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Normal sera from a variety of strains of inbred mice have precipitating
antibodies to murine type C viruses that are detected by radioimmune precipita-
tion assays. The results demonstrate that this humoral immune response is
primarily directed against the AKR strain of murine leukemia virus (MuLV)
proteins gp7l, gp43, and p15(E). These sera also react with Friend- or Rauscher-
MuLV in radioimmune precipitation assays. This reaction is not due to a
separate immune response, but rather is primarily a consequence of the cross-
reactivity of antibodies to the AKR strain of MuLV p15(E) with the p15(E) of
these viruses. These data, using autogenous immune sera, emphasize the sero-
logical differences ofthe virion glycoproteins and the serological similarity ofthe
p15(E) virion component of the viruses. Furthermore, based on the serological
reactivities to the glycoproteins, the results suggest that the AKR strain of
MuLV is endogenous to and expressed in mice, but that the Friend-Moloney-
Rauscher virus group is not.

Murine leukemia viruses (MuLV) are endog-
enous in mice (2, 3, 5, 10, 21, 28) and are varia-
bly expressed in vivo, which is dependent upon
factors such as strain and age (20, 21, 23, 27,
29). One consequence of this expression, how-
ever, is the development of an autogenous im-
mune response detectable with a sensitive and
quantitative radioimmune precipitation (RIP)
assay using a [3H]leucine-labeled intact AKR
strain of MuLV (AKR-MuLV) (14, 15, 25; J. N.
Ihle and M. G. Hanna, Jr., Contemp. Top. Im-
munobiol., in press). Analysis of immune pre-
cipitates of autogenous immune sera and la-
beled disrupted virions has suggested that the
immune response is primarily directed against
three virion envelope components: gp7l, gp43,
and p15(E) (15, 16). More recently, direct RIP
assays using purified 125I-labeled AKR-MuLV
gp7l have confirmed the reactivity of these sera
with this major envelope glycoprotein (13). Fur-
thermore, competition experiments with the
purified glycoprotein have suggested that this
immune reaction is one of the predominant re-
actions detected in RIP assays with intact vi-
rions. These experiments, however, only as-
sessed the reaction of these sera with the AKR-
MuLV.

Several biologically and serologically distinct
oncornaviruses have been described in mice.
Ecotropic viruses are able to replicate in mouse
cells. One group of ecotropic viruses has been
etiologically linked to spontaneous (10) and ra-

diation-induced (18) leukemias in mice and con-
stitutes the Gross-type viruses. Within this
group, N- and B-tropic viruses have been de-
fined, based on host range characteristics (21).
These viruses are extensively related, as deter-
mined by molecular hybridization (3). Also in-
cluded in the ecotropic viruses is the Friend-
Moloney-Rauscher (FMR) MuLV group. The vi-
ruses in this group are apparently not found
naturally in mice and are serologically distinct
from the Gross- or AKR-type viruses (6, 7, 26).
Xenotropic viruses are characterized by their
inability to replicate in mouse cells and by their
ability to replicate in cells from a variety of
other species (19). These viruses are endoge-
nous to mice and are expressed in some strains
throughout life (4, 19). They have not been
linked to any spontaneous neoplasia in mice.

In a previous communication, we examined
the reactivity of autogenous immune sera from
1.5-year (B6C3)Fl [(C57BL/6 x C3H/Anf)F,]
mice with Gross, FMR, and xenotropic viruses
(J. C. Lee and J. N. Ihle, J. Natl. Cancer Inst.,
in press). These studies demonstrated the abil-
ity of such sera to react comparably with all
groups of murine viruses in RIP assays. How-
ever, these sera did not react with type C vi-
ruses of other species. In the present studies,
we further examined the basis of the reactivity
with Gross- and FMR-type viruses to delineate
the virus types to which the autogenous im-
mune response is directed and to better estab-
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lish the molecular entities involved in cross-
reactivities.

MATERIALS AND METHODS
Animals. Male (B6C3)Fi [(C57BL/6 x C3H/

Anf)F1], C57BL/6, C3H/Anf, and BALB/c mice were
bled at 18, 4, 3, and 6 months of age, respectively,
and the sera were pooled. All mice were specific
pathogen free.

Test sera. Blood was collected from mice by car-
diac puncture. Sera were separated by centrifuga-
tion at 400 x g for 15 min and were stored at -70 C.

Viruses. AKR-MuLV was isolated from an estab-
lished line of AKR mouse embryo cells [FIC2(16a)],
which had. spontaneously initiated virus synthesis
(obtained initially from W. P. Rowe, National Insti-
tutes of Health). Moloney-MuLV was isolated from a
chronically infected continuous-passage Swiss
mouse embryo cell line. Rauscher-MuLV was puri-
fied from the JLS-V5 cell line. Gross-MuLV was
kindly provided by the Office of Program Resources
and Logistics, National Cancer Institute, Bethesda,
Md. Friend-MuLV was obtained from the Eveline
cell line, which is derived from the STU mouse
strain, as previously described (E. Seifert, M. Cla-
viez, G. Hunsmann, V. Moennig, and W. Schafer, Z.
Naturforsch., in press).

Preparation of unlabeled AKR virus. Nonradio-
active viruses were purified as described (15) from
12-h harvests of culture medium from cells grown in
roller bottles. Protein concentrations were deter-
mined by the method of Lowry et al. (22).

Preparation of radioactively labeled virus.
[3H]leucine-labeled virus was prepared as previ-
ously described (15), except 10-6 M hydrocortisone
was incorporated in the culture medium to enhance
virus yield. All viruses were purified by a final
isopycnic banding in a 15 to 50% linear sucrose
gradient. In some cases, an additional step of sedi-
mentation centrifugation was necessary to obtain
homogeneous virus preparations.
The viruses were prepared under identical condi-

tions and had similar radiospecific activities (1 x 107
to 3 x 107 counts/min per mg of protein). Purified
virus pools were stored at -170 C and were used
immediately upon thawing.
RIP assays against intact virus. The RIP assay

against intact labeled AKR virus has been described
in detail elsewhere (14). In brief, 0.1 ml of the test
serum was serially diluted twofold in TNE buffer
(0.05 M Tris-hydrochloride, pH 7.5, 0.1 M NaCl, 1
mM EDTA); 0.1 ml (6,000 counts/min) of labeled
virus was added, and the mixture was incubated for
1 h at 37 C to allow the formation of immune com-
plexes. Subsequently, a volume of 0.1 ml of anti-
gamma globulin (Cappel anti-mouse gamma globu-
lin) diluted 1:2 in TNE was added; the mixture was
incubated again at 37 C for 1 h and finally incubated
at 4 C for 2 h. The precipitates were collected by
centrifugation at 1,200 x g for 15 min, and the
supernatant was removed for the determination of
radioactivity. The precipitates were washed three
times with TNE, resuspended in 0.4 ml of TNE, and
prepared for counting. All samples were counted in
10 ml of Aquasol (New England Nuclear Corp., Bos-

ton, Mass.) in a scintillation counter. The percent-
age of precipitation was expressed as the percentage
of counts in the precipitate relative to the combined
counts in the precipitate and in the first superna-
tant. A number of parameters of the RIP assay were
found to affect the results, as described in a previous
report (14).

Competition RIP assays were run under identical
conditions, except that unlabeled virus was diluted
twofold and serum was added at the indicated dilu-
tions. The results are expressed as the percentage of
precipitation occurring in the presence of unlabeled
virus relative to the precipitation in the absence of
competing virus.

SDS-polyacrylamide gel electrophoresis of im-
mune precipitates. Sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis was performed,
as described by Weber and Osborn (34). Bromo-
phenol blue was used as a reference standard to
determine relative mobilities and was generally al-
lowed to migrate 8 cm. Standard protein samples
were used to calibrate the system as described (15).
The gels were sectioned into 1-mm slices and dis-
solved overnight in 0.1 ml of 30% hydrogen peroxide
at 75 C. The radioactivity of each gel slice was deter-
mined with a liquid scintillation counter.
To prepare immune precipitates for polyacryl-

amide gel electrophoresis, 25 to 50 ,ul of serum was
allowed to react with 2 x 105 counts/min of Triton-
disrupted virus and subsequently precipitated with
anti-gamma globulin as described (15). The precipi-
tates were washed four times with TNE and then
sedimented through a cushion of 25% sucrose con-
taining TNE and 0.5% deoxycholate. The precipi-
tates were resuspended in TNE and pelleted at 1,200
x g for 20 min. The pellets were carefully drained
dry, resuspended in 0.05 ml of 1% SDS and 1% f-
mercaptoethanol in 0.01 M sodium phosphate buffer
at pH 7.4, and incubated at 60 C for 1 h and then at
37 C overnight.

Viral antigens. Rauscher-MuLV gp7l and AKR-
MuLV gp7l were purified as previously described
(13).

Direct RIP assay. Antigens used in direct RIP
assays were labeled with 125I by the method of
Greenwood et al. (9). The specific activity of the
labeled components was approximately 5 x 103
counts/min per ng.

In direct assays, test sera were diluted twofold in
0.2 ml of assay buffer (0.05 M sodium phosphate, pH
7.0, 0.1 M NaCl, 0.001 M EDTA, 0.01% Triton X-
100), and labeled antigen (2 to 4 ng) was added. The
mixtures were incubated 3 h at 37 C and overnight
at 4 C prior to the addition of the appropriate anti-
gamma globulin antiserum (0.1 ml) (Cappel Labora-
tories, Downington, Pa.). The mixture was further
incubated 1 h at 37 C and 3 h at 4 C and prepared as
above.

Absorption of sera with viruses. To serum sam-
ples (0.1 ml), 1 mg of the appropriate virus in 0.1 ml
ofTNE was added. The mixtures were incubated 45
min at 37 C and 45 min at 4 C, and the virus was
removed by centrifugation (30,000 rpm, 1 h). The
procedure was repeated once, and the sera were
stored at -70 C.
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RESULTS
Pooled sera from 1.5-year (B6C3)F,, 4-month

C57BL/6, 3-month C3H/Anf, and 6-month
BALB/c mice were used in these experiments.
The titers of these sera against various MuLV
in RIP assays using intact virions are shown in
Table 1. All sera had precipitating titers
against AKR-MuLV and the FMR group of vi-
ruses. In general, however, the titer against
the FMR group of viruses was slightly lower for
a particular serum than the titer against AKR-
MuLV. The titers of sera from the various
strains were variable, and these variations
have been shown to be a function of both strain
and age (14, 25; Ihle and Hanna, Contemp. Top.
Immunobiol., in press).
The comparable precipitation of the FMR vi-

ruses and the AKR virus could be due to unique
antibody populations specific to each virus
type, or it could be due to cross-reactivity of
antibody populations specific to one virus type.
To examine these possibilities, we initially
used a series of RIP competition assays. In
these assays, limiting dilutions of sera were
reacted with [3H]leucine-labeled virions, and
unlabeled intact viruses were used as the com-
peting antigen. Although this measures the
predominant immunological reaction, it can
clearly distinguish cross-reactivity from unique
immune recognition. Typical competition
curves for (B6C3)F, sera are shown in Fig. 1.
When limiting dilutions of sera are reacted
with labeled AKR-MuLV in the presence of
increasing amounts of unlabeled AKR-MuLV,
the precipitation of the labeled virus is progres-
sively inhibited. In this reaction approximately
0.2 jig of virus was required for 20% competi-
tion. In contrast, Friend-MuLV did not compete
in this reaction, even at the highest concentra-
tions. Rauscher-MuLV competed only margin-
ally, with 20% competition occurring at approx-
imately 100 ,g of virus.

TABLE 1. RIP titers of autogenous immune sera

RIP titer against:
Serum AKR- Friend- Rauscher-

MuLV MuLV MuLV

(B6C3)F, 1,280 640 640
C3H/Anf 320 80 80
BALB/c 80 80 80
C57BL/6 640 320 320

a Titers were determined using the respective
[3H]leucine-labeled viruses (1 x 107 to 3 x 107
counts/min per mg of protein) in RIP assays, as
described in the text. Titers are the reciprocal of the
serum dilution giving 50% precipitation of the la-
beled virus.
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FIG. 1. Competition RIP assays of (B6C3)F, sera.

Sera from 1.5-year (B6C3)F, mice were reacted with
[3H]leucine-labeled AKR-MuLV (A) or Friend-
MuLV (B) at serum dilutions of 1:300 and 1:100,
respectively, in the presence ofdecreasing amounts of
unlabeled AKR-MuLV (U), Rauscher-MuLV (0), or
Friend-MuLV (0). In control reactions in the absence
ofcompeting virus, approximately 70% of the labeled
virus was precipitated.

The results of comparable experiments ana-
lyzing the reaction of (B6C3)F, sera with la-
beled Friend-MuLV are also shown in Fig. 1.
As expected, unlabeled Friend-MuLV can com-
pletely inhibit this reaction, in a manner com-
parable to the above, with 20% competition oc-
curring at approximately 1 ,ug of virus. In addi-
tion, Rauscher-MuLV can inhibit the reaction

J. VIROL.
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in a similar manner, with 20% competition oc-

curring with approximately 2 ,ug of virus. How-
ever, AKR-MuLV also significantly inhibited
the precipitation of Friend-MuLV, although the
slope was somewhat displaced to higher viral
concentrations and 20% inhibition required ap-

proximately 6 to 7 ,ug of the virus. The inability
of Friend- or Rauscher-MuLV to compete for
the precipitation of AKR-MuLV and the ability
of AKR-MuLV to compete for the precipitation
of Friend-MuLV suggest that the antigenic de-
terminants recognized on the FMR viruses by
(B6C3)F1 sera are shared with AKR-MuLV;
but, in addition, antigenic determinants exist
on AKR-MuLV that are not present on the
FMR viruses.
These results and a summary of additional

competition experiments are shown in Table 2.
With (B6C3)F, sera, the reaction with labeled
AKR-MuLV could also be completely inhibited
with Gross-MuLV but could not be inhibited
with Moloney-MuLV. Furthermore, the reac-
tion with Friend-MuLV could be completely in-
hibited by all the viruses examined. However,
neither of these reactions could be inhibited
with murine mammary tumor virus or rat leu-
kemia virus (data not shown).

In addition to (B6C3)F, sera, we have also
examined autogenous immune sera from other
strains. These results are summarized in Table
2. All the sera examined gave comparable pat-
terns of competition. In particular, immune
precipitation of AKR-MuLV could be inhibited
by AKR-MuLV but not by FMR viruses. Fur-
thermore, immune precipitation of Friend-
MuLV by these autogenous immune sera was

inhibited by the FMR viruses, as well as by
AKR-MuLV. Therefore, the pattern of reactiv-
ity of autogenous immune sera from various

strains of mice is the same and suggests that
the immune response in these strains of mice is
directed against the AKR-MuLV.
To further examine the specificities of these

autogenous immune sera, (B6C3)F, sera were
absorbed with AKR-, Friend-, or Rauscher-
MuLV, as described above. These .sera were
subsequently titered in RIP assays with various
viruses. The results are summarized in Table 3.
Sera absorbed with AKR-MuLV lost all reactiv-
ity detectable in RIP against AKR-MuLV and
Friend-MuLV. Sera absorbed with Friend-
MuLV failed to react with Friend- or Rauscher-
MuLV in RIP assays, but they had titers com-
parable to controls against AKR-MuLV. These
data are consistent with the results of the com-
petition experiments and again suggest that

TABLE 3. Comparisons of antibody titers of
autogenous immune sera and absorbed sera against
Friend- and AKR-MuLV virions and glycoproteins

RIP titer RIA titer against&:
against:

Serum
Friend- AKR- Rauscher AKR
MuLV MuLV gp7l gp7l

C3H/Anf 80 80 10 80
C57BL/6 320 640 10 160
BALB/c 80 80 10 80
(B6C3)F, 640 1,280 10 320

(B6C3)F, absorbed
with:

AKR-MuLV 0 0 0 0
Friend-MuLV 0 1,280 0 320
Rauscher-MuLV 0 1,280 0 320

a RIP assays against [3H]leucine-labeled viruses were
performed as described in the text.

bDirect RIA against purified, l25I-labeled glycopro-
teins, as described in the text. Titers are expressed as the
reciprocal of the serum dilution required for 50% precip-
itation of the labeled antigen.

TABLE 2. Competition RIP assays using intact virions and various autogenous immune sera

gg required for 20% competition"

Serum Labeled MuLV Competing MuLV

AKR Moloney Friend Rauscher Gross

(B6C3)Fl AKR 0.39 >100 >200 100 5.12
Friend 6.25 3.12 1.56 1.56 3.12

C3H/Anf AKR 0.20 >200 100 ND° ND
Friend 0.20 3.12 0.20 ND ND

C57BL/6 AKR 1.56 ND >200 100 ND
Friend 3.12 ND 1.56 1.56 ND

BALB/c AKR 0.78 >200 200 ND ND
Friend 1.56 3.12 1.56 ND ND

a (B6C3)F,, C3H/Anf, C57BL/6, and BALB/c sera were reacted against labeled AKR-MuLV at dilutions of
1:400, 1:40, 1:100, and 1:40 and against labeled Friend-MuLV at dilutions of 1:200, 1:40, 1:80, and 1:40,
respectively, in RIP competition assays, as described in the text. The results are summarized as the amount
(micrograms) of competing virus required to effect 20% competition.

b ND, Not determined.
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these autogenous sera have antibodies specific
for the Gross type of ecotropic viruses, some of
which are capable of cross-reacting with the
FMR viruses.
Using immune precipitation of disrupted

AKR-MuLV virions, followed by SDS-poly-
acrylamide gel electrophoresis, we have previ-
ously demonstrated antibodies in these sera
that are specific for gp7l, gp43, and p15(E) (15).
Similar immunological reactivities with
Rauscher-MuLV (Lee and Ihle, J. Natl. Cancer
Inst., in press) were demonstrated using this
assay. However, since these reactions were
done at a single, high-serum concentration, the
degree of cross-reactivity against various anti-
gens could not be assessed. Therefore, we ex-
amined normal and absorbed sera for reactivity
against purified AKR-MuLV gp7l and
Rauscher-MuLV gp7l. Typical titrations are
shown in Fig. 2, and the results are summa-
rized in Table 3. As previously demonstrated,
sera from (B6C3)F, and C3H/Anf mice had ti-
ters against AKR-MuLV gp7l (13). Similarly,
BALB/c and c57BL/6 sera had precipitating ti-
ters against purified AKR-MuLV gp7l. In gen-
eral, the titer of a particular serum was lower
against the glycoprotein than against the intact
virus. This difference is due to the greater sen-
sitivity of the virus RIP (Ihle et al., unpub-
lished data). However, the relative differences
in the titers of these sera against intact virus
were similar to the differences seen in the as-
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FIG. 2. RIA of '251-labeled AKR-MuLV gp7l by
normal mouse sera. Direct RIAs were performed,
as described in the text, using sera from (B6C3)F,
(-), C57BL16 (0), C3H/Anf (O), and BALBIc (-)
mice. The reaction of (B6C3)F, sera with 125-Ila-
beled Rauscher-MuLV gp7l (A) is shown for com-

parison.

says using the glycoprotein. These sera, how-
ever, had only a weak reactivity against puri-
fied Rauscher-MuLV gp7l, indicative of the se-
rological differences between the FMR and
AKR-MuLV glycoproteins (13) and demonstrat-
ing that the reactivity of these autogenous im-
mune sera with the AKR-MuLV glycoprotein is
primarily type specific.
The reactivities of absorbed sera from

(B6C3)F, mice with the AKR-MuLV gp7l were
also summarized in Table 3. Sera absorbed with
AKR-MuLV lost all precipitating titers against
labeled AKR-MuLV gp7l, whereas sera ab-
sorbed with Rauscher- or Friend-MuLV re-
tained their original titers. Interestingly, the
weak reactivity of these sera with Rauscher-
MuLV gp7l was completely lost after absorp-
tion with any of the viruses. This observation
suggests that this weak reactivity detectable
with Rauscher-MuLV gp7l may represent a
small amount of group-specific recognition of
these autogenous immune sera, although the
predominant response is clearly type specific.
The above data demonstrate that the gp7l

molecules are at most only slightly cross-reac-
tive; however, these data do not exclude gp43 or
p15(E). To examine these possibilities, we re-
acted absorbed (B6C3)F, sera with disrupted
[3H]leucine-labeled AKR-MuLV and analyzed
the immune precipitates by SDS-polyacryl-
amide gel electrophoresis. Sera that were
mock-absorbed had profiles comparable to those
previously reported for normal sera (15). The
majority of the radioactivity is in a 1.5 x 104
molecular weight component. This has been
previously demonstrated to be p15(E) (16). The
two smaller peaks have been shown to be glyco-
proteins and constitute AKR gp7l and gp43
(15). The differences in the radioactivity reflect
the relative contribution of these components in
the virion (15). Sera that had been absorbed
with AKR-MuLV and reacted with disrupted
[3H]leucine-labeled AKR-MuLV lost all their
reactivity by this assay (Fig. 3). In contrast,
sera absorbed with Rauscher-MuLV gave pro-
files that had comparable amounts of gp7l and
gp43 but significantly reduced amounts of
p15(E). Identical profiles were obtained with
sera absorbed with Friend-MuLV (data not
shown). These data not only substantiate the
lack of significant cross-reactivity of the FMR
and AKR glycoproteins but moreover suggest
that significant cross-reactivity does exist be-
tween the p15(E) proteins. Consequently, the
predominant immunological cross-reactivity
detected by the RIP assay of autogenous im-
mune sera with the FMR viruses is found
against p15(E).

J. VIROL.
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FIG. 3. SDS-polyacrylamide gel electrophoresis of immune precipitates. Sera from (B6C3)F, mice were

mock-absorbed (A) or absorbed with AKR-MuLV (B) or Rauscher MuLV (C) and reacted with disrupted
[3H]leucine-labeled AKR-MuLV, as described in the text. The resulting immune complexes were precipitated
with an antiglobulin serum, disrupted with SDS, and subjected to polyacrylamide gel electrophoresis.

DISCUSSION

The existence of an autogenous immune re-
sponse in a variety of strains of mice has sev-
eral significant consequences, the most impor-
tant of which is the possibility of immunologi-
cal surveillance against the virus or against
virus replicating cells. This is further empha-
sized by our present results and those obtained
previously (13), which demonstrate that one of
the predominant immunological responses is

against the AKR-MuLV gp7l, although the
reactivity to p15(E) is only slightly lower in
titer, as discussed below. M.e immune response
to gp7l, however, is highly type specific and is
in contrast to studies employing heterologous
antisera to FMR virus glycoproteins that have
emphasized the group-specific reactivity of an-
tisera to this envelope component (24, 31-38).
The significance of the type-specific antibodies
in these autogenous immune sera is not clear.
Studies analyzing the specificities of antibodies
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in heterologous antisera to the FMR glycopro-
teins have suggested that both group- and type-
specific reactions with the glycoprotein can
neutralize virus infectivity (12, 31). Therefore,
it is somewhat unusual that significant neu-
tralization of ecotropic viruses has not been
detected with autogenous immune sera (1, 11),
although high neutralizing activity is detected
against the xenotropic virus which is antibody
independent (1; J. A. Levy, J. N. Ihle, 0.
Oleszko, and R. D. Barnes, Proc. Natl. Acad.
Sci. U.S.A., in press). This may be due in part
to the differences in titers; for example, in di-
rect precipitation assays these heterologous an-
tisera have titers of 1:15,000 to 25,000, whereas
in the neutralization assays these same sera
have neutralization titers of only approxi-
mately 1:200 to 400. In contrast, autogenous
immune sera have titers of at most 1:320 to 640
in direct precipitation assays. Therefore, the
quantitative differences in titer may be more
important than the qualitative differences in
considering the lack of neutralization by autog-
enous immune sera.
The consequences of a type-specific response

may be significant in considering serum-me-
diated cytotoxicity. The expression of gp7l has
been reported to occur on both budding viruses
and on the cell surface of virus replicating cells
(8; J. N. Ihle, J. C. Lee, J. Longstreth, and M.
G. Hanna, Jr., submitted for publication; H.
Schwarz, M. Claviez, G. Hunsmann, V. Moen-
nig, and W. Schafer, Virology, in press). How-
ever, preliminary data suggest that the anti-
genic determinants expressed on the cell sur-
face sites are limited to some group and inter-
species type of determinants (Ihle et al., sub-
mitted for publication). Consequently, the type-
specific antibodies of autogenous immune sera
fail to react with the cell surface sites. There-
fore, the antibody reactive sites for such cyto-
toxicity in vitro may be a function of the rela-
tive concentration of such sites on a particular
target cell.

In addition to its potential efficacy, an im-
mune response provides a convenient marker
for virus expression and has the specificity nec-
essary to identify the inducing virus. Our re-
sults suggest that in the strains examined the
immune response is induced by an AKR or
Gross type of MuLV and specifically is not in-
duced by an FMR virus. In contrast, when mice
are immunized with either Rauscher virus or
Friend-MuLV gp7l, they develop type-specific
antibodies against the FMR glycoproteins (Ihle
et al., unpublished data). These observations
suggest that the FMR glycoproteins are not
endogenous in mice but do not resolve the ques-
tion of their origin.

J. VIROL.

The results demonstrate that only the anti-
bodies directed against p15(E) cross-react with
both AKR-MuLV and the FMR viruses. Conse-
quently, the assays with the FMR viruses pro-
vide a quantitative assay for these antibodies.
Furthermore, since the absorption experiments
with FMR viruses failed to significantly reduce
the titer against the AKR virus and, as re-
ported previously (13), purified AKR gp7l can
specifically compete for the precipitation of in-
tact AKR virus at limiting serum dilutions, the
titer against the AKR virus provides a quanti-
tative measure of the antibodies against AKR-
MuLV gp7l. Consequently, a comparison of the
titers of a serum against the FMR viruses and
the AKR virus provides a relative measure of
these two antigenic reactivities. Such a com-
parison of the sera used here suggests that the
titers of most autogenous immune sera have
only, at most, a slightly lower titer against
p15(E) than against AKR-MuLV gp7l.
Our study, showing the ability of antibodies

to p15(E) in autogenous immune sera to cross-
react with both AKR-MuLV and the FMR vi-
ruses, supports previous work that shows a
similar cross-reactivity with various viruses.
Schafer et al. (30) have purified p15(E) from
Friend-MuLV and have serologically demon-
strated significant cross-reactivity of antisera
to this component with a number of viruses.
This component has also been shown to be lo-
calized on the virion envelope (16). Subsequent
studies have identified p15(E) in a variety of
viruses and have emphasized its common occur-
rence (17). The significance of this virion com-
ponent in neutralization is not known, and
studies employing immunoelectron microscopy
have demonstrated that it is not expressed in
the cell surface but only on budding virions
(Ihle et al., submitted for publication; Schwarz,
Claviez, Hunsmann, Moennig, and Schafer, Vi-
rology, in press). Consequently, the biological
significance of this immune reactivity is un-
known. Nevertheless, the results presented
here provide a more detailed understanding of
the autogenous immune response that is neces-
sary to further understand its role in vivo.
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