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eluted with 0.5 M NaCl in 20 mM Tris-hydrochloride
(pH 7.6)-0.1% Triton X-100. During the purification,
proteins in the column fractions were visualized with
a microradioiodination and gel analysis procedure
modified from Hunter (18) by Krakow et al. (manu-
script in preparation).
Radioimmunoassay. Purified gp55 was labeled

with '2"I as described by Hunter (18), except that the
gp55 was separated from the reactants by dialysis.
Radioinununoassays and competition radioimmunoas-
says of competing proteins in cell, virus, and tissue
extracts were conducted as described by Strand et al.
(50).

Cell extractions. The proteins of tissue culture
cells and homogenized tissues were solubilized in lysis
buffer as described for disrupting KW virus (above).
Viruses to be used in competition radioimmunoassays
were disrupted by the addition of Triton X-100 to
0.4%. Proteins were determined by the methods of
Lowry et al. (30) and Bradford (5) except during the
chromatographic purification of gp55 when the tech-
nique of Schaffner and Weissmann (37) was used.

Immunoprecipitation gel electrophoresis, au-

toradiography, and fluorography. These proce-
dures have been described elsewhere (38).

Antisera. Rabbit anti-KSLV serum and goat anti-
woolly monkey leukemia virus serum were prepared
as described (50). Goat antisera against a spontaneous
rat lymphoma virus (anti-rat virus), the gibbon ape

leukemia virus, the baboon leukemia virus, the RD-
144 cat leukemia virus, the BALB murine xenotropic
virus 2, rabbit immunoglobulin, pig anti-goat immu-
noglobulin serum, and hamster anti-simian virus 40 T
antigen serum were provided by Roger Wilsnack under
a contract from the Division of Cancer Cause and
Prevention, National Cancer Institute. Antiserum
against murine xenotropic leukemia virus envelope
glycoprotein, gp70, was a gift of Stephen Kennel. An-
tisera against the purified RLV gp7O, p30, p15, p12,
and plO and against the Gross murine leukemia virus
pl5E, p14, p12, and plO were prepared in this labora-
tory (45, 47, 50).

RESULTS

Chromatographic purification of gp55.
The gp55 was chromatographically purified
from 10 liters of tissue culture fluid (Fig. 1 and
Table 1). This procedure produced 30 ,ug of gp55
at greater than 90% purity with a final yield of
20% from the sucrose-banded virus. Much of the
loss of gp55 occurred during ammonium sulfate
precipitation, since some gp55 remained soluble.
However, inclusion of this step was necessary to
purify anotherKW virus-associated protein, p20
(39). An additional 6 ,ug of gp55 was recovered
from the ammonium sulfate supernatant frac-
tion at comparable purity. At pH 7.1, the binding
of gp55 to the heparin-agarose affinity column
was remarkably specific. At more basic pH's,
gp55 was only partially bound, and at more

acidic pH's, many other proteins also bound to
this matrix. The avidity of binding of gp55 to
concanavalin A-Sepharose was also noteworthy.
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FIG. 1. Purification of KW gp55 from KW virus.
Samples were radioiodinated, trichloroacetic acid
precipitated, fractionated by 12.5% SDS-polyacryl-
amide gel electrophoresis, and analyzed by autora-
diography as described in the text. (A) Sucrose-
banded, disrupted KW virus. (B) SDS-gel-purified
gp55. (C) Chromatographically purified gp55. This
photograph is a composite of three gel lanes aligned
using several identical molecular weight markers for
each lane.

TABLE 1. Purification ofgp55

Fraction Total
protein (ug) gp55 (%)

Culture fluid (10 liters) 7 x 107 NDa
Pellet from 5.5 x 104 0.5b

concentrated culture
fluid

Sucrose-banded virus 3.5 x 103 4.4b
Ammonium sulfate pellet 8 x 102 ND
Concanavalin A-bound 1 x 102 ND

fraction
Heparin-bound fraction 30 >90C

a Not done.
b Determined by competition radioimmunoassay us-

ing the purified gp55.
c Determined by measuring the radioactivity in the

'"I-labeled proteins cut from the gel.

a-methyl-D-Mannoside (200 mM), even in the
presence of 1 M NaCl and 0.2% Triton, was only
partially effective in eluting the gp55. Ethylene
glycol was found to be necessary for complete
elution.
gp55 could be further purified to 100% homo-

geneity by molecular sieve chromatography on
Sephacryl S-200 in 0.5 M NaCl-0.1% Triton X-
100-20 mM Tris-hydrochloride (pH 7.6); how-
ever, use of this column was not feasible for
preparative work due to loss of protein. gp55 was
eluted from this column with an apparent mo-
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lecular weight of 150,000. This elution property
can be attributed to Triton X-100 micells, which
have an apparent molecular weight of approxi-
mately 90,000 (16). It is also possible that gp55
was in a dimeric form.
Preparative SDS-gel purification ofgp55.

Approximately 0.5 mg ofKW virus was concen-
trated, reduced, alkylated, and fractionated by
SDS-polyacrylamide gel electrophoresis. Since
we had observed that gp55 migrated differently
in nonreducing gels, reduction and alkylation of
the KW virus proteins were necessary to insure
that gp55 migrated as a 55,000-dalton protein.
Approximately 25 jig of gp55 was obtained at
greater than 95% purity, as assessed by gel elec-
trophoresis (Fig. 1). The yield of protein from
the gel, as measured by radioactive tracers, was
greater than 98%.
Radioimmunoprecipitation assays of

gp55. The origin and function of gp55 was ana-
lyzed by characterization of the antigenic reac-
tivities of this protein. The purified gp55 was
radiolabeled with "2I to a specific activity of 10'
cpm/ng and analyzed by immunoprecipitation
assays with antisera prepared against retrovi-
ruses, purified retroviral proteins, and cellular
proteins. The gp55 purified by both methods
behaved nearly identically, with one exception
as noted below. Therefore, all of the radioim-
munoassay data presented here refer to results
obtained with the gel-purified gp55.

Several different antisera prepared against ro-
dent viruses grown in rodent cells precipitated
35 to 75% of the purified radioiodinated gp55. In
contrast, antisera against nonrodent viruses,
even at low dilution, were only able to precipi-
tate 4 to 8% of the gp55. This low-titer reaction
suggested the presence of a cross-reacting, non-
rodent protein in these viruses. The presence of
this analogous protein was confirmed by com-
petition radioimmunoassay (below). Many other
sera, including antisera against simian virus 40
T antigens, fetal calf serum proteins, mouse and
rat histocompatibility antigens, Rauscher and
xenotropic type C retrovirus gp7O envelope pro-
teins, and retrovirus core proteins; normal serum
from a variety of species; and monoclonal sera
against three different 55,000-dalton membrane
proteins (E. N. Hughes and J. T. August, J. Biol.
Chem., in press; 42), did not precipitate the gp55.
Therefore, gp55 appeared to be specifically as-
sociated with retroviruses, but was not related
to any known retrovirus-encoded structural pro-
tein.
Competition radioimmunoassay for

gp55. A competition radioimmunoassay using
the purified radiolabeled gp55 enabled us to
determine whether the presence of gp55 corre-
lated with viral infection, transformation, or
other cellular or viral functions. Goat anti-rat

virus serum was used in the competition ra-
dioimmunoassays because of its high titer
against gp55. At low dilutions it precipitated
approximately 75% of the labeled protein, and at
10% of the input gp55.
A total of 25 cell lines representing normal,

virus-infected, and transformed cells of four dif-
ferent species were screened for the presence of
gp55 with the anti-rat virus serum (Table 2).
Antigenic determinants cross-reacting with gp55
were present in low concentrations in every ro-
dent cell line. Infection or transformation of a
cell line did not affect the quantity of gp55 in
that cell line. Nonrodent cells did not express
significant amounts of cross-reacting antigens
when assayed with this serum.
We also tested 14 purified virus particle prep-

arations (Table 3). All viruses budding from
rodent cells contained large amounts of gp55, at
concentrations 50 to 100-fold higher than the
host cells. The amount of gp55 in a virus prep-
aration was dependent upon the cell line from
which it budded. RLV propagated in NRK cells
contained roughly three times more gp55 than
RLV from NIH/3T3 or JLS-V9 (mouse) cells.
RLV grown in human embryo kidney cells con-
tained no detectable gp55. These quantities in
the viruses correspond to the quantities of gp55
measured in rat, mouse, and human cells, re-
spectively. Therefore, gp55 was associated with
the host cells and not with a particular exoge-
nous virus.
The cross-reacting protein in mouse cells was

identified by immunoprecipitation also to be a
55,000-dalton protein. An anti-KSLV serum was
made specific for the KW gp55 by solid-phase
absorption with rat and mink cell extracts. This
antiserum precipitated a 55,000-dalton protein
from "MI-labeled RLV grown in JLS-V9 cells.

Since retrovirus structural proteins are found
in mouse serum (46), we also tested sera from a
variety of mouse and rat strains for the presence
of gp55. NZB mouse serum contained 7 ng of
cross-reacting antigen in 10 pl. Sera of other
strains (Sprague-Dawley, Wistar Furth, and Os-
born-Mendel rats and BALB/c, 129 G IX+, and
129 G IX- mice) also contained competing anti-
gen, although too little to be quantitated. NZB
mouse serum was also found to be able to pre-
cipitate radiolabeled gp55 (Myerson and Schein-
berg, unpublished data). Hence, NZB serum
contained both gp55 antigen and antibody to the
antigen.
The distribution of gp55 in the organs of both

mice and rats was also quantitated by a compe-
tition radioimmmunoassay (Table 4). The lym-
phoid tissues, spleen, and thymus contained the
most gp55, followed by lung, ovary, and kidney.
Other organs, including liver, brain, heart, and
erythrocytes, contained either no gp55 at all or
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148 SCHEINBERG AND STRAND

TABLE 2. Concentrations ofgp55 in tissue culture cells

Cell line Cell characteristics gp55 (ng per mg of proteina)

Normal
Virus-transformed nonproducer
Virus-transformed defective
Spontaneously transformed
Virus-transformed producer

Mouse
BALB 3T3
K-234

NIH/3T3
(RLV) NIH
Ki-NIH

3T3 FL
3T3 FL clone 28
3T3 FL clone 32
D56
NS1

Mink
CCL64
(BALB2) CCL64
(NZB) CCL64
(S+L-) CCL64
(KiSV) CCL64
(AKR-6T) CCL64
AKT-8
(MCF) CCL64

Human
CLLb

Normal
Virus-transformed nonproducer

Normal
Virus-infected
Virus-transformed nonproducer

Normal
Virus-infected
Virus-infected
Virus-transformed nonproducer
Transformed spontaneous virus producer

Normal
Virus-infected
Virus-infected
Virus-transformed nonproducer
Virus-transformed producer
Virus-infected
Virus-transformed nonproducer
Virus-infected

Leukemia cells

Hu8085 Normal <2
a Calculated from the point of 50% competition of unlabeled extract with '25I-labeled gp55 in radioimmunoas-

says using gel-purified gp55 and anti-rat virus serum at 1: 10,000 dilution. The sensitivity of the assay was

approximately 2 ng.
b CLL, Chronic lymphocytic leukemia.

TABLE 3. Concentrations ofgp55 in type C viruses

VirsHost cell gp55 (ng per mgVirus Host ceU of proteina)

F26 (KSLV) NRK 44,444
J400 NRK 36,364
KW NRK 28,571
RLV NRK 15,385
KSLV NRK 14,285
HUK (KSLV) NRK 12,500
RLV NIH/3T3 6,667
RLV JLS-V9 4,444
AKR BALB 3T3 800
FeLVb Cat <1
RLV Human <1
BALB 2 xeno Human <1
KiSV (NIH xeno) Human <1
KiSV (NZB xeno) Human <1

a Calculated as in Table 2, footnote a.
bFeLV, Feline leukemia virus.

levels of protein below the sensitivity of this
assay. Both species showed a similar pattern of
expression.
The competition assays described above were

predominantly rodent group specific. The slopes
of the competition curves obtained with both rat
and mouse cells were the same, indicating that
the cross-reacting antigens were identical (data
not shown). Therefore, the anti-rat virus serum
detected shared rodent-specific antigenic deter-
minants.
We also conducted competition radioimmu-

noassays with a much broader reacting antise-
rum, the anti-KSLV serum (Fig. 2). In this assay,
the slopes of the competition curves decreased
for rat, mouse, and nonrodent cell extracts, re-

spectively. Compared with the competion curves

obtained with rat cell extracts, approximately
fourfold more protein was required for 50% com-

Rat
NRK
1255-B7
KW
NRK-HTr
HUK

285
333
364
235
200

308
133

100
142
182

111
67
57
133
200

<2
<2
<2
<2
<2
<2
<2
<2

<2
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TABLE 4. Concentrations ofgp55 in mouse and rat
tissues

gp55 (ng/mg of tisse protein)
Tissue Sprague-

Dawley rat BALB/c mouse

Spleen 80 69
Ovary 31 Not done
Thymus 25 61
Lung 15 47
Kidney 6 13
Liver <1 <1
Brain <1 <1
Heart <1 <1
Erythrocytes <1 <1

a Calculated as in Table 2, footnote a.

1W

so
a

_ 40
I-a*2

1 I"
COEPETINC PRETEIN (og)

1K

FIG. 2. The rat type, rodent group, and interspe-
cies antigenic detenninants ofgp55 as distinguished
by anti-KSLV serum in competition radioimmunoas-
say. The assays were conducted as described in the
text with anti-KSLV serum at a final dilution of 1:80
and 20 ng ofpurified l25I-labeledgp55 in competition
with unlabeled cell extracts added as indicated.
CCL64: E, normal mink; HKM: 0, KSLV-infected
CCL64; BALB: *, normal mouse; K-234: 0, KSLV-
transformed nonproducer BALB; KNIH: 0, KSLV-
transformed nonproducer NIH/3T3 mouse cells;
NRK-H: O, NRK; 1255: *, KSLV-transformed non-
producer NRK cell.

petition when murine cell extracts were used.
The nonrodent, mink cells competed nearly 50%.
Human cells (not shown) behaved similarly.
Therefore the anti-KSLV serum was able to
detect rat type-specific and interspecies anti-
genic determinants on gp55 in addition to the
rodent group-specific antigens. The slopes of the
curves differed because there were gp55 rat type-
specific determinants not present in the analo-
gous protein of murine, mink, and human cells
and gp55 rodent group-specific determinants not
present in the mink and human cells. These data
are in contrast to the competition curves ob-
tained when the anti-rat virus serum was used,
where the antigens other than rodent group

specific were not detected, and identical affinity
was observed with both murine and rat compet-
ing proteins.
As we had observed when using the anti-rat

virus serum, the assays using anti-KSLV serum
showed no apparent effect of transformation on
the amount of gp55 expressed in cells. This was
observed in cells of all four species.

Since neither rat type- nor rodent-group-spe-
cific antigens were found in mink cells infected
by rat- and mouse-derived viruses (Fig. 2 and
Table 2), gp55 did not appear to be encoded by
genes in these viruses.
Assays conducted with the chromatographi-

cally purified gp55 and anti-KSLV serum also
detected the rat type- and rodent group-specific
antigens, but not the interspecies antigenic de-
terninants. It is possible that the interspecies
sites were exposed to the antibodies only on the
gel-purified protein because of the denaturing
effect of SDS.

DISCUSSION
gp55 was purified from KW virus by two dif-

ferent techniques to yield homogeneous protein
preparations of similar antigenicity. Use of a
preparative gel electrophoretic technique ena-
bled us to rapidly obtain protein suitable for use
as a probe in competition radioimmunoassays.
During the chromatographic purification, some
interesting properties of the polypeptide were
revealed. We had previously observed that gp55
was a glycoprotein (38) and, consequently, affin-
ity chromatography on concanavalin A-Sepha-
rose was a very effective purification step. Two-
dimensional gel electrophoretic analysis of the
protein (unpublished data) showed it to be a
slightly acidic, microheterogeneous protein with
a pH ranging from 6.0 to 7.4. Microheterogene-
ous patterns are commonly observed with gly-
coproteins fractionated by this technique. gp55
bound specifically to heparin-agarose, which al-
lowed us to purify it from the other glycopro-
teins. Heparin has been shown to bind deoxyri-
bonucleic acid-binding proteins (9) and extracel-
lular matrix proteins (53). The significance of
gp55's binding to heparin is not known. gp55
also had hydrophobic regions since it bound to
both phenyl-Sepharose (Pharmacia) and silica
glass beads (Cabot) (data not shown). We had
previously reported that gp55 was associated
with purified cell membranes isolated by poly-
ethylene glycol 6000-dextran T 500 phase frac-
tionation (38). The hydrophobicity of gp55 is
consistent with its association with cell mem-
branes. However, gp55 does not appear to be
easily accessible at the external cell surface as it
is not labeled by lactoperoxidase (38) nor triti-
ated borohydride (unpublished data). Further-
more, in contrast to the rat cell extracts, live rat
cells do not absorb the anti-gp55 reactivity from
the anti-rat virus serum (unpublished data).
Study of the purified, radiolabeled gp55 by

radioinmunoprecipitation assay confirmed and
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extended our earlier immunoprecipitation anal-
ysis of proteins associated with virions (38). Only
antisera prepared against rodent type C viruses
grown in rodent cells were strongly reactive with
the purified gp55. Quantitative study by com-
petition radioimmunoassay indicated that gp55
was not primarily associated with the type C
virus itself but with the cell from which the virus
buds. This does not rule out an endogenous virus
origin for the protein, however.
gp55 was expressed constitutively in normal

tissue culture cells of four different species
tested. Transformation or infection of these cells
by a number of different viruses did not dramat-
ically change its quantity. The low quantities of
gp55 in tissue extracts (<0.0001 to 0.008%) sug-
gested that this was not a common cytostruc-
tural protein. Antisera to three 55,000-dalton cell
surface proteins and to rodent histocompatibil-
ity antigens did not react with gp55. Moreover,
purified microtubules (the generous gift of
Douglas Murphy) did not cross-react with gp55
in radioimmunoassays (data not shown).
Our earlier studies had already indicated that

the qualitative parameters of the expression and
cellular location of gp55 in rat cells were not
altered upon transformation (38). Therefore, it
is unlikely that gp55 is the transformation-re-
lated 53,000-dalton protein described by DeLeo
et al. (10). Furthermore, gp55 did not react with
antiserum to simian virus 40 T antigen, which
precipitates a 55,000-dalton T-antigen-associ-
ated protein (7, 23, 24, 28, 31).
The large amount of gp55 in virion prepara-

tions, sometimes greater than 4% of the virus
protein, was striking. Studies of Aoki et al. (1),
Aoki and Takahashi (2), Dorfman et al. (12),
and Witte and Weissmann (52) indicate that the
site of virion budding is unique and that incor-
poration of cell membrane proteins is extremely
selective and specific for virus-encoded proteins.
Therefore, the 50- to 100-fold concentration of
gp55 by retroviruses suggests a nonrandom as-
sociation of this particular membrane protein
with the virion. In contrast, p20, another mem-
brane-associated protein detected in the KW
virus, was found to be only 10-fold concentrated
in virions as compared to cells, and this increase
is more consistent with a nonspecific incorpora-
tion of membrane protein into virions (39).
These data are consistent with two possible

functions for gp55. It may be involved in the
packaging or budding of particles or may be an
endogenous virus glycoprotein. A defective en-
dogenous type C virus RNA has been detected
in a variety of rat and mouse fibroblast cells in
culture which could potentially encode this pro-
tein (3, 13, 17, 20, 40). Furthermore, there were
several resemblances between gp55 and the
other retrovirus envelope glycoproteins: (i) the

lymphoid and epithelial tissue distribution of
gp55 is similar to that of gp7O (26); (ii) gp55 was
found in the sera of rodents, especially in the
NZB mouse, as is gp7O (46); (iii) antibodies to
gp55 were found in NZB mouse serum, as are
antibodies to gp7O (32); (iv) several of the known
retrovirus envelope proteins are glycoproteins of
55,000 daltons (51); (v) the antigenic spectrum
of gp55 demonstrating a wide interspecies vari-
ation of the polypeptide is consistent with the
antigenic characteristics that have been de-
scribed for known virus envelope glycoproteins
(44) and not consistent with the more conserved
determinants of virus core proteins or cellular
cytostructural proteins; and (vi) the quantity of
gpSS in some virions is equivalent to the quantity
of gp7O commonly found in virions.
We conclude that gp55 is a constitutively ex-

pressed cell membrane glycoprotein which is
unusual both in its tissue distribution and in its
association in high concentrations with type C
retroviruses.

ACKNOWLEDGMENTS
We express our appreciation to J. T. August for his advice

and encouragement throughout this work and thank J. S.
Krakow for his suggestions and help with the chromatographic
purification. We thank L. Baker, A. George, and A. McMillan
for their excellent technical assistance.

This work was conducted under contract no. NO1 CP81052
from the National Cancer Institute, National Institutes of
Health. D.A.S. was supported by the Medical Scientists Train-
ing Program grant no. GM07309.

LITERATURE CITED

1. Aoki, T., E. A. Boyse, L J. Ohl, E. de Harven, U.
Hammerling, and H. A. Wood. 1970. G (Gross) and
H-2 cell-surface antigens: location on Gross leukemia
cells by electron microscopy with visually labeled anti-
body. Proc. Natl. Acad. Sci. U.S.A. 65:569-576.

2. Aoki, T., and T. Takahashi. 1972. Viral and cellular
surface antigens of murine leukemias and myelomas. J.
Exp. Med. 135:443-457.

3. Besmer, P., 0. Olshevsky, D. Baltimore, D. Dolberg,
and H. Fan. 1979. Virus-like 30S RNA in mouse cells.
J. Virol. 29:1168-1176.

4. Bilello, J. A., M. Strand, and J. T. August. 1974.
Murine sarcoma virus gene expression: transformants
which express viral envelope glycoprotein in the ab-
sence of the major internal protein and infectious par-
ticles. Proc. Natl. Acad. Sci. U.S.A. 71:3234-3238.

5. Bradford, M. M. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal. Bio-
chem. 72:248-254.

6. Bubbers, J. E., S. Chen, and F. Lilly. 1978. Nonrandom
inclusion of H-2K and H-2D antigens in Friend virus
particles from mice of various strains. J. Exp. Med. 147:
340-351.

7. Chang, C., D. T. Simmons, M. A. Martin, and P. T.
Mora. 1979. Identification and partial characterization
of new antigens from simian virus 40-transformed
mouse cells. J. Virol. 31:463-471.

8. Dahlberg, J. E., R. C. Sawyer, J. M. Taylor, A. J.
Faras, W. E. Levinson, H. M. Goodman, and J. M.
Bishop. 1974. Transcription ofDNA from the 70S RNA
of Rous sarcoma virus. I. Identification of a specific 4S
RNA which serves as primer. J. Virol. 13:1126-1133.

MOL. CELL. BIOL.

 on A
pril 18, 2021 by guest

http://m
cb.asm

.org/
D

ow
nloaded from

 

http://mcb.asm.org/


VOL. 1, 1981 55K RE1

9. Davison, B. L, T. Leighton, and J. C. Rabinowitz.
1979. Purification of Bacillus subtilis RNA polymerase
with Heparin agarose. J. Biol. Chem. 264:9220-0226.

10. DeLeo, A. B., G. Jay, E. Appella, G. C. Dubois, L. W.
Law, and L. J. Old. 1979. Detection of a transforma-
tion-related antigen in chemically induced sarcomas
and other transformed cells of the mouse. Proc. Natl.
Acad. Sci. U.S.A. 76:2420-2424.

11. De The, G., C. Becker, and J. W. Beard. 1964. Virus of
avian myeloblastoids (BAI strain A). XXV. Ultracyto-
chemical study of virus and myeloblast phosphatase
activity. J. Natl. Cancer Inst. 32:201-236.

12. Dorfmin, N. A., V. N. Stepina, and E. S. Ievleva. 1972.
H-2 antigens on murine leukemia cells and viruses. Int.
J. Cancer 9:693-701.

13. Duesberg, P. H., and E. M. Scolnick. 1977. Murine
leukemia viruses containing a 30S RNA subunit of
unknown biological activity, in addition to the 38S
subunit of the viral genome. Virology 83:211-216.

14. Eisenman, R. N., and V. M. VogL 1978. The biosyn-
thesis of oncovirus proteins. Biochim. Biophys. Acta
473:187-239.

15. Elder, J. H., J. W. Gautsch, F. C. Jensen, R. A.
Lerner, J. W. Hartley, and W. P. Rowe. 1977. Bio-
chemical evidence that MCF murine leukemia viruses
are envelope (env) gene recombinants. Proc. Natl. Acad.
Sci. U.S.A. 74:4676-4680.

16. Helenius, A., and K. Simons. 1975. Solubilization of
membranes by detergents. Biochim. Biophys. Acta 415:
29-79.

17. Howk, R. S., D. H. Troxler, D. Lowry, P. H. Duesberg,
and E. KL Scolnick. 1978. Identification of a 30S RNA
with properties of a defective type-C virus in murine

cells. J. Virol. 25:115-123.
18. Hunter, W. KL 1967. The preparation of radioiodinated

proteins of high activity, their reaction with antibody
in vitro: the radioimmunoassay, p. 608-642. In D. M.
Weir (ed.), Handbook of experimental immunology. F.
A. Davis Co., Philadelphia.

19. Kashmiri, S. V. S., A. Rein, R. H. Bassin, B. I. Gerwin,
and S. Gisselbrecht. 1977. Donation of N- or B-tropic
phenotype to NB-tropic murine leukemia virus during
mixed infections. J. Virol. 22:626-633.

20. Keshet, E., Y. Shaul, J. Kaminchik, and H. Aviv.
1980. Heterogeneity of "virus-like" genes encoding re-

trovirus-associated 30S RNA and their organization
within the mouse genone. Cell 20:431439.

21. Klement, V., KL 0. Nicholson, and R. J. Huebner.
1971. Rescue of the genome of focus forming virus from
rat non-productive lines by 5-bromodeoxyuridine. Na-
ture (London) New Biol. 234:12-14.

22. Kohler, G., S. C. Howe, and C. Milstein. 1976. Fusion
between immunoglobulin-secreting and nonsecreting
myeloma cell lines. Eur. J. Immunol. 6:292-295.

23. Kress, K, E. May, R. Cassngena, and P. May. 1979.
Simian virus 40-transformed cells express new species
of proteins precipitable by anti-simian virus 40 tumor
serum. J. Virol. 31:472-483.

24. Lane, D. P., and L V. Crawford. 1979. T antigen is
bound to a host protein in SV40-transformed cells.
Nature (London) 278:261-262.

25. Lenard, J. 1978. Virus envelopes and plasma membranes.
Annu. Rev. Biophys. Bioeng. 7:139-165.

26. Lerner, R. A., C. B. Wilson, B. C. Del Villani, P. J.
McConahey, and F. J. Dixon. 1976. Endogenous on-

cornaviral gene expression in adult and fetal mice: quan-
titative, histologic, and physiologic studies of the major
viral glycoprotein, gp70. J. Exp. Med. 143:151-166.

27. Lieber, M. KL, R. E. Benveniste, D. M. Livingston, and
G. J. Todaro. 1973. Mammalian cells in culture fre-
quently release type-C vinrses. Science 182:56-59.

28. Linzer, D. L. H, and A. Levine. 1979. Characterization
of a 54K dalton cellular SV40 tumor antigen present in
SV40-transformed cells and uninfected embryonal car-

cinoma cells. Cell 17:43-52.

rROVIRUS-ASSOCIATED GLYCOPROTEIN 151

cinoma cells. Cell 17:43-52.
29. Uoyd, K. 0. 1976. Affinity chromatography on immobi-

lized concanavalin A, p. 323338. In H. Bittiger and H.
P. Schnebli (ed.), Concanavalin A as a tool. John Wiley
& Sons, New York.

30. Lowry, 0. H., N. J. Rosebrough, A. L Farr, and R. J.
RandalL 1951. Protein measurement with the Folin
phenol reagent. J. Biol Chem. 193:265-275.

31. Melero, J. A, D. T. Switt, W. F. Mangel, and R. B.
Carrol. 1979. Identification of new polypeptide species
(48-55K) immunoprecipitable by antiserum to purified
large T-antigen and present in SV40-infected and
-transformed cells. Virology 93:466-480.

32. Mellors, R. C., T. Shirai, T. Aoki, R. J. Huebner, and
K. Krawczynski. 1971. Wild type Gross leukemia virus
and the pathogenesis of the glomerulonephritis of New
Zealand mice. J. Exp. Med. 133:113-132.

33. Myerson, D., D. Scheinberg, V. Klement, M. Strand,
and J. T. August. 1979. Characterization of a defective
pseudotype particle of Kirsten sarcoma virus. Virology
95:536-549.

34. Peebles, P. T., B. L. Gerwin, A. G. Papageorge, and
S. G. Smith. 1975. Murine sarcoma virus defectiveness.
Viral polymerase expression in murine and nonmurine
host cells transformed by S+ L- type murine sarcoma
virus. Virology 67:344-355.

35. Quigley, J. P., D. B. Rifkin, and E. Reich. 1972. Lipid
studies of Rous sarcoma virus and host cell membranes.
Virology 50:550-557.

36. Rosok, IL J., and K. F. Watson. 1979. Fractionation of
two protein kinases from avian myeloblastosis virus and
characterization ofthe protein kinase activity preferring
basic phosphoacceptor proteins. J. Virol. 29:872-880.

37. Schaffner, W., and C. Weissmann 1973. A rapid, sen-
sitive, and specific method for the determination of
protein in dilute solution. Anal. Biochem. 56:502-514.

38. Scheinberg, D. A., and AL Strand. 1980. Transforma-
tion-related proteins associated with Kirsten sarcoma
virus. Virology 106:335-348.

39. Scheinberg, D. A., and M. Strand. 1981. A brain mem-
brane protein similar to the rat src gene product. Proc.
Natl. Acad. Sci. U.S.A. 78:55-59.

40. Scolnick, E. K, J. M. Maryak, and W. P. Parks. 1974.
Levels ofrat cellularRNA homologous to either Kirsten
sarcoma virus or rat type-C virus in cell lines derived
from Osborne-Mendel rats. J. Virol. 14:1435-1444.

41. Staal, S. P., J. W. Hartley, and W. P. Rowe. 1977.
Isolation of transforming murine leukemia viruses from
mice with a high incidence of spontaneous lymphoma.
Proc. Natl. Acad. Sci. U.S.A. 74:3065-3067.

42. Strand, K 1980. Transformation-related antigens iden-
tified by monoclonal antibodies. Proc. Natl. Acad. Sci.
U.S.A. 77:3234-3238.

43. Strand, M, and J. T. August. 1971. Protein kinase and
phosphate acceptor proteins in Rauscher murine leu-
kaemia virus. Nature (London) New Biol. 233:137-140.

44. Strand, K, and J. T. August. 1974. Structural proteins
of mammalian oncogenic RNA viruses: multiple anti-
genic detenninants of the major internal protein and
envelope glycoprotein. J. Virol 13:171-180.

45. Strand, KL, and J. T. August 1976. Structural proteins
of ribonucleic acid tumor viruses. Purification of enve-
lope core and internal components. J. Biol. Chem. 251:
559-564.

46. Strand, KL, and J. T. August. 1976. Oncornavirus en-
velope glycoprotein in serum of mice. Virology 75:130-
144.

47. Strand, AL, and J. T. August 1977. Purification and
analysis of a Gross murine oncornavirus protein with a
molecular weight of about 12,000 specific for the Gross
virus subgroup. Virology 79:129-143.

48. Strand, KL, and J. T. August. 1977. Polypeptides of cells
transformed by RNA orDNA tumor vinrues. Proc. Natl.
Acad. Sci. U.S.A. 74:2729-2733.

49. Strand, K, and J. T. August. 1978. Polypeptide maps

 on A
pril 18, 2021 by guest

http://m
cb.asm

.org/
D

ow
nloaded from

 

http://mcb.asm.org/


152 SCHEINBERG AND STRAND

of cells infected with murine type C leukemia or sar-
coma oncovirus. Cell 13:399-408.

50. Strand, M., R. Wilsnack, and J. T. August. 1974.
Structural proteins of mammalian oncogenic RNA vi-
ruses: immunological characterization of the p15 poly-
peptide of Rauscher murine virus. J. Virol. 14:1575-
1583.

51. Troxler, D. H., S. K. Ruscetti, D. L. Linemeyer, and
E. M. Scolnick. 1980. Helper-independent and repli-
cation-defective erythroblastosis-inducing viruses con-
tained within anemia-induced Friend virus complex

MOL. CELL. BIOL.

(FV-A). Virology 102:28-45.
52. Witte, 0. N., and I. L Weissmann 1974. Polypeptides

of Moloney sarcoma-leukemia virions: their resolution
and incorporation into extracellular virions. Virology
61:575-587.

53. Yamada, K. M., D. W. Kennedy, K. Kimata, and R.
M. Pratt. 1980. Characterization of fibronectin inter-
actions with glycosaminoglycans and identification of
active proteolytic fragments. J. Biol. Chem. 255:6055-
6063.

 on A
pril 18, 2021 by guest

http://m
cb.asm

.org/
D

ow
nloaded from

 

http://mcb.asm.org/

