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Analysis of the proteins of Rauscher murine oncornavirus by immunoprecipi-
tation showed that antiserum to the purified envelope glycoprotein of approxi-
mately 69,000 and 71,000 daltons (gp69/71) reacted as well with a number of
other components of several murine oncornaviruses of approximately 45,000,
32,000, and 15,000 daltons. Polypeptides of similar size were also produced by
limited proteolysis of purified gp69/71; these degradation fragments were shown
to contain carbohydrate by the incorporation of3H from sodium boro[3H]hydride
after neuraminidase and galactose oxidase treatment. Each of these glycopro-
teins was isolated by preparative polyacrylamide gel electrophoresis and was
analyzed by tryptic peptide mapping. The major virion components of 69,000 and
71,000 daltons were nearly identical, as were the primary degradation frag-
ments. Analysis of the immunological properties of the glycoproteins showed
that the 71,000-, 69,000-, and 32,000-dalton glycoproteins behaved similarly with
respect to type and group-specific a'ntigenic determinants. In contrast, the
45,000-dalton glycoprotein lacked detectable interspe'iies and some of the group-
specific reactivity. Components of about 45,000 and 32,000 daltons isolated
directly from virions were also identified as constituents of the major envelope
glycoprotein by immune precipitation and tryptic peptide mapping. These re-
sults indicate that all of the examined virion glycoproteins of approximately
71,000, 69,000, 45,000, and 32,000 daltons are derived from the same viral gene
and that these lower-molecular-weight glycoproteins can readily be produced
from the major envelope glycoprotein.

A number of glycoproteins of purified oncor-
navirus virions have been described. In the case
of Rauscher virus, two major components of
approximately 69,000 and 71,000 daltons (gp69/
71) have been resolved (37), and, for a number
of viruses, minor glycoprotein components of
lower molecular weight, most frequently about
45,000, have been described (6, 8, 20, 21, 26). It
was not known whether these additional com-
ponents reflected a greater genomic complexity
of the virus, were degradation products of a
single high-molecular-weight compound, or
were in part derived from the cell or tissue
culture media.
The major glycoprotein of murine oncornavi-

ruses, of apparent molecular weight about
70,000, has been purified and characterized (15,
19, 24, 28, 37). It exhibits type, group, and
interspecies antigenic determinants (15, 17, 19,
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38), and monospecific antisera to the glycopro-
tein show strong virus-neutralizing activity (9,
17, 22, 36). It is the major structural protein
localized on the surface of virions (22, 23, 32, 44)
and is also synthesized by cells of marty strains
of mice, often in the absence of virus produc-
tion, and apparently under the control of the
host cell (7, 16, 40).

In the present study, we have sought to fur-
ther characterize the genetic complexity and
protein structure of the oncornavirus by chemi-
cal and immunological studies of several of the
glycoproteins of Rauscher murine virus. The
results show that the Rauscher virus glycopro-
teins of about 71,000 and 69,000 daltons are
indistinguishable by analysis of the peptide
products of tryptic digestion and that other mi-
nor glycoproteins of virions are fragments of
these components.

MATERIALS AND METHODS
Materials. Neuraminidase (Vibrio chlolera) was

obtained from Calbiochem and was used without
further purification. Galactose oxidase (Dactylium
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dendroides), from Worthington Biochemicals Corp.,
was purified by affinity chromatography on Sepha-
rose 4B. The enzyme, recovered after elution with
two column volumes of 0.1 M potassium phosphate,
pH 7.0, had a specific activity of 1,600 U/mg, a

purification of about 15-fold. The neuraminidase
and galactose oxidase had no detectable proteolytic
activity on the glycoprotein substrate. Bovine pan-

creatic trypsin, treated with diphenyl carbamyl
chloride to inhibit chymotrypsin, was obtained from
Sigma Chemical Co. The enzyme, 1 mg/ml in 1 mM
HCl, showed no loss of activity with tosyl arginine
methyl ester when stored at 0C for several months.
a-Chymotrypsin and papain coupled to carboxy-
methyl (CM)-cellulose, and concanavalin A coupled
to agarose, were from Sigma Chemical Co. Bovine
gamma globulin (fraction II) was from Miles Labo-
ratories, Inc. Sodium [125f]iodide (11 to 17 mCi/pg of
I) and sodium boro[3H]hydride (8.6 mCi/mg) were

purchased from Amersham/Searle. Ethyleneimine
was from ICN Life Sciences (K and K). Cellulose
thin-layer plastic sheets (polygram Cel 300, 20 by 20
cm) were obtained from Brinkmann Instruments,
Inc.
Type C oncornaviruses. Rauscher murine virus

(30), propagated in a BALB/c mouse bone marrow

cell line (JLS-V9) (45), was provided by G. Shibley,
Frederick Cancer Research Center. Moloney murine
virus (25) and plaque-purified (14) Gross murine
virus (passage A) (13), both propagated in an NIH
3T3 cell line from NIH Swiss mouse embryo cul-
tures, as well as BALB/c xenotropic virus 2 (1) prop-
agated in a human cell line A673 (12), were all
provided by J. Lemp, Electro-Nucleonics Laborato-
ries, Inc. Friend murine virus (10), propagated in
STU "Eveline" mouse cells (33), was a gift from D.
Bolognesi, Duke University.

Antisera. Rabbit anti-Kirsten murine virus se-

rum, rabbit anti-feline virus (Theilen strain) serum,
goat anti-woolly monkey virus serum, and goat anti-
Rauscher virus gp69/71 were prepared as described
previously (39, 41). All other anti-type C virus sera,
anti-Moloney murine virus (1S-166), anti-Gross mu-

rine virus (3S-296), anti-xenotropic NZB virus (5S-
29), anti-xenotropic NIH virus (5S-652), and anti-
xenotropic BALB virus 2 (5S-169) were obtained
from goats immunized with purified virus particles
disrupted by treatment with Tween-ether; these
sera were kindly provided by R. Wilsnack, Hunting-
don Research Center, Brooklandville, Md.

Purification of Rauscher virus gp69/71. The
Rauscher murine virus envelope glycoprotein gp69/
71 was purified as described previously (39).

Limited proteolytic cleavage of envelope glyco-
protein. CM-cellulose (5 mg), containing 3 U of co-

valently bound chymotrypsin, was washed with 20
mM Tris-hydrochloride (pH 7.6)-1.0 M NaCl and was
equilibrated with the same buffer containing 0.1 M
NaCl. Envelope glycoprotein (10 to 50 ,tg) was

added, and after 5 to 10 min of digestion at room

temperature with shaking the cellulose-bound chy-
motrypsin was removed by centrifugation. For par-
tial papain digestion, 0.7 U of papain covalently
bound to 5 mg of CM-cellulose was activated for 15
min at room temperature in 0.5 M sodium acetate,
pH 5.2, containing 5 mM cysteine and 2 mM EDTA.

The supernatant fluid was removed, and digestion
was carried out for 2 to 5 min as described above for
chymotrypsin. Limited tryptic cleavage was carried
out in 50 mM NH4HCO3 for 20 min, with an enzyme-

to-substrate ratio of 1:20. With all enzymes, the
cleavage products and enzyme were either denatured
immediately by boiling for 1 min in 0.1% sodium
dodecyl sulfate (SDS), or phenylmethylsulfonyl flu-
oride was added to 1 mM to inhibit any residual
protease activity.

lodination. Several different procedures were uti-
lized, depending upon the subsequent analysis of the
protein and whether the procedure utilized pure

protein, intact or disrupted virions, or proteins la-
beled for mapping of tryptic peptides. Purified
Rauscher virus glycoprotein was iodinated by the
chloramine-T method (18) as previously described
(41). Iodination of viral proteins was carried out in
the same manner with virions disrupted by incuba-
tion at 37°C for 10 min in 0.4% (final concentration)
Triton X-100. After iodination of the virus, 400 mM
KCl was added, the Triton X-100 concentration was
adjusted to 1%, and the labeled proteins were sepa-

rated from free [1251]iodide by gel filtration on Seph-
adex G-25 (fine). The excluded fraction was centri-
fuged at 100,000 x g for 60 min, and the resulting
supernatant fluid was used for immunoprecipita-
tion. Proteins labeled for tryptic peptide mapping,
except in those cases when retention of immune
activity was required (as below), were denatured by
boiling at 100°C for 1 min in 0.5 M sodium phos-
phate, pH 7.5, containing 0.2% SDS; after iodina-
tion, 5 ,mol of NaI was added as carrier (in place of
KI, so as to avoid precipitation of potassium dodecyl
sulfate), and protein was recovered from the reac-
tion mixture by chromatography on Sephadex G-25
using 1.0 M Tris-hydrochloride buffer, pH 8.6, con-

taining 0.1% SDS.
Immunoprecipitation. All reactions were carried

out in siliconized glass tubes. The reaction mixture
for immunoprecipitation of purified protein con-

tained the following: 1.4 to 2.5 ng of 125I-labeled
glycoprotein (6 x 104 to 7 x 104 cpm per ng), 3 ,g of
unlabeled, Triton X-100-disrupted Rauscher murine
virus as carrier, and a pretitrated amount of im-
mune serum. The final volume was adjusted to 0.15
ml with TEN buffer (20 mM Tris-hydrochloride, pH
7.6, 1 mM EDTA, 100 mM NaCl). The reaction mix-
ture was incubated at 4°C for 18 h. 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, followed by a final
wash with 0.5 ml of cold acetone. The precipitate
was solubilized in 0.056 ml of buffer containing 62.5
mM Tris-hydrochloride, pH 6.8, 2% SDS, 5% 2-mer-
captoethanol, and 10% glycerol. The samples were

heated at 100°C for 1 min and then were analyzed by
electrophoresis in a high-resolution, 5 to 20% gra-
dient polyacrylamide gel in the presence of 0.1%
SDS, as described by Baum et al. (3).
When 125I-labeled virus was used for immunopre-

cipitation, the conditions were the same as described
above except that the total volume of the reaction
mixture was 0.2 ml. The reaction mixture contained
80 to 140 ng of 125I-labeled viral protein (1.9 x 103 to
3.3 x 103 cpm per ng) and 3 Ag of protein of unla-
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beled, Triton X-100-disrupted virus corresponding to
the labeled virus.

Tritium labeling of glycoproteins. Galactosyl res-
idues of glycoproteins were labeled with tritium by
methods similar to those previously described (11,
23). Glycoprotein (5 to 15 jig) was dissolved in 50 jul
of 20 mM N,N-bis(2-hydroxyethyl)-2-aminoethane-
sulfonic acid (BES), pH 6.3, 2 mM CaCl2, and 1 mM
phenylmethylsulfonyl fluoride. Neuraminidase (0.5
U) was added, and, after incubation at 370C for 30
min, galactose oxidase (1.2 U) was added and the
incubation was continued for 3.5 h. A 10-1.l amount
of 0.05 N NaOH containing 0.3 mCi of sodium
boro[3H]hydride was added, and, after 30 min at
room temperature, the reaction was stopped by the
addition of 0.2 ml of 50 mM acetic acid. The solution
was evaporated to dryness in vacuo, 0.25 ml of acetic
acid was added to the residue, and after 30 min the
solvent and residual [3H]hydrogen were removed in
vacuo. Proteins were separated by polyacrylamide
slab gel electrophoresis as described above and
stained with Coomassie brilliant blue R-250. After
the gel was photographed, it was impregnated with
scintillator and dried, and tritium-containing bands
were detected by scintillation autoradiography us-
ing Kodak RP Royal X-Omat film (4).

Separation of proteins. Polyacrylamide gel elec-
trophoresis was carried out as described above. Pro-
tein bands were stained with Coomassie brilliant
blue R-250, cut from the dried gel, and cut into
pieces about 1 mm3. Protein was recovered, and the
stain was removed by a modification of the proce-
dure of Bray and Brownlee (5). Gels were eluted
overnight at 370C in 1.5 ml of 50 mM sodium phos-
phate, pH 7.5, containing 0.1% SDS, 1 mM phenyl-
methylsulfonyl fluoride, and a trace of chloroform.
The supernatant fluid was filtered through glass
wool, KC1 was added to a final concentration of 0.2
M, and the samples were left on ice for 15 min.
Precipitates were collected by centrifugation at
10,000 x g for 20 min, washed twice with 1 ml of cold
acetone, and dried under vacuum.

Reduction and aminoethylation. Sulfhydryl
groups were blocked prior to tryptic digestion by
reduction and aminoethylation (35). The advantages
of this method compared with performic acid oxida-
tion include quantitative reaction with great speci-
ficity under mild conditions (29) and rapid recovery
of the modified protein in good yield. An amount of 5
,ug or less of 125I-labeled protein in 0.5 ml of 1.0 M
Tris-hydrochloride, pH 8.6, containing 0.1% SDS,
was reduced by the addition of dithiothreitol to a
final concentration of 0.1 M. The tube was flushed
with nitrogen, capped, and incubated at 370C for 3 h.
The tube was again flushed with nitrogen at room
temperature and, while flushing, 10-, 5-, and 5-,ul
amounts of ethyleneimine were added at 10-min
intervals. At 10 min after the final addition, the
entire reaction mixture was applied to a column (0.8
by 20 cm) of Sephadex G-25 (fine), which was equili-
brated and eluted with 50 mM NH4HCO3. The void
volume fraction (0.5 ml) containing the peak of ra-
dioactivity was used for peptide mapping.
Peptide mapping. Bovine gamma globulin (50

jig), trypsin (1 jug), and a trace of chloroform were
added to the column fraction containing the S-ami-
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noethylated '251-labeled protein. After several hours
at room temperature, a second 1 jig of trypsin was
added, and digestion was continued overnight. A
sample containing about 106 cpm (usually 5 to 20 jil)
was spotted on a cellulose thin-layer sheet, and elec-
trophoresis was carried out at 1,000 V in acetic acid-
pyridine-water (10:1:89) for 30 to 40 min, until a spot
of acid fuchsin tracking dye had moved 16.5 cm.
Ascending chromatography was then carried out in
the second dimension in butanol-acetic acid-pyri-
dine-water (5:1:4:4). Autoradiography of the chro-
matograms was carried out with Kodak No Screen
X-Ray film (Kodak NS-54T).

Viral protein labeling, immunoprecipitation, and
peptide mapping. Triton X-100-disrupted Rauscher
virus (11.3 jig of protein) was iodinated as described
above, by use of 1.5 mCi of [1251]iodide. Labeled
proteins were recovered from the reaction mixture
by gel filtration on Sephadex G-25 in TEN buffer
containing 0.1% Triton X-100, followed by centrifu-
gation at 100,000 x g for 60 min as described above.
Pretitrated goat anti-Rauscher gp69/71 was added to
the 125I-labeled viral proteins (about 7 jig of protein,
3 x 104 cpm per ng), and the immunoprecipitate was
collected and analyzed by polyacrylamide gel elec-
trophoresis as described above. The bulk of the im-
munoprecipitate was distributed among four gel
lanes (5 x 106 cpm per lane) for preparative isolation
ofthe components, and a small amount (3 x 104 cpm)
was loaded on the same gel for analytical compari-
son with 125I-labeled virions (5 x 105 cpm). Radioac-
tive proteins were detected by autoradiography, cut
from the dried gel, eluted, and precipitated with
KCl as described above, except that 30 jig of bovine
gamma globulin was added before precipitation. The
precipitates were dissolved in 0.5 ml of 1.0 M Tris-
hydrochloride, pH 8.6, containing 0.1% SDS for re-
duction and aminoethylation, as described above. So
as to recover the protein in a small volume, ice-cold
50% trichloroacetic acid (0.4 ml) was added, and
after 15 min on ice the precipitate was collected by
centrifugation at 20,000 x g and washed with cold
10% trichloroacetic acid and acetone. The washed
pellet was taken up in 50 jil of 0.05 M NH4HCO3.
The protein was digested with trypsin, and the pep-
tides were analyzed as described above.

RESULTS
Components of murine oncornaviruses re-

active with anti-Rauscher gp69/71 serum. Sev-
eral murine oncornaviruses, Rauscher, Friend,
BALB xenotropic virus 2, Moloney, and Gross,
were analyzed for components that reacted
with antiserum against the purified Rauscher
virus gp69/71 glycoprotein. The viruses, 125I1
labeled and disrupted with Triton X-100, were
treated with the antiserum, and the immuno-
precipitates, as well as the labeled viruses,
were analyzed by polyacrylamide gel electro-
phoresis followed by autoradiography. Of the
many iodinated proteins, several were immu-
noprecipitated by anti-Rauscher gp69/71 serum
(Fig. 1). With Rauscher virus, four major com-
ponents were precipitated, a doublet of 69,000
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FIG. 1. Autoradiographic analysis of 1251-labeled
murine viruses and of proteins immunoprecipitated
by anti-Rauscher virus gp69/17 serum. 1251-labeling
of virions, immunoprecipitation, electrophoresis in a

linear 5 to 20% polyacrylamide gel gradient in the
presence of0.1% sodium dodecyl sulfate, and autora-
diography were as described in Materials and Meth-
ods. (1) 125j-labeled Rauscher murine virus (2.3 x 105
cpm of trichloroacetic acid-precipitable 1251); (2) pro-
teins of 1251-labeled Rauscher virus immunoprecipi-
tated by anti-Rauscher gp69171 serum (3.1 x 104
cpm); (3) 1251-labeled Friend murine virus (2.6 x 105
cpm of trichloroacetic acid-precipitable 1251); (4) pro-
teins of 1251-labeled Friend virus immunoprecipitated
by anti-Rauschergp69/71 serum (2.6 x 104 cpm); (5)
1251-labeled xenotropic BALB virus 2 (4.5 x 105 cpm
of trichloroacetic acid-.precipitable 1251); (6) proteins
of 1251-labeled xenotropic BALB virus 2 immunopre-
cipitated by anti-Rauscher gp69/71 serum (1.4 x 104
cpm); (7) 125JIlabeled Moloney murine virus (6.6 x
105 cpm of trichloroacetic acid-precipitable 1251); (8)
proteins of 125I-labeled Moloney virus immunoprecip-
itated by anti-Rauscher gp69171 serum (2.5 x 104
cpm); (9) 1251-labeled Gross murine virus (8.6 x 105
cpm oftrichloroacetic acid-precipitable 1251); (10) pro-
teins of 125j-labeled Gross virus immunoprecipitated
by anti-Rauscher gp69171 serum (2.6 x 104 cpm).
The standard proteins were cytochrome c (2.5 pg;
mol wt, 11,700), chrymotrypsinogen (4.3 pg; mol wt,
25,500), ovalbumin (4.3 pg; mol wt, 43,000), bovine
serum albumin (1.7 pg; mol wt, 68,000), and phos-
phorylase a (72 pg; mol wt, 94,000).

and 71,000 daltons as expected, and also compo-
nents with apparent molecular weights of
45,000 and 32,000. There also were other minor
components of about 15,000 and 10,000 daltons.
The immunoprecipitate of Friend virus also
contained a doublet at 69,000 and 71,000 dal-
tons, plus polypeptides of 31,000 and 15,000 dal-
tons and a minor polypeptide at 42,000 daltons.
The immunoprecipitate of BALB virus 2
showed only very faint peptides at 69,000 and

10,000 daltons. Moloney virus showed a major
component at 69,000 daltons, and minor high-
molecular-weight and 10,000-dalton compo-
nents. Gross virus, in contrast to the others,
showed chiefly a low-molecular-weight peptide
of about 14,000 daltons, with additional compo-
nents of 10,000, 30,000, 67,000, and 70,000 dal-
tons. This 14,000-dalton Gross virus protein has
been preparatively purified (unpublished data),
and its properties in relationship to the higher-
molecular-weight glycoproteins are being ex-
tensively studied; these results will be pre-
sented in detail elsewhere.
As the anti-gp69/71 serum does not cross-

react with the other major viral proteins, p30,
p15, or p12 (38, 39) and p10 (unpublished data),
the components efficiently immunoprecipitated
by anti-Rauscher gp69/71 serum must be sus-
pected to contain antigenic determinants
shared with the major envelope glycoprotein of
69,000 and 71,000 daltons. As shown below, this
was confirmed by tryptic peptide mapping of
the fragments. The specificity of the immune
precipitation of the minor fragments was not
further characterized because of the relatively
low proportion of the corresponding protein
that was precipitated.
Immunoprecipitation of purified Rauscher

gp69/71 by various antisera. One necessary
control in these experiments was to determine
whether the lower-molecular-weight compo-
nents observed were degradation products of
gp69/71 resulting from the immunoprecipita-
tion reaction method. This was examined by
applying the same procedure (125I-labeling, im-
munoprecipitation, polyacrylamide gel electro-
phoresis, and autoradiography) to purified
Rauscher virus envelope glycoprotein. All of
the various antisera used in this study were so
tested (Fig. 2). In no case did the immunopre-
cipitate contain polypeptides other than the ini-
tial starting material, gp69/71; thus, the proce-
dures themselves did not appear to give rise to
degradation products.

Proteolytic degradation of gp69/71. Another
explanation for the presence ofthese low-molec-
ular-weight virion peptides reactive with anti-
gp69/71 serum is that they arose from proteo-
lytic activity prior to immunoprecipitation. For
this reason, controlled enzymatic digestion of
purified Rauscher virus glycoprotein gp69/71
was carried out to determine whether this
would give rise to specific fragments.
When intact gp69/71 was treated with chymo-

trypsin, papain, or trypsin, two major cleavage
fragments with apparent molecular weights of
45,000 and 32,000 were produced which, by gel
electrophoresis, were indistinguishable from
the polypeptides immunoprecipitated from
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FIG. 2. Autoradiographic analysis ofpurified, 1251-labeled Rauscher virus gp69/71 immunoprecipitated by
various antisera. Polyacrylamide gel electrophoresis, autoradiography, and immunoprecipitation were car-

ried out as described in Materials and Methods. Approximately 3 x 104 cpm was applied to each lane: (1)
purified, 1251-labeled Rauscher virus gp69171; (2) purified, 125I-labeled Rauschergp69171 immunoprecipitated
by anti-Rauscher virus gp69171 serum; (3) anti-Gross virus serum; (4) anti-Moloney virus serum; (5) anti-
xenotropic NZB virus serum; (6) anti-xenotropic NIH virus serum; (7) anti-xenotropic BALB virus 2 serum;
(8) anti-Kirsten virus serum; (9) anti-feline virus (Theilen strain) serum; and (10) anti-woolly monkey virus
serum. Standard proteins were as described in the legend of Fig. 1.

Rauscher virus (Fig. 3). The generation of these
two similar fragments by a variety of proteo-
lytic conditions suggested that these fragments
are protected cores. Quantitative conversion of
the glycoprotein to these components was not
possible; conditions necessary to complete the
cleavage of intact glycoprotein resulted in loss
of most of the protein as small peptides.
Spontaneous cleavage fragments from

Rauscher virus gp69/71. Spontaneous cleavage
fragments from purified Rauscher virus glyco-
protein gp69/71 were also observed. In this case,

a gel filtration step using Sepharose 4B was
carried out on one preparation of purified gp69/
71. The column (1.5 by 100 cm) of Sepharose 4B
was packed and eluted in 10 mM BES, pH 6.5,
and 1 mM EDTA. A single symmetrical peak
containing homogeneous gp69/71 was obtained.
However, after storage of individual column
fractions at 0C for several weeks, partial
breakdown of the glycoprotein had occurred in
all fractions, producing two major fragments
with apparent molecular weights of 45,000 and
32,000 and the residual high-molecular-weight
component (Fig. 3). These fragments will be
referred to as spontaneous cleavage products to
distinguish them from fragments produced by

chymotrypsin. Subsequent storage of partially
degraded glycoprotein at 20'C for several weeks
in the presence of chloroform did not result in
further breakdown.
Immunoprecipitation of purified Rauscher

gp69/71 and spontaneous fragments. The anti-
genicity of the spontaneously fragmented enve-

lope glycoprotein was analyzed with several
antisera (Fig. 4). The residual gp69/71 and the
32,000-dalton fragment behaved in a similar
manner with all the antisera employed, but the
45,000-dalton fragment appeared to lack certain
interspecies and group determinants. With
anti-NZB virus serum and anti-feline virus se-

rum, very little of the 45,000-dalton component
was precipitated, whereas with the other mu-

rine virus antisera, including two other xeno-

tropic murine viruses (NIH and BALB virus 2),
the same pattern as with anti-Rauscher gp69/71
serum was observed. Only minor immunopre-
cipitation was obtained with anti-woolly mon-
key virus serum. These results demonstrate
that the fragments of 45,000 and 32,000 daltons
contain type-specific antigenic determinants
and a spectrum of group-specific determinants
shared with the intact envelope glycoprotein
gp69/71. The apparent absence of interspecies

J. VIROL.
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FIG. 3. Polyacrylamide
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presence of carbohydrates.
Separation of glycoproteins and tryptic

peptide analysis. Preparative separation of
gp69 from gp7l, as well as separation of sponta-
neous and chymotryptic degradation frag-
ments, was carried out by polyacrylamide gel
electrophoresis as described in Materials and
Methods. About 75 kig of degraded gp69/71 was
applied to the gel, divided among five gel lanes.
The relative amount of gp69 in different virus
preparations was variable; in some cases the
content was comparable to that of gp7l, but
other preparations contained relatively less
gp69. The preparation of glycoprotein which
degraded spontaneously contained relatively
little gp69, but it was possible to cut out sepa-
rate stained bands corresponding to gp7l, gp69,
gp45, and gp32 from both preparations which
were examined. The homogeneity of each poly-
peptide after elution from the gel and iodina-

electrophoresis of tion was analyzed by polyacrylamide gel elec-
gelope lycorote 69 trophoresis. Autoradiograms of these gels

c digestion Electrgopho/ showed that the initial separation was effec-
scribed in Materials and tive, but some degradation of the individual
teins: cytochrome c (1.5 polypeptides was detected (Fig. 6). The results
trypsinogen (3.0 pg; mol were the same with fragments derived by diges-
.5 pg; mol wt, 43,000), tion with chymotrypsin (data not shown). Con-
pg; mol wt, 68,000), and trol experiments with intact gp69/71 (not re-
tol wt, 94,000); (2) puri- covered from a gel) showed that no degradation
purified gp69171 (18 mg) occurred during iodination or during any other
(4) purified gp69171 (18 step prior to tryptic digestion (data not shown).

crified gp6971 (13.5 g) Tryptic peptide analysis of these polypeptides
degraded. The conditions isolated from a sample of spontaneously de-
e as described in Materi- graded gp69/71 showed that the maps of gp7l

and gp69 were identical (Fig. 7). The peptide
maps of gp45 and gp32 were also nearly identi-

,000-dalton component cal to those of gp7l and gp69, despite the appar-
f such determinants in ently lower molecular weights of these polypep-
ent, but such a conclu- tides.
re extensive analysis Corresponding peptide maps of polypeptides

isolated after limited chymotryptic cleavage of
t of fragments. Two gp69/71 were comparable (Fig. 8). In this case,
1gest that the 45,000- maps of gp7l and gp69 were nearly, but not
Xnts both contain oligo- completely, identical. There was an apparent
Lthe fragmented glyco- slight difference in the mobility of one peptide.
th neuraminidase, ga- Both spots were visible on a peptide map of the
lium boro[3H]hydride, unseparated gp69/71 complex (data not shown),
into all the major gly- confirming the difference in mobility. A num-
detected by Coomassie ber of major peptides were either lacking, or
Fig. 5). In another ex- present only in small amounts in the maps of
jor bands of a chymo- gp45 and gp32, which had been produced by
of glycoprotein were chymotryptic cleavage. Similar results were ob-
n A covalently linked tained when gp45 and gp32 were isolated from
ncanavalin A-agarose chymotrypsin-cleaved gp69/71 in three separate
w (100 volumes) gradi- experiments, using three samples of the same
de (O to 100 mM), both gp69/71 preparation.
ited with the intact The streak from the origin and one spot ofthe
D mM a-methyl man- peptide maps (noted in the legends of Fig. 7 and
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1 2 3 4 5 6 7 8 9 10

94,000

68,000

43,000- ilitlemiiw

25,500 -

11,700

FIG. 4. Autoradiographic analysis of purified, spontaneously fragmented, 1251-labeled Rauscher virus
envelope glycoprotein immunoprecipitated by various antisera. Polyacrylamide gel electrophoresis, autora-
diography, and immunoprecipitation were carried out as described in Materials and Methods. Approximately
5 x 104 cpm was applied to each lane: (1) purified, fragmented 1251-labeled envelope glycoprotein; (2) purified
fragmented, 1251-labeled envelope glycoprotein immunoprecipitated by anti-Rauscher virus gp69171 serum; (3)
anti-Gross virus serum; (4) anti-Moloney virus serum; (5) anti-xenotropic NZB virus serum; (6) anti-
xenotropic NIH virus serum; (7) anti-xenotropic BALB virus 2 serum; (8) anti-Kirsten virus serum; (9) anti-
feline virus (Theilen strain) serum; and (10) anti-woolly monkey virus serum. Standard proteins were as
described in the legend of Fig. 1.

8) were observed when blank areas of the poly-
acrylamide gel were carried through the same
elution, labeling, and mapping procedure.
However, gp69/71 which was mapped without
exposure to polyacrylamide gave a similar
streak from the origin, indicating that some of
the radioactivity in this area is peptide in na-
ture. Lysozyme peptides did not streak when
prepared by the usual procedure, but gross ov-
erdigestion with 200-fold more enzyme did not
significantly reduce streaking in the gp69/71
map.

Peptide analysis of virion components reac-
tive with anti-gp69/71 serum. Tryptic peptide
analysis was also carried out with the lower-
molecular-weight components reactive with
anti-gp69/71 serum (as shown in Fig. 1), which
were isolated directly from virions by gel elec-
trophoresis. A principal question was whether
or not the glycoprotein fragment of 45,000 dal-
tons described here corresponds to the minor
glycoprotein gp45 which has been observed by
metabolic labeling of viruses with glucosamine.

Disrupted virions were iodinated, and the
solubilized proteins were reacted with anti-
Rauscher gp69/71 serum on a preparative scale
as described in Materials and Methods. The

individual components of 45,000 and 32,000 dal-
tons as well as gp69/71 were isolated by prepar-
ative polyacrylamide gel electrophoresis, and
peptide maps were obtained as described in
Materials and Methods (Fig. 9). The three
maps were nearly identical, suggesting that the
polypeptides of 45,000 and 32,000 daltons were
derived from gp69/71. This experiment was re-
peated with a different preparation of Rauscher
virus which had been 125I-labeled prior to dis-
ruption. Again, the maps were nearly identical
and were almost indistinguishable from those
shown above (data not shown). All of the pep-
tide maps of immunoprecipitated virion compo-
nents were similar, but not identical, to those of
corresponding glycoproteins and fragments
which had been iodinated after denaturation
with SDS. Since the conformation ofthe protein
is likely to affect the labeling pattern, some
differences can be expected in such a compari-
son.

It should be noted that, with three additional
preparations of Rauscher virus that were exam-
ined, the amount of immunoreactive material
observed in the regions of 45,000 and 32,000
daltons was quite low and differed for each
virus preparation (data not shown). Also, for

J. VIROL.

I



GLYCOPROTEINS FROM RAUSCHER LEUKEMIA VIRUS

1 2 3 4 5 6 7 8 cific antiserum and tryptic peptide analysis is
that each of the observed glycoproteins of

-go Rauscher virus of approximately 71,000, 69,000,
45,000 and 32,000 daltons contains common
amino acid sequences and therefore is very
likely derived from the same viral gene. It must
be suspected that the glycoprotein gp45 which
has been detected in virions by incorporation of
radioactive glucosamine (8, 26) corresponds to
the 45,000-dalton degradation fragment which
we have characterized. It has previously been
reported to cross-react with antisera to the ma-
jor glycoprotein (6, 21; R. A. Lerner, personal
communication). The other glycoprotein of
about 32,000 daltons has not previously been
reported. Thus, from current knowledge, the
complexity of the oncornaviruses genome in re-

FIG. 5. Carbohydrate content of fragments de-
rived from Rauscher marine virus glycoprotein gp691
71. Intact or fragmented gp69171 was labeled in the
carbohydrate moiety with 3H and was analyzed by
polyacrylamide gel electrophoresis followed by pro-
tein staining (lanes 1 through 5) or autoradiography
(lanes 6 through 8) as described in Materials and
Methods. (1) Standard proteins as described in Fig.
3; (2) purified gp69171 (5 fig); (3 and 6) purified
gp69171 (5 pg), tritium labeled; (4 and 7) purified
gp69171 (15 pg), spontaneously degraded and trit-
ium labeled; (5 and 8) purified gp69171 (15 ,ug),
partially cleaved by chymotrypsin and tritium la-
beled. Scintillation autoradiograms were exposed for
2 days (lane 6), 1 day (land 7), and 9 days (lane 8).
Tritium incorporation could not be determined except
by autoradiography because polyacrylamide gel elec-
trophoresis was required to eliminate residual so-
dium boro[3H]hydride. The stained band of 67,000
daltons in lanes 3, 4, and 5 was derived from the
enzyme preparation used for tritium labeling.

several virus preparations, a protein band in
the region of 45,000 daltons was observed by
staining of the analytical polyacrylamide gel
with Coomassie brilliant blue R-250. This
stained band was also isolated from one virus
preparation by excision from the polyacryl-
amide gel, labeled with ['25I]iodide, and sub-
jected to peptide mapping as described in Mate-
rials and Methods. In contrast to the results
obtained with iodinated protein recovered by
specific immunoprecipitation, this additional
component of similar molecular weight showed
no relationship to gp69/71 (data not shown).
Thus, for some virus preparations, selective pu-

rification such as immunoprecipitation is re-
quired to demonstrate a component bearing se-
quence homology with the major glycoprotein
gp69/71.

DISCUSSION
Our principal conclusion from these studies

utilizing immunoprecipitation with monospe-

spect to glycoproteins is limited to a component
of about 70,000 daltons, derived from a glycosyl-
ated precursor of about 90,000 daltons (27, 34,
42).
The fragments described in this study could

1 2 3 4 5 6 7

94,0000- -

68,000 - om

43,000- _

2 5,500 - -

11X7000--

FIG. 6. Preparative separation of gp7l, gp69,
gp45, and gp32 bypolyacrylamide gel electrophoresis
of spontaneously degraded gp69171. Isolation of the
individual components of purified, spontaneously
fragmented Rauscher marine virus gp69171 was car-
ried out by polyacrylamide gel electrophoresis as de-
scribed in the text. The isolated proteins were labeled
with [12'Iliodide as described in Materials and Meth-
ods and were analyzed by polyacrylamide gel electro-
phoresis, as depicted. Lanes 1 and 2 were stained by
Coomassie brilliant blue; lanes 3 through 7 were
autoradiograms of the 1251-labeled polypeptides. (1)
Standard proteins as described in Fig. 3; (2) puri-
fied spontaneously degraded gp69171 (15 pg); (3)
5'I-labeled, purified spontaneously degraded gp691

71; (4) 125I-labeled gp7l; (5) 125I-labeled gp69; (6)
125I-labeled gp45; (7) 125I-labeled gp32. Similar re-
sults were obtained with chymotrypsin-cleaved
gp69171.

94,000-
68,000-

43,000-

25,500 -

11,700--
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A
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FIG. 7. Tryptic peptide maps of 1251-labeled gp7l, gp69, and fragments spontaneously derived from gp691
71. Tryptic peptide analysis of the isolated glycoproteins depicted in Fig. 6 was carried out as described in
Materials and Methods. (A) gp7l; (B) gp69; (C) gp45; (D) gp32. The spot identified by an arrow was also
produced by iodination of an extract ofprotein-free polyacrylamide gel.

theoretically have resulted from either specific
transcriptional, translational, or post-transla-
tional processes, or from nonspecific proteolysis
at susceptible sites. Cleavage of purified enve-
lope glycoprotein to discrete forms of lower mo-
lecular weight during storage in the absence of
any known proteolytic agent presumably was
the result of contamination by protease. Simi-
lar fragments could be produced in reasonable
yield by controlled proteolytic digestion with
several enzymes. These results suggest that
specific regions ofthe polypeptide chain of gp69/
71 have conformations which render them sus-
ceptible to a number of proteases of diverse
specificity. Such regions of facile cleavage could
account for the frequent presence of minor gly-
coprotein components in virus preparations.

However, although such nonspecific fragmen-
tation may be the most likely explanation for
the presence of the different molecules, this is
conjecture, and it also is possible that one or
more of the smaller components provide an es-
sential biological function. As yet, such a func-
tion is not recognized, but, with the complex
structure and function of these viruses, it would
be difficult to rule out this possibility.
There are several possible explanations for

the similarity of the tryptic maps of the differ-
ent components. Possibly, the regions of the
molecule which were removed in generating
the 45,000- and 32,000-dalton fragments were
not subject to iodination. Also, the apparent
difference in size possibly could be attributed
largely to the removal of very carbohydrate-
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FIG. 8. Tryptic peptide maps of 1251-labeled gp7l, gp69, and fragments produced by cleavage of gp69171
with chymotrypsin. Glycoproteins were isolated as described in the legend of Fig. 6, and tryptic peptide
analysis of the isolated proteins was carried out as described in the text. (A) gp7l; (B) gp69; (C) gp45; (D)
gp32. The arrow is explained in the legend ofFig. 7.

rich peptide(s) so that there actually was little
difference in the polypeptide chains of the dif-
ferent molecules. Another explanation is that
the 45,000- and 32,000-dalton components are
each composed of two or more different seg-
ments of the glycoprotein, which coincidentally
have the same electrophoretic mobility and
which, in sum, represent all of the sequences
of the intact molecule. Such fragment hetero-
geneity could explain why the peptide map of
the chymotryptic 54,000-dalton fragment, in
contrast to that of the corresponding spontane-
ous fragment, had only trace amounts of some
peptides which were major components of the
gp69/71 from which it was derived.
Anti-Rauscher gp69/71 serum also precipi-

tated other lower-molecular-weight polypep-
tides from the different viruses tested. Of prin-

cipal interest is one such small component of
about 15,000 to 17,000 daltons. This component
does not appear to be a degradation product of
the 70,000-dalton glycoprotein. It was never ob-
served as a degradation product of gp69/71,
either by controlled enzymatic digestion or as a
result of spontaneous degradation of purified
glycoprotein. Rather, there is considerable evi-
dence that it is another component derived
from the 90,000-dalton precursor glycoprotein
and that it bears some antigenic determinants
shared or overlapping with the 70,000-dalton
product. Such a component of Gross virus has
been preparatively purified and characterized
(Strand and August, unpublished data). A pol-
ypeptide of similar size was also reported by
Witte and Weissman (43) to be precipitated
from Moloney sarcoma-leukemia virus by the
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posed a correspondence between this polypep-
tide and the p15(E) identified by Ikeda et al.
(21) and Schafer et al. (31).

L* .. _

.4

B

4.
I... Il

^,w_10

C

FIG. 9. Tryptic peptide maps of 1251-labeled virion
components reactive with anti-gp69171 serum. Isola-
tion and tryptic peptide analysis of the immunopre-
cipitated components were carried out as described in
the text. (A) gp69171; (B) gp45; (C) gp32.

anti-Rauscher gp69/71 serum. Moreover, stud-
ies by Arcement et al. (2) and Van Zaane et al.
(42) have suggested that a polypeptide from
Rauscher leukemia virus of approximately
17,000 daltons may be derived from the same

precursor as gp69/71, and these workers pro-
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