLV (p27), and the membrane glycopeptides of
Rauscher MuLV (gp69-71) were purified by phos-
phocellulose column chromatography and Sephadex
gel filtration, as previously described (45).

Antisera. Anti-Rauscher MuLV and anti-Rickard
FeLV sera were obtained from rabbits injected with
purified virus particles that had been degraded by
incubation at 45 C for 1 min with 0.2% sodium
dodecyl sulfate and mixed with an equal volume of
Freund complete adjuvant. In some experiments, as
indicated, the immunoglobulin was partially purified
by Na,SO, precipitation as described by Kekwick
(24). Rabbit and goat antisera against the purified
MuLV p30 and MuLV gp69-71 proteins were prepared
by multiple injections of purified proteins in Freund
complete adjuvant. Horse anti-rabbit immunoglobu-
lin IgG serum was a generous gift from R. Porter,
Oxford University. Goat anti-Moloney virus serum
(IS-166) and pig anti-goat IgG serum (2S-533) were
provided by R. Wilsnack, Huntingdon Research Cen-
ter, Baltimore, Md. )

Radioimmunoassay. Quantitative analysis of viral
antigens was carried out by radioimmunoassay as
described by Hunter (22). The reaction mixture
contained the following: normal rabbit or goat serum
(0.005 ml) (corresponding to the antiserum used);
125]_labeled virus protein (0.01 ml) (1 to 5 ng of protein
containing 10* to 10° counts per min per ng); and
diluted rabbit or goat antiserum (0.01 ml), as indi-
cated. The final volume was adjusted to 0.06 ml with
TEN buffer (20 mM Tris-hydrochloride, pH 7.6, 1
mM EDTA, 100 mM NaCl) containing 2 mg of
fraction V bovine serum albumin per ml. All antigen
and antibody proteins were diluted in TEN buffer
containing 20 mg of crystalline bovine serum albumin
per ml. The reaction mixture was incubated at 37 C
for 3 h, after which 0.03 ml of horse anti-rabbit or pig
anti-goat IgG serum (corresponding to the antiserum
used) was added to precipitate the antigen-antibody
complex. The mixture was incubated for 12 h at 2 to
4 C. Cold TEN buffer (0.5 ml) was added, and the
precipitate was collected by centrifugation at 4 C.
The pellet was washed twice with 0.5 ml of TEN
buffer, and the '**I-labeled antigen present in the
precipitate was measured in a gamma counter.

The same reaction mixture was used for the compe-
tition radioimmunoassay. For this procedure, a limit-
ing amount of antiserum sufficient to precipitate
approximately 50% of the labeled antigen was added,
and the competitive inhibition of binding of the
labeled antigen by unlabeled virus or virus protein
was measured. Competing proteins were diluted in
TEN buffer containing 20 mg of crystalline bovine
serum albumin per ml and were added (0.01 ml)
immediately before the antiserum. When virus parti-
cles were tested, Triton X-100 (0.4% final concentra-
tion) was added to the virus preparation, and the
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suspension was incubated at 37 C for 10 min. The
disrupted virus particles were then diluted in TEN
buffer containing 20 mg of crystalline bovine serum
albumin per ml and 0.4% Triton X-100. Control
studies have shown that antigen release from virus
and cells was maximal under these conditions and
that the Triton X-100 added to the reaction mixture
had no effect on antigen precipitation (M. Strand and
J. T. August, unpublished observations).

Viruses. Rauscher MuLV was kindly provided by
S. Mayyasi and D. Larson of the John L. Smith
Memorial for Cancer Research. The virus was propa-
gated in a BALB/c mouse bone marrow culture
(JLS-V9) continuously infected with Rauscher virus
as described by Wright et al. (48), harvested and
purified as described previously (46), and suspended
in 50 mM sodium citrate. The Rickard strain of FeLV
propagated in the F-422 suspended cell culture de-
rived from the thymus gland of a leukemic cat (37)
was obtained from Electro-Nucleonic Laboratories,
Inc. This virus was also received as a gift from E.
Scolnick, Meloy Laboratories, Springfield, Va., and
J. Hoekstra, Rush-Presbyterian-St. Luke’s Medical
Center, Chicago. Moloney MuLV (104-6-5) and Gross
MuLV (270-50-10) were obtained from Electro-Nu-
cleonic Laboratories, Inc. Friend MuLV, “N-tropic”,
propagated in mouse embryo cell cultures as described
by Stewart et al. (43), was kindly provided by M.
Sveda of this institution. Gardner feline sarcoma
virus, received from E. Scolnick, was propagated by
Electro-Nucleonic Laboratories, Inc., in a cat embryo
cell line (13). The Gardner-Arnstein strain of FeLV
propagated in a human rhabdomyosarcoma cell line
(27) and a rat-tropic Kirsten murine sarcoma virus
(MuSV) propagated in a clone of productively in-
fected, transformed normal rat kidney cells (25) were a
generous gift of M. Nicolson and R. M. McAllister,
Children’s Hospital of Los Angeles.

RESULTS

Polyacrylamide gel electrophoresis of C-
type viruses and purified viral proteins. Each
of the purified viral proteins and murine viruses
utilized in this study was examined by high-res-
olution, gradient polyacrylamide gel electropho-
resis in the presence of sodium dodecyl sulfate.
The p30 and p27 components can be clearly
distinguished as a component of the different
viruses present in approximately equal concen-
tration; these proteins were purified to appar-
ent homogeneity from Rauscher MuLV and
Rickard FeLV (Fig. 1). Two glycopeptides puri-
fied from Rauscher MuLV migrate with appar-
ent molecular weights of 69,000 and 71,000
(MuLV gp69-71); these are not distinctively
identified as components of the different
viruses, since there are other polypeptides of
approximately the same molecular weight and
possibly contaminating bovine serum albumin
as well.

Although not a subject of this study, it should
be noted that there are several obvious differ-



VoL. 13, 1974

o ——

Lad o

94,0005 et
68,000 ....g

43,000 S

25,500 \.‘m—,

H,?OO#M g

Fic. 1. Polyacrylamide gel electrophoresis of C-
type viruses and purified viral proteins. Electrophore-
sis in a high-resolution, 5 to 20% gradient polyacryl-
amide gel in the presence of 0.1% sodium dodecyl
sulfate was carried out as described by Baum et al.
(5). Gel A: (1) standard proteins: cytochrome ¢ (3.3
ug; mol wt 11,700), chymotrypsinogen (3.3 ug; mol wt
25,500), ovalbumin (4.2 ug; mol wt 43,000), bovine
serum albumin (2.5 ug; mol wt 68,000), phosphorylase
A (6.6 ug; mol wt 94,000); (2) Rauscher MuLV, 60 ug
of protein; (3) purified Rauscher MuLV p30, 3.4 ug of
protein; (4) purified Rauscher MuLV gp69-71, 7.6 ug
of protein; (5) Rickard FeLV, 55 ug of protein; (6)
purified Rickard FeLV p27, 4 ug of protein. Gel B: (1)
standard proteins as above; (2) Rauscher MuLV, 60
ug of protein; (3) Friend MuLV, 51 ug of protein; (4)
Moloney MuLV, 63 ug of protein; (5) Gross MuLV, 70
ug of protein; (6) Kirsten MuSV, 60 ,g of protein; (7)
standard proteins as above.

ences in the polypeptides associated with the
different murine viruses. For example: (i) there
appear to be slight differences in the molecular
weights of the approximately 30,000-dalton
major proteins of these viruses; (ii) Moloney
and Gross viruses contain a dominant protein of
about 23,000 daltons that is not evident in the
other viruses; (iii) Moloney, Gross, and Kirsten
viruses contain a polypeptide of about 12,000
daltons that is not evident in the Rauscher and
Friend viruses; (iv) there are many differences
in the minor polypeptides associated with the
virions. Further investigation is required to
determine whether these differences reflect spe-
cific variations in the virion protein composi-
tion, differences in proteins contributed by the
host cell, or changes associated with virus
growth or purification.

Interspecies, group-, and type-specific
antigenic determinants of the MuLV p30 and
FeLV p27 proteins. The antigenic determi-
nants of the purified Rauscher MuLV p30 and
Rickard FeLV p27 proteins were examined by
radioimmunoassay. All of the acid-precipitable
radioactivity of the '?*I-labeled proteins was
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precipitated by either anti-MuLV or anti-FeLV
serum, thus indicating the presence of the
cross-reactive interspecies antigens (Fig. 2). It
also was found that each antiserum contained a
greater concentration of antibodies directed
against the homologous protein than against the
heterologous protein. This could be explained if
each of the purified proteins contained anti-
genic determinants specific to that protein in
addition to the shared interspecies determi-
nants. Evidence provided by immunodiffusion
tests for the presence of more than one class of
antigenic determinant on these proteins has
previously been reported by Gilden et al. (17)
and Oroszlan et al. (35).

Further characterization of the multiple anti-
genic determinants of these proteins was carried
out by competition radioimmunoassay as de-
scribed in Materials and Methods. Group- and
type-specific determinants were measured by
use of a homologous system of labeled antigen
and antiserum, that is, murine virus protein
and anti-MuLV serum or feline virus protein
and anti-FeLV serum. With such a homologous

o
(=]
T

8

onti-Rickord FeLV —

(% labelied antigen)
8 [
(=]
T T

201

128.RAUSCHER MuLV p30 PRECIPITATED

onti-Rickard FeLV

[
[=]

»
o
T

g

1 1 1
10-2 103 104
ANTISERUM DILUTION

123)-RICKARD FeLV p27 PRECIPITATED
(% lobelled antigen)

1
10-%

Fi6. 2. Radioimmunoassay of antiserum precipita-
tion of Rauscher MuLV p30 and Rickard FeLV p27.
The assay was performed as described under Mate-
rials and Methods. (A) 2.5 ng of “**I-labeled MuLV
P30 (12,400 counts per min per ng) and a final dilution
of rabbit anti-FeLV or rabbit anti-MuLV serum as
indicated. (B) 2.4 ng of ‘*I-labeled Rickard FeLV p27
(50,000 counts per min per ng) and a final dilution of
rabbit anti-FeLV or rabbit anti-MuLV serum as
indicated.
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system, all of the reactive antigenic determi-
nants of the protein for which there were anti-
bodies would be bound, whether interspecies or
group, or type specific. These different varieties
of antigens were then measured by the extent to
which proteins of different viruses competed
with the labeled antigen. For example, if there
was binding of group- or type-specific as well as
the interspecies determinants of the MuLV
protein, then the addition of competing FeLV
would bind only the antibodies directed against
the interspecies determinants and only partially
block precipitation of MuLV antigen.

Such an experiment was carried out by using
125]_labeled Rauscher MuLV p30 and anti-
MuLV serum, comparing the effect of the puri-
fied FeLV p27 with the standard competition by
unlabeled MuLV p30. Two parameters of the
competition assay are shown by the data: (i) the
amount of FeLV p27 required for 50% of maxi-
mal competition for the interspecies reactive
antibodies was approximately 20-fold greater
than the amount of MuLV p30 required for 50%
competition of all antibodies, and (ii) the extent
of the competition by the FeLV p27 was only
30% (Fig. 3A). This indicates that (i) the
interspecies antigens common to MuLV p30
and FeLV p27 proteins comprise only a portion
of the total determinants of the MuLV p30, and
(ii) as expected in this case, the majority of the
antibodies of the anti-MuLV serum were di-
rected at antigens other than interspecies deter-
minants. A trivial explanation of these results is
that the reduced competition by the FeLV p27
interspecies antigens was due to degradation or
impurity of the FeLV p27 protein. To exclude
this possibility, the competing proteins were
analyzed in a heterologous assay system of the
same labeled MuLV antigen and anti-FeLV
serum in place of the anti-MuLV serum. In this
system, only the interspecies determinants of
the murine antigen were bound. Both MuLV
and FeLV competing proteins gave equal and
complete competition, demonstrating that the
preparations contained comparable amounts of
the interspecies antigens (Fig. 3B).

In order to extend these findings and to
compare the Rickard FeLV protein with the
murine virus protein, the reciprocal experi-
ments were also carried out, with '**I-labeled
FeLV p27 as antigen and the MuLV p30 as
competitor (Fig. 4). The results were completely
analogous to those of the previous experiment.
Only a fraction of the anti-FeLV p27 antibodies
were bound by the competing MuLV p30, and
approximately threefold more murine virus
than feline virus protein was required for 50% of
the maximal observed competition. The heter-
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Fic. 3. Analysis of the interspecies antigenic deter-
minants of Rauscher MuLV p30 by competition
radioimmunoassay. The assays were performed as
described under Materials and Methods with 5 ng of
125] labeled MuLV p30 (20,000 counts per min per ng)
and (A) rabbit anti-Rauscher MuLV serum, 1:2,400
final dilution, or (B) rabbit anti-Rickard FeLV serum,
1:2,400 final dilution. The competing proteins, puri-
fied Rauscher MuLV p30 and Rickard FeLV p27, were
added as indicated.

ologous assay, measuring the interspecies deter-
minants, again showed that both proteins con-
tained comparable amounts of the interspecies
antigens. In this experiment, the difference in
the slopes of the inhibition curves may be
attributed to the properties of the anti-MuLV
serum, and possibly to a greater affinity of the
antibodies for the MuLV p30 than for the FeLV
p27 (22).

All of these experiments were repeated by
adding whole virus degraded by Triton X-100 as
competitor instead of the purified proteins. The
results were the same except that the concentra-
tion of total competing viral protein required
was 10- to 20-fold higher, appropriate to the
estimated concentration of the p30 or p27 pro-
teins in the viruses (data not shown).

These results suggest that, with the particu-
lar antisera used in these experiments, the
proportion of interspecies antigens among all of
the reactive determinants was 5% for the
Rauscher MuLV p30 and 30% for the Rickard
FeLV p27. These calculations assume that dif-
ferences in the amounts of competing protein
required for 50% maximal competition are pro-
portional to differences in the concentrations of
antigenic determinants rather than to differ-
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ences in the affinities of antibodies for the
proteins. Therefore, in the case of the murine
protein, since the anti-MuLV serum may have a
higher affinity for the MuLV p30 than for the
FeLV p27, the 5% value is possibly an underesti-
mate. Nevertheless, it is clear that the interspe-
cies antigens do not constitute the total anti-
genic determinants of the murine p30 and feline
p27 proteins bound in these experiments and
that these proteins must therefore contain
group- or type-specific determinants, or both, in
addition to the shared interspecies antigens.
Further characterization of the antigens of
these proteins was achieved by testing the
competition of different types of murine viruses
in the homologous assay system containing
125].]abeled Rauscher MuLV p30 and anti-
Rauscher MuLV serum. In this way, group- and
type-specific antigens could be distinguished.
Inhibition greater than that of feline virus
would indicate group determinants common to
the different types of murine viruses. Failure to
compete for all the antibodies would indicate
the existence of type-specific determinants.
Friend, Moloney, and Gross viruses all showed
strong competition, thus confirming the pres-
ence of group-specific determinants of MuLV
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125 _RICKARD FelV p27 (% maximum precipitated)
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Fic. 4. Analysis of the interspecies antigenic deter-
minants of Rickard FeLV p27 by competition radi-
oimmunoassay. The assays were performed as de-
scribed under Materials and Methods with 2.5 ng of
125]_labeled Rickard FeLV p27 (50,000 counts per min
per ng) and (A) rabbit anti-Rickard FeLV serum,
1:3,000 final dilution, or (B) rabbit anti-Rauscher
MuLV serum, 1:3,000 final dilution. The competing
proteins, purified Rauscher MuLV p30 and Rickard
FeLV p27, were added as indicated.
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F16. 5. Analysis of species- and type-specific anti-
genic determinants of Rauscher MuLV p30 by compe-
tition radioimmunoassay. The assays were performed
as described under Materials and Methods with 2.0 ng
of ***I-labeled Rauscher MuLV p30 (32,000 counts per
min per ng) and (A) rabbit anti-Rauscher MuLV
serum, 1:12,000 final dilution, (B) rabbit anti-Ric-
kard FeLV serum, 1:2,400 final dilution, or (C) goat
anti-Moloney MuLV serum, 1:96,000 final dilution.
The competing purified Triton X-100-disrupted virus
was added as indicated.

p30 shared by different types of murine viruses
(Fig. 5A). Since there was almost complete
competition when a sufficiently high concentra-
tion of the competing virus protein was added,
it appeared that the majority of the antibodies
of the anti-MuLV serum were directed at these
group-specific antigens. It also was evident,
however, that among the different viruses the
concentration of group determinants or the
affinity of these determinants for antibodies of
the anti-MuLV serum was not identical, since
increased amounts of protein were required for
competition in the order or Rauscher < Mo-
loney < Friend < Gross. Assuming that the
concentration of p30 interspecies determinants
of these viruses was the same, the differences
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were not attributable to the level of p30 protein
in the viruses, since each was equally effective
in the heterologous assay measuring the appar-
ent concentration of the interspecies determi-
nants of this protein (Fig. 5B). Moreover, analy-
sis of these viruses by polyacrylamide gel elec-
trophoresis also suggested that they contained a
similar concentration of the p30 protein (Fig. 1).

Analogous results were obtained from an
experiment making use of anti-Moloney virus
serum and the '?*I-labeled Rauscher MuLV p30.
In this case, since the assay measured determi-
nants common to the two viruses, Moloney
virus and Rauscher virus would be expected to
give similar competition curves, as was ob-
served (Fig. 5C). Here again, however, the
determinants common to Moloney and
Rauscher viruses were not shared equally by
Friend and Gross viruses since greater concen-
trations of these latter viruses were required for
competition. Moreover, even at high concentra-
tions of Gross virus the inhibition was incom-
plete, indicating that the anti-Moloney virus
serum contained antibodies which bound
Rauscher virus determinants not shared by
Gross virus. It thus appeared that there were
distinctive differences among the group-specific
determinants of the murine virus p30 proteins,
either in the number of determinants per mole-
cule of protein or in their affinity for anti-
Rauscher MuLV p30 antibodies. In addition,
there also appeared to be Rauscher p30 determi-
nants which were not shared by all of the other
murine viruses, which then would be classified
as type-specific antigens.

The detection of type-specific differences was
greatly augmented when the reaction was car-
ried out with a monospecific antiserum ob-
tained from goats immunized with the purified
Rauscher MuLV p30 (Fig. 6). As compared with
the standard competition curve obtained with
Rauscher MuLV, a greater amount of compet-
ing protein of Gross, Friend, and Moloney
viruses was required for 50% maximal competi-
tion. Even at high concentrations, the compet-
ing antigen failed to bind all of the anti-
Rauscher p30 antibodies. The results show that
there are Rauscher p30 determinants not pres-
ent in other murine viruses. Moreover, the
reduced slope of the inhibition curves of the test
viruses suggests that the affinity of the anti-
bodies for the group-specific determinants of
the Gross, Friend, and Moloney p30 proteins
was less than the affinity for the corresponding
Rauscher p30 determinants.

Interspecies, group-, and type-specific
antigenic determinants of the MuLV gp69-71
protein. Studies similar to those carried out
with the p30 protein have also been performed
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Fi6. 6. Analysis of species- and type-specific deter-
minants of Rauscher MuLV p30 with monospecific
anti-Rauscher MuLV p30 serum. The competition
radioimmunoassay was performed as described under
Materials and Methods with 2 ng of **I-labeled
Rauscher MuLV p30 (91,000 counts per min per ng)
and goat anti-Rauscher MuLV p30 serum, 1:48,000
final dilution. The competing Triton X-100-disrupted
viruses were added as indicated: Friend MuLV, @;
Gross MuLV, B; Moloney MuLV, O.

with the Rauscher virus envelope glycopeptides
gp69-71. The identification and characteriza-
tion of the interspecies antigenic determinants
of these components has been reported else-
where (35). The results given here show the
presence of group- and type-specific determi-
nants as well.

In the experiments carried out with the ho-
mologous assay system, '2°I-labeled Rauscher
MuLV gp69-71, and anti-Rauscher MuLV se-
rum, the effects of several different feline vi-
ruses and Kirsten MuSV were compared with
the standard competition given by Rauscher
MuLV and purified Rauscher MuLV gp69-71
(Fig. 7). Compared with the purified gp69-71,
competition by Triton X-100-treated Rauscher
MuLV required 12-fold more protein, appropri-
ate to the concentration of glycopeptides in the
virion (35). By comparison, a 25-fold greater
concentration of feline virus than of Rauscher
MuLV was required to achieve 50% of maximal
competition, and with an excess of competing
protein less than half of the antibodies were
competitively bound. The same results were
obtained with four different preparations of
feline viruses, including virus grown in the
human RD cell. It thus appeared that a minor
component of the antigens of the labeled
gp69-71 antigen bound by the anti-MuLV anti-
bodies was interspecies determinants present in
feline virus.

Group- and type-specific determinants of the
Rauscher gp69-71 were also revealed in this
experiment by the use of Kirsten MuSV (Fig.
7A). The more effective competition by Kirsten



VoL. 13, 1974

virus than by the feline viruses clearly indicated
the presence of group-specific determinants.
The same competition curve gives evidence for
gp69-71 type-specific antigens as well; greater
amounts of Kirsten virus than Rauscher virus
protein were required for competition, and even
high concentrations of Kirsten virus failed to
compete for all of the antibodies binding the
Rauscher protein.

As a control, all of the viruses used in this
experiment were examined in the heterologous
assay system for the concentration of the in-
terspecies determinants of the gp69-71 proteins
(Fig. 7B). By this criterion, there was no differ-
ence in the concentration of the protein in the
different viruses.

The species and type-specific determinants of
the gp69-71 protein were further analyzed by
testing the competition of Friend, Moloney, and
Gross viruses in an assay using a goat monospe-
cific anti-Rauscher MuLV gp69-71 serum (Fig.
8A). Few of the antibodies of this serum reacted
with the interspecies determinants, since there
was only slight inhibition by FeLV. Friend,
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Fic. 7. Analysis of the Rauscher MuLV gp69-71.
The competition radioimmunoassay was performed as
described under Materials and Methods with 5 ng of
128]_lagbeled Rauscher MuLV gp69-71 (10,000 counts
per min per ng) (A) Rabbit anti-Rauscher MuLV
serum, 1:1,500 final dilution, and the competing
purified protein or Triton X-100-disrupted viruses as
indicated: Rickard FeLV, A: Rickard FeLV, A: Gard-
ner-Arnstein FeLV, O; Gardner feline sarcoma virus,
B. (B) Rabbit anti-Rickard FeLV serum, 1:450 final
dilution; the competing Triton X-100-disrupted vi-
ruses were added as indicated: Rauscher MuLV, O;
Gardner-Arnstein FeLV, A; Kirsten MuSV, A; Ric-
kard FeLV, .
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Fic. 8. Analysis of the Rauscher MuLV gp69-71
with monospecific anti-Rauscher MuLV gp69-71 se-
rum. The competition radioimmunoassay was per-
formed as described under Materials and Methods
with 1 ng of '*I-labeled Rauscher MuLV gp69-71
(47,000 counts per min per ng) and (A) rabbit
anti-Rauscher MuLV gp69-71 serum, 1:2,400 final
dilution, or (B) rabbit anti-Rickard FeLV serum,
1:450 final dilution. The competing purified protein
or Triton X-100-disrupted viruses were added as
indicated.

10,000

Moloney, and Gross viruses all showed a much
stronger competition, clearly indicating the
presence of group-specific determinants in the
Rauscher protein. There also appeared to be
significant differences in the concentrations and
affinities of the competing group-specific anti-
gens of these viruses. Since the extent of compe-
tition with the test viruses was only approxi-
mately 50% that of Rauscher virus, the remain-
ing antibodies of this monospecific serum ap-
peared to be directed solely against type-
specific antigens. Again, the control experiment
measuring the interspecies determinants of the
gp69-71 protein indicated that the concentra-
tion of this protein in the different viruses was
the same by this criterion (Fig. 8B).

DISCUSSION

The finding that both the p30 major internal
protein and the gp69-71 glycopeptides of mam-
malian C-type RNA viruses contain each of the
three types of antigenic determinants that have
been formally classified (i.e., interspecies,
group specific, and type specific) indicates that
the antigenic properties of the viral proteins are
more complex than previously had been recog-
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nized. It may be predicted, however, that this is
not an unusual property of the viral proteins
and that others will be found to have such a
spectrum of antigen determinants. Basically,
any viral protein that is antigenic must express
one or more of these determinants. Proteins of
related viruses of a given species have common
properties which may be reflected by group-
specific determinants. Type-specific determi-
nants could reflect variable regions in any
protein, some of which, as with glycoproteins of
the virus envelope, may be related to biologi-
cally significant differences among types of
viruses. In addition, since all of the C-type
viruses are structurally similar, interspecies
determinants may exist in relation to a common
functional role of some of the properties. For
example, the RNA-dependent DNA polymerase
has been found to contain both group-specific
and interspecies determinants (36). The data
also suggest that the three classes of antigens
should not be thought of as defining unique
structures. Rather, there appears to be a spec-
trum of determinants ranging in specificity
from interspecies to group specific to type
specific. Thus, even among closely related types
of viruses, a given protein may differ in the
concentration and affinity of the shared group
or interspecies determinants as well as in the
presence of type-specific antigens.

As other proteins of mammalian C-type vi-
ruses are isolated, the techniques described here
provide a means to test these hypotheses. One
of the advantages of the procedure is that it can
be carried out with any purified protein. This is
particularly useful for type-specific antigens
which previously had been characterized chiefly
by use of virus-neutralizing serum. Since the
neutralization assay depends upon the biologi-
cal properties of a protein, it is effective only
with those proteins which induce such neutral-
izing antibodies, presumably the envelope gly-
coproteins. By use of the radioimmunoassay,
the definition of type-specific determinants
may now be broadened and not limited to those
that induce neutralizing antibodies.

There is evidence that at least some of the
determinants of the gp69-71 glycopeptides are
viral envelope surface antigens. Studies in col-
laboration with R. Steeves of this institution
(unpublished data) have shown that the mon-
ospecific anti-gp69-71 serum has strong virus
neutralizing activity. Moreover, these glycopep-
tides are iodinated when intact virions are
treated by the lactoperoxidase procedure (M.
Strand and T. August, unpublished observa-
tions), results which appear analogous to those
reported by Witte et al. (47). Taken with the
fact that they are a major glycoprotein compo-
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nent of the virion (45; M. Strand and T. August,
unpublished observations), it can be predicted
that the properties of these glycopeptides will
include many of those associated with the
functions of the viral envelope.

The assembly of C-type RNA virus particles
at the periphery of the host cell and the budding
of the particle through the cellular outer mem-
brane (8) suggest that some constituents of the
viral envelope are of cellular origin. With re-
spect to gp69-71, the antigens of these compo-
nents were not found in uninfected cells by the
radioimmunoassay under conditions in which
1% of that present in JLS-V9 cells productively
infected with Rauscher virus would have been
detected (45). Moreover, the complex assort-
ment of virus-related antigenic determinants,
as described in this report, is further evidence
that synthesis of the antigens, if not the pro-
teins, is in some manner directed by viral gene
expression. This, however, is not proof of the
viral genetic origin of gp69-71 as might be
obtained by genetic studies or analysis of the
transcription products of viral RNA. It is possi-
ble that some of the antigenic determinants are
a property of the carbohydrate moiety of the
molecule, the structure of which is controlled by
protein(s) coded for or induced by the virus.
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