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Profiling of murine leukemia virus (MuLV) proteins by polyacrylamide gel
electrophoresis in the presence of sodium dodecyl sulfate (SDS-PAGE) has
revealed a low-molecular-weight protein which does not appear in the corre-
sponding region of viral protein profiles obtained by gel filtration in 6 M
guanidine hydrochloride. This protein species, termed p15(E), is easily demon-
strable in MuLV isolates for which the viral p15 and p12 proteins have almost
identical electrophoretic mobilities; this leaves a protein slightly larger than
these two in the PAGE system unaccounted for in the gel filtration system.
However, antiserum against the void volume fraction of the gel filtration eluate
precipitated the p15(E) component from solubilized, radiolabeled virions, as
shown by SDS-PAGE analysis of such immunoprecipitates. Comparative radio-
precipitation analyses of this type revealed that for various MuLV isolates
p15(E) was distinguishable from p15 in terms of serological reactivities, relative
mobilities in gel electrophoresis, and relative efficiencies of labeling with
individual amino acids. Thus it appears that, as is the case for avian
oncornaviruses, MuLVs contain seven major structural proteins.

In the past several years a number of comple-
mentary methods have been used to study
structural proteins of oncornaviruses (1, 2, 19).
These include polyacrylamide gel electrophore-
sis (PAGE) in the presence of sodium dodecyl
sulfate (SDS), gel filtration in 6 M guanidine
hydrochloride (GuHCl), isoelectric focusing in
sucrose or in urea of virus disrupted with
nonionic detergent, and chromatography of pro-
teins from disrupted virus on phosphocellulose.
The latter three methods have permitted the
recovery of native virion antigens. From the
combined application of these methods has
emerged the concept that the number of virion
structural proteins is small (six or seven), con-
sistent with recent reports concerning the nu-
cleotide sequence complexity of viral nucleic
acid (5, 22). There is also evidence that most of
these structural proteins are virus coded. Thus
it can be demonstrated that viral proteins retain
their characteristic serological reactivities when
synthesized in host cells of a different species
and yield peptide fimgerprints peculiar to the
particular virus strain of origin when several
strains of virus are grown in the same type of
host cell (4, 9).

For the murine leukemia viruses (MuLVs)
considerable agreement exists on the properties
of certain structural proteims, e.g., the major

viral core protein, p30, and the major viral
envelope glycoprotein, gp7O. By contrast, in
recent reports concerning the characterization
of MuLV proteins with molecular weights esti-
mated at 15,000, one group found a protein that
was mainly type specific and presumably inter-
nal to the virion (24); the other found a strongly
group-specific protein, located on the exterior
of the viral envelope (16, 22). In analyzing a
number of endogenous MuLV isolates, as well as
Gross-MuLV and Friend-, Moloney-, and
Rauscher (FMR)-type MuLVs, we have found
that, although these show the usual protein
pattern in gel filtration, including the protein
designated p15, they display an additional pro-
tein with a molecular weight near 15,000 by
PAGE analysis. In this paper we demonstrate
that this new protein, MuLV p15(E), is dis-
tinguishable from MuLV p15 by serological and
other procedures. The existence of two MuLV
proteins in this size range resolves the above
mentioned paradox concerning the properties of
such proteins and establishes that MuLVs, like
their avian counterparts, contain seven major
structural polypeptides.

MATERIALS AND METHODS
Cells and virus. Cell types in which viruses were

grown are specified in the appropriate figure legends
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and tables. Stocks of mouse cells and viruses, origi-
nally from J. W. Hartley and W. P. Rowe of the
National Institute of Allergy and Infectious Diseases,
were kindly supplied by T. Pincus of this Center.
Besides Gross, Moloney, and Rauscher MuLVs (G-,
M-, and R-MuLVs), these included the N- and
B-tropic BALB/c isolates, WN1802N and WN1802B
(previously referred to as BALB/c-S2N and
BALB/c-S2B [14]), originally derived from the spleen
of a single BALB/c mouse, N- and B-tropic C57BL/6
viruses, also from a single mouse, and N-tropic AKR
virus. A B-tropic C3H isolate was obtained from N.
Sarkar, Memorial Sloan-Kettering Cancer Center,
and N-tropic Friend virus (F-MuLV) from F. Lilly,
Albert Einstein College of Medicine, New York.
Secondary mouse embryo cell cultures from NIH
Swiss mice were infected with G-MuLV at multi-
plicities of about 2 XC PFU/cell as described (14), and
virus was harvested 4 to 5 days later. For other
MuLVs, infected cultures of II16A mouse embryo
cells (13) were maintained as producer lines, in T-75
plastic flasks (Falcon Plastics), using minimal Eagle
medium (6) supplemented with antibiotics and 10%
fetal bovine serum (Microbiological Associates). The
R-MuLV-producing rat cell line RRTC (18) was
maintained in the same medium. Feline lung cells
were infected with feline leukemia virus as de-
scribed (12). Cells for immunofluorescence adsorption
studies were trypsinized, pelleted in the presence of
fetal bovine serum, disrupted by sonic treatment,
and clarified at 3,000 x g for 20 min.
MuLVs labeled in tissue culture with 3H- or "4C-

labeled amino acid precursors were grown and puri-
fied as previously described (18, 19).

Fractionation of viral proteins. PAGE in the
presence of SDS (SDS-PAGE) was performed accord-
ing to published procedures (7, 19), using 16 cm, 10%
acrylamide, and 0.33% bisacrylamide gels which were
subjected to 4.4 V/cm for 16 h. Gels were fractionated
in an automatic gel divider (Gilson Medical Electron-
ics), and the fractions were counted in a scintillation
counter, using a triton:toluene (1:2) scintillation mix-
ture.

Isolation of viral proteins by gel filtration in 6 M
GuHCl for the experiments shown in Fig. 1 to 3 was
performed as previously described, utilizing MuLVs
labeled in tissue culture with mixed "4C-labeled amino
acids. Isolated viral proteins in the column eluate
were dialyzed free of GuHCl and lyophilized prior to
use in PAGE (7).

Serological procedures. Antisera were made in
New Zealand white rabbits against (RRTC grown)
R-MuLV protein fractions isolated by gel filtration in
6 M GuHCl, followed by extensive dialysis (7). The
initial immunization in complete Freund adjuvant
and two boosters in incomplete Freund adjuvant were
administered at intervals of 4 weeks. Approximately
90 ,g of viral protein was contained in each injection.
A rabbit antiserum prepared against a 15,000

molecular weight fraction from F-MuLV (22) was
kindly supplied by D. Bolognesi, Duke University
Medical Center, and a goat antiserum against R-
MuLV p15 (24) was a gift from M. Strand and J. T.
August, Albert Einstein College of Medicine.

Immunofluorescence and immunofluorescence ab-
sorption were carried out according to published
procedures (17), utilizing acetone-fixed cells stained
with fluorescein-conjugated goat anti-rabbit immuno-
globulin G (IgG) (Hyland Labs.).

Immunoprecipitation and electrophoretic analysis
of radiolabeled proteins precipitated by specific anti-
sera were adapted from Ihle et al. (15). Radioactively
labeled virus, banded by sucrose density gradient
centrifugation, was diluted in TNE (0.01 M Tris-
hydrochloride [Sigma], pH 7.4, 0.1 M NaCl, 1 mM
EDTA) and pelleted for 1 h at 24,000 rpm in a
Beckman SW27 rotor. Viral pellets were dissolved in
0.5 M NaCl, 0.02 M Tris-hydrochloride, pH 7.4, and
0.5% Nonidet P-40 (NP-40, Shell Chemicals) and
were incubated at 37 C for 10 min. Hyperimmune
rabbit serum was added to a final dilution of 1:200 in
2 ml and incubation was carried out at 37 C for 90
min. Goat anti-rabbit IgG (Hyland Labs.) was then
added at a 10:1 ratio to the hyperimmune serum (or
equivalency, as determined by appropriate titrations)
and incubation was continued at 37 C for 30 min and
at 0 C for 1 h. Precipitates were collected by centri-
fugation at 3,000 x g for 20 min in an International
PRJ centrifuge. The precipitates were washed once in
1 M NaCl, 0.02 M Tris-hydrochloride, pH 7.4, 0.001 M
EDTA, and 0.5% NP-40, and once in 0.002 M Tris-
hydrochloride, pH 7.4 and 0.5% NP-40 and drained
well before solubilization for analysis by SDS-PAGE.

RESULTS
MuLV p15(E) can be visualized by PAGE

in SDS but not by gel filtration in GuHCI. In
Fig. 1A is shown the profile obtained for pro-
teins of the N-tropic BALB/c isolate, WN-
1802N, by gel filtration in 6 M GuHCl, and in
Fig. 1B are shown the results of electrophoresing
the isolated p15 and p12 proteins with marker
virus. The designations used for the viral pro-
tein species have been discussed previously
(1); the numbers refer to apparent protein
molecular weights (x 10-83). The pattern of viral
proteins in gel filtration is similar to that
reported for F-, M-, R-, and G-MuLVs (4,
11), in showing three well-resolved protein
species smaller than p30. The PAGE pattern
also shows three clearly resolved peaks of
higher mobility (lower molecular weight) than
p30. However, one of the PAGE peaks in this
lower-molecular-weight range accounts for two
of the smaller protein species obtained by
gel filtration (p15 and p12) (Fig. 1B). For
reasons explained below we have designated as
p15(E) the protein species in PAGE which
is thus left unaccounted for.

In Fig. 2 are shown the results of PAGE
analysis of G-MuLV p15, p12, and plO isolated
by gel filtration. The results are analogous to
those for the BALB/c isolate: p15 and p12
coalesce in a single peak in PAGE; plO behaves
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FIG. 1. (A) Gel filtration in 6M GuHCl and 0.01 M
dithiothreitol of proteins from WN1802N virus la-
beled in vivo with mixed "4C-labeled amino acids (4,
18). (B) Co-electrophoresis in SDS-containing poly-
acrylamide gels of 3H-amino acid-labeled WN1802N
virus with individual "4C-labeled MN1802N proteins
p15 and p12 obtained from the experiment shown in
(A). Direction of migration in PAGE is from left to
right. Virus was grown in HII6A mouse embryo cells.

as expected; and the p15(E) species is again
clearly discernible. The following viruses display
PAGE patterns similar to those for G-MuLV
and the N-tropic BALB/c virus: N-tropic AKR
and C57BL/6 MuLV isolates and B-tropic
BALB/c, C57BL/6, and C3H isolates. In addi-
tion, M-MuLV behaves like these endogenous
viral isolates in our PAGE system, whereas
R-MuLV and F-MuLV do not. Thus R-MuLV
p15 and p12 are readily resolvable in PAGE
(Fig. 3). (The virus for this experiment was
produced in rat cells; similar profiles are ob-
tained for R-MuLV grown in mouse cells.) The
protein peak corresponding to the plO species
visualized by gel filtration in GuHCl is not
always discernible in multiple PAGE runs on
the same virus preparation, probably due to the
tendency of this species to aggregate in PAGE
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FIG. 2. SDS-PAGE analysis of "4C-labeled G-
MuLV proteins p15 (panel A), p12 (panel B), and plO
(panel C). The experiment was analogous to that
depicted in Fig. 1B: the individual proteins obtained
by gel filtration in 6 M GuHCI were co-electro-
phoresed with 3H-labeled G-MuLV proteins as
marker. For the plO preparation, 50 Ag of bovine
serum albumin was added before dialyzing away
GuHCl. G-MuLV was grown in NIH Swiss mouse
embryo cells.

(cf. Fig. 3C and reference 9). A protein with the
characteristics of the p15(E) protein of G-
MuLV and endogenous viral isolates was iden-
tifiable in the FMR group of viruses by serologi-
cal criteria, described subsequently in this re-
port. When G-MuLV and R-MuLV proteins
were profiled simultaneously in PAGE (not true
for Fig. 2 versus Fig. 3), their p15(E) species had
identical mobilities. With regard to the compo-
nent designated "x" in Fig. 3, this protein is
consistently present (in varying amounts) or
consistently absent in different preparations of
the same virus. This variability, and the ki-
netics of labeling of component "x" during
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radioactively labeled, pelleted virus in a high-
salt buffer containing a nonionic detergent
(NP-40). Under these conditions antigen-anti-
body interactions proceed normally. Reaction
with a specific serum followed by anti-Ig per-
mits recovery of a precipitate which can then be
analyzed by SDS-PAGE to determine the radio-
active viral proteins which have been recog-
nized by the specific antiserum. We have veri-
fied the selectivity of this procedure in singling
out individual proteins in the solubilized virion
preparation and have applied the procedure to
analysis of hyperimmune sera prepared against
purified viral protein fractions.

Antisera were prepared in rabbits against the
individual, rechromatographed R-MuLV pro-
tein species isolated by GuHCl-gel filtration
and renaturation (9). Four sera, against the void
volume fraction, gp7O, p30, and p15, were
initially characterized by immunofluorescence
titration on virus-infected tissue culture cells
(p12 and plO were not effective immunogens in
the immunization schedule employed). Table 1
shows the immunofluorescence titers obtained
for the four reactive antisera with several types
of virus-infected and control cells. The results
for anti-void volume and anti-p15 sera are of
particular interest; the results with anti-p30
and anti-gp7O sera have been alluded to previ-

0 20 40 60 80 1 ABLE 1. l iters of rabbit antisera against Rauscher
Fraction number proteins in immunofluorescence tests with various

FIG. 3. SDS-PAGE analysis of R-MuLV proteins
p15 (panel A), p12 (panel B), and plO (panel C). Co-
electrophoresis of 3H-amino acid-labeled R-MuLV
with individual R-MuLV proteins p15, p12, and plO,
isolated from 4C-amino acid-labeled R-MuLV by gel
filtration in 6 M GuHCI (cf. Fig. 1). The occasional
anomalous behavior of MuLV plO is illustrated in
the figure. Note aggregation of purified plO in (C)
despite addition of carrier protein during dialysis
(cf. 9). R-MuLV was produced in the RRTC rat cell
line.

single cycle viral growth (9), lead us to conclude
that this polypeptide, with a molecular weight of
about 40,000, represents a protein of the actin
type, which is a major host cell constituent and
occasional contaminant of virus preparations
(8); Allan Goldberg, personal communication).
Detection of MuLV p15(E) with antiserum

against the void volume fraction of MuLV
proteins separated by gel filtration. To estab-
lish the viral specificity of p15(E), a serological
approach was used. Ihle and associates (15)
have recently published a simple method for
determining the specificities of various antisera
for particular virion proteins of MuLVs. In
essence this procedure involves solubilization of

cell linesa

Antis Anti- Anti- Anti-Test cells void p5 pOg7volume01a 30g7
Mouse cellsc infected

with:
R-MuLV 640 320 640 320
G-MuLV 640 20 320 10
M-MuLV 640 80 320 20

Control mouse cells 10 <10 < 10 < 10

Feline cellsd infected 40 <10 80 10
with FeLV

Control feline cells 40 <10 <10 10

a The antiserum titer (end point) is expressed as the
highest dilution showing bright cytoplasmic fluores-
cence. The brightness is rapidly lost beyond those
dilutions.

'The void volume protein fraction obtained by gel
filtration of R-MuLV proteins and dialysis free of
GuHCl.

c NIH Swiss mouse embryo fibroblasts in secondary
passage.

d Feline lung fibroblasts. FeLV, Feline leukemia
virus.
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ously (17) and are included here for purposes of
comparison. The rabbit antisera to these four
protein fractions obtained by gel filtration dis-
played specific granular cytoplasmic fluores-
cence with virus-infected cells. Uninfected cells
were immunofluorescence negative. Antiserum
to the void volume fraction had a similar
immunofluorescence titer with R-MuLV, G-
MuLV and M-MuLV infected cells; this group-
specific activity was comparable in strength to
that of antiserum against R-MuLV p30. In
contrast, the titer of anti-p15 was higher against
cells infected with R-MuLV, compared to cells
infected with M-MuLV and particularly with
G-MuLV, consistent with major type-specific
determinants in this protein, as in the case of
R-MuLV gp7O isolated by the gel filtration
method (cf. 17). Of the four antisera, only that
prepared against gp7O displayed neutralizing
activity against R-MuLV in the XC plaque test
(T. Pincus, personal communication). Immuno-
fluorescence absorption tests with purified
MuLV preparations and sonically treated ex-
tracts of MuLV-infected cells, as well as with
MuLV protein fractions isolated by gel filtra-
tion, confirmed the distinctive and separate
specificities of the four antisera.
When the method of Dhle et al. (15) was

employed to analyze the anti-void volume and
anti-p15 sera, the latter was found to precipi-
tate p15, as expected; however it was surprising
to find that the antiserum against the void
volume fraction precipitated p15(E), as well as
viral glycoproteins. Thus p15(E) apparently
eluted in the void volume fraction of the gel
filtration eluate, accounting for the absence of
this species in the lower-molecular-weight re-
gion of the elution profile, as well as in PAGE
profiles of peaks from this region (Fig. 1, 2, and
3).

Figure 4 shows the results of a typical anti-
body precipitation experiment with G-MuLV
and anti-void volume serum, a combination
designed to detect group-specific antigens.
The top panel shows the pattern of total viral
proteins (mixed amino acid label) and glyco-
proteins (glucosamine label) in SDS-PAGE.
The bottom panel shows the results obtained by
reacting an equal amount of the same labeled
virus preparation, solubilized in NP-40, with
the anti-void volume serum (diluted 1:200) and
anti-Ig, followed by analysis of the washed
precipitate in SDS-PAGE. The most prominent
labeled protein found in the precipitate was
p15(E), which was recovered quantitatively.
The anti-void volume serum was actually ex-
pected to contain antibody against gp45 (1, 18);
however both gp7O and gp45 (the latter better
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FIG. 4. PAGE profiles obtained for (A) total G-
MuLV proteins labeled with [8H]glucosamine and
14C-labeled amino acids and (B) proteins immuno-
precipitated from an equal amount of the same virus
preparation by antiserum prepared against the void
volume fraction of R-MuLV subjected to gel filtration
in 6 M GuHCI. G-MuLV was grown in NIH Swiss
mouse embryo cells.

visualized than in the protein pattern from
whole virus) were brought down, probably due
to an NP-40 stable association of these two
proteins. A similar association, using R-MuLV
as the test virus, was observed with our anti-
gp7O serum and with an antiserum against a
glycoprotein preparation obtained by another
method (anti-R-MuLV gp69/71 serum from J. T.
August [17, 23]). As expected, the void volume
antiserum identified R-MuLV p15(E) as well as
viral glycoproteins. Anti-p30 and anti-p15 sera
identified their respective proteins from R-
MuLV, confirming the selectivity of the
precipitation procedure, as demonstrated also
by Dhle et al. (15, 16).

Differential labeling of MuLV p15(E) with
single amino acids. The identity of the low-
molecular-weight protein brought down by the
void volume serum was confirmed by growing
virus in the presence of pairs of differentially
labeled amino acids and determining the rela-
tive incorporation of the two isotopes into viral
proteins separated by SDS-PAGE. Results ob-
tained for R-MuLV and G-MuLV using [3H Ily-
sine and [35S ]methionine are shown in Table 2.
The metAys ratios for the low-molecular-weight
protein precipitated with anti-void volume
serum are the same for R-MuLV and G-MuLV
and match closely the values for p15(E) in the
virus preparations, differing quite significantly
from the values obtained for p15, p12, and p1O.
(The match is not exact for G-MuLV, due to the

)~~~~~~~~~- lM.--.12
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influence of the large neighboring peak of ly-
sine-rich, methionine-free p15, on the ratio in
the p15(E) position in the PAGE pattern.)
Analogous results were obtained by [3H ]leucine
TABLE 2. Met/lys ratios in MuLV proteins analyzed

by PAGE of virus and immunoprecipitatesa

Proteins R-MuLV G-MuLV

p15(E) 0.17 0.llb
p15 0.04 0.00
p12 0.501 00
plO 0.00 0.00
ppt'd pl5(E) 0. 17c 0. 17c

a Expressed as ratios of counts per minutes incorpo-
rated. Both R-MuLV and G-MuLV were grown in
NIH Swiss mouse embryo cells.

bThe value for this protein peak is lowered since it
is not completely separated from the neighboring
peak (p15 plus p12), which is very rich in lysine and
contains no methionine in the case of G-MuLV.

c The major protein species, with a molecular
weight of about 15,000, precipitated by the anti-void
volume serum.

9p70,gp45) x p30 pl5,pl2 plO

4 p15(E)i

A
34-

44

2o -
oL o

and [14C]arginine labeling. Thus p15(E) is rec-
ognized by void volume serum and is distinct
from p15, p12, and plO by this criterion.
Presence of p15(E) in other MuLV isolates

and serological comparison to p15. A compar-
ison of the reactivities of anti-void volume
serum and anti-R-MuLV p15 by PAGE analysis
of immunoprecipitates is shown in Fig. 5 for
M-MuLV and F-MuLV. The p15(E) protein in
both viruses is specificially recognized by the
anti-void volume serum, together with proteins
having the mobilities of viral glycoproteins (Fig.
5A, D). As indicated in the discussion of Fig. 4,
our tentative explanation for precipitation of
both viral glycoproteins by this serum (unex-
pected since gp7O is not detectable in the void
vplume) is that this is due to a combination of
gp7O and gp45 from NP-40-lysed virus in a
complex which is stable to NP-40. We have
placed the term gp45 in parentheses in this
figure because the molecular weight of the
smaller glycoprotein component appears to be
considerably higher than 45,000 for M-MuLV
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FIG. 5. PAGE profiles obtained for 14C-amino acid-labeled M-MuLV and F-MuLV proteins, precipitated
with specific antisera and co-electrophoresed with 3H-amino acid-labeled total proteins of the corresponding
viruses. (A) M-MuLVproteins precipitated by antiserum prepared against the void volume fraction of R-MuLV
subjected to gel filtration in 6M GuHCl. (B) M-MuLV protein precipitated by the antiserum to R-MuLV p15,
similarly prepared. (C) M-MuLV proteins precipitated by an antiserum against a 15,000-molecular-weight pro-
tein fraction from F-MuLV (23). (D) F-MuLV proteins precipitated by the R-MuLV anti-void volume serum.
(E) F-MuLV protein precipitated by the anti-R-MuLVpJ5 serum. (F)-MuLVproteins precipitated by the same
serum used in (C), which recognizes both F-MuLVpl5 and p15(E). Viruses were grown in III6A mouse embryo
cells.
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and F-MuLV, appearing as a shoulder on the
gp7O peak. Owing to the difficulty in obtaining
a characteristic, sharp band for this component
in SDS-PAGE analysis of most MuLV isolates,
estimates for its molecular weight must be
regarded as approximate at this time. Although
the p15(E) component detected by anti-void
volume serum is not well resolved from p15 and
p12 in the case of F-MuLV, it has a characteris-
tic mobility lower than that of the other pro-
teins in the region of 12,000 to 15,000 molecular
weight in the gel. (F-MuLV p12 has a somewhat
higher mobility than F-MuLV p15 in SDS-
PAGE [11].) As shown in Fig. 5B and E, for
both viruses (which would be expected to share
type-specificities with R-MuLV, as members of
the FMR group of MuLVs [20]), anti-p15 serum
precipitated a single protein species of higher
mobility than the principal species recognized
by the anti-void volume serum; i.e., MuLV
p15(E) and MuLV p15 were again distinguisha-
ble in this test. It is interesting to note that an
antiserum prepared against a 15,000-molecular-
weight protein fraction from F-MuLV (22),
obtained from D. Bolognesi, reacted with
p15(E) and p15 of both viruses (Fig. 5C and F)
and also precipitated viral glycoproteins. These
results in Fig. 5 imply an association of both
viral glycoproteins with p15(E), but not p15, in
the NP-40 lysate of the virions; an association of
either viral glycoproteins or p15(E) with p15 is
ruled out by the results with anti-R-MuLV p15
serum (Fig. 5B and E). The component desig-
nated "x" accompanied precipitates formed
by all the MuLV protein antisera used (in-
cluding others not shown, e.g., anti-p30 and
anti-p12), demonstrating a strong adsorptive
property but no serological specificity for
this protein in these systems, consistent with
its being host-cell derived.

DISCUSSION
Our results indicate that MuLV virions con-

tain an additional small structural protein,
bringing the total number of structural proteins
in these viruses to seven for both mammalian
and avian isolates. We have chosen to designate
this protein as MuLV p15(E), in distinction to
the previously described MuLV p15 (1, 11, 18),
since under some circumstances both of these
polypeptides appear to have similar molecular
weights by gel filtration in the presence of 6 M
GuHCl. The latter type of interpretation would
account for the results reported by Schafer et al.
(22); whereas under our conditions p15(E) ap-
peared in the void volume fraction, their sample
preparation conditions for gel filtration appar-

ently resulted in the recovery of immunogenic
amounts of both p15 and p15(E) in a fraction of
the elution profile corresponding to a molecular
weight of 15,000. Consistent with this is the fact
that the antiserum which they prepared against
this fraction reacts with both p15 and p15(E) of
M- and F-MuLV in the experiment shown in
Fig. 5 and predominantly with p15(E) of G-
MuLV in an experiment like that in Fig. 4 (E.
Tress and E. Fleissner, unpublished data). It is
important to note that the p15(E) component
precipitated by their serum cannot be due to
association with p15 in the NP-40 viral lysate,
since p15 is recovered without p15(E) by the use
of our anti-R-MuLV p15 serum (Fig. 5). Rather
than make a distinction in nomenclature on the
basis of a potential small difference in molecu-
lar weights of p15 and p15(E), it seems simpler
to adopt an additional convention which has
been recently proposed (1). This relies on the
observation that the group-specific p15(E) ap-
pears to be situated on the viral envelope (16),
whereas the type-specific p15 is a virion core
protein (3, 4, 24). (In tests similar to those in Fig.
5 we have shown that the type-specific protein of
similar molecular weight recently isolated by
Strand and August [231 corresponds to our p15.)
Thus the location of p15(E) is denoted by the
capital letter suffix, in the manner already used
for the MuLV core protein p30(C), and the
major polypeptide of the viral nucleoprotein,
plO(N) (8).
As demonstrated by Ihle et al. (16), p15(E) is

identical to an MuLV protein reactive with
normal mouse sera, which was originally re-
ported to have a molecular weight of 17,000 in
an SDS-PAGE system. The co-migration of this
protein from AKR virus with a radioiodinated
F-MuLV protein, which these authors report, is
explicable on the basis that the major protein in
their preparation is actually F-MuLV p15(E),
with very minor amounts of p15 (D. Bolognesi,
personal communication).

Figure 5 indicates an association of viral
glycoproteins with p15(E) in NP-40-lysed virus.
In terms of existing data it is not possible to
state whether our anti-void volume serum is
reacting predominantly with the gp45 protein
component, or with p15(E), or with both com-
ponents of such a complex. However this inter-
pretation does not affect the two principal
conclusions that in our assays p15(E) is quanti-
tatively precipitated in the presence of specific
antisera and that it is a virus-specific protein.
The latter conclusion is supported by our find-
ing that the antiserum to F-MuLV p15(E)
precipitates p15(E) from all MuLVs tested.
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This serum, prepared against a low-molecular-
weight protein fraction free of glycoprotein (22),
produces bright fluorescence in tests with virus-
infected mouse embryo cells, but not with
uninfected cells (unpublished data).
A protein species with a slightly lower mobil-

ity than p15(E), originally identified as "p19"
by Ihle et al. (15), is seen in some PAGE
patterns (Fig. 4; reference 26). This component
is labeled in an identical manner to p15(E) itself
by pairs of differentially labeled amino acids
(e.g., a met/lys ratio of 0.17; cf. Table 2). From
this result we infer a primary structural relation-
ship to p15(E), perhaps reflecting two con-
formational states of the same molecule, even in
SDS buffers. (The fact that this protein aggre-
gates so strongly in 6 M GuHCl suggests some
novel structural features.)

It was originally reported that, as in the case
of avian leukemia virus, the isolated p15 and
plO proteins of mammalian oncornaviruses co-
migrated in SDS-PAGE (18). This erroneous
conclusion was arrived at for three reasons: (i) a
tendency of plO to aggregate in PAGE after
isolation by the GuHCl-gel filtration procedure
and dialysis, particularly in the absence of
carrier protein (9); (ii) the as yet unexplained
variability in appearance of a plO peak in
certain PAGE profiles of total MuLV proteins
(cf. Fig. 3); and (iii) use of PAGE gels of
insufficient resolving power. These problems
have been more effectively resolved in the
present study, which revealed that for a number
of endogenous MuLV isolates p15 and p12
virtually co-migrated under our conditions. For
several such viruses inversion in the position of
these two species relative to their positions in
the gel filtration was noted (e.g., Fig. 1 and 2).
These results are comparable to those previ-
ously reported for another endogenous MuLV
isolate (21). As in our original study (7), the
advantages of using both gel filtration and
PAGE for analysis of viral proteins are evident
in the work reported here.
The demonstration of seven structural pro-

teins in MuLV virions, like the reported identi-
fication of a small amount of a seventh struc-
tural protein in feline leukemia virus with
PAGE migration properties similar to MuLV
p15(E) (10), removes one of the prima facie
differences between the protein compositions of
avian and mammalian oncornaviruses: the ap-
parent absence of a mammalian viral protein
homologous to avian leukemia virus p19 (18,
19). Whether p15(E) itself is this homologue is
unclear; relative protein mobilities in PAGE are
not a reliable criterion for analogous functions,

but the most economical hypothesis at this time
is that the four smallest proteins in both types
of viruses in some fashion play similar roles in
virion architecture.
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