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Cells of the established MvlLu mink line spontaneously released a reverse

transcriptase-containing virus after long-term passage in tissue culture. By mo-

lecular hybridization, DNA of normal mink cells was found to possess extensive
nucleotide sequence homology with a reverse-transcription product of the viral
genome, demonstrating that the new isolate was an endogenous virus of mink
origin. The mink virus shared antigenic determinants with the major structural
proteins of known mammalian type C viruses. Double-antibody competition
radioimmunoassays were developed by utilizing the purified major structural
protein, p30,.of the mink endogenous virus. The virus was shown to possess
antigenic determinants unique from those of other known mammalian type C
viruses. It exhibited a higher degree of immunological cross-reactivity with
endogenous rat type C and horizontally transmitted feline leukemia viruses than
with other mammalian type C viruses tested. The finding that mink cells can

remain nonvirus producing for many cell generations argues that there normally
exists some cellular restriction to endogenous virus expression in this species.

It is well documented that the germ lines of
many vertebrate species contain information for
endogenous type C RNA viruses (for a review,
see reference 2). The widespread existence of
such viruses makes it worth considering their
possible effects in cell biological investigations.
This is particularly the case since many of the
most commonly used cell lines are derived from
murine species from which endogenous viruses
have been isolated. In recent years, cell lines
derived from several nonmurine species have
become increasingly important in RNA tumor
virus research because of their susceptibility to
virus infection or because their morphological
characteristics allow recognition of focus for-
mation by transforming viruses. A culture de-
rived from Aleutian mink lung, designated
MvlLu, is an example of one such cell line (17,
20, 21, 23, 29, 37, 42, 44, 49). In the present
report, a reverse transcriptase-containing virus,
spontaneously released by MvlLu cells, has
been characterized with respect to its origin and
immunological relationship to other mammalian
retroviruses.

MATERIALS AND METHODS
Cells and Viruses. Cells were grown in Dulbecco-

modified Eagle medium supplemented with 10% calf
serum (Colorado Serum Co., Denver, Colo.). The
MvlLu mink lung cell line was obtained at passage
41 from the American Tissue Culture Collection
(ATCC). Canine fetal thymus (ATCC), canine M132

(C. Bowles, Hazleton Laboratories, Vienna, Va.),
mouse BALB/3T3 and NIH/3T3 (26), normal rat
kidney (11), rhesus monkey FRhL1 (51), and human
HOS (38) and A673 and A172 (16) cell lines have been
described previously. Secondary cultures of donkey
and goat testicle were also used. Normal mink liver
tissues were obtained from Space Farm, Sussex, N.J.,
and United Animal Science Laboratory, Middleton,
Wis.
Mammalian retroviruses (13) were either grown in

our laboratory (mink type C virus and the W/Fu
strain of rat leukemia virus [RaLV]) or obtained as
sucrose gradient-purified preparations from Frederick
Cancer Research Center, Frederick, Md. (Gross mu-
rine leukemia virus [MuLV]), Electro-Nucleonics Lab-
oratories, Rockville, Md. (NIH-MuLV, Rickard strain
of feline leukemia virus [FeLV], and the woolly mon-
key virus [SSAV]), or Pfizer, Inc., Maywood, N.J.
(RD-114, baboon [Papio cynocephalus] endogenous
virus, and Mason-Pfizer monkey virus [MPMV])
through the Office of Resources and Logistics, Virus
Cancer Program, National Cancer Institute.

Antisera, Antisera, prepared by immunization of
goats with purified Rauscher-MuLV p30 protein or
Tween-ether-disrupted viruses, as well as swine anti-
goat immunoglobulin G, were provided by R. Wilsnack
(Huntingdon Laboratories, Baltimore, Md.) through
a contract with the Virus Cancer Program, National
Cancer Institute.

Reverse-transriptase assays. Reverse-tran-
scriptase assays were performed as previously de-
scribed (39). Briefly, reaction mixtures (0.1 ml) con-
tained 50 mM Tris-hydrochloride buffer (pH 7.8), 90
mM KCI, 2 mM dithiothreitol, 0.5% Triton X-100
(vol/vol), 2.5 yM [methyl-3H]TTP (8 x 103 cpm/pmol)
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or 5 AM [8-3H]dGTP (3.1 x 103 cpm/pmol), divalent
cations (0.1 mM MnCl2 or 5 mM MgCl2), and synthetic
templates [500 ng of poly(A) and 375 ng of
oligo(dT)i21s or 100 ng of poly(rC) oligo(dG)1218].
After incubation for 60 min at 370C, [3H]TMP or
[3H]GMP incorporation into acid-insoluble material
was determined.
Molecular hybridization. Viral [3H]complemen-

tary DNA (cDNA) was prepared from mink type C
virus grown in canine fetal thymus cells. Reaction
mixtures contained 20 mM Tris-hydrochloride (pH
7.8); 60 mM KC1; 1 mM dithiothreitol; 5 mM MgC12;
0.2 mM dATP, dCTP, and dGTP; 0.01 mM [3H]TTP
(50 Ci/mmol, New England Nuclear); 50 utg of actino-
mycin D (Calbiochem) per ml; 0.014% (vol/vol) Triton
X-100; and 50 yg of viral protein per ml. The reaction
was primed by the addition of 0.8 mg of DNase I
(Worthington Biochemicals Corp.)-digested calf thy-
mus DNA (48) per ml, which resulted in an 18-fold
increase in the amount of cDNA synthesized. The
reaction was terminated after 4 h of incubation at
370C by the addition of 0.2 M Tris-hydrochloride (pH
7.5), 0.2 M NaCl, 0.05 M EDTA, 0.8% sodium dodecyl
sulfate, 25 ,ug of calf thymus DNA per ml, and 500 pg
of proteinase K (Boheringen) per ml. Viral [3H]cDNA
was purified as previously described (41). The mean
size ofthe cDNA was 160 to 300 nucleotides on alkaline
sucrose gradients relative to a 120-base [32P]DNA
fragment (kindly supplied by W. Haseltine, Harvard
University). More than 90% of the [3H]cDNA was
degraded to acid-soluble material upon incubation
with S1 nuclease (7, 30). Eighty-seven percent of the
[3H]cDNA was hybridized by excess mink viral RNA,
and half-maximum hybridization was achieved at a
Crt value of3 x 10-2 mol _ s/liter. The Tm ofthe hybrids
was 920C. The genetic complexity of the cDNA was
estimated by determining its ability to protect virion
[32P]RNA from digestion by RNase A. At a ratio of
cDNA to RNA of 2, 40% of the [32P]RNA was hybrid-
ized. Maximum hybridization (80%) was achieved at
a ratio of 10.

Virion RNA was prepared as described by Schin-
cariol and Joklik (41). DNA, purified from mink, dog,
cow, and human tissues by a modified Marmur pro-
cedure (35) as described by Britten et al. (10), was
fragmented to an average size of 450 nucleotides with
a Virtis model 60K homogenizer. DNA-DNA hybridi-
zation was performed by mixing unlabeled cell DNA
(4 mg/ml) with [3H]cDNA (2.5 ng/ml; specific activity,
2 x 107 cpm/,ug) in 10 mM Tris-hydrochloride buffer
(pH 7.5) containing 0.6 M NaCl and 0.1 mM EDTA.
The mixture was boiled for 5 min, quick-cooled, and
incubated at 680C. Samples were taken at various
times and assayed for hybrid formation by the S1
nuclease method. Data are expressed in terms of Cot
(moles of nucleotide x seconds per liter) and have
been corrected to a monovalent cation concentration
of 0.18 M (10).

Lsolation ofretrovirus structural proteins. The
major internal antigen, p30, and the envelope glyco-
protein, gp7O, of mammalian retroviruses, including
Rauscher-MuLV, AKR-MuLV, RaLV, FeLV, SSAV,
RD-114, baboon (P. cynocephalus) endogenous virus,
and MPMV, were purified as previously described (5,
24, 46). Each protein was radiolabeled with '25I (14

Ci/mg) by the chloramine T method (18) at specific
activities ranging from 10 to 30 pCi/,ug.
Radiormmunoassays. Double-antibody precipi-

tation radioimmunoassays were performed by incu-
bating for 3 h at 370C twofold serial dilutions of the
appropriate antiserum with 10,000 cpm of the '1I-
labeled antigen in a 0.2-ml reaction mixture containing
10 mM Tris-hydrochloride (pH 7.8), 10 mM NaCl, 1
mM EDTA, 0.4% Triton X-100, and 0.6% bovine serum
albumin (fraction V; Sigma Chemical Co.). After in-
cubation at 40C for 18 h, 0.025 ml of undiluted swine
anti-goat immunoglobulin G was added and incubated
for another 3 h at 40C. Samples, diluted to 1 ml with
the same buffer except for the omission of bovine
serum albumin, were centrifuged at 2,500 rpm for 15
min. Supernatants were aspirated, and the radioactiv-
ity in the precipitate was measured in a Searle 1285
gamma counter.

Competition radioimmunoassays were performed
similarly except that twofold serial dilutions of the
competing antigen were preincubated for 1 h at 370C
with an antiserum dilution able to precipitate 25% of
the input l"MIlabeled antigex (25). Protein concentra-
tions were determined as described by Lowry et al.
(32).

RESULTS
Isolation and characterization of a type

C virus from a mink (MvlLu) cell line. The
mink MvlLu cell line has proved very useful
for the replication of a number of mammalian
retroviruses. In the course of studies with the
MvlLu line, it was observed that after around
100 generations in tissue culture, the reference
stock obtained from the ATCC began producing
sedimentable reverse-transcriptase activity.
Similar results were observed in at least three
separate experiments with MvlLu cells, trans-
ferred independently from the same early pas-
sage culture. To determine whether this enzyme
activity was due to a retrovirus, high-speed pel-
lets of culture fluids were suspended and iso-
pycnically banded in a sucrose gradient. Re-
verse-transcriptase activity was detected at a
density of 1.16 g/cm3 and was examined with
respect to its synthetic template and divalent
cation specificity. Poly(C). * oligo(dG)12-15 sup-
ported threefold-greater activity than did
poly(A). oligo(dT)12 18, whereas much less in-
corporation was observed when nuclease-gapped
DNA or poly(dAdT) was used as template. The
enzyme was activated to a much greater extent
by Mn2' than by Mg2e in the presence of
poly(A)n oligo(dT)12 18. These data suggested
that the MvlLu cell line was releasing type C
virus particles.
This laboratory has developed competition

radioimmunoassays that specifically detect the
major structural proteins of all known mamma-
lian type C viruses (6). Figure 1 shows that virus
purified from MvlLu cultures completely dis-
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placed the '2rI-labeled RD-114 p30 protein from
binding limiting amounts of anti-Rauscher-
MuLV p30 serum. As a control, when superna-
tant fluids from early passage MvlLu cell cul-
tures with no reverse-transcriptase activity were
processed instead, no competition was observed.
The above enzymatic and immunological data
established the presence of a type C virus in
long-term-passage MvlLu cells.
To rule out the possibility that the virus was

a laboratory contaminant, it was tested for its
ability to compete in several radioimmunoassays
specific for the major internal antigens of well-
characterized mammalian type C viruses. The
type C virus produced by mink cells did not
detectably react in group-specific assays for
mouse (anti-AKR-MuLV serum:1"I-labeled
Rauscher-MuLV p30) or RD-114/baboon en-

dogenous [anti-baboon (P. cynocephalus) virus
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FIG. 1. Immunological cross-reactivity of a retro-
virus isolated from the mink Mv1Lu cell line with
thep30proteins ofseveral mammalian type C viruses.
Tissue culture fluids (250 ml) possessing reverse-tran-
scriptase activity were obtained from long-term-pas-
sage Mv1Lu mink cells. After a low-speed centrifu-
gation (3,000 x g for 10 min), the supernatants were

centrifuged (10X,000 x g for 90 min) through a 20%
glycerol layer containing 10 mM This-hydrochloride
(pH 7.8), 100 mM NaCl, and 1 mM EDTA. Viral
pellets were resuspended in a final volume of ml of
the above buffer, but containing 1% Triton X-100
(vol/vol). After removal of insoluble material by a

short centrifugation (3,000 x g for 10 min), detergent-
disrupted viral peUets were tested at twofold serial
dilutions as competing antigens in the homologous
RaLV p30 (0), FeLV p3 (A), and SSAV p30 (0)
assays, as well as in the group-specific anti-AKR-
MuLV:'2I-labeled Rauscher-MuLV p30 (U), anti-
baboon (P. cynocephalus) virus:lr5I-labeled RD-114
p30 (A), and the interspecies anti-Rauscher-MuLV
p30: "I-labeled RD-114 p30 (0) immunoassays. Re-
sults are expressed as the percentage of total 125I
countsper minute in the antigen-antibody precipitate
normalized to 100% for maximal binding at infinite
competing-antigen dilution.

serum:'2mI-labeled RD-114 p30] type C viruses
(Fig. 1). Similar results were obtained when
homologous radioimmunoassays for RaLV p30,
FeLV p30, or SSAV p30 proteins were used.
These findings indicated that the type C virus
isolated from MvlLu mink cell cultures differed
immunologically from known mammalian type
C retroviruses.
Host range of the mink type C virus. The

host range of the mink virus was tested on assay
cells of a variety of species. As shown in Table
1, the virus was infectious for early passage mink
cells, although the level of virion-associated po-
lymerase achieved was relatively low. The virus
grew to highest levels in two canine cell lines
and in a secondary culture derived from donkey
testicle. No detectable polymerase activity was
observed in infected primate or rodent cultures.
Nucleotide sequence homology between

mink type C viral cDNA and mink cellular
DNA. Endogenous mammalian RNA type C
viruses have been shown to share nucleotide
sequence homology with the DNA of their spe-

TABLE 1. Host range of the mink endogenous type
C virus

Virion-associated reverse-tran-
scriptase activitya after varying

Assay cell lengtha of cultivation (weeks):

2 4 8 12

Carnivores
Mink (MvlLu) <0.2 0.8 6.1 10.2
Dog
Canine fetal thymus <0.2 4.2 20.6 100
M132 <0.2 1.0 5.3 18.6

Rodents
Mouse
BALB/3T3 <0.2 <0.2 <0.2 <0.2
NIH/3T3 <0.2 <0.2 <0.2 <0.2

Rat (normal rat kidney) <0.2 <0.2 <0.2 <0.2

Ungulates
Donkey (testicle) 1.5 4.2 15.7 24.8
Goat (testicle) <0.2 <0.2 <0.2 <0.2

Primates
Human
HOS <0.2 <0.2 0.3 4.7
A673 <0.2 <0.2 <0.2 <0.2
A172 <0.2 <0.2 <0.2 <0.2

Rhesus (FRhL1) <0.2 <0.2 <0.2 <0.2
a Exponentially growing cultures were pretreated overnight

with medium containing polybrene (2pug/ml) and then infected
as previously descibed (3). At the indicated weekly intervals,
tissue culture fluids (10 ml) were harvested, clarified from
cellular debrs, and centrifuged at 100,000 x g for 1 h. Pellets
were resupended in 0.2 ml of 50 mM Tris-hydrochloride
buffer (pH 78) containing 90 mM KCI and 0.5% Triton X-
100 (vol/vol) and assayed for reverse-transcriptase activity as
descibed in the text. Results are expressed as picomoles of
['HIWM incorporated per milliliter of tise culture fluids.
They represent mean values from two separate determina-
tions.
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cies of origin. To study the genetic relationship
of the mink virus isolate to mink cellular DNA,
a [3H]cDNA transcript of the mink viral RNA
was prepared. The purified viral DNA probe
was then reacted with DNA isolated from nor-
mal mink liver tissues. Figure 2 shows that 80%
of the probe was hybridized at the highest Cot
value (104 mol s/liter). The Cot value for half-
maximum hybridization (80) indicated the pres-
ence of multiple copies of virus-related nucleo-
tide sequences. The Tm of hybrids formed was
92°C (data not shown), indicating extensive
base-pair homology. The specificity of the reac-
tion was further demonstrated by the low extent
(<10%) of hybridization of the mink viral cDNA
with DNA of canine fetal thymus, the cells in
which the virus was propagated (Fig. 2). These
findings established the mink virus as an endog-
enous virus of mink cells.
Isolation of the p30 protein of mink en-

dogenous type C virus. Sucrose gradient-pur-
ified mink type C virus (6 mg of protein) was
disrupted with 1% Triton X-100 and fractionated
by phosphocellulose chromatography at pH 6.5
as previously described (45) (Fig. 3A). Column
fractions were assayed in the anti-Rauscher-
MuLV p30:'"I-labeled RD-114 p30 interspecies
assay. Peak reactivity, eluting between 0.25 and
0.3M KCl, was further fractionated by gel filtra-
tion chromatography (Fig. 3B). Mink viral p30
protein was found to elute at a position corre-
sponding to an apparent molecular weight of
30,000. Its purity, as determined by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis,
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FIG. 2. Hybridization of mink type C viral cDNA

with mink cellular DNA. DNA, purified from fresh
livers of normal minks, was tested for its ability to
hybridize with 2.5 ng of mink viral [3H]cDNA (0)
per ml as described in the text. Other cellular DNAs
tested included those isolated from dog liver and
canine fetal thymus cells (0), as well as from calf
thymus (A).
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FIG. 3. Purification of mink type C p30 viral pro-
tein. (A) Mink virus (6 mg ofprotein) was disrupted
by sonic treatment for 1 min after the addition of
0.05 volume of 1 M Tris-hydrochloride buffer (pH 9.0)
containing 20% Triton X-100 (vol/vol). Nonsolubil-
ized material was removed by high-speed centrifu-
gation (100,000 x g for 30 min), and the remaining
supernatant was dialyzed against 500 volumes of
BET buffer [10 mM N,N-bis-(2-hydroxyethyl)-2-ami-
noethanesulfonic acid (pH 6.0)-i mM EDTA-0.2%
Triton X-100]. The sample was then applied to a P-
11 phosphocellulose (Whatman) column (I by 3 cm)
previously equilibrated with the same buffer and
eluted with 80 ml of a 0 to 0.8M KCI linear gradient.
Portions (0.025 ml) from each fraction were tested as
competing antigens in the anti-Rauscher-MuLV
p3O:25I-labeled RD-114p30 interspecies assay as de-
scribed in the legend to Fig. 1. (B) Peak fractions
were pooled, concentrated to 1 ml, and applied to a
gel filtration column (1.5 by 90 cm) (Ultragel Aca 54,
LKB Products) equilibrated with a 10 mM Tris-hy-
drochloride buffer (pH 7.8) containing 60mM KCI, I
mM EDTA, and 0.1% Triton X-100. Fractions con-
taining mink type C viral p30, as determined by
immunological criteria, were aliquoted and stored in
liquid nitrogen. Molecular weight standards, includ-
ing blue dextran (VQ), 125I-labeled bovine serum al-
bumin (69,000), '25I-labeled Rauscher-MuLV p30
(30,000), and cytochrome C (12,400), were chromato-
graphed in a previous experiment.

was greater than 90% (Fig. 4).
For radioimmunological studies, purified mink

viral p30 was labeled to high specific activity (8
to 12 uCi/4tg) with "2I by the chloramine T
method. Antisera prepared against the mink vi-
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FIG. 4. Purity of mink type C viral p30 protein.
Portions (0.1 ml) from either (A) Triton X-100-dis-
rupted mink virus, (B) phosphocellulose-partially
purified mink viralp30protein (Fig. 3A), or (C) phos-
phocellulose- and gel filtration-purified mink viral
p30 protein (Fig. 3B) were analyzed by sodiunt do-
decyl sulfate-polyacrylamide gel electrophoresis by
the method of Laemmli (28). Gels, after Coomassie
briliant blue staining, were scanned for absorbance
at 660 nm in an ISCO gel scanner model 1310. The
broken line represents the position of mink type C
viral p30, and the arrow indicates the distance mi-
grated by the tracking dye.

rus, as well as against type C virus isolates of
other mammalian species, were tested for their
abilities to bind the l"MI-labeled mink viral p30.
As shown in Table 2, the high level of binding
(87%) achieved with anti-mink type C virus se-
rum indicated the preservation of the immuno-
logical determinants of this viral protein during
the two-step purification procedure. Immuno-
precipitation ofmink viral p30 was also observed
with antisera prepared against several other
ammalian type C viruses. The failure of anti-
MPMV serum to precipitate this protein (Table
2) is in agreement with the concept that the
major internal proteins of type C and D mam-
malian retroviruses lack immunological cross-
reactivity (45).
An homologous competition radioimmunoas-

say for mink virus p30 was next developed. When
several Triton X-100-disrupted mammalian type
C viruses were tested as competing antigens,

only the mink type C virus showed a complete
displacement of the l"MI-labeled probe (Fig. 5).
These results were independent of the cell line
(canine or human) used to grow the mink virus,
strengthening the conclusion that the p30 pro-
tein isolated here was virus coded. Among the
other mammalin type C viruses tested, only
RaLV showed a shallow, although significant,
competition curve (Fig. 5).

TABLE 2. Comparison of abilities of different
antisera to bind 12"I-labeled mink type C viralp30

protein
Mink p30 Homologous p30

Antiserum to: Mai- Maxi-
Titera mum Titera mum

bindinge bindinge
Mink type C virs 80,000 87 80,000 87
AKR-MuLV 10,000 77 150,000 96
RaLV 160,000 83 500,000 100
FeLV 200,000 83 600,000 100
SSAV 320 48 250,000 100
.RD-114 3,000 65 250,000 100
Baboon (P. cyno- 3,000 60 150,000 68

cephalus) virus
MPMV <40 5 600,000 90

a Titers are expressed as the reciprocal of the highest serum
dilution capable of binding 20% of the appropriate I25I-labeled
p30 protein.
'Maximum binding values represent the percentage of '25I-

labeled p30 proteinsabound at the lowest serum dilution tested
(1:40).
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FIG. 5. Homologous radioimmunoassay for the
p30 protein of mink endogenous type C virus. Triton
X-100-disrupted mammalian retroviruses were tested
at twofold serial dilutions for their ability to compete
with 0.5 ng of 125I-labeled mink viralp30 (10,(000 cpm)
for binding limiting amounts ofan antiserum elicited
against mink type C virus. Competing viruses in-
cluded mink type C virus grown in canine fetal thy-
mus cells (0) or in human HOS cells (0), RaLV (C]),
FeLV (A), AKR-MuLV (U), NIH-MuLV (I), SSAV
(0), RD-114 (A), baboon (P. cynocephalus) virus
(V), and MPMV (-).
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Immunological relatedness between the
mink endogenous type C virus and other
mammalian retroviruses. To define the an-

tigenic relationship of the mink type C virus to
known mammalian virus isolates, heterologous
immunoassays were established by use of limit-
ing amounts of antisera directed against RaLV,
FeLV, AKR-MuLV, and RD-114, respectively,
to bind "2I-labeled mink viral p30. It was rea-

soned that the more distantly related the mam-
malian type C viruses used in such interspecies
assays, the more broadly shared antigenic deter-
minants would be detected. As shown in Fig.
6A and B, only the mink virus and the corre-

sponding homologous viruses, RaLV or FeLV,
respectively, exhibited complete competition
curves in the anti-RaLV or anti-FeLV:`2I-la-
beled mink type C virus p30 immunoassay.

When anti-AKR-MuLV serum was used instead,
not only mink and mouse type C viruses, but
also FeLV and RaLV, demonstrated a high de-
gree ofcross-reactivity, whereasthebaboon/RD-
114 group of viruses showed minimal competi-
tion (Fig. 6C). Finally, all of the mammalian
viruses tested demonstrated extensive cross-
reactivity in an immunoassay in which anti-RD-
114 serum was used to precipitate III-labeled
mink viral p30 (Fig. 6D). These results, taken
together, indicate that the mink endogenous
type C virus, although clearly distinct, is more
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FIG. 6. Interspecies radioimmunoassays for the
p30protein ofmink endogenow type C virus. Limiting
amounts of (A) anti-RaLV, (B) anti-FeLV, (C) anti-
AKR-MuLV, and (D) anti-RD-114 sera were used to
precipitate 0.5 ng of III-labeled mink viral p30 pro-
tein (10,000 cpm). Detergent-disrupted mammalian
retroviruses tested as competing antigens were those
described in the legend to Fig. 5.

closely related to RaLV and FeLV than to the
other mamnmaian type C viruses tested.
These studies were extended to the analysis

of a protein coded for by another type C viral
gene. The env gene-coded glycoprotein gp7O has
been shown to contain interpecies antigenic de-
terminants somewhat less broadly reactive than
those of the gag gene-coded p30 protein (24,
47). Mink type C virus failed to compete in the
anti-FeLV:1"I-labeled Rauscher-MuLV gp7O in-
terspecies assay, in which murine and FeLV
type C viruses showed extensive competition.
Similar findings were obtained in the anti-ba-
boon (P. cynocephalus) virus:'2I-labeled RD-
114 gp7O assay (data not shown). However, as
shown in Table 3, caprine serum elicited against
mink type C virus was able to precipitate the
gp7O glycoprotein of FeLV, but not those of
Rauscher-MuLV, AKR-MuLV, SSAV, RD-114
or baboon (P. cynocephalus) type C viruses.
These results strengthen the conclusion that the
mink endogenous virus is more closely related
to RaLV and FeLV than to other known mam-
malian endogenous retroviruses.

DISCUSSION
The present report describes the isolation of

a reverse transcriptase-containing virus from a
continuous line of mink lung cells, MvlLu. The
virus was shown to cross-react in a broad inter-
species immunoassay that detects shared anti-
genic determinants of the major structural pro-
teins of known mammalian type C viruses (6).
Its lack of immunological identity with the p30
proteins of other mammalian type C viruses, as
well as the unique antigenic determinants of its

TABLE 3. Binding ofmammalian type C viral
gp7O's by antiserum to the mink endogenous virus

Antisera elicited against:

Mink type C vrus Homologous type C
Type C viral gp7O virus

Maxi- Maxi-
Titera mum Titera mum

bd ___b bindinge
Rauscher-MuLV <20 <5 4,000 95
Gross-MuLV <20 <5 4,000 85
NIH-MuLV <20 <5 1,200 80
FeLV 160 34 12,000 95
SSAV <20 <5 4,000 90
RD-114 <20 <5 20,000 98
Baboon (P. cynoce <20 8 4,000 80
phalus) virus

aTiters are expressed as the reciprocal of the highest serum
dilution capable of binding 20% of the appropriate l"I-labeled
glycoprotein.

"Maximum binding values represent the percentage of 125-I
labeled glycoprotein bound at the lowest serum dilution tested
(1:20).
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major structural protein, p30, as defined in a
homologous immunoassay developed for this
protein, established the mink virus as a new
type C virus isolate. By molecular hybridization,
it was possible to show extensive nucleotide
sequence homology between a reverse-transcrip-
tion product of the mink viral genome and nor-
mal mink cellular DNA, thus demonstrating the
virus to be an endogenous virus of mink cells.
Minks (Mustela vison) are carnivores, which

along with skunks, ferrets, weasels, martens,
badgers, and otters form the Mustelidae family
(50). To date, few carnivores have been shown
to contain endogenous retroviral information.
Genetic sequences related to the endogenous cat
virus RD-114 (4, 14, 31, 33, 40), which closely
resembles endogenous viruses of Old World
monkeys (9, 22, 43), are limited to a few species
ofthe Felis genus (9). In addition, cellular DNAs
of the same Felis species also possess homology
with the genome of FeLV (8, 36), a horizontally
transmitted virus, which causes a high incidence
of leukemias and lymphosarcomas in cats (for a
review, see reference 12). In the present studies,
the virus isolated from MvlLu mink cells bore
striking immunological similarities to rat type
C viruses as well as to FeLV. Moreover, prelim-
inary evidence indicates that the mink virus
lacks significant homology with DNA of the
ferret, another member of the genus Mustela.
Thus, this endogenous virus appears to be an
example of a relatively recent cross-species
transfer of type C viral genetic information.
The MvlLu cell line has become increasingly

useful in studies of the biology of mammalian
retroviruses. These cells are permissive for rep-
lication of a variety of type C viruses, including
mouse xenotropic and endogenous primate vi-
ruses (20, 21, 37, 49), as well as retroviruses that
are difficult to propagate, such as mouse mam-
mary tumor virus (29) and MPMV (17). Fur-
thermore, the contact-inhibited nature of the
MvlLu line makes it useful as an assay cell for
transforming viruses (21, 23, 37, 44). Recently,
type C viruses were isolated after cocultivation
of MvlLu cells nonproductively transformed by
the Kirsten strain of munne sarcoma virus with
cells of primate origin (42). The viruses were
postulated to be recombinants involving the ge-
nomes of the sarcoma virus and endogenous
viruses of primate cells (42). The major intemal
antigens and reverse transcriptases of these vi-
ruses closely resembled those of FeLV and
RaLV, respectively. As shown here, the endog-
enous mink virus, although clearly distinguish-
able, exhibited a high degree of immunological
cross-reactivity with FeLV and RaLV. Thus,
whether or not the virus isolates of Sherr et al.
(42) actually differ from the endogenous mink

virus, the fact that this virus can be sponta-
neously activated raises a note of caution for
investigators utilizing the MvlLu line for prop-
agation of retroviruses.
There is much evidence indicating that con-

ditions favoring high levels of type C virus pro-
duction are detrimental to the host. When type
C viruses either exogenously infect an animal
permissive for virus release and spread or are
spontaneously activated during embryonic de-
velopment, there is an associated high incidence
of neoplasia (12, 15, 19, 27, 34). Thus, if there
were any advantage to the host conferred by
the evolutionary persistence of type C viral
genes, there must be strong selective pressures
for the development of regulatory mechanisms
that control active virus replication. It has been
observed that cells that normally restrict virus
expression may demonstrate spontaneous virus
activation and persistence after prolonged pas-
sage in tissue culture (1). The mink type C virus
represents another example of an endogenous
virus whose cellular restriction can be overcome,
allowing it to propagate in cells of its species of
origin.
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