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Cytoplasmic virus-specific RNA and polyribosomes from a chronically infected
feline thymus tumor cell line, F-422, were analyzed by using in vitro-synthesized
feline leukemia virus (Rickard strain) (R-FeLV) complementary DNA (cDNA)
probe. By hybridization kinetics analysis, cytoplasmic, polyribosomal, and nuclear
RNAs were found to be 2.1, 2.6, and 0.7% virus specific, respectively. Size classes
within subcellular fractions were determined by sucrose gradient centrifugation
in the presence of dimethyl sulfoxide followed by hybridization. The cytoplasmic
fraction contained a 28S size class, which corresponds to the size of virion subunit
RNA, and 36S, 23S, and 15 to 18S RNA species. The virus-specific 36S, 23S,
and 15 to 18S species but not the 28S RNA were present in both the total and
polyadenylic acid-containing polyribosomal RNA. Anti-FeLV gamma globulin
bound to rapidly sedimenting polyribosomes, with the peak binding at 400S.
The specificity of the binding for nascent virus-specific protein was determined
in control experiments that involved mixing polyribosomes with soluble virion
proteins, absorption of specific gmma globulin with soluble virion proteins, and
puromycin-induced nascent protein release. The R-FeLV cDNA probe hybridized
to RNA in two polyribosomal regions (approximately 400 to 450S and 250S)
within the polyribosomal gradients before but not after EDTA treatment. The
400 to 450S polyribosomes contained three major peaks of virus-specific RNA at
36S, 23S, and 15 to 18S, whereas the 250S polyribosomes contained predominantly
36S and 15 to 18S RNA. Further experiments suggest that an approximately
36S minor subunit is present in virion RNA.

The synthesis of oncornavirus proteins has
been extensively examined in recent years. By
using immunological techniques, 60,000- to
76,000-dalton intracellular precursors have been
detected for the structural proteins of avian my-
eloblastosis virus (63, 64), various murine oncor-
naviruses (1, 25, 52, 60), and feline leukemia
virus (FeLV) (37, 38). Furthernore, the immu-
nological detection of even larger intracellular
virus-specific proteins of 200,000 to 300,000 dal-
tons (1, 60) suggests the possibility that at least
in murine oncornavirus-infected cells, some of
the viral proteins are synthesized as larger pre-
cursors. These observations raise further ques-
tions concerning the size and number of possible
virus-specific mRNA(s) in oncornavirus-infected
cells.

In most oncornavirus-infected cells, a 30 to
40S RNA, which corresponds in size and polarity
to the viral subunit, is the major intracelluar
virus-specific species (14, 49, 58). It has been
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suggested that the intracellular viral genomic
subunits function as viral mRNA (13). Since
species of subunit size are present on polyribo-
somes (3, 9, 13, 14, 49, 51), and since RNA from
these various oncornaviruses directs the synthe-
sis of virus-specific products in vitro (18, 28, 35,
42, 47, 65), this hypothesis is probably correct.
However, the presence on polyribosomes of
smaller-than-subunit-size virus-specific RNA (3,
14, 17, 18, 51) and the ability of these smaller
species to direct the synthesis of virus-specific
products both in vitro (18,41) and after microin-
jection (53, 61) also suggest an mRNA finction.
The major Rickard's FeLV (R-FeLV) virion

subunit RNA sediments as 28S RNA in sucrose
gradients containing 99% dimethyl sulfoxide
(Me2SO) (7, 10). These subunits are further
unique in that they do not have a modified 5'-
terminal cap (57) as reported for avian (15, 27,
54) and murine (5, 44) oncornavirus RNA sub-
units.
Because of the unusual properties of R-FeLV

virion subunit RNA, it became important to
examine the intracellular virus-specific RNA in
R-FeLV-producing cells. We were especially in-
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terested in determining whether smaller-than-
subunit-size RNA species were present and
whether they were of comparable size to those
found in murine and avian oncornavirus-infected
cells. In this study, R-FeLV-specific intracellular
RNA and polyribosomes from a chronically in-
fected thymus tumor cell line (F-422) were ana-
lyzed to: (i) quantitate virus-specific RNAwithin
the subcellular fractions of infected cells; (ii)
identify the size classes of virus-specific RNA
found intracytoplasmically; and (iii) examine
cellular polyribosomes for the presence of both
virus-specific RNA and nascent protein. Fur-
ther, since larger-than-subunit-size virus-specific
RNA was detected intracellularly, experiments
were also performed to reexamine virion RNA
for the presence of larger subunits.

(Most of this work was submitted by A.J.C.
in partial fulfillment of the requirements for the
Ph.D. degree, Michigan State University, East
Lansing. This paper was presented in part at
the 77th Annual Meeting of the American So-
ciety for Microbiology, 8-13 May 1977, New
Orleans, La., and at the Cold Spring Harbor
Meeting on RNA Tumor Viruses, 25-29 May
1977, Cold Spring Harbor, N.Y.)

MATERIALS AND MTHlODS
Cells and virus. The chronically infected feline

thymus tumor cell line, F-422, which produces R-
FeLV, was used as the source of virus and cells. This
cell line, grown in suspension culture, was propagated
as previously described (20). Uninfected feline embryo
lung fibroblasts (FLF-3) were obtained from W. D.
Hardy, Jr. (Memorial-Sloan Kettering, New York),
through Allan Haberman (Michigan State University).
These cells were propagated as monolayer roller bottle
cultures in medium consisting of 40% McCoy 5A-60%
Leibowitz L15 with 15% fetal calf serum.

Isotopic labeling. Viral or cellular RNA labeled
with [3H]- or ['4C]uridine was obtained by incubating
cells in fresh medium containing 5.0 ,Ci of [3H]uridine
per ml (New England Nuclear Corp.; 40 to 50
Ci/mmol) or 0.2 ICi of ['4C]uridine per ml (New
England Nuclear Corp.; >50 MCi/mmol) at a cell den-
sity of 2 x 106/ml for 4 h or less.

Viral RNA labeled with 3p was obtained by incu-
bating cells in Swim phosphate-free medium for 1 h
followed by resuspension in fresh Swim phosphate-
free medium containing 0.1 mCi of 3P per ml (Amer-
sham/Searle; 26 Ci/mg of P, as orthophosphate, in
dilute HCI), 0.5 mg of amphotericin B per ml (P-L
Biochemicals), and 1% Me2SO (66). These cells were
incubated for 4 h, followed by collection of the culture
medium and resuspension of the cells in fresh Swim
phosphate-free medium for 2 additional h. Both col-
lections of culture medium were pooled and clarified
at 10,000 rpm for 10 min in the Sorvall GSA rotor.

Cells labeled for 1 min with 3H-labeled amino acids
were obtained by incubation in amino acid-deficient
medium containing 25 #Ci of 3H-labeled amino acid
mixture per ml (New England Nuclear Corp.) at a

cell density of 50 x 106/ml. After 1 min at 37°C, the
pulse was ended by addition of the celLs to partially
frozen medium. 'IC-amino acid-labeled virus was pre-
pared as described (20).

Preparation of virus. All culture supernatants
used were from cells grown in fresh medium for 4 h
or less. Virus was prepared from this material by
either of two methods. In the first, clarified medium
was (i) layered over 5 ml of 20% (vol/vol) glycerol in
0.06 M NaCl-0.05 M Tris-hydrochloride (pH 8.5), for
rapid collection of virus used in the synthesis of DNA,
or (ii) layered over 5 ml of 20% (vol/vol) glycerol in
0.1 M NaCI-0.1 M Tris-hydrochloride (pH 7.5)-l mM
EDTA, for rapid collection of unlabeled virus forRNA
purification, and centrifuged at 27,000 rpm in the
SW27 rotor (Beckman) for 1.5 h. In the second
method, FeLV was prepared from culture medium by
a discontinuous sucrose gradient centrifugation as
described (37).

Cell fractionation techniques. Various subcellu-
lar fractions were prepared from F-422 cells in the
following manner. Cells were harvested by low-speed
centifugation, washed with phosphate-buffered saline
(PBS), and repelleted. Cells were allowed to swell in
hypotonic buffer (reticulocyte standard buffer
[RSB]) (0.1 M Tris [pH 7.4]-0.01 M NaCl-1.5 mM
MgCl2) at 4°C for 10 to 15 min. Disruption was per-
formed with a Dounce homogenizer and a tight-fitting
pestle, using 15 to 20 strokes.
A cytoplasmic extract was prepared by pelleting

nuclei at 950 x g for 5 min. The supernatant was
removed, and the nuclei were resuspended in RSB
containing 0.1% Nonidet P-40 (NP-40) and repelleted.
The second supernatant was removed, combined with
the first, and designated cytoplasmic extract.

Total polyribosomes were prepared from the cyto-
plasmic extract containing 50 ,ug of sodium heparin
per ml, 0.2% sodium deoxycholate, and 0.2% NP40.
This suspension was centrifuged at 27,000 x g for 5
min, and the supernatant was removed, applied to a
column (18 by 1.5 cm) of Sepharose 2B previously
equilibrated in RSB, and chromatographed (11). The
excluded material, containing the polyribosome frac-
tion almost devoid of ribosomal subunit and ribosomal
monomer material (see Fig. 5 and 6), was designated
total cellular polyribosomes.

Pelleted crude nuclei, obtained as described above,
were washed twice in RSB containing 0.2% NP-
40-0.1% sodium deoxycholate by resuspension and
centrifugation at 950 x g for 5 min and twice in RSB
by the same procedure.
RNA extraction. RNA was extracted from pelleted

material other than nuclei by the TNE-9 sodium do-
decyl sulfate (SDS)-phenol procedure as previously
described (7). RNA extraction from supernatant ma-
terials was performed by the same method, except
that the supernatants were first made 0.1 M NaCl,
0.1 M Tris (pH 9.0), 1 mM EDTA, and 1% SDS. RNA
was extracted from nuclear pellets by the hot SDS-
phenol method (19).
Polyacrylamide gel electrophoresis. Electro-

phoresis of nucleic acids in 2% polyacrylamide-0.5%
agarose composite gels was performed as previously
described (7).

Velocity sedimentation analysis of RNA. Neu-
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tral sucrose gradient analysis of viral RNA and veloc-
ity sedimentation of 5 to 20% (wt/vol) sucrose gra-
dients in the presence of 10 mM LiCl, 1 mM EDTA,
and 99% Me2SO was performed as described (7). RNA
from Me2SO gradient fractions used in hybridization
experiments was collected by ethanol precipitation in
the presence of 0.2 M NaCl and 50 ,ug of carrier yeast
RNA per ml.

Preparation of R-FeLV cDNA. The endogenous
RNA-directed DNA polymerase reaction was used to
prepare radioactive DNA complementary to FeLV
RNA (cDNA). A modification of the reaction mixture
described by Rothenberg and Baltimore (45) was used.
It contained 50 ,ug of actinomycin D per ml, 50 mM
Tris-hydrochloride (pH 8.3), 60 mM NaCl, 30 mM
MgCl2, 0.013% NP-40, 5 mM each dCTP, dATP, and
dGTP, 0.1 mM TTP (generally 115 ,uCi of [3H]TTP
per ml; I.C.N. Pharmaceuticals; 40 Ci/mmol), and
virus at 1.5 to 3.0 mg of protein per ml. The mixture
was incubated at 37°C for 12 to 16 h, followed by
making the sample 0.2 M sodium acetate, 20 mM
Tris-hydrochloride (pH 8.3), 50 mM EDTA, and 0.5%
SDS. The DNA product was extracted and purified
according to the method of Rothenberg and Baltimore
(45), chromatographed on Sephadex G-50, incubated
for 4 h at 370C in 0.4 M NaOH, neutralized, and
precipitated in 67% ethanol at -20°C. The specific
activity of the cDNA probe was 218 cpm/pmol.
RNA-DNA hybridization. Cellular or viral RNA

was incubated with 3H-labeled FeLV cDNA probe
(generally 1,000 to 1,500 cpm) in a hybridization mix-
ture consisting of (final concentrations) 0.01 M Tris-
hydrochloride (pH 7.2), 0.4 M NaCl, 0.05% SDS, 0.25
mM EDTA, 0.075 mg of calf thymus DNA per ml,
and 0.15 mg of yeast RNA per ml at 660C as described
(50). The reactions were assayed for DNA hybrid
formation by the use of a crude preparation of S1
nuclease (32). The crude nuclease was prepared by
extraction of 8 g of a-amylase (Sigma Chemical Co.)
into 100 ml of nuclease buffer (25 mM potassium
acetate [pH 4.51-0.1 mM ZnSO4-0.1 M NaCl [55]),
followed by clarification of the extract. The extract
was made 50% glycerol and stored at -20°C. Two
milliliters of nuclease buffer containing 0.0125 ml of
crude nuclease preparation per ml was added to each
reaction, incubated at 45°C for 30 min, precipitated
with trichloroacetic acid, collected on 0.45-nm filter
disks (Millipore Corp.), and assayed for radioactivity
as previously described (20).

Oligo(dT)-cellulose chromatography. Oligo-
deoxythymidylic acid [oligo(dT)]-cellulose chroma-
tography was performed with oligo(dT)-cellulose (Col-
laborative Research, T3) by a modification of the
procedure described (43). Polyadenylic acid [poly-
(A)]-containing RNA was bound inO.5M KCI-20mM
Tris (pH 7.5) and eluted in 20 mM Tris. (pH 7.5).

Preparation of antisera and IgG fractions
Rabbit anti-FeLV (Tween 80-ether-disrupted virus)
and normal rabbit serum (NRS) were prepared as
described (20). All sera were subjected to two succes-
sive precipitations with 40% saturated ammonium sul-
fate followed by extensive dialysis against PBS. These
proteins were chromatographed on a column of Seph-
adex G-200 equilibrated with PBS. The gamma glob-
ulin (IgG) fractions were pooled and concentrated by
diafiltration.

Radioiodination of proteins. The iodine mono-
chloride method of Helmkamp et al. (24) was used
for "2I labeling of IgG. The procedure was modified
for use in PBS and was performed at a level of 50 ,uCi
of 125I (New England Nuclear Corp.; carrier-free, 17
Ci/mg) per iodination reaction containing 2 mg of
protein. After iodination, the proteins were extensively
dialyzed against several changes of PBS. Specific ac-
tivities ranged from 1.5 x 104 to 2.4 x 104 cpm per,ug
of protein.
Determination of protein concentrations. The

method of Lowry et al. (30) was used to determine
protein concentrations, using bovine serum albumin
as the standard.
Bding of '25I-labeled IgG preparations to

polyribosomes. Binding of the labeled IgG's was
performed by direct addition of the preparations to
purified polyribosomes (generally 5 to 8 Lg of '25I-
labeled IgG per unit of absorbancy at 260 nm of
polyribosomes). For direct binding experiments the
mixtures were incubated at 4°C for 45 min. An NRS
125I-labeled IgG-polyribosome mixture and an unla-
beled NRS IgG-polyribosome mixture (control for
degradation of polyribosomes under the conditions of
incubation and analysis) were run with each analysis.

Analysis of III-labeled IgG-polyribosome mixtures
was performed on 20 to 45% (wt/vol) linear sucrose
gradients in RSB. Gradients were centrifuged at 40,000
rpm for 1.25 h at 4°C in the SW50.1 rotor (Beckman).
Equal fractions were collected and counted directly
in an autogamma spectrometer (Packard).

RESULTS
Characteristics of FeLV DNA probe.

DNA synthesized in the endogenous viral RNA-
directed DNA polymerase reaction in the pres-
ence of actinomycin D has been reported to
consist almost entirely of single-stranded species
(14). The R-FeLV cDNA, synthesized in the
presence of 50,g of actinomycin D per ml, was
also found to be single stranded, based on its
being rendered greater than 98% trichloroacetic
acid soluble after treatment with S1 nuclease
(55).
The average size of the DNA transcripts was

determined by electrophoresis of both native
and alkali-treated products on 2% polyacryl-
amide-0.5% agarose composite gels. The native
product contained a very high proportion of
slow-migrating material (Fig. 1A). This material
represented DNA product complexed with viral
RNA, which, after alkali treatment to destroy
the RNA, migrated faster as heterogeneous
smaller species (Fig. 1B). A small amount of the
product migrated with an estimated molecular
weight of 2.0 x 106 (an equivalent sedimentation
value ofapproximately 30S). There were present
a number of species migrating in the molecular
weight range of 1.7 x 105 to 4.5 x 106 (9 to 15S).
However, the majority of the DNA migrated
with estimated molecular weights of less than
0.8 x 105 (less than 6S).

J. VIROL.
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To assess the extent and uniformity of the
transcription, the [3H]cDNA product was hy-
bridized to 32P-labeled viral RNA at various
DNA/RNA ratios, and the hybrids formed were
assayed for RNase resistance (16). The cDNA
product protected 32.5% of the viral genome at
a DNA/RNA ratio of 1 (Fig. 2). At a ratio of
17.5/1, 77% of the RNA was resistant to RNase
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FIG. 1. Polyacrylamide gel electrophoresis of the

product ofthe FeLVendogenous RNA-directed DNA
polymerase reaction. Electrophoresis of the nucleic
acids extracted and purified from the reaction mix-
ture described in the text was performed in 2.0%
polyacrylamide,4.5% agarose composite gels as de-
scribed (6). (A) Native pHIDNA product; (B) pH]-
DNA product, alkali treated as described in the text.
Dye indicates postion of bromophenol blue. Celular
28S, 18S, and 4S RNAs were run in paraUel.
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FIG. 2. Hybridization of 32P-labeled FeLV 28S
subunit RNA with varying concentrations of single-
stranded 3H-labeled FeLVcDNA. The specific activ-
ity of the RNA was 158 cpm per pmol of nucleotide,
and that of the DNA probe, prepared as described
for Fig. lB, was 218 cpm per pmol of nucleotide.
After incubation of the reaction mixtures for 48 h at
66°C, samples were digested with pancreatic RNase
A (50 i&g/ml) in 0.3M NaCl for 30 min at 37C (16).
The percentage of 'P-labeled FeLV28S RNA resist-
ant to digestion is plotted as a finction of the
DNA/RNA ratio. Values are corrected for an RNase-
resistant background of 6%.

digestion. This was the greatest ratio tested due
to limitations on the amount of cDNA product
prepared. The incomplete protection indicated
that the entire genome was not transcribed.
Since the maximum protection observed was at
a DNA/RNA ratio of 17.5/1, the data further
indicate nonuniform transcription.
Amount of intracellular virus-specific

RNA. Experiments were performed to deter-
mine the rates of hybridization of various intra-
cellular RNA fractions from F-422 cells with the
R-FeLV cDNA. RNA-DNA hybridization in
RNA excess can be performed to determine the
value of Crtl/2, the product of the concentration
of RNA and the time at half-saturation (2). The
relative concentration of virus-specific RNA in
those fractions tested can be estimated by com-
parison of the Crti/2 obtained for the viral RNA
(13,49). These experiments were performed with
either varied time or concentration, with essen-
tially identical results obtained by both meth-
ods. The amount of viral DNA hybridized is
plotted as a log function of Crt (Fig. 3). By
comparison with the viral CrtI/2 for 28S FeLV
subunit RNA, unfractionated cytoplasmic RNA,
nuclear RNA, and total polyribosomal RNA
contained 2.1, 0.7, and 2.6% virus-specific RNA,
respectixely (Table 1). Under these conditions,
cytoplasmic RNA from uninfected feline embryo
lung fibroblasts (FLF-3) did not hybridize to the
FeLV cDNA probe (Fig. 3). Maxmum hybridi-
zation for the viral, cytoplasmic, nuclear, and
polyribosomal RNA ranged from 76 to 84%.
The relative distribution of virus-specific se-

quences was determined from a comparison of

0
O'%s -* FLF Cytopbsmic RNA

z D-° F-422 Nuclear RNA
a 4x -x F-422 Cytoplosmic RNA

20 - \ \\\ 0-\ F-422 Polyribosowmal RNA
a- OLV Subunit RNA

w 40-
cr~~~~~~~~0
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LOG [CRt] MOLES SEC/LITER

FIG. 3. Relative concentrations of virus-specific
RNA in subcelular fractions from F-422 cells. The
relative concentrations were determined by hybridi-
zation ofRNA from the various subcelular fractions
and FeLV 28S subunit RNA at varying concentra-
tions with 3H-labeled FeLV DNA (1,400 cpm per
reaction mixture) for 20 h in the reaction mixture
described in the text. Hybrid formation was detected
by SI nuclease digestion as described in the text.

a.z
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TABLE 1. FeL V-specific RNA in F-422 cells
Relative vi- Distribu- Distribu-

Subcelular fraction ru-specific tion of cel- tion of vi-Subceilular ~ RNA lular RNA rus-specific
M")a (%)b RNAC

Cytoplasm ........ 2.1 77.8 0.91
Nuclei ........... 0.7 22.3 0.09
Polyribosomes .... 2.6 29.7 0.43

a From Fig. 3.
bDetermined by measuring RNase-sensitive, tri-

chloroacetic acid-precipitable radioactivity in subcel-
lular fractions after labeling cells with [3H]uridine for
14 h.

c Expressed as [(relative virs-specific RNA in sub-
cellular fraction)(distribution of RNA in subceilular
fraction)]/[(cytoplasmic relative virus-specific RNA)
(cytoplasmic distribution) + (nuclear relative virus-
specific RNA)(nuclear distribution)].

the distribution of cellular RNA within the sub-
cellular fractions with the relative virus-specific
values (Table 1). The cytoplasmic and nuclear
fractions contained 91 and 9% of the virus-spe-
cific sequences, respectively, while 43% of the
total sequences were associated with polyribo-
somes.
Integrity of cytoplasmic RNA during ex-

traction. To determine whether the eWtraction
procedures used had any effect on the stability
of RNA from subcellular fractions, control mix-
ing experiments were performed. Virion 28S
RNA, labeled with [3H]uridine, was added to
extracts, and theRNA was purified and analyzed
on the denaturing gradients. Viron 28S RNA
was not affected by incubation with cytoplasmic
extracts for 0.5 or 1.35 h, conditions required
for preparation ofcytoplasmic extracts and poly-
ribosomes, respectively (data not shown).

Size ofvirus-specific RNA in cytoplasmic
extracts and on polyribosomes. RNA was
extracted directly from F-422 cytoplasmic ex-
tracts as described in Materials and Methods.
After sedimentation in a 5 to 20% (wt/vol) su-
crose gradient containing 99% Me2SO, the RNA
was precipitated from fractions and analyzed for
virus-specific RNA, using 3H-labeled FeLV
cDNA probe. The major cytoplasmic species
present sedimented with a value of 28S (Fig.
4A). There was also present faster-sedimenting
material with a value of 36S. In an earlier anal-
ysis using only a parallel marker gradient, this
RNA was present as a more completely resolved
peak sedimenting at approximately 36S (data
not shown). Smaller amounts of hybridizable
RNA sedimenting at approximately 23S and less
than 18S were also present, but not resolved as
separate peaks in the presence of a large 28S
peak. Due to the denaturing conditions of the
analysis, virus-specific RNA ofundenatured size

1.0
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> C. Cytoplosmic Pbly A)+ D. Polysomal Poly(A)+
>ZO 2 S 185 2S lS
_j~i
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5 10 15 20 25 5 10 15 20 25
FRACTION NUMBER

FIG. 4. Sizes ofcytoplasmic andpolyribosomal vi-
rus-specific RNA, as determined by analysis under
denaturing conditions. RNA extracted from cyto-
plasm or polyribosomes purified by Sepharose 2B
chromatography as described in the text was ana-
lyzed on sucrose gradients containing 99%Me2SO by
the method previously described (7). RNA in panels
(C) and (D) was first chromatographed on oligo(dT)-
celulose described in the text. After centrifugation,
gradients were fractionated, processed, and assayed
for virus-specific RNA as described in the text. Ar-
rows indicate internal markerpositions. The amount
of RNA was plotted as relative virus-specific RNA,
using the relationship described by Fan and Balti-
more (13), where 50% hybridization has a relative
value of 1. (A) &1 pg of total cytoplasmic RNA; (B)
4.3pg ofpolyribosomal RNA; (C) 22pg ofcytoplasmic
poly(A)-containing RNA; (D) 17 pg ofpolyribosomal
poly(A)-containing RNA.

(50 to 60S) would not be detected. The RNA
detected would include subunits from virion pre-
cursor particles present in the cytoplasm as well
as nonvirion virus-specific RNA.
Polyribosomes from F-422 cells were purified

by the Sepharose 2B exclusion method as de-
scribed (11), extracted, and analyzed for virus-
specific RNA as described for the cytoplasmic
extract RNA. There were three areas of hybrid-
izing RNA, with average values of 36S, 23S, and
15 to 18S (Fig. 4B). The two slower-sedimenting
areas were more discernible as separate peaks

J. VutL.
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than in the gradient of the cytoplasmic extract
RNA. The same three species were obtained
when Sepharose 2B-excluded material was pel-
leted through 2.0 M sucrose before extraction
and Me2SO gradient analysis (data not shown)
and could be released from polyribosomes by
EDTA treatment (Fig. 5). It is notable that
there appeared to be no peak of hybridizing
material at a value of 28S in this polyribosomal
RNA.
Poly(A)-containing cytoplasmic and po-

lyribosomal RNA. To further characterize the
virus-specific RNA species detected, the cyto-
plasmic and polyribosomal RNAs were sub-
jected to oligo(dT)-cellulose chromatography
before Me2SO gradient analysis. Cytoplasmic
poly(A)-contining vins-specific RNA (Fig. 4C)
contained three RNA species, with average sed-
imentation values of 36S, 28S, and 23S. The 36S
and 28S species were present in the total cyto-
plasmic RNA fraction (Fig. 4A) described above.
However, oligo(dT)-cellulose chromatography
increased the relative proportion of the 23S spe-
cies (Fig. 4C) when compared with the total
extract (Fig. 4A). Since only approximately 66%
of R-FeLV virion 28S RNA contains poly(A)
(7), this relative increase would be expected if
the oligo(dT)-cellulose chromatography proce-
dure selected only the poly(A)-containing intra-
cellular 28S RNA. Although hybridizable
poly(A)-containing RNA was present in the 15
to 18S region, it was not resolved as a separate
peak (Fig. 40).
Polyribosomes contained three predominant

species ofpoly(A)-containing virus-specific RNA
(Fig. 4D), which sedimented with values of 36S,
23S, and 15 to 18S, as was the case for total
polyribosomal virus-specific RNA (Fig. 4B).
Binding of anti-FeLV 125I-labeled IgG to

purified polyribosomes. Initial experiments
were performed to determine whether rabbit
anti-FeLV IgG preparations would bind to nas-
cent virus-specific proteins (Fig. 5A). The bind-
ing profile of the NRS IgG is also included, as
well as an absorbance profile of the polyribo-
somes. The NRS IgG binding was at a very low
background level of approximately 0.02 to 0.03%
throughout the polyribosome region of the gra-
dient, suggesting that there was very little non-
specific association of IgG protein with polyri-
bosomes. Anti-FeLV IgG bound at a much
higher leveL ranging from 0.25 to 0.32% in the

FIG. 5. Polyribosomal location of virus-specific
nascent protein and RNA. (A) F-422 polyribosomes
purified by Sepharose 2B chromatography were in-
cubated with anti-FeLV and NRS IgG as deswnbed
in the text. Analysis was performed on paralel 4.8-
ml, 20 to 45% (wt/vol) linear sucrose gradients cen-
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trifuged at 40,0(0) rpm in an SW50.1 rotor for 125 h.
The radioactivity in each fraction of the gradient
was expressed as the percentage of the total 125I-
labeled IgG used in the entire gradient. Symbols:
(0) Rabbit anti-FeLVIgG; (0) NRS IgG; ( ) total
polyribosomes at optical density of 254 nnL (B) Un-
trated polyribosomes and (C) EDTA (inal concen-

ittion, 25 mM).treated polyribosomes were centri-
fuged as described above. RNA was prepared from
gradient fractions as described in the text, and hy-
bridization was performed with the R-FeLV cDNA
as described in the legend to Fig. 4. Symbols: (0)
Virus-specific RNA; ( ) optical density of254 nm.
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polyribosome region and as high as 0.45% in
subsequent experiments. This binding was high-
est in the regions containing the fastest-sedi-
menting polyribosomes (Fig. 5A, 6B, and 7),
with a sedimentation coefficient of approxi-
mately 400S as calculated by the method of
McEwen (31).

Specificity and nature of the polyriboso-
mal binding sites. The specificity of binding
was further examined by preincubation of poly-
ribosomes with an excess of unlabeled NRS IgG,
followed by incubation with 215I-labeled anti-
FeLV. The binding of anti-FeLV to polyribo-
somes preincubated with NRS IgG was the same
as the binding of anti-FeLV to polyribosomes
preincubated with buffer alone (data not
shown).
A mixing experiment was performed to deter-

mine whether soluble viral proteins could non-
specifically adsorb to polyribosomes and cause

A. Puromycin-induced release of
nascent protein
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artificial binding of III-labeled IgG that would
not be due to antibody reaction with nascent
virus-specific protein. The labeled viral protein
was incubated with polyribosomes and analyzed
as described. Radioactivity was not associated
with the polyribosome region of the gradient
(data not shown). Further, unlabeled viral pro-
tein added to the cytoplasmic extract during
polyribosome purification did not increase the
binding of "2I-labeled anti-FeLV IgG compared
with control polyribosomes (data not shown).
To further define the nature of the polyribo-

somal binding sites, experiments were performed
to determine the effect of puromycin release of
nascent protein on "MI-labeled anti-FeLV IgG
binding. The conditions of release without dis-
aggregation of polyribosomes were established
as a modification of the method described by
Blobel and Sabatini (4). Disaggregation of the
ribosomal-mRNA complexes, which would be

C Control polyribosomes

80S

Q Puromycin treated polyribosomes

80s

In

Top Top

FRACTION OF GRADIENT
FIG. 6. Partial release of nascent protein and partial reduction of anti-FeLV binding by puromycin

treatmnent. The method described by Blobel and Sabatini (4) was modified for use in partial release of
nascent proteins by puromycin without polyribosomal disaggregation. (A) Polyribosomes from cells labeled
for 1 min with 3H-amino acids were prepared as described, and samples were incubated with or without
(final concentrations) 10 mMpuromycin and 50mMKCI (total monovalent cation concentration, 60 mM) at
0°C for 45 min. After sedimentation analysis as described in the legend to Fig. 5, fractions were assayed for
hot trichloroacetic acid-insoluble radioactivity. Symbols: (0) No puromycin; (0) plus puromycin. (B) Incu-
bation of unlabeled polyribosomes with and without puromycin for 15 min as described for panel (A),
followed by incubation with "seI.labeled IgG for an additional 30 min and analysis of the mixtures as
described in the legend to Fig. 5A. Symbols: (0) Anti-FeLV binding without puromycin; (0) anti-FeLV
binding ofpuromycin-treated mixture. (C) Absorbancy at 254 nm ofpolyribosomes without puromycin. (D)
Absorbancy at 254 nm ofpuromycin-treatedpolyribosomes.
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FIG. 7. Sedimentation analysis of polyribosome-

absorbed 'SI-labeled anti-FeLV IgG mixtures. Poly-
ribosomes were incubated with "2I-labeled anti-FeLV
IgG preparations, which were absorbed as follows.
Varying amounts of soluble FeLVproteins (0.4 to 32
pg) or FeLVp30 (1.0 to 50 were incubated with a
constant amount of 12'I-labeled anti-FeLV IgG at
37°C for 30 min. The mixtures were centrifuged at
5,000 rpm in the SS34 rotor (Sorvall) for 15 mm. A
constant amount of supernatant from each mixture
was used in the binding experiments with polyribo-
somes, and analyses were performed as described in
the legend to Fig. 5A. (A) Anti-FeLV IgG binding to
polyribosomes after absorption with total FeLVpro-
teins: (1, 0) no FeLVprotein; (2,O) 0.4 pg ofprotein;
(3, A) 4.0 pg ofprotein; (4, U) 20 pg ofprotein; (5,
A) 32 pg ofprotein; (6, 0) NRS IgG. (B) Anti-FeLV
binding to polyribosomes after absorption with
GuHCl-agarose chromatography-purified FeLVp3O:
(1, 0) no p30; (2, 0) 1.0 pg of p30; (3, A) 5.2 pg of
p30; (4, U) 10.3 pg ofp30; (5, A) 24.8 pg ofp30; (6,
O) NRS IgG.

reflected by an increase in absorbance in the
slower-sedimenting part of the gradient due to
release of ribosomal subunits from polyribo-
somes (4), did not occur to a significant extent

(Fig. 6C, D). However, 58% of the 3H-labeled
amino acid radioactivity, which was incorpo-
rated during a 1-min labeling period, was re-
leased from polyribosomes, and III-labeled anti-
FeLV IgG binding was decreased by 57% after
puromycin treatment (Fig. 6A, B). This concom-
itant nascent protein and antibody binding re-
duction strongly suggests that the IgG bound
to nascent virus-specific proteins.
To further characterize the polyribosomal

binding sites and confirn their virus specificity,
competition experiments were performed with
soluble viral proteins and purified p30 to deter-
mine whether added proteins could compete
with nascent protein and reduce the specific
binding. Increasing amounts of soluble virion
proteins decreased the binding in the 400S po-
lyribosome region from an uncompeted level of
almost 0.4% to near background levels of 0.06
to 0.09% with 32 jig of protein, the highest
amount used (Fig. 7A). Increasing p30 also de-
creased the binding, but not as extensively, since
50 jg (data not shown) did not reduce binding
further than the level of 0.1 to 0.14% obtained
with 24.8,ug (Fig. 7B). These data indicate that
most (i.e., approximately 70 to 75%) of the virus-
specific nascent antigenic determinants were
p30. Since this anti-FeLV serum also contains
significant anti-p15 and some anti-pll (20), the
vast majority of the anti-FeLV reactivity in-
volves virus-specific proteins.
Virus-specific RNA within different size

classes of polyribosomes. Hybridization ex-
periments with the R-FeLV cDNA were per-
formed across polyribosome gradients to corre-
late the binding of anti-FeLV to nascent virus-
specific protein RNA within polyribosomes. The
R-FeLV cDNA hybridized to RNA from two
regions within the polyribosome area of the gra-
dient (Fig. 5B). The fastest-sedimenting region,
I, contained the approximately 400 to 450S poly-
ribosomes, whereas region II contained the ap-
proximately 250S polyribosomes. There was no
ignificant hybridization to the polyribosomal
regions of the EDTA-treated polyribosome gra-
dient (Fig. 5C).
The size classes of virus-specific RNA within

the two polyribosome regions of the gradient in
Fig. 5B were determined by velocity sedimen-
tation in the presence of 99% Me2SO followed
by hybridization. The RNA from region I, the
fastest-sedimenting polyribosomes, contained
the same three species of virus-specific RNA
that were found in total polyribosomes, with
sedimentation values of 36S, 23S, and 15 to 18S
(Fig. 8A). Region II contained discernible virus-
specific RNA peaks of 36S and 15 to 18S (Fig.
8B).
Analysis of virion RNA. R-FeLV virion
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FIG. 8. Sizes of R-FeLV-specific polyribosomal
RNA. RNA from polyribosomal regions I and II of
the gradient described in the legend to Fig. 5B were
prepared and analyzed as described in the text. Ar-
rows indicate internal ribosomal marker RNA in all

panels. Gradient fractions were analyzed for virus-
specific RNA as described in the legend to Fig. 4.
(A) Region I RNA from the gradient described in

the legend to Fig. 5B; (B) region II RNA from the
gradient described in the legend to Fig. 5B.

RNA contains only a 288 subunit as detected
by labeling alone (7; Fig. 9B). However, the
finding of a 368 virus-specific RNA species in
intracellularRNA raised questions about its pos-
sible origin and the possibility that a low level
of a similar-size species might exist in virion
RNA. In attempts to detect and more com-

pletely resolve a possible >28S virion RNA spe-
cies, R-FeLV 50 to 60S RNA (Fig. 9A) was

analyzed by velocity sedimentation on a shal-
lower gradient with subsequent hybridization
under conditions of excess RNA and time suffi-
cient to saturate the input cDNA probe (Fig.
9C). The 28S subunit was detectable by hybrid-
ization with R-FeLV [3H]cDNA in coincidence
with the viral subunit labeled with ["4C]uridinei
as expected. Additionally, virus-specific RNA of
approximately 35S, which cosedimented with
poliovirus RNA, was detected by hybridization
with the R-FeLV cDNA probe (Fig. 9C). This
experiment suggests that R-FeLV contains an
additional minor subunit in addition to the ma-
jor 28S subunit RNA. Presently, the 35S virion
subunit and the 36S intracellular RNA are as-
sumed to be equivalent, since the size difference
is within the range of resolution attainable in
these experiments.
Because the above analysis was done with

considerable RNA excess and time to assure
detection of a minor species clearly not detect-
able by labeling (Fig. 9B), the equal height of
the cDNA peaks in Fig. 9C reflects saturation
of the probe rather than equal amounts of 28S
and 36S RNA. Therefore, the relative proportion
of these two species in virion RNA was deter-
mined by hybridization kinetics analysis. R-

Ii

8 16 24 32 3 4
FRACTION NUMBER LOG TIME (SEC)

FIG. 9. Identification of the minor R-FeLV virion
RNA subunit. (A) Neutral velocity sedimentation of
R-FeLV 50 to 60S RNA labeled with A4C]uridine as

described in the text. (B) Velocity sedimentation of
R-FeLV 50 to 608S RNA labeled with pH]uridine on
a sucrose gradient containing 99% Me2SO as de-
scribed in the legend to Fig. 4. (C) Velocity sedimen-
tation and hybridization ofR-FeLVRNA. The L4CJ
uridine-labeled 50 to 60s RNA from the gradient
illustrated in panel (A), as indicated by the bar, was
ethanol precipitated in the presence of 1 4CJuridine-
labeled poliovirus 35S RNA. The resuspended RNA
was analyzed on a sucrose gradient containing 99%
Me0SO as described in the text and modified to in-
cdude a 7.5 to 20l gradient and 18h ofcentrifugation.
The '4C radioactivity of haff of each fraction was

determined directly, while the other half was used
in hybridization with R-FeLVIHJDNA, under con-

ditions ofRNA excess and time sufficient to saturate
the input DNA. (D) Relative amounts of35S and 28S
viralRNA. R-FeLVrHJDNA was hybridized to viral
RNA from the pooled center three fractions of 28S
and 358 peaks ofa gradient similar to that described
in panel (C). The amount ofDNA hybridized is plot-
ted as a log function of the time ofhybridization.

FeLV cDNA was hybridized to equal volumes
of each RNA, which was pooled from center
fractions of the two symmetrical peaks from the
denaturng gradients (Fig. 9C) to minimize cross-
contamination. The amount of DNA hybridized
is plotted as a log function of the time of hybrid-
ization (Fig. 9D). By comparison of the t112 for
each size of RNA, it was determined that 4% or

A Region I B. Region U

2eSIS 28Ses
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less of the virion RNA subunits were 35S. The
value obtained can only be taken as an upper
limit because, despite the precaution mentioned
above, any contmination of the 35S peak by
the leading edge of the 28S peak would result
in an artificially high estimate.

DISCUSSION
In this study we have used complementary

single-stranded viral cDNA to study cytoplasmic
FeLV-specific RNA. The major qualifications of
this approach concern the uniformity and com-
pleteness of the transcript. The majority of the
native DNA transcript migrates as material re-
maining bound to the high-molecular-weight
RNA template (Fig. 1). This result has been
noted by others and is assumed to represent a
faithful twanscript of the template (21). Most of
the denatured product migrates as small mole-
cules (Fig. 1B). The results of the template
protection experiment (Fig. 2) suggest that not
all R-FeLV RNA sequences are present in the
DNA probe. DNA probes of this quality can be
used in analyzing intracellular RNA (13), but it
should be emphasized that certain intracellular
virus-specific RNA sequences may not be de-
tected.

Recently, larger and more uniform transcripts
of oncornavirus RNA have been obtained (8, 26,
45). Even though the conditions of synthesis
used here are similar to those described by Roth-
enberg and Baltimore (45), high uniformity and
complete transcription were not obtained. Since
this work was completed, published results sug-
gest that more uniform transcription occurs un-
der conditions of restricted magnesium ion (46).
The value of approximately 2% R-FeLV-spe-

cific RNA in unfractionated F-422 cytoplasmic
extracts (Table 1) was higher than the values
of 0.2 to 1.0% most commonly reported for Mo-
loney murne leukemia virus (M-MuLV)- or
Rous sarcoma virus (RSV)-infected cells (3, 13,
14, 22, 29, 49, 62). Similarly, the estimate of 2.6%
R-FeLV-specific polyribosomal RNA (Table 1)
was significantly higher than the levels of 0.05
to 0.58% reported for Rauscher murine leukemia
virus (R-MuLV) (17) and M-MuLV (14, 62) po-
lyribosomal RNA. The F-422 line is one of the
higher oncornavirus-producing cell lines, and the
higher levels of R-FeLV-specific RNA may be
related to the apparently high viral synthetic
rate (20). Because of these higher levels of virus-
specific RNA, the FeLV system used in this
study offers an important advantage as sources
of intracellular RNAs for subsequent analysis
(Thomason et al., submitted for publication).
Because of the appearance of virus-specific

RNA in four specific areas of the Me2SO gra-
dients, we will use the average RNA size desig-

nations of 368, 28S, 23S, and 15 to 18S in sub-
sequent discussion of intracellular R-FeLV-spe-
cific RNA. Since the FeLV system has an addi-
tional 28S RNA that differs from that in the
murine and avian systems, the resultant crowd-
ing of the Me2SO gradient makes the simulta-
neous resolution of all four peaks difficult in
some cases. However, when all the information
now available concerning intracellular R-FeLV-
specific RNA is considered, the existence of four
RNA species is clear. The presence of a 28S
cytopasmic RNA (Fig. 4A, C) sima in size to
the major virion RNA subunit (7; Fig. 9B) is
expected. Furthermore, the clear demonstration
of the largest RNA as a minor subunit of the
virion RNA on a shallower gradient (Fig. 9)
again suggests that a smilar-sized species should
be found in the cell. The apparent absence of
the 28S RNA from the polyribosome fractions
(Fig. 4B, D), although interesting in itself, is of
additional value because it permits a clearer
resolution of the 36S as well as the 23S and 15
to 18S species. We have since achieved better
separation of the four peaks in longer aqueous
low-salt preparative gradients (Thomason et al.,
submitted). The evidence that the 23S and 15
to 18S species are not degradation products of
the larger RNA is quite clear. First, under the
RNA extraction conditions used, added virion
28S RNA was not degraded at all in control
experiments addressing this point (data not
shown). Second, we now have evidence (Thom-
ason et al., submitted) that (i) the two smaller
RNA species have capped 5' termini; (ii) the
cap-to-nucleotide ratio is close to what would
be expected for 23S and 15 to 18S molecules;
and (iii) the penultimate bases of the cap struc-
tures are different for each RNA, thereby ruling
out degradation as a factor in the appearance
of these RNAs.
The presence of smaller-than-genomic-sub-

unit-size RNA in unfractionated cytoplasm has
been reported in M-MuLV-infected cells (13, 58,
59), RSV-infected cells (29, 49), and RD-114
cells (36). Although the exact sizes of these
smaller cytoplasmic RNA molecules vary among
the virus systems studied, their presence as two
separate size classes appears to be a general
phenomenon, which, as a result of this study, is
extended to include FeLV 23S and 15 to 18S
cytoplasmic RNAs.
The detection of three distinct R-FeLV-spe-

cific RNA species (36S, 23S, and 15 to 18S) on
F-422 polyribosomes (Fig. 4B, D) is in part sim-
ilar to the findings by Gielkens et al. (17) of
36S, 21S, and 14S R-MuLV-specific RNA on
polyribosomes. They further showed that 21S
and 36S RNAs were the major poly(A)-contain-
ing intracellular species (18). The one important
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difference is that the 36S R-MuLV polyriboso-
mal RNA is the same size as R-MuLV virion
subunit RNA, whereas the R-FeLV 36S polyri-
bosomal species is not the same size as the R-
FeLV 28S major virion subunit RNA, as will be
discussed later.
The very low level or possible absence of 28S

intracellular RNA on polyribosomes (Fig. 4B,
D) may reflect the lack of a 5'-terminal cap
structure, as is the case for virion 28S RNA
(57). There is now evidence that the rate of
binding of mRNA to ribosomes at potassium
ion concentrations close to those found in intact
cells is strongly influenced by the m7G group
(67). Consistent with this interpretation is our
observation that the 23S and 15 to 18S RNAs
that are found on purified polyribosomes (Fig.
4B, D) both have 5'-terminal cap structures
(Thomason et al., submitted). Although it is
reasonable to assume that 36S RNA that is
bound to polyribosomes (Fig. 4 and 8) will also
be capped and that intracellular 288 RNA will
exhibit the same unique lack of a cap structure
as the virion 28S RNA, additional experiments
are needed to resolve this question.
Antibody preparations have been successfully

used as probes for nascent antigenic determi-
nants in a variety of eukaryotic systems to study
the biosynthesis of specific proteins (6, 39, 40,
48, 56). In most of these cases, the protein under
study was a major biosynthetic product of the
cell type studied. Despite the relatively low
amounts of oncornavirus proteins synthesized in
infected cells, we were able to detect significant
125I-labeled anti-FeLV IgG binding to nascent
virus-specific proteins on F-422 cell polyribo-
somes (Fig. 5-7). Vecchio et al. (62) used im-
munoprecipitation of labeled polyribosomes
with unlabeled virus-specific antiserum, which
detected nascent M-MuLV proteins primarily
in an approximately 350S region. Although we
observed antibody binding through a broad
range ofpolyribosome sizes, the region ofhighest
antibody binding containing nascent R-FeLV-
specific protein was approximately 400S. This
agrees closely with the size of polyribosomes
containing M-MuLV-specific nascent protein.
By hybridization with R-FeLV [3H]cDNA,

two major regions of the polyribosome gradients
were shown to contain virus-specific RNA (Fig.
5B), which was subjected to size analysis (Fig.
8). The fastest-sedimenting 400 to 450S region
correlated well with the peak binding of the
anti-FeLV IgG. However, anti-FeLV IgG bind-
ing occurred over a broad range of the polyri-
bosome gradient area, including the 250S poly-
ribosomal area, which contained a peak of R-
FeLV-specific RNA (Fig. 5B). From these data,
it is not possible to determine whether just one

or both polyribosomal size classes detected by
hybridization contain the major functional R-
FeLV-specific mRNA. The combined hybridi-
zation and immunological analyses do suggest
that the RNA detected with the R-FeLV cDNA
is virus-specific mRNA, since both virus-specific
nascent protein and EDTA-releasable RNA
were present in the polyribosomal size classes
observed. There was an obvious lack of detect-
able virus-specific RNA between the 250S and
400 to 450S regions of the polyribosome gradient
(Fig. 5A). Since nascent virus-specific antigenic
determinants were present in this region (Fig.
5A, 6B, and 7), the lack of detectable RNA may
be due to the nonuniformity of the R-FeLV
cDNA probe. Ifthere are viral sequences present
in the gap region that are not highly represented
in the DNA, they may not be detected. The
virus-specific RNA in the 400 to 400S region
sedimented at 36S, 23S, and 15 to 18S (Fig. 8A),
as expected since the RNA from total polyribo-
somes had the same sedimentation coefficients
(Fig. 4B, D). Although the possible absence of
a distinct 23S peak of RNA from the 250S po-
lyribosome region (Fig. 8B) is of potential inter-
est, further analysis will be required to show
that the 23S RNA is actually absent and not
just reduced slightly in these analyses.

Since oncornavirus subunit RNA is the same
size and polarity as the largest intracellular spe-
cies, its messenger activity in cell-free protein
synthesis may be considered analogous to that
of the largest intracellular species. The RSV 30
to 40S RNA directed the cell-free synthesis of
a 75,000- to 80,000-dalton protein similar to the
intracellular structural protein precursor (42,
63-65). RNA from murine oncornaviruses di-
rected the cell-free synthesis of viral structural
protein precursor size products of 60,000 to
75,000 daltons (17, 28, 35, 47) in addition to
extremely large proteins (greater than 160,000
daltons) (28, 35). Further, Mueller-Lantzsch et
al. (33, 34) have reported that 35S M-MuLV-
specific RNA is the only size of RNA obtained
from polyribosomes containing M-MuLV p30
nascent determinants. These results suggest that
subunit-size RNA can function as mRNA and
that the precursors of the low-molecular-weight
structural proteins are probably the major syn-
thetic products of this translation.
The smaller-than-subunit-size viralRNA mol-

ecules present on polyribosomes of oncornavi-
rus-infected cells (3, 9, 17, 18, 51), including the
23S and 15 to 18S R-FeLV-specific species (Fig.
4B, D; Fig. 8), could serve the important function
of permitting the independent biosynthesis of
viral gene products that are found in nonequi-
molar quantities. Consistent with this suggestion
are the observations that the 24S intracellular
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virus-specific RNA contains RSV "sarc" (3, 9)
and avian oncornavirus "envelope" gene se-
quences (23), respectively. There is now direct
evidence that R-MuLV and avian oncornavirus
21 to 24S intracellular RNA codes for the enve-
lope glycoprotein as shown by translation either
in cell-free systems (41) or by microinjection
into oocytes (63) or into fibroblasts transformed
by envelope-defective RSV (53) and identifica-
tion of the product by immmunoprecipitation or
detection of infectious virus, respectively. Al-
though the R-MuLV 14S RNA has been trans-
lated, identity of the products is not clear at
this time (63).
The results presented here and other prelim-

inary data lead to the following speculation
about R-FeLV RNA metabolism in F-422 cells
and the nature of the virion RNAs. R-FeLV
from F-422 cells is 2.5 logs less infectious than
virus from the original R-FeLV isolate passed
in feline fibroblasts (A. Haberman and L. F.
Velicer, unpublished data). Since the major vir-
ion subunit-size RNA is not the largest species
found intracellularly, the majority of progeny
virions produced by F-422 cells may be defective
in the RNA molecules incorporated into virions.
This notion is supported by the preliminary
evidence (Fig. 9) that R-FeLV 50 to 60S RNA
preparations contain a minor 35S subunit of a
size similar to that of the largest intracellular
species, as well as the major 28S subunit, but
would require the yet unproven assumption that
the 36S RNA is the full FeLV genome. The
alternate idea is that the 28S RNA is the full-
length genome RNA that sediments more slowly
than MuLV genome RNA due to conformational
differences and that the intracellular 36S RNA
is actually an uncleaved precursor RNA. Al-
though larger-than-genome RNA has been re-
ported for virus-specific RNA from M-MuLV-
(22) and RSV-infected cells (3), there is more
recent evidence that a larger precursor MuLV
RNA does not exist (12). Also, the largest nu-
clear species found are not more than 15% larger
than the genomic subunit (3). Although our
analysis does not permit an exact size determi-
nation of the 36S RNA, its molecular weight
appears to be 50 to 70% larger than that of the
28S RNA. Furthennore, if 36S FeLV RNA is
an uncleaved precursor of 28S RNA, it would
have the properties of being detectable under
steady-state conditions and present on polyri-
bosomes and in virions, properties not reported
for the largest intranuclear RSV RNA (3).

Further analysis of the cell-free translation
products of the smaller-than-genomic-subunit-
size RNAs found in avian, feline, and murine
oncomavirus-infected cells, in comparison with
know intracellular precursor proteins and virion

proteins, will be needed to completely under-
stand the role of the smaller RNAs in oncorna-
virus gene expression. In addition, cell-free
translation, competition hybridization, and
other studies will be required to determine
whether the R-FeLV-specific 36S or 28S size
species, which are both found intracellularly and
in the virion, contain the entire R-FeLV genomic
capacity.
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