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An R-type virus-like particle (VLP) has been isolated from the medium of
BHK-21-F cells by ultracentrifugation and polyethylene glycol precipitation.
The R-type VLP contains RNA which sediments at 60 to 70S in sucrose density
gradients and has a molecular weight of approximately 107, as estimated by gel
electrophoresis. The R-type VLP can be labeled with 3H-uridine in the presence
of actinomycin D. On the basis of morphology, site of maturation, and
preliminary biochemical characterization, the R-type VLP does not appear to fit
into any of the major groups of animal viruses.

A morphologically unique type of virus-like
particle (VLP) was observed in thin sections of
the BHK-21 clone 13 line of baby hamster
kidney cells (23) by Bernhard and Tournier (2)
and Magee-Russell et al. (26). Because of the
spokelike structures radiating from the dense
core to the periphery of the VLP, Shipman et al.
(32) termed it an R-type virus-like particle.
VLP with the same morphology have been
observed in thin sections of hamster tumors,
both spontaneous (35, 36) and induced by
polyoma, simian virus 40 (36), Rous sarcoma
virus (45), and murine sarcoma virus (8). This
type of VLP has been implicated as the causa-
tive agent in hamster melanoma (10). Vertical
transmission of the VLP in the LSH strain of
inbred hamsters has been demonstrated (43).
Because the R-type VLP, which is often

observed in tumor cells, is morphologically
distinct from known oncogenic viruses, it may
represent a new type of oncogenic virus. Alter-
natively, it may be a virus which is a secondary
invader of tumor cells. It is important to charac-
terize the R-type VLP and to determine its
biological activity and its role in oncogenesis. It
is possible that some of the characteristics for
which BHK-21 cells are so widely used in cell
biology and virology may be the result of
chronic infection with the R-type VLP. The
VLP may, for instance, play a role in determin-
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ing the ability of the cells to support the
replication of a wide variety of other viruses (37,
42).

In this publication we report a method for
isolating and purifying the R-type VLP from the
medium of BHK-21-F cells and describe the
physical properties of the intact VLP and the
biochemistry of its nucleic acid. These studies
provide a basis for preliminary classification of
the R-type VLP.

(A preliminary report of a portion of this
research was presented at the 12th Annual
Meeting of the American Society for Cell Biol-
ogy, November 1972; E. Albu and K. V.
Holmes, J. Cell Biol. 55:1a, 1972.

MATERIALS AND METHODS
Cell cultures. Monolayers of the BHK-21-F sub-

line (15) of the BHK-21 clone 13 cell line derived from
baby hamster kidney by Macpherson and Stoker (23)
were used for these studies. Repeated cultures show
that the cells are free of contamination with bacteria,
fungi, and mycoplasmas. No cytopathic effects were
observed in the cells, and intensive electron micro-
scope investigations of thin sections of BHK-21-F
cells consistently showed large numbers of R-type
VLP but failed to detect any other virus or virus-like
particles in the cells.

Preparation of isotopically labeled VLP. Mono-
layers of BHK-21-F cells were grown in 75-cm2 Falcon
tissue culture flasks containing 20 ml of Dulbecco
modified Eagle medium (GIBCO) supplemented with
10% heat-inactivated calf serum and 10%o tryptose
phosphate broth. Just before the monolayers of cells
were confluent, 3H-uridine (Amersham Searle;
> 20,000 mCi/mmol) or "C-thymidine (Amersham
Searle; >520 mCi/mmol) was added to give a final
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activity in the medium of 10 uCi/ml or 2 ACi/ml,
respectively. The cells were incubated in the presence
of the isotope for 10 to 24 h.

Isolation of the VLP. Medium in which BHK-21-F
cells had grown for 80 to 96 h was centrifuged at 900 x
g for 10 min at 4 C to remove cells and debris. Because
the VLP appears to be heat labile, all subsequent
procedures were carried out at 4 C. A 35-ml sample of
medium was layered onto a 3-ml cushion of 50%
sucrose in Tris buffer (0.01 M Tris, pH 7.4, and 0.1 M
NaCl) with 1% bovine serum albumin (BSA) and
centrifuged for 2 h at 27,000 rpm in a Beckman SW27
rotor. The visible band above the sucrose cushion
was collected with a Pasteur pipette and then precipi-
tated with 7.5% polyethylene glycol (PEG) in 1 M
NaCl by stirring for 4 to 12 h. The precipitate was
pelleted at 10,000 rpm for 30 min in a Sorvall
centrifuge, resuspended in 0.1 of the original volume
in 0.01 M Tris buffer (pH 7.4) with 0.1 M NaCl,
layered onto 20 to 40% or 20 to 45% sucrose density
gradients, and centrifuged for 4 h at 27,000 rpm in an
SW27 rotor. The density of each gradient fraction was
determined by using a Bausch and Lomb refractome-
ter. Samples of each fraction were spotted onto
4.25-cm filter paper disks, dried, precipitated three
times with cold 5% trichloroacetic acid, washed twice
with cold 95% ethanol and once with ethyl ether, and
dried. The disks were counted in a Packard Tricarb
scintillation counter in vials containing 10 ml of
Liquifluor. Samples of each fraction were examined
by electron microscopy.

Electron microscopy. A drop of each gradient
fraction was placed on a carbon-coated, Formvar-cov-
ered grid, which was washed with one drop of distilled
water and then stained with 1% phosphotungstic acid,
pH 7.4.

R-type VLP which had been purified by banding in
sucrose density gradients was pelleted in 0.8-ml
cellulose nitrate tubes in a Beckman SW50 rotor at
40,000 rpm for 3 h and fixed in 1% glutaraldehyde,
postfixed in 1% osmium tetroxide, and embedded in
Epon resin as described previously (6). Sections
across the VLP-pellet were stained with uranyl ace-
tate and lead citrate and examined with a Phillips 300
electron microscope.
RNA extraction. Two methods were used to ex-

tract RNA from the VLP. Some samples containing
R-type VLP were treated with 500 gg of Pronase
(Sigma) per ml for 15 min at 37 C and then 0.5% or 1%
sodium dodecyl sulfate (SDS) for 15 min at 37 C, and
layered directly onto 15 to 30% sucrose gradients in
TES buffer (0.1 M NaCl, 0.001 M EDTA, and 0.05 M
Tris, pH 7.4) with 0.5% SDS. Gradients were cen-
trifuged for 2 h in an SW50.1 Beckman rotor at 40,000
rpm at 23 C. Gradient fractions were collected and
analyzed as described above. RNA was extracted from
other samples of R-type VLPs by a modified phenol
method described elsewhere (T. Sreevalsan; in Meth-
ods in Molecular Biology, Vol. IV, in press).

RESULTS
Structure and maturation of the VLP. In

thin sections of BHK-21 clone 13 cells, the
characteristic R-type VLP is observed only
within the cisternae of the rough endoplasmic

reticulum (RER) (2, 6, 26, 32, 40) or within the
space of the nuclear envelope (6). When the
cells are poorly fixed or subjected to osmotic
shock, VLP can be seen budding from the
membrane of the endoplasmic reticulum (6, 32,
41). Within the RER cisternae in well-fixed
cells, the VLP are embedded in an amorphous
dense material which often makes them dif-
ficult to distinguish. The VLP has never been
observed budding from the plasma membrane.
Figure 1 shows a portion of a BHK-21-F cell,
with a dilated sac of RER, containing more than
20 VLP. The endoplasmic reticulum is closely
opposed to the underside of the plasma mem-
brane. Although VLP, like corona viruses (1, 4,
7, 12, 27), appears in the endoplasmic reticulum
and can be released from apparently intact cell
monolayers, little is known about the mecha-
nism of virus release. It is possible that some of
the VLP may be released from intact BHK-21-F
cells directly from the RER into the extracellu-
lar space by fusion of the plasma membrane
with the endoplasmic reticulum.
The ultrastructure of the R-type VLP has

been described previously (2, 6, 8, 10, 18, 26, 32,
35, 36, 40, 41, 43, 45). It is about 100 nm in
diameter and contains a dense central core
about 45 nm in diameter. We have observed in
favorable sections (Fig. 2) that a denser ring
structure is sometimes visible within the core.
This narrow dark ring, about 5-nm wide, is 20 to
25 nm in diameter. The fine dense lines radiat-
ing from the core to the rim of the particle give
the VLP its characteristic radial appearance.

Isolation of the R-type VLP. We decided to
use the BHK-21-F subline (15) for the isolation
of the R-type VLP for several reasons. First, it
was our impression that these cells contained
more VLP per cell than did other sublines of
BHK cells which we examined. Second, we had
done extensive work on the susceptibility of the
BHK-21-F cell line to fusion induced by the
simian paramyxovirus SV5 (6, 15, 16), and we
were interested in the role which the R-type
VLP might play in predisposing cells to fusion
by SV5. Finally, the lipids of the plasma
membrane of BHK-21-F cells have been well
characterized biochemically (19-21). Our ap-
proach to the isolation of the R-type VLP was to
correlate electron microscope identification of
the VLP with the presence of radioisotopic label
within the VLP. We have studied R-type VLP
that was released into the medium over mono-
layers of intact BHK-21-F cells rather than
intracellular VLP in order to start with a
preparation relatively free of cell debris and to
maximize the possibility that we were studying
the mature form of the VLP.
To determine whether we could label any
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FIG. 1. Thin section of a BHK-21-F cell released from a monolayer with trypsin and EDTA. In the cytoplasm
of the cell near several mitochondria (m) is a large sac of RER filled with a homogeneous dense material.
Embedded in this dense material are more than 20 R-type VLP (arrow indicates one). The RER is closely
opposed to the plasma membrane. At sites such as this, the fusion ofRER with plasma membrane could permit
release of R-type VLP from an intact cell. Bar is 500 nm.
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FIG. 2. Portion of the RER of a BHK-21-F cell
containing an R-type VLP. The characteristic radial
spokes extending from the dense core to the periphery
of the particle are clearly defined. Within the dense
core is a ring of very dense material which can often be
observed in favorably section VLP. Bar is 100 nm.

nucleic acid in the VLP with radioisotopes,
subconfluent monolayers of BHK-21-F cells
were labeled with 3H-uridine or "C-thymidine
for 12 h. The supernatant medium was clarified,
pelleted onto a 50% sucrose cushion, PEG
precipitated, and centrifuged on a 20 to 45%
sucrose gradient. Samples of the gradient frac-
tions were precipitated with cold 5% trichloroa-
cetic acid, and counted in a scintillation
counter. Altemate fractions of the gradients
were examined by electron microscopy of nega-
tively stained preparations. Under these condi-
tions of centrifugation, the 3H-uridine-labeled
medium yielded two well-separated peaks of
radioactivity, one at 1.08 to 1.10 g/cm3 and
one at 1.12 to 1.14 g/cm3. Electron microscopy
showed that the material in the upper band was
primarily cell debris, such as small granules,
clumps of amorphous material, and membrane
fragments of various sizes. The heavier band
contained many regular round particles, 85 to
100 nm in diameter, as well as a small amount
of cellular debris like that seen in the upper
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band. These spherical particles were not seen
in other fractions. The particles occurred
singly, in pairs, or held together in clumps of
finely fibrillar material. The coincidence in
this lower band of 100-nm spherical particles
with a peak of 3H-uridine in trichloroacetic
acid-insoluble form suggests that the particles
present in this peak contain RNA. In double
label experiments, no incorporation of "C-
thymidine was detected in this 1.12- to 1.14-
g/cm3 band, although a small amount of "C-
thymidine label was found in the upper band
containing cellular debris. These experiments
suggest that the R-type VLP does not contain
appreciable amounts of DNA.
The fractions under the 1.12- to 1.14-g/cm3

peak containing the 100-nm spherical particles
were pooled and precipitated again with PEG.
Half of the sample was incubated with 5 ug of
pancreatic RNase per ml (RNase A, Worthing-
ton Biochemicals Corp.) at 37 C for 30 min, and
the other half served as a control. The samples
were then layered onto sucrose density gradi-
ents, centrifuged, collected, and analyzed as
before. Figure 3 shows that there was now a
single peak of material containing acid-precipi-
table 3H-uridine, and that this material is
present in a form which is resistant to RNase.
By electron microscopy the fractions under this
peak contained only the spherical 100-nm parti-
cles and little or no cellular debris. The spheri-
cal particles were observed only in the fractions
under the peak, suggesting that the RNA in this
peak is protected from the RNase by being
inside the R-type VLP.
Because the VLP did not show its morpholog-

ically unique features in the negatively stained
preparations from sucrose gradients, we took
R-type VLP from the above experiment, pel-
leted it, prepared the pellets for thin sectioning,
and examined a cross section through the center
of the pellet. The pellet (Fig. 4) contained large
numbers of characteristic R-type VLP and occa-
sional small bits of membrane. The VLP in this
double-banded material are well separated from
each other and are not bound to membranes.
Although the VLP were somewhat distorted by
the extensive isolation procedures, the charac-
teristic spokelike structures radiating from the
cores of some of the particles are visible at the
arrows. Therefore, we believe we have devel-
oped a method for isolating and purifying the
R-type VLP.
Properties of the intact VLP. To determine

whether synthesis of the R-type VLP was inhib-
ited by actinomycin D, we added 5 ,ug of
actinomycin D per ml to the medium of
BHK-21-F cells and incubated it for 2 h at 37 C.
3H-uridine (10 ,Ci/ml) was then added to the
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FIG. 3. Isolation and RNAse resistance of R-type
VLP. R-type VLP labeled with 3H-uridine was par-
tially purified by banding once in a sucrose density
gradient. Fractions containing 3H-uridine label and
100-nm particles were precipitated with 7.5% PEG in
1 M NaCI and resuspended. The half of the sample
treated with 5 Ag of RNase per ml (A) and the control
half (0) were incubated at 37 C for 30 min and then
layered onto 20 to 45% sucrose density gradients and
centrifuged at 27,000 rpm for 4 h at 4 C in an SW27
rotor. Fractions collected from the bottom were pre-
cipitated with trichloracetic acid, and radioactivity
was determined in a liquid scintillation counter.

medium. After an additional 10-h incubation at
37 C, the medium from the actinomycin D-
treated cells was harvested and its R-type VLP
was purified as described above. The purified
R-type VLP was centrifuged for 17 h at 22,000
rpm on a 20 to 60% sucrose density gradient in
Tris buffer. Table 1 shows the trichloroacetic
acid-precipitable counts in control and ac-
tinomycin D-treated cells, media, and purified
VLP. Although the amount of label incorpo-
rated into BHK-21-F cells treated with ac-
tinomycin D was only 1.3% of the control, more
counts were incorporated into the isolated VLP
by the actinomycin D-treated cells than by the
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FIG. 4. R-type VLP from fractions 19 to 23 of Fig. 3 pelleted at 40,000 rpm for 3 h at 4 C in an SW50 rotor.
Arrows point to VLP in which the characteristic radial spokes of the R-type VLP can be distinguished. Bar
represents 100 nm.

TABLE 1. Purification of R-type VLP from control and actinomycin D-treated BHK-21-F cellsa

Trichloroacetic acid-precipitable counts

BHK-21-F 1.12 to 1.14 g/cm3
cells Homogenized Mediumc Sucrose peak from sucrose

cells" interface density gradient

Control 117,689,000 38,940,000 6,121,750 16,750
Actinomycin 1,525,000 3,134,000 154,280 21,525

D-treated

a BHK-21-F cells, control or pretreated for 2 h with 5 gg of actinomycin D per ml, were labeled with 10 MCi
of 'H-uridine per ml for 10 h. Supernatant medium above intact cells was used for isolation of R-type VLP by
pelleting onto 50% sucrose cushion, PEG precipitating, and centrifuging in a 20 to 60% sucrose density gradient
in 0.1 M Tris buffer, pH 7.4, with 0.1 M NaCl for 17 h at 22,000 rpm in an SW27.1 Beckman rotor. Cells were
homogenized after removal of medium.

° From 20 monolayers of BHK-21 cells in 75-cm2 Falcon flasks.
c From 400 ml of medium overlying these cells.

control cells. The greatest purification of the
R-type VLP was achieved during density gradi-
ent centrifugation, when large amounts of la-
beled cell debris were found at the top of the
gradient or in the 1.08- to 1.10-g/cm3 band.
Figure 5 shows that 3H-uridine is incorporated
into the R-type VLP even in actinomycin D-
treated cells, and that the equilibrium density
of the virus-like particle is 1.12 to 1.13 g/cm3.
For comparison, the reported equilibrium den-
sity for avian myeloblastosis virus (AMV) and
other oncorna viruses is 1.16 to 1.18 g/cm3 (26).
Under these conditions of centrifugation, there
is a broad shoulder toward the heavier side of
the peak, possibly indicating disruption of the
VLP during centrifugation. Occasionally a
small minor peak appeared with a density of
1.18 to 1.19 g/cm3.

Sedimentation of the R-type VLP in cesium
chloride density gradients led to degradation of
the particles. The VLP also appeared to be
disrupted by storage at 37 C and by freezing
and thawing. For this reason, in all of our
experiments the VLP was held at 4 C, 1% BSA
was added to help stabilize the virus, and
freezing and thawing of the VLP was avoided
whenever possible.
RNA of the R-type VLP. Since the R-type

VLP could be labeled with 3H-uridine but not
with "C-thymidine and 3H-uridine is incorpo-
rated into the VLP in the presence of ac-
tinomycin D, it appears that the VLP is an
RNA-containing particle which replicates from
an RNA template.
RNA was extracted by Pronase and SDS

treatment from banded and PEG-precipitated
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FIG. 5. Isopycnic centrifugation of R-type VLP
labeled with 3H-uridine in the presence of ac-
tinomycin D. BHK-21-F cells were pretreated with 5
gg of actinomycin D per ml for 2 h and then
3H-uridine was added. R-type VLP was isolated from
the medium after 10 h. The R-type VLP was layered
onto a 20 to 60% sucrose density gradient and cen-
trifuged for 17 h at 27,000 rpm at 4 C in an SW27
rotor. Background, <20 counts/min.

R-type VLP, labeled with 3H-uridine, and then
centrifuged on a 15 to 30% sucrose gradient in
TES with 0.5% SDS. "C- or 3H-labeled 18 and
28S rRNA supplied by T. Sreevalsan were used
as markers. The RNA isolated from the VLP
peak (Fig. 6) was calculated to have a sedimen-
tation coefficient of 60 to 70S by the method of
Martin and Ames (24). A small amount of label
is found near the top of the gradient in some
experiments. The 70S RNA was degraded by
incubation for 15 min at 37 C with 1 Mg of
pancreatic RNase per ml in TES with 0.1 M
NaCl. The RNA is, therefore, believed to be
single stranded. The highest yields of 60 to 70S
R-type VLP RNA were isolated from medium
which had never been stored or frozen and
thawed. VLP which had been stored under
suboptimal conditions yielded RNA which sedi-
mented at 30 to 35S and 4 to 9S. The 60 to 70S
VLP RNA was degraded by heating at 95 C for 3
min and by treatment with 20 volumes of 95%
DMSO for 5 min at 37 C after the method of
Duesberg (9) and Erickson (22).
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FIG. 6. Sedimentation of RNA isolated from puri-

fied R-type VLP. 3H-uridine-labeled RNA was ex-
tracted with Pronase and SDS from R-type VLP
partially purified in a sucrose density gradient. The
VLP RNA was centrifuged in a 15 to 30% sucrose
gradient in TES with 0.5% SDS for 2 h at 23 C at
40,000 in an SW50.1 rotor. rRNAs (28 and 18S) were
used as markers.

The size of the VLP RNA was also estimated
by polyacrylamide gel electrophoresis by the
method of Peacock and Dingman (28). 3H-uri-
dine-labeled RNA was extracted from purified
R-type VLP with SDS and Pronase and run on
2.2% polyacrylamide gels with 0.5% agarose
with "C-uridine-labeled AMV RNA run in the
same gel as a marker. The results (Fig. 7)
indicate that the RNA of the R-type VLP is very
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FIG. 7. Polyacrylamide gel electrophoresis of RNA

from R-type VLP (0) and AMV (0). RNA was

extracted by Pronase and SDS from 3H-uridine-
labeled R-type VLP and from "C-uridine-labeled
AMV and was co-electrophoresed on 2.2% polyacryl-
amide, 0.5% agarose gels. Radioactivity in gel slices
was assayed in a liquid scintillation counter.

close to the size of AMV RNA. A separate gel
containing 42S Sindbis RNA, supplied by T.
Sreevalsan, was run as a marker to assure that
we were detecting the 70S RNA rather than the
30 to 35S degradation product of AMV RNA.
Based on this data, the 70S RNA of the R-type
VLP, like AMV (30), has a molecular weight of
approximately 107.

DISCUSSION
By using a combination of electron micros-

copy and radioisotopic labeling techniques, we
have been able to isolate the R-type VLP found
in BHK-21 cells. A preliminary characterization
of the VLP and its RNA is reported in this
paper. It is important to note, however, that
although this method results in good isolation of
the R-type VLP, free of cellular material, only
very small amounts of VLP are recovered from
the medium of the BHK-21-F cells and rela-
tively little 3H-uridine is incorporated into the
VLP. These problems may be inherent in the
nature of working with an unknown VLP. There
is not a suitable control cell which is susceptible
to infection with the R-type VLP. Conse-
quently, studies done only on cells carrying the
R-type VLP are difficult to interpret. To cir-
cumvent this problem, we have studied VLP
released into the medium over intact monolay-
ers of BHK-21-F cells. Except for the observa-
tion that the VLP develops by budding into the
RER (32, 40, 41), the replicative cycle of the

R-type VLP is not understood. The VLP may be
released directly into the extracellular space
from intact cells by fusion of the RER with the
plasma membrane, or it may be released only
during lysis of a small number of cells in an
otherwise intact monolayer. In a chronic infec-
tion with a VLP, cellular metabolism and
division may be only minimally altered and the
synthesis of the VLP components may occur at
a much lower level than that in some lytic viral
infections. This appears to be true for the
chronic infection of BHK-21 cells of the R-type
VLP.
The difficulties of handling the R-type VLP

from BHK-21 cells have been overcome suffi-
ciently to permit its preliminary characteriza-
tion. The VLP contains labile, single-stranded
RNA with a molecular weight of about 107 and a
sedimentation constant of 60 to 70S in sucrose
density gradients. Most viruses that replicate in
the cytoplasm are RNA-containing viruses with
the exceptions of the pox viruses and certain
herpesviruses. Therefore, it is not surprising to
find that the R-type VLP which matures in the
cytoplasm contains RNA rather than DNA. In
contrast to our findings, however, Kaaden and
Dietzschold (17) have reported the isolation of a
DNA-containing VLP from disrupted BHK-21
cells. The isolated VLP in their publication
were not examined in thin sections where their
characteristic radial spokes could be identified,
and their negatively stained VLP do not show
radial spokes. Since, in our system, we can
identify large numbers of R-type VLP by their
characteristic morphology in thin sections of
purified material, and these appear exclusively
in the fractions containing high-molecular-
weight, radioactively labeled RNase-resistant
RNA, we believe that we are indeed studying
the RNA of the R-type VLP.
Although in the absence of suitable control

cells it is difficult to study the replicative
process of the R-type VLP, several experiments
suggest that the ongoing synthesis of VLP RNA
in BHK-21-F cells may not require a DNA
intermediate. 3H-uridine can be incorporated
into the RNA of the R-type VLP in the presence
of actinomycin D. No RNA-dependent DNA
polymerase (reverse transcriptase) activity (34,
39) was detected in BHK-21-F cells or in
concentrated R-type VLP preparations using
either endogenous or synthetic templates (W. P.
Parks and M. Myers, personal communica-
tions). However, the interaction between R-type
VLP and BHK-21-F cells is a chronic infection
and could be analagous to chronic infections
with oncorna viruses in which the levels of
reverse transcriptase are greatly reduced (13,
14, 29).
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After the work described in this paper was
completed, Birkmayer et al. (3) reported the
isolation from amelanotic hamster melanoma
cells of membraneous sacs containing three to
five R-type VLP. The sacs had a density of 1.213
g/cm3, which is much heavier than the 1.12- to
1.14-g/cm3 density of the free, well-separated
R-type VLP which we report here. Birkmayer et
al. have isolated single-stranded RNA with a
sedimentation constant of 70S from these mem-
brane-bound R-type VLP. In marked contrast
to our findings with the R-type VLP from
BHK-21-F cells, however, Birkmayer et al. (3)
found RNA-dependent DNA polymerase activ-
ity associated with the sacs of R-type VLP from
the hamster melanoma cells. This activity was
stimulated either by the 70S RNA or by poly
rA-dT.
One of the goals of our research is to charac-

terize the R-type VLP and to compare it to the
known types of viruses in the standard virus
classification schema. In this publication we
compared the R-type VLP with AMV, a mem-
ber of the oncorna virus group. Although the
virions of R-type VLP and AMV are of similar
size, their appearances in thin sections are quite
different. The site of replication of the R-type
VLP and AMV are also different. Whereas
AMV matures by budding at the plasma mem-
brane, the R-type VLP is formed by budding
into the cistemae of the RER. The RNA isolated
from the R-type VLP and AMV has approxi-
mately the same electrophoretic mobility in
polyacrylamide agarose gels, and the same sedi-
mentation velocity, 60 to 70S, in sucrose density
gradients. The RNA of the R-type VLP is
extremely labile to heat or DMSO treatment, as
are the RNAs of oncorna viruses, progressive
pneumonia virus (38), and the intracisternal
A-type VLP (22, 44). A recent report by Cheung
et al (5) indicates that the 70S RNA of Rous
sarcoma virus may be formed by association of
smaller RNA units shortly after Rous sarcoma
virus virions are released from cells. The same
type of phenomenon could also be occurring
during the development of the R-type VLP, and
this may be related to the instability of the VLP
RNA. In spite of the similarity of the size and
instability of the RNA isolated from the R-type
VLP and AMV, we believe that the differences
in morphology, site of maturation, and density
of the R-type VLP and AMV are so significant
that the R-type VLP should not be classified
with the oncorna virus group. Preliminary stud-
ies in our laboratory indicate that the R-type
VLP also differs significantly from the corona
virus group. Further studies which will lead to
classification of the R-type VLP are now under
way.

The findings reported in this paper are impor-
tant to all studies which utilize BHK-21 cells for
biological and virological investigations. The
R-type VLP is present in varying amounts in all
BHK-21 sublines which have been carefully
studied by electron microscopy. Although BHK
cells show no cytopathic effect and replicate
well in tissue culture, the production of the VLP
may have significant effects on the cells. The
VLP genome may confer malignant potential on
some or all of the chronically infected BHK-21
cells. The VLP genome may direct the synthesis
of specific enzymes and/or capsid proteins
which aid the synthesis and assembly of other
types of virions. The presence of the VLP
genome within the BHK-21 cell could be re-
sponsible for changes in the cell surface anti-
gens of the hamster cells.
The presence of actinomycin-resistant RNA

synthesis in these cells (25) must be interpreted
with caution.
The recent development for use in domestic

animals of live attenuated rabies virus vaccine
prepared in BHK-21 cells (33) is a matter of
particular concern to us in view of the possibil-
ity that preparations of the live virus vaccine
may contain the R-type VLP. Because uninac-
tivated R-type VLP may be administered to
domestic animals in the near future, the need to
understand the biological significance, host
range, and oncogenic potential of the R-type
VLP is particularly urgent.
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