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Particles morphologically resembling type C viruses were activated by bromo-
deoxyuridine (BUdR; 10-4 M) treatment of cultured guinea pig cells. Virus
particles were isolated from the cells of normal and leukemic strain 2 and
random-bred guinea pigs (adult and embryonic). Immature virus particles with
electron-lucent cores were found in the cytoplasmic matrix. The mature particles
with electron-dense cores were found outside the cells and some appeared in the
process of budding from the plasma membrane. The peak of virus production was
observed within 4 days of BUdR treatment. When compared to the amount of
virus produced in darkness, visible light enhanced virus production, whereas
exposure of BUdR-treated cells to UV light either had no effect or inhibited virus
production. Virus particles had a density of 1.16 gm/ml, possessed an oncor-
navirus-specific reverse transcriptase, and contained a large-molecular-weight
RNA (65-70S) which dissociated into 36S subunits after heat denaturation. The
BUdR-activated virus particles, therefore, possessed the morphological, biophys-
ical, and biochemical characteristics of type C oncornaviruses.

There is a considerable amount of evidence
for the presence of type C RNA virus genetic
information in the cells of many vertebrates (25,
33, 35). In guinea pigs, virus-like particles have
been observed in normal and leukemic lymph-
oid cells (9, 17, 18, 22) but there have been no
studies demonstrating that these particles pos-
sess the biochemical, biophysical, or biological
properties characteristic of a type C oncor-
navirus. In this report we present evidence that
a type C guinea pig virus (GPV) can be ac-
tivated after 5-bromo, 2'-deoxyuridine (BUdR)
or 5-iodo, 2'deoxyuridine (IUdR) treatment of
cells cultured from leukemic and normal adult
guinea pigs, and from guinea pig embryos
(leukemia-susceptible strain 2 and leukemia-
resistant random-bred guinea pigs). These par-
ticles have the morphology of type C viruses,
possess a density of 1.16 gm/ml, contain an
oncornavirus-specific RNA-dependent DNA po-
lymerase (reverse transcriptase) and a large-
molecular-weight RNA (65-70S) which dissoci-
ates to 36S and smaller RNA components when
denatured. Recently, Hsiung reported that
virus particles morphologically similar to
type C particles could be activated by BUdR
treatment of spleen cells cultured from leu-
kemic guinea pigs (12).

MATERIALS AND METHODS

Animals. Strain 2 guinea pigs and leukemic cells
were originally obtained from S. Opler of Stanford
University (22). Leukemia in strain 2 animals is
maintained as transplantation leukemia by inoculat-
ing leukemia cells into healthy animals which develop
leukemia in 2 to 4 weeks. Chromosome analysis of
leukemia cells has shown that they are always of
female karyotype irrespective of their source in male
or female leukemic animals (36; Nayak, unpublished
observations). Random-bred guinea pigs were pur-
chased from a local farm (Curd's Caviary, Los An-
geles).

Cell culture. Cells from the spleen, kidney, or
muscle of nonleukemic adult guinea pigs and from
1-month-old guinea pig embryos were dispersed by
trypsin and cultured in growth medium (Eagle mini-
mal essential medium, Earle salt) supplemented with
15 to 20% inactivated fetal calf serum, glutamine
(0.0292%) and tryptose phosphate broth (10%).
When the organs of the leukemic animals were
cultured after trypsin dispersion, an endogenous
guinea pig herpesvirus (GPHV) became activated
within 1 to 2 weeks in 100% of the cultures, and the
entire cell population was destroyed by 3 weeks. To
avoid this, 1-mm pieces of leukemic spleen, lymph
nodes, or tumors were placed on stainless steel organ
culture grids (Falcon Co.) and maintained in vitro for
2 to 3 weeks (7) as follows: the grid containing the
pieces of tissue was transferred every day or every

177



NAYAK AND MURRAY

other day to new organ culture dishes containing fresh
medium. This avoided the leukocytes, especially
macrophages and leukemic lymphoblasts, which were
shed onto the bottom of the dish. Within 2 to 3 weeks,
the shedding of leukocytes ceased, and a layer of
fibroblastic cells grew on the grid. At this time the
tissues and cells on the grid were dispersed by trypsin
and cultured on plastic dishes in growth medium
containing 20% inactivated fetal calf serum. By the
second subculture, a relatively uniform cell popula-
tion of fibroblasts became predominent. These cells, if
inoculated into strain 2 guinea pig (106 to 10 x 106
cells/animal), failed to produce leukemia; whereas as
few as 1,000 leukemic lymphoblast cells cause leu-
kemia in all inoculated strain 2 guinea pigs (26;
Nayak, unpublished data). By using this organ cul-
ture technique, we obtained six cell cultures from
eight leukemic animals. These cells have undergone
10 to 40 subcultures in 3 to 8 months without any
apparent GPHV activation. In two other cultures,
GPHV became activated at the second and fifth
passage (SP 392, Table 1). The tissues (spleen) of
these 2 animals were maintained for 1 week only on
the organ culture grid instead of 3 weeks. Apparently,
the leukemic lymphoblasts and other mononuclear
cells either maintained GPHV as a chronic infection
or contained GPHV genome in cryptic form which
became activated in tissue culture (20). Thus, by the
organ culture technique, it was possible to establish
cultures of stromal cells free from infectious GPHV by
the preferential exclusion of leukemic lymphoblasts
and other mononuclear cells.
Treatment of cells with BUdR. Nonconfluent cell

cultures (usually 24 or 48 h after subculture) were
treated with BUdR (10-4 M, Schwarz BioResearch,
Inc.) in minimal essential medium containing dialyzed
fetal calf serum (15%) and glutamine (14). After 48 h
of treatment, the BUdR medium was replaced with
fresh growth medium.
Assay of reverse transcriptase activity. The

supernatant media from control (mock exposed) or
BUdR-treated cultures were harvested and freed from
subcellular debris in a Sorvall centrifuge at 10,000
rpm for 10 min. The media then was either processed
immediately or after storage at 4 C for 2 to 3 days. The
virus particles were pelleted at 25,000 rpm for 60 min
in a SW 27 rotor. Pellets were resuspended in the
DNA polymerase reaction buffer (23) consisting of 50
mM Tris-hydrochloride, pH 8.0; 30 mM KCl; 10 mM
MgCl2; 5 mM dithiothreitol; and 0.1% NP-40. After 10
min at 4 C, 10 nmol of dATP, 560 pmol of 3H-TTP
(8,700 counts per min per pmol), and 5 gg of the
indicated template or an equal volume of water were
added to make the final reaction mixture (100 ,liters).
This was incubated for 60 min at 37 C. Samples (25
pliters) were taken at zero and sixty minutes, and tri-
chloroacetic acid precipitable counts were deter-
mined. Each assay was done in duplicate.

Purification of GPV. Cell culture supernatant was
freed from subcellular debris (10,000 rpm for 10 min in
a Sorvall centrifuge) and used for the purification of
type C virus by two procedures reported previously (3,
24). (i) All of the proteins, including virus, were
precipitated by adding (NH4)2SO4 to 50% saturation.

The precipitate was redissolved in TE buffer (0.01 M
Tris, pH 7.4, 0.001 M EDTA), concentrated at the
interface of 20 and 60% sucrose, and then purified
by density equilibrium centrifugation in a 15 to 60%
sucrose gradient. (ii) In the second method, culture
supernatant was layered on the top of a 60 and 20%
discontinuous sucrose gradient, and the virus was
collected at the interface by centrifugation for 1 h at
27,000 rpm. This step was repeated to further concen-
trate the virus, and the cushioned virus band was then
collected, diluted, and analyzed by sucrose density
equilibrium centrifugation. Procedures used for isola-
tion and characterization of the virus RNA have been
previously described (3, 24).

Electron microscopy. The procedure used for tis-
sue and cell fixation, thin sectioning, and negative
staining have been reported earlier (19).

RESULTS
The effect of BUdR on cultured guinea pig

cells. BUdR treatment (10-' M) for 48 h had
little or no cytopathic effect on cultured guinea
pig cells. However, the multiplication of BUdR
treated cells was slower than that of untreated
cells. By day 4 of BUdR treatment (i.e., day 2
after replacing the BUdR medium with growth
medium), there were half as many cells in the
BUdR-treated plates as in the control (mock
exposed) plates. A few cells became round and
detached from the monolayer. Whereas in the
electron micrographs, the membrane of the cells
without BUdR treatment (not shown) was dis-
tinctly trilaminar (19), the membranes of
BUdR-treated cells (endoplasmic reticulum,
nuclear membrane, mitochondrial membrane,
plasma membrane) lost the typical trilaminar
structure and appeared blurred (Fig. 1). The
toxic effect of BUdR on the synthesis of cellular
macromolecules is not well understood. BUdR
has been reported to inhibit cellular RNA
synthesis in normal and Rous associated virus-
infected chicken cells, but not in Rous sarcoma
virus-transformed chicken cells (15). The effect
of BUdR on the synthesis of specific mac-
romolecules in cultured guinea pig cells has not
yet been determined.
Morphology of BUdR-activated particles.

Virus-like particles are not found in cells cul-
tured from embryonic or adult normal and
leukemic guinea pigs (12, 19). A few virus-like
particles budding from endoplasmic reticulum
have been consistently found in leukemic lym-
phoblasts (9, 18, 22). These particles have
electron-lucent cores and are always associated
with cell cysternae, and rarely are found in the
extracellular space. There is a great deal of
controversy whether these particles represent
type A or type C viruses (9, 11, 22).
Subsequent to the BUdR treatment of cul-
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TABLE 1. Activation of oncornavirus reverse transcriptase in guinea pig cellsa

BUdR NoBUdR
treatmentc treatment"

Group Cellsb Passage
Poly rA: Poly dA: Poly rA: Poly dA:
oligo dT oligo dT oligo dT oligo dT

(A) Leukemic strain 2 LN 173 (13) 1,864 112 85 119
LN 173 (14) 1,785 72 530 300
LN 173 (18) 1,920 20 72 84
SP 325 (1) 668 0 242 328
LN 392 (4) 1,307 25 146 209
SP 392 (4) 1,903 0 72 87
SP 392/GPHV (5) 102 124 205 460
LN 394 (21) 2,394 170 285 209

(B) Non-leukemic strain 2 GPEF-1 (2) 6,025 1,195 284 430
GPF-4 (2) 2,090 145 NTd NT
GPEF-6 (2) 3,961 387 0 0

(C) Random-bred guinea pig GPEK-1 (2) 2,462 188 146 72
GPEF-3 (2) 1,800 156 NT NT
GPK-2 (2) 1,060 202 NT NT
GPEF-4 (2) 1,972 176 187 243
GPEF-5 (2) 2,391 209 109 163
GPEF-2 (2) 2,520 210 18 36
GPEF-2/GPHV (4) 104 160 180 148

D) Mouse leukemia viruse G-MuLV 1,490 272 NT NT
R-MuLV

E) Cellular DNA polymerase' Guinea pig
Leukemic
Lymphoblasts 105 1,251 NT NT

a Cultures were treated with BUdR (10 - 4 M) for 48 h and then fed with fresh medium. Forty-eight hours later
the supernatant medium was removed and assayed for virus-specific reverse transcriptase activity as described
in Materials and Methods. Four dishes were used in each experiment.

b Trichloroacetic acid precipitable counts of 25-Mliter samples of the reaction mixture after 60 min of incuba-
tion at 37 C. Trichloroacetic acid precipitable counts at zero time of the reaction (average, 60-100 counts/min)
were deducted.

c LN 173 refers to the cells prepared from the lymph node (axillary) of leukemic guinea pig no. 173. LN 392
and SP 392 cells were cultured from the axillary lymph node and spleen of leukemic guinea pig no. 392. SP
392/GPHV cells spontaneously underwent guinea pig herpesvirus activation at passage 5, GPEF-1 (guinea pig
embryo fibroblast), GPEF-2, GPEF-3, GPEF-4, GPEF-5 and GPEF-6 cultures were derived from 6 separate
guinea pig embryos. GPF-4 (muscle fibroblasts from adult normal guinea pigs), GPEK-2 (guinea pig embryo
kidney), and GPK-2 (adult guinea pig kidney) cultures were initiated as described above. GPEF-2/GPHV cells
were infected with guinea pig herpesvirus before BUdR treatment.

d NT = not tested.
eGross murine leukemia virus (G-MuLV)-producing mouse lymphoblasts and Rauscher murine leukemia

virus (R-MuLV)-producing rat fibroblasts were the gifts of D. Imagawa and R. Saxton, respectively.
' Cellular DNA polymerase was isolated from the cytoplasm of leukemic guinea pig lymphoblasts suspended

and disrupted in RSB, pH 8.5 (0.01 M Tris, pH 8.5; 0.01 M KCl; 0.0015 M MgCl2; and 0.001 M B-mercapto-
ethanol). The homogenate was clarified of nuclei, whole cells, mitochondria and was then centrifuged at 105,000
x g for 1 h. The resulting supernatant fluid was subjected to ammonium sulfate fractionation and G-200 filtra-
tion. Fractions containing the DNA polymerase were stored at - 70 C. (M. Shoyab and D. P. Nayak, manu-
script in press).

tured cells, virus particles (GPV) were activated
from all of the cell cultures established from
normal and leukemic animals. These viruses
resembled both mature and immature type C
viruses and had a diameter of 100 nm. The
majority of the immature GPV were found

inside the cell, whereas mature particles were
found outside the cells (Fig. 1). Intracellular
particles were found in the cytoplasmic matrix
but did not appear budding from endoplasmic
reticulum as found in leukemic lymphoblasts in
vivo. Some viruses were also associated with
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plasma membrane and appeared in the process
of budding (Fig. 1B and C). Relatively larger
numbers of GPV were found associated with the
round cells floating in the medium after BUdR

treatment (Fig. 1D). There was no morphologi-
cal difference between the particles activated
from cultured cells of normal embryos and
normal or leukemic adult guinea pigs.
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FIG. 1. (A) Morphology of the extracellular BUdR activated virus particles in LN 394 cell cultures, x45,750.

(B) Budding virus particles x83,800 (C) Mature virus particles, x 112,750. (D) Extracellular virus particles
associated with cell floating in the culture medium, x34,800.
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Activation of oncornavirus reverse tran-
scriptase. BUdR treatment resulted in the pro-
duction of particles containing oncornavirus
specific reverse transcriptase. This enzyme had
the same template specificity as Gross murine
leukemia virus (G-MuLV) and Rauscher mu-
rine leukemia virus (R-MuLV), and was dis-
tinct from the cellular DNA polymerase isolated
from leukemic guinea pig lymphoblasts
(Shoyab and Nayak, manuscript in press). The
results are presented in Table 1. In brief, both
the BUdR-activated GPV reverse transcriptase
(Table 1A, B, C) and the MuLV transcriptase
(Table 1D) have a higher activity with poly
rA: oligo dT than with poly dA: oligo dT as the
template. The reverse was true for guinea pig
cellular DNA polymerase (Table 1E) (22). All
cell cultures obtained from guinea pigs (leu-
kemic strain 2, nonleukemic adults and em-
bryos, random bred and strain 2) were induced
by BUdR treatment to release particles contain-
ing the oncornavirus-specific reverse transcrip-
tase (Table 1). In addition, the results were the
same whether primary, secondary, or long term
(e.g., 30 passages) cultures were used. Occasion-
ally, the supernatant of untreated cells ap-
peared to contain increased enzyme activity
(Table 1A, LN 173, passage 14). However, this
did not represent a spontaneous activation of
GPV, but rather resulted from the insufficient
washing of the sample during trichloroacetic
acid precipitation. (i) A high count was present
also in the poly dA: oligo dT reaction; (ii) no
activity was found in the supernatant of the
same culture in other passages (Table 1A, LN
173, passage 13 and 18); (iii) particles contain-
ing the virus-specific reverse transcriptase could
not be detected in density gradients; and (iv)
GPV could not be found by electron microscopy.
In no case did we observe the spontaneous
activation of virus in cultured guinea pig cells.

Particles containing virus-specific reverse
transcriptase were not found in any leukemic
guinea pig plasma. Although leukemic lympho-
blasts contained virus-like particles budding
from the endoplasmic reticulum in vivo (9, 18,
22), we failed to detect the release of any type C
particles by lymphoblasts cultured in vitro.
BUdR treatment did not activate detectable
quantities of GPV from these lymphoblasts
since they could not be grown and maintained
in vitro for a sufficient length of time (20).
These lymphoblasts contained a guinea pig
herpesvirus (GPHV) genome which was not
expressed in vivo but became partially ac-
tivated in vitro. Consequently, all of the lym-
phoblasts in tissue culture died within 96 h.
Cultures of guinea pig cells exhibiting the

cytopathic effect of GPHV, due to spontaneous
activation (Table 1A, SP 392/GPHV, passage 5)
or exogenous infection (Table 1C, GPEF-3/
GPHV, passage 4), did not release any viral
reverse transcriptase or type C particles after
exposure to BUdR. However, in the absence of
GPHV, both of these cell cultures released
particles containing virus-specific reverse tran-
scriptase. Even the partial expression of GPHV
genome killed the cells, and, therefore, inter-
fered with the production of type C virus which
required continuous cellular function especially
transcription and translation (32, Nayak, un-
published data). Limited experiments with
IUdR indicated that it was equally effective as
the activating agent in this system.

Effect of visible and UV light on GPV
production. Because of the previous reports of
BUdR incorporated DNA sensitivity of light
(28), the initial experiments of GPV activation
with BUdR were carried out in the dark. Since
this was somewhat inconvenient, we decided to
determine the effect of visible laboratory light
(General Electric F40CW) and UV light on the
BUdR activation of virus particles. The results
(Fig. 2A) show that visible laboratory light and
short exposure to UV light (5 s) did not have an
inhibitory effect on virus activation with BUdR.
Rather, visible light enhanced the BUdR acti-
vation of virus by more than twofold. However,
the longer exposure to UV light (30 s or more)
significantly reduced the virus production in
BUdR-treated cells. In another system involv-
ing the induction of polyoma virus from pol-
yoma transformed hamster cells, UV exposure
of BUdR-treated cells increased the virus pro-
duction over that produced by non-UV-exposed
BUdR-treated cells (10). Inhibition of virus
production in guinea pig cells may be due to
differences in cellular sensitivity and variations
in exposure to UV. UV light or visible light
alone did not activate any GPV in non-BUdR-
treated guinea pig cells as determined by the
polymerase assay (Fig. 2B). All of the subse-
quent experiments involving BUdR treatment,
therefore, were carried out under normal labora-
tory lighting.

Kinetics of GPV production. The kinetics of
the production of type C virus particles after
BUdR treatment were determined by assaying
for reverse transcriptase activity in the superna-
tant. Cultured cells from a random-bred guinea
embryo (GPEF-3) and a leukemic adult guinea
pig (LN 394) were studied. The results of a
representative experiment performed with a
guinea pig embryo fibroblast culture (GPEF-3)
are shown in Fig. 3. As in the murine system
(29), the induction of type C viruses were in-
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FIG. 2. Effect of visible light and UV light on GPV

production. Cultures were exposed to BUdR (10-4 M)
(A) or mock exposed (B). The cultures were handled
and maintained in complete darkness or handled and
maintained in the presence of normal laboratory light.
The UV-treated cultures were handled and main-
tained in complete darkness. They were exposed to
UV irradiation (4 ergs per mm2 per s) for variable
periods of time immediately after BUdR treatment.
The old media in all cultures was replaced with fresh
growth medium after 48 h of BUdR treatment.
Forty-eight hours later the culture media were har-
vested and assayed for virus DNA polymerase activity
with poly rA: oligo dT (heavy shade) and poly dA:
oligo dT (light shade) in duplicate.

duced for a brief period of time after exposure to
BUdR. The peak of virus production was ob-
served on the day 3 or 4 of BUdR treatment
(i.e., the day 1 or 2 after removal of BUdR
medium). By day 6 the induction of GPV
containing virus-specific reverse transcriptase
ceased. No enzyme activity was detected in the
supernatant of uninduced cultures. The kinetics
of virus activation were similar in cells cultured
from leukemic and nonleukemic animals (adult
or embryonic). The mechanism of BUdR activa-
tion and the subsequent suppression of type C
virus particles in murine or cavian cells is not

presently understood. The continuous incorpo-
ration of BUdR into cellular DNA may be
required for the virus activation, whereas the
toxicity of BUdR may subsequently suppress
the production of type-C viruses. As mentioned
earlier, BUdR treated cells grew more slowly,
and the membranes of BUdR-treated cells did
not have the distinct trilaminar appearance of
the untreated cells (Fig. 1).

Biophysical properties of GPV. To deter-
mine the physical nature of the particles con-
taining the oncornavirus-specific reverse tran-
scriptase, the culture fluid from 40 BUdR-
treated dishes was harvested on day 4. GPV

U

FIG. 3. Kinetics of GPV activation after BUdR
treatment. Groups of GPEF cultures were treated
with BUdR (10-4 M) medium which was replaced on
day 2 as shown by the arrow. Each point represents
the virus-specific polymerase activity present in a
24-h harvest of culture medium. On day 1 and 2, GPV
released in the BUdR medium was assayed. On day 3
and onwards GPV released in the growth medium was
determined. Poly rA:oligo dT (-), Poly dA:oligo dT
(0).
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FIG. 4. Sucrose gradient analysis of virus particles containing DNA polymerase. Groups of cultures were
exposed to BUdR (A), and others kept as control were mock exposed (B). At the end of 72-h post-
BUdR treatment the culture media from both groups were collected twice consecutively at 8-h intervals. The
medium was freed of cellular debris and concentrated at the interface of 70 and 20% sucrose by centrifuging at
25,000 rpm for 1 h at 2 C in a SW27 rotor. The virus band was diluted with NT pH 7.4 (0.1 M NaCI; 0.01 M
Tris-hydrochloride, pH 7.4) and centrifuged over a preformed linear sucrose gradient (70 to 20% wt/vol in NT,
pH 7.4; 16 h at 38,000 rpm in a SW40 rotor at 4 C). Fractions were collected from the bottom of the gradient and
analyzed for refractive index. Samples of each fraction were diluted, pelleted at 30,000 rpm for 1 h in a SW50
rotor, and analyzed for DNA polymerase activity by using poly rA: oligo dT (a) and poly dA: oligo dT (a). Acid
precipitable counts from duplicate assays of the same fraction are presented.

present in the medium was freed from cellular
debris, concentrated by the second method at
the interface of 60 and 20% sucrose (see Mate-
rials and Methods), and analyzed by density
equilibrium centrifugation in a sucrose gradient
(3, 24). Fractions of the gradient were collected,
measured for density, and assayed for enzyme
activity. When poly rA: oligo dT was used as the
template, a peak of polymerase activity was
found at the density of 1.16 gm/ml (Fig. 4A). No
appreciable activity was found with poly dA:
oligo dT in any fraction. The same amount of
supernatant from mock BUdR-treated cultures
failed to exhibit activity with either synthetic

template (Fig. 4B). In a similar experiment
using 3H-uridine, a radioactive peak of virus
particles was found at the density of 1.16 gm/ml
(Fig. 5). In control cultures without BUdR
treatment no such peak was observed. When
samples were examined by negative staining,
electron micrographs confirmed that virus-like
particles were confined to peak fractions. When
GPV was concentrated by (NH4)2SO4, the pro-
file of GPV in a density equilibrium gradient
was broad, and the peak appeared at 1.18 to
1.20 gm/ml. Ammonium sulfate apparently dis-
rupted the labile virus envelope and released
partial cores.
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Nature of GPV-RNA. 3H-uridine-labeled
virus particles were isolated from peak frac-
tions. The virus RNA was extracted by the
phenol-sodium dodecyl sulfate method (21),
precipitated with ethanol overnight, and
analyzed in sucrose velocity gradient (Fig. 6A).
A high-molecular-weight RNA (65-70S) was
found, along with varying amounts of 28, 18,
and 4S RNA components. The amount of the
small RNA components (<28S) in virus prepa-
rations varied from batch to batch and in-
creased invariably with the longer interval be-
tween the harvest of the culture medium. GPV-
RNA molecules often formed aggregates in
sucrose gradients containing 0.1 M NaCl. Addi-
tion of unlabeled carrier RNA during phenol
extraction and ethanol precipitation might have
facilitated such aggregation. Such nonspecific

OV)

0

aggregates have been reported in RNAs of
tumor viruses and also in influenza viruses (3, 4,
6, 8). The profile of the RNA did not change
when analyzed in sucrose gradients containing
sodium dodecyl sulfate (0.5%) which reduces
the association of any protein in forming RNA
aggregates. GPV-RNA sedimented slowly in a
low-salt (0.001 M) sucrose gradient (Fig. 6B) as
would be expected of single-stranded RNA (8).
The profile of GPV-RNA was similar to that of
the RNA of Gross-MuLV when analyzed simul-
taneously in low-salt (Fig. 6B, C) as well as in
high-salt (0.1 M) sucrose gradients. Finally,
when the GPV-RNA was denatured by heat at
75 C for 3 min, we found a major peak around
36S with minor smaller components (Fig. 6D).
The relative proportion of RNA components
smaller than 36S increased after denaturation

01-%

\ ~~~~~~1.124104
FRACTION N 0.

FIG. 5. Sucrose gradient analysis of 3H-uridine-labeled virus particles. Seventy-two hours after BUdR
treatment, the cultures were labeled with 3H-uridine (10 ,Ci/ml; specific activity, 29.5 Ci/mmol, Schwarz/
Mann) for 2 consecutive 8-h periods. The medium was analyzed for 3H-uridine-labeled virus in a sucrose density
gradient. A sample of each fraction was used to determine radioactivity and density. Symbols: (0) BUdR
treated; (U) control.
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FIG. 6. Velocity sedimentation of 3H-RNA of GPV in sucrose gradients. (A) 3H-uridine-labeled virus

particles were harvested at 2-h intervals for 4 consecutive changes. The virus was concentrated and purified by
equilibrium centrifugation. The virus fractions were pooled and diluted with NTE, pH 7.4 (0.1 M NaCI; 0.01 M
Tris-hydrochloride, pH 7.4; 0.001 M EDTA). RNA was extracted by phenol-SDS method and analyzed in a

sucrose velocity gradient (20-5%) containing NTE (pH 7.4) with a 60% sucrose cushion (0.3 ml) in a SW50.1
rotor (49,000 rpm for 50 min at 4 C). A sample of each fraction was counted for acid precipitable radioactivity.
Fractions 2 to 7 were pooled. The RNA was precipitated by adding two volumes of alcohol and used for further
analysis in B and D.
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of 70S RNA when the guinea pig virus prepara-
tion was harvested every 16 to 18 h instead of
every 2 to 3 h.

DISCUSSION
This report extends the previous observa-

tions that various chemical inducers, particu-
larly BUdR and IUdR, can activate type C virus
particles from mouse (2, 16), chicken (35),
human (30, 31), rat (14) and, recently, from
guinea pig cells (12). Type C viruses are quite
prevalent in mouse and chicken tissues, and
their spontaneous induction in the laboratory is
also common (1, 34). Therefore, one cannot
disregard the possibility of a chronic infection in
these cells releasing virus particles at a non-
detectable level prior to chemical induction.
However, experimental evidence supports that
IUdR or BUdR may, at least in some cases,
activate an unexpressed or partially expressed
cellular gene coding for virus-specific informa-
tion (13). In human cells the only evidence of
the BUdR-induced virus is based on morphology
(30, 31).
Guinea pig cells may provide an experimental

system to study the activation of type C viruses
with less concern about the possibility of exog-
enous infection. For example, as opposed to
the murine and avian systems, we are unaware
of any evidence that guinea pigs contain infec-
tious type C viruses. In fact, to our knowledge
there are no guinea pig tumors actively releas-
ing infectious type C viruses. Furthermore, vi-
rus-like particles in guinea pigs are rare; i.e.,
they are only observed in leukemic lympho-
blasts (9, 18, 22) and occasionally in chemically-
induced sarcomas (11) and the germinal centers
of normal guinea pigs (17). These particles are
noninfectious, but from endoplasmic reticulum,
lack electron-dense cores, are rarely found
outside the cell, and cannot be grown in tissue
culture. The morphological classification and
the biological identity of these particles have
been disputed (9, 11, 22). Our preliminary data
suggest that the virus-like particles found in
leukemic guinea pig cells is due to the expres-
sion of endogenous virus genes (Nayak, unpub-
lished data). There is no evidence of any spon-
taneous induction of type C viruses from cul-
tured guinea pig cells either in this laboratory
or, to our knowledge, in other laboratories.
BUdR caused activation of type C virus par-

ticles in all of the cultures of normal and
leukemic guinea pig cells tested to date. Cells of
strain 2 and cross-bred guinea pigs were equally
susceptible to BUdR induction. Thus, GPV,
potentially inducible from any guinea pig cell,
appears to be a truly endogenous virus.

Mature GPV with electron-dense cores were
found outside the cell. Some were in close
association with the plasma membrane, while
others were in the process of budding (Fig. 1).
Numerous virus particles were also found in the
cytoplasmic matrix. Both extracellular and in-
tracellular particles have been observed in
BUdR-treated human cells (30, 31). The mor-
phology of GPV appeared to be similar to that of
type C viruses. However, we are unable to
determine the details of the morphological char-
acteristics of GPV with certainty since the viral
envelope and cellular membrane have lost their
trilaminar' structure after BUdR treatment
(Fig. 1).
GPV has a density of 1.16 gm/ml, contains an

endogenous oncornavirus-type reverse tran-
scriptase, and has a high-molecular-weight
RNA (65-70S) which dissociates after denatura-
tion into smaller RNA components (36S). Based
on these morphological, biophysical, and bio-
chemical observations, GPV induced by BUdR
appears to have properties common to that of
type C oncornaviruses (37).
The observations reported here support the

postulation of Huebner and Todaro (13) that a
type C RNA virus genome may be present in
normal cells. However, the role that the endoge-
nous virus genome may play in tumor induction
in guinea pigs or in other animal systems
remains uncertain. Attempts to infect unin-
duced cells in vitro or induce leukemia in vivo
by BUdR-induced GPV or by the cells releasing
virus particles after BUdR treatment have not
yet proven successful.
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