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The high-molecular-weight subunit RNA of feline leukemia virus (Rickard
strain) (FeLV-R) was analyzed for the presence ofmethyl groups. After purifica-
tion of native 50-60S FeLV-R RNA on nondenaturing aqueous sucrose density
gradients, FeLV-R 2&S subunit RNA, doubly labeled with ['4C]uridine and
[methyl-3Hlmethionine, was isolated by centrifugation through denaturing su-
crose density gradients in dimethyl sulfoxide. As calculated from their respec-
tive 3H/'4C ratios, FeLV-R 2&S RNA was methylated to the same degree as host
cell poly(A)+ mRNA. When the 28S FeLV-R RNA was hydrolyzed to completion
with RNase T2 or alkali, all of the methyl-3H chromatographed with mononu-
cleotides on Pellionex-WAX, a weak anion exchanger. The methyl-labeled mate-
rial co-chromatographed with 6-methyladenosine if the mononucleotide fraction
obtained by Pellionex-WAX chromotography was hydrolyzed to nucleosides by
bacterial alkaline phosphatase or with 6-methyladenine if purine bases were
released from the mononucleotides by acid hydrolysis. In another experiment in
which FeLV-R 28S RNA uniformly labeled with 32P was hydrolyzed and then.
analyzed by Pellionex-WAX chromatography, all of the 32P label again co-
chromatographed with mononucleotides. Thus FeLV-R 28S RNA does not ap-
pear to contain a 5' structure, either methylated or nonmethylated, similar to
those recently reported for cellular and some animal virus mRNA's.

To gain a better understanding of how RNA
tumor viruses function, much study has been
directed in recent years toward elucidating the
nature of the virion RNA. That work, most of
which was done with avian viruses, has shown
that oncornavirus RNA consists of a high-mo-
lecular-weight species and several smaller ones
(14). The high-molecular-weight RNA (usually
designated 60-70S RNA) can be dissociated into
high-molecular-weight subunit RNA (usually
designated 30-40S RNA) plus smaller RNAs by
heat or other hydrogen bond-disrupting agents.
A previous report describes the size and kinet-
ics of appearance of the RNA in a mammalian
oncornavirus, the Rickard strain of feline leu-
kemia virus (FeLV-R) (5). This communication
describes the methylation of the high-molecu-
lar-weight subunits of FeLV-R RNA.
The high-molecular-weight subunit RNA of

oncornaviruses resembles cellular RNA's in
several ways. Both are single-stranded RNA
molecules that can be translated in a cell-free
protein synthesis system (28). Cellular mRNA's
contain a post-transcriptionally added stretch
of adenosine residues at their 3' ends, and on-
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cornavirus 30-40S RNA has been found to con-
tain the same modification (13).

Recently it has been found that cellular
mRNA (6, 23) and some animal virus RNAs (21,
27, 30) contain methylated nucleotides as an
additional modification. It was originally pos-
tulated that structures containing 5'-terminal
7-methylguanosine and a 5',5'-pyrophosphate
linkage might be a general feature ofall mRNA
molecules (26). Such "cap" structures contain-
ing three adjacent phosphates have been found
at the 5' ends of mRNA's from several types of
cells (2, 7, 24, 29) and from reovirus (11), vesicu-
lar stomatitis virus (1), vaccinia virus (31), cy-
toplasmic polyhedrosis virus (10), simian virus
40 (17), and two strains of an avian sarcoma
virus (12, 15). In addition, internally located
residues of 6-methyladenosine (m6A) have been
reported to be in cellular mRNA's (6) and in
simian virus 40-specific mRNA (17), but appear
to be absent in viral mRNA's synthesized in
vitro (1, 10, 11, 30) or in vesicular stomatitis
virus mRNA synthesized in vivo (22). The phys-
iological functions of either the 5' caps or the
m6A residues are unclear, but recent evidence
suggests that the caps may be necessary for
efficient translation of some viral mRNA's in
vitro (4).
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Erikson (9) first studied the methylation of
oncornavirus RNA by growing avian myelo-
blastosis virus-producing cells in the presence
of [methyl-3H]methionine. It was found that
avian myeloblastosis virus 4S RNA was highly
methylated, and although the 60-70S RNA con-
tained a low level of methylation, it was not
determined whether this was due to methyl
groups in the 30-40S RNA or in the 60-70S-
associated 4S RNA. Others have looked for
methyl groups in the high-molecular-weight
RNA of Rous sarcoma virus (RSV) (3) and of
murine sarcoma virus/murine leukemia virus
(19) and have not found them. While the pres-
ent study was in progress, two strains of RSV,
RSV-Prague (15) and ASV-B77 (12), were re-
ported to contain methylated nucleotides, in-
cluding a 5' cap structure, in their 30-40S RNA.
We report here that the high-molecular-weight
subunit RNA of FeLV-R, a mammalian leuke-
mia virus, is methylated, and we describe its
unique pattern of methylation.

MATERIALS AND METHODS
Virus. FeLV-R was purified from the culture fluid

of feline thymus tumor cell line F-422 cells that were
propagated as previously reported (5).
The Prague strain ofRSV, type C, clone S312, was

propagated in chicken embryo fibroblasts (CEF) ob-
tained from SPAFAS, Inc., embryos. The cells were
grown in roller bottles in the standard medium 199
and nutrient mixture F-10 combination essentially
as previously reported for duck embryo fibroblasts
(18), except that 5% calf serum was used. Cells were
infected in the presence of 1 ,ug ofDEAE-dextran per
ml at a multiplicity of 0.01 focus-forming unit per
cell at the time of cell seeding or within 24 h of
seeding. The cells were allowed to grow to con-
fluency and were then maintained in the same me-
dium with 1% calf serum for 3 to 4 days until exten-
sive transformation occurred, at which time the
cells were used for radioactive labeling of RNA. The
original virus stock and all primary CEF cells were
kindly supplied by Eugene J. Smith at the U. S.
Department of Agriculture Regional Poultry Re-
search Laboratory, East Lansing, Mich.

Isotopic labeling of RNA. For labeling FeLV-R
RNA simultaneously with i[methyl-3H]methionine
and [14C]uridine, F-422 cells in mid-logarithmic
growth phase were pelleted and resuspended to 2.5
x 106/ml in 400 ml of methionine-free medium,
which, in addition to 15% fetal calf serum, contained
20 mM sodium formate, 20 IAM each adenosine and
guanosine, 25 j,Ci of -[methyl-3H]methionine per
ml (5 to 15 Ci/mmol; New England Nuclear Corp.),
and 0.03 ,uCi of [14C]uridine per ml (50 mCi/mmol;
New England Nuclear Corp.). Cells were incubated
for 4.5 h, at which time they were pelleted and
resuspended in 400 ml of normal medium and incu-
bated for a second 4.5-h period. Virus was immedi-
ately purified from the tissue culture fluids, and
RNA was extracted from pooled virus as soon as

purification of virus from the second 4.5-h labeling
interval was completed.
To label FeLV-R RNA with 32P, F-422 cells at 2.5

x 106/ml were incubated in 200 ml of phosphate-free
medium containing 10% fetal calf serum and 10 mCi
of 32P as orthophosphate (26 Ci/mg of P; Amersham/
Searle) for 4.5 h, at which time the cells were pel-
leted and resuspended in 200 ml of normal medium
and incubated for a second 4.5-h period. Virus was
purified immediately from the tissue culture fluids
and pooled, and the RNA was extracted immedi-
ately.
When labeling FeLV-R RNA with [14C]uridine

alone for use in the RSV mixing experiment, F-422
cells were handled essentially as above except that
the cells were resuspended to 2.5 x 106/ml in 200 ml
of normal medium containing 0.15 ,uCi of
[14C]uridine per ml (50 mCi/mmol; New England
Nuclear Corp.).

For labeling RSV RNA, a large roller bottle of
confluent, transformed CEF cells was incubated
with 10 ml of medium containing 200 ,uCi of
[3H]uridine per ml (40 to 50 Ci/mmol; New England
Nuclear Corp.). Cells were incubated for 12 h, at
which time the labeling medium was removed and
the cells were incubated for a second 12-h period in
normal medium. Virus was purified from each su-
pernatant fluid immediately after harvest, and the
RNA was immediately extracted as described for
FeLV-R.

Virus purification. FeLV-R was purified from F-
422 cell tissue culture fluids clarified as previously
described (5). Virus was sedimented onto a 4-ml
cushion of 45% sucrose (wt/wt) made up in TNE
(0.02 M Tris-hydrochloride, pH 7.5; 0.1 M NaCl;
0.001 M EDTA) at 25,000 rpm, 4°C, for 2 h in a
Beckman SW27 rotor. The viral band, carefully col-
lected from above to avoid any pellet, was diluted
with TNE, and the virus was sedimented to an
interface of 45% sucrose (wt/wt) (4 ml) and 20%
sucrose (wt/wt) (20 ml). The viral band was collected
from above, diluted with TNE, and pelleted through
a barrier of 20% sucrose (wt/wt).
RSV was purified in a similar manner from the

culture fluid of transformed CEF cells.
Purification of RNA. The viral pellet was resus-

pended in 0.5 ml of TNE, and the suspension was
made 1.0% sodium dodecyl sulfate (SDS) by adding
10% SDS in TNE. Approximately 0.2 mg of protein-
ase K (EM Laboratories) was added, and the solu-
tion was incubated for 5 min at 37°C before being
extracted three times with an equal volume ofTNE-
saturated phenol. The RNA was precipitated by ad-
dition of carrier RNA (5 A26 units/ml; Torula grade
B RNA, Calbiochem) and 2 volumes of ethanol.
The RNA precipitate was dissolved in 0.1 to 0.2 ml

of TNE-0.1% SDS, layered onto a 4.8-ml 5 to 20%
sucrose gradient in TNE-0.1% SDS, and centrifuged
in a Beckman SW50.1 rotor for 40 min at 45,000 rpm
and 23°C. Fractions of approximately 0.2 ml were
collected, and aliquots were counted in a scintilla-
tion counter. The fractions containing 50-60S RNA
were pooled, and the RNA was precipitated by addi-
tion of carrier RNA and 2 volumes of ethanol.
To obtain FeLV-R subunit RNA, the 50-60S RNA
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was dissolved in 0.01 ml of TNE-0.1% SDS and 0.2
ml of 99% dimethyl sulfoxide (Me2SO)-1 mM EDTA-
10 mM LiCl. The solution was heated to 60°C for 2
min, quickly cooled to room temperature, and lay-
ered onto a 4.8-ml 5 to 20% sucrose gradient in 99%
Me2SO-1 mM EDTA-10 mM LiCl. Centrifugation
was in a Beckman SW50.1 rotor for 14 h at 45,000
rpm and 25°C. The gradients were fractionated, ali-
quots were counted, the fractions containing FeLV-
R 28S RNA were pooled, and the RNA was precipi-
tated by the addition of carrier RNA (5 A260 units/
ml), 0.1 volume of 1 M sodium acetate, pH 5.1, and 2
volumes of ethanol.

For isolation of cellular RNA, F-422 cells were
pelleted and washed once with a balanced salt solu-
tion. After swelling on ice for 8 min in hypotonic
buffer (10 mM Tris-hydrochloride, pH 7.4, 10 mM
NaCl, 1.5 mM Mg C12), the cells were broken by
Dounce homogenization. Nuclei were pelleted by
centrifugation at 800 x g for 2 min, and mitochon-
dria were removed by centrifugation at 10,000 x g
for 7 min. The supernatant was made 0.1 M NaCl,
0.01 M EDTA, and 0.5% SDS and incubated with
proteinase K, after which the RNA was isolated by
phenol-chloroform extraction as described (6). The
poly(A)-containing cytoplasmic RNA was isolated
also as described (7).

Hydrolysis of RNA. RNA was alkaline hydro-
lyzed in a total volume of 0.5 ml of 0.4 M KOH for 14
to 18 h at 370C. The solution was neutralized with
perchloric acid on ice, and the KCIO, was removed
by centrifugation. The supernatant was lyophilized
before being dissolved in 0.005 M sodium phosphate
(pH 7.8)-7 M urea for analysis by high-speed liquid
chromatography on Pellionex-WAX (see below).
RNase T2 digestion of RNA was performed by

incubating 2 U ofenzyme perA2,26 unit ofRNA in the
presence of 0.15 M sodium acetate (pH 4.5), 0.9 M
NaCl, and 0.01 M EDTA for 2 h at 370C. The solution
was neutralized with KOH before analysis by Pelli-
onex-WAX chromatography.

Acid hydrolysis of mononucleotides was per-
formed as described (7).

Chromatography systems. The mono- and/or oli-
gonucleotide products of alkaline or RNase T2 hy-
drolysis of RNA were analyzed by Pellionex-WAX
(Reeve Angel) high-speed liquid chromatography as
described (7), except that a gradient of 80 ml was
used. When the mononucleotides from this column
were to be recovered, the appropriate fractions were
desalted by DEAE-cellulose (carbonate form) chro-
matography and subsequently lyophilized. The
mononucleotides were then hydrolyzed to nucleo-
sides by treatment with bacterial alkaline phospha-
tase (Worthington) and analyzed by high-speed liq-
uid chromatography on Aminex A-5 (Bio-Rad) as
previously reported (25). Purine bases (plus pyrimi-
dine nucleotides) obtained by acid hydrolysis of the
mononucleotide fraction from Pellionex-WAX were
also analyzed on Aminex A-5 as described (7).

RESULTS
Size of methyl-labeled RNA. FeLV-R RNA

that had been doubly labeled with [methyl-

3H]methionine and ['4C]uridine yielded two
peaks after centrifugation through nondenatur-
ing aqueous sucrose gradient, one at about 4S
and the other at about 52S (Fig. la). These
values are similar to those we have previously
reported for [3H]uridine-labeled FeLV-R RNA
(5). About 17% of the 3H and 48% ofthe 14C were
in the high-molecular-weight peak. The ab-
sence of significant amounts of material sedi-
menting between the two peaks suggested that
very little nonspecific degradation of FeLV-R
high-molecular-weight RNA had occurred.
When the FeLV-R 50-60s RNA thus purified

was subjected to centrifugation under denatur-
ing conditions in 99% Me2SO, the majority of
the 14C sedimented at 28S (Fig. 2a), again simi-
lar to our results with [3H]uridine-labeled
FeLV-R RNA (5). Most of the methyl-3H sedi-
mented at 4S. This result would be expected if
most of the 3H were contained in 50-605-associ-
ated 48 RNA, which has been shown to contain
large amounts of methylated nucleosides (9).
However, a significant amount (22 to 27%) of
the 3H sedimented at 28S, indicating that this
RNA species also contains methylated nucleo-
sides. The 3H/14C ratios of FeLV-R 288 RNA
obtained in several experiments were the same
as the respective 3H/'4C ratios of the host cellu-
lar mRNA (Table 1). Thus FeLV-R 28S RNA
and cellular poly(A)+ mRNA are methylated to
the same degree on the basis of methylated
nucleosides/uridine.

In a control experiment, native high-molecu-
lar-weight RSV RNA that had been labeled
with [3H]uridine was mixed with [14C]uridine-
labeled FeLV-R before extraction and purifica-
tion of RNA from the latter virus. Whereas the
14C-labeled FeLV-R subunit RNA sedimented
at 28S on Me2SO gradients, the majority of the
3H-labeled RSV subunit RNA was not reduced
from its usual size of 33S (on Me2SO gradients)
(Fig. 3). Therefore, it seems unlikely that the
28S RNA we observe from FeLV-R is derived
from a larger 30-40S molecule, similar to the
high-molecular-weight subunit RNA of avian
oncornaviruses, by degradation during RNA
purification. Furthermore, it is unlikely that
the FeLV-R 288 RNA is derived from a large
precursor that is cleaved within the virus as a
function of time, since virus labeled for a short
time (60 min) with [3H]uridine also yields RNA
sedimenting at 28S (unpublished data).
Absence of methylated caps in 28S RNA.

Within the last year, several animal virus
RNAs (1, 10-12, 15, 17, 31) and eukaryotic cel-
lular mRNA's (2, 7, 24, 29) have been reported
to contain at their 5' ends "caps" of the general
type m7G51ppp5'Nmp(, 2)Np... It was there-
fore of interest to determine whether FeLV-R
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FIG. 1. Isolation of FeLV-R native high-molecu-
lar-weight RNA by centrifugation through aqueous
sucrose gradients. FeLV-R RNA was sedimented
through a 5 to 20% aqueous sucrose gradient as
described in Materials and Methods. F-422 cellular
28S rRNA was run as a marker on a parallel gra-
dient. Fractions denoted by the bars were pooled, and
the RNA was ethanol precipitated. (a) RNA labeled
with [methyl-3H]methionine and ['4C]uridine; (b)
RNA labeled with 32pO4.

Fraction
FIG. 2. Isolation of FeLV-R high-molecular-

weight subunit RNA by centrifugation through su-
crose gradients in Me2SO. FeLV-R high-molecular-
weight RNA obtained as in Fig. 1 was sedimented
through a 5 to 20% sucrose gradient in 99% Me2SO
as described in Materials and Methods. F-422 cellu-
lar 28S rRNA was run on a parallel gradient. Frac-
tions denoted by the bars were pooled, and the RNA
was ethanol precipitated and saved for further analy-
sis. (a) RNA labeled with [methyl-3H]methionine
and ['4C]uridine; (b) RNA labeled with 32pO4*
TABLE 1. Extent ofmethylation ofFeLV-R 28S RNA

relative to F-422 cellular poly(A)+ mRNAa
3H cpm/'4C cpm of FeLV 28S RNA

3H cpm/l4C cpm of F-422 poly(A)+ mRNA

1 0.91
2 1.04
3 1.00
4 1.04

Avg 1.00
a FeLV-R 28S RNA labeled with [methyl-

3H]methionine and [14C]uridine was purified as de-
scribed in Fig. la and 2a. The 3H/14C ratio was
determined by liquid scintillation counting and was
compared with the 3H/1'4C ratio of F-422 cellular
mRNA obtained by oligo(dT)-cellulose chromatogra-
phy in the same experiment.

2&S RNA contains a similar structure. Methyl-
labeled 50-60S FeLV-R RNA was first obtained
by centrifugation through aqueous sucrose gra-
dients as in Fig. la to reduce or eliminate possi-
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FIG. 3. Mez.0-sucrose gradient analysis ofRSV

RNA added to FeLV-R before RNA extraction. RSV
native high-molecular-weight RNA labeled with
oH]uridine was added to [04C]uridine-labeledFeLV-

R, and the RNA was immediately extracted as de-
scribed in Materials and Methods. The native high-
molecular-weight RNA was puriffed by aqueous su-
crose gradient centrifugation and then centrifuged
through a sucrose gradient in Me2,9 as described in
Fig. 2. Ribosomal 28S RNA was run as a marker on
a parallel gradient.

ble contamination by host cell mRNA (see be-
low). The 2to FeLV-R RNA was then obtained
by centrifuging the50-6hs RNA through a su-
crose gradient in Me2SO as shown in Fig. 2a.
The FeLV-R 28S RNA thus purified was hydro-
lyzed to completion with alkali or RNase T2. No
resistant structures larger than mononucleo-
tides were found in FeLV-R 288 RNA by Pelli-
onex-WAX chromatography (Fig. 4). When an-
alyzed by the same procedures, poly(A)+ mRNA
obtained from the cytoplasm of host cells in the
same experiments contained oligonucleotides
migrating between (Up)5 and (Up)7 markers
(Fig. 4b), as expected for structures such as
described above. Thus FeLV-R 288 RNA does
not contain a detectable quantity ofmethylated
caps at its 5' ends, nor does it contain internal
nucleosides that are methylated at the 2' posi-
tion, since such structures would be resistant to
these hydrolysis procedures and would migrate
with dinucleotide or larger markers. It was

found that if the aqueous sucrose gradient cen-

trifugation step for the isolation of native 50-

60S FeLV-R RNA was omitted (i.e., if total
viral RNA was applied directly to the Me2SO
sucrose gradient), then variable amounts of 2'-
O-methylated nucleosides appeared in the final
Aminex high-speed liquid chromatographic
analysis ofFeLV-R 288 RNA. These 2'-O-meth-
ylated nucleosides may have been derived from
contaminating cellular mRNA, since chroma-
tography of the RNA on oligo(dT)-cellulose did
not result in their removal. However, when the
aqueous sucrose gradient centrifugation step
was included, no 2'--methylated nucleosides
were found in FeLV-R 288 RNA.
m6A is the only methylated nucleoside in

28S RNA. Since after alkaline or RNase T2
hydrolysis all of the methyl-labeled nucleotides
co-chromatographed with mononucleotide
standards, it was concluded that only base-
methylated nucleotides are present in FeLV-R
28S RNA. The mononucleotides derived from
FeLV-R 28S RNA and purified by high-speed
liquid chromatography (Pellionex-WAX) were
desalted by adsorption to DEAE-cellulose (car-
bonate form) and elution with 1 M ammonium
carbonate. After removing the ammonium car-
bonate by lyophilization, the mononucleotides
were dephosphorylated with bacterial alkaline
phosphatase and chromatographed on Aminex
A-5, a cation exchanger that separates nucleo-
sides. Virtually all (90%) of the methyl-3H co-
chromatographed with 6-methyladenosine
standard (Fig. 5a). In another experiment, pu-
rine bases were removed from the mononucleo-
tides by acid hydrolysis and analyzed by high-
speed liquid chromatography on Aminex A-5.
More than 96% of the methyl-3H co-chromato-
graphed with authentic 6-methyladenine (Fig.
5b). The absence of any methyl_-3H radioactivity
chromatographing in the position of adenine or
guanine confirms that no ring labeling of pu-
rine bases occurred. Thus m6A is the only meth-
ylated nucleoside in FeLV-R 28S RNA.
Absence of nonmethylated caps in 28S

RNA. Although FeLV-R 28S RNA did not
contain a methylated 5' cap, we considered
the possibility that the RNA of feline leu-
kemia virus (grown in F-422 cells) might differ
from other viral and cellular mRNA's by con-
taining a nonmethylated cap of the type
N5'ppp51Np * . . We would not have detected
such a structure in our experiments with
methyl-labeled RNA. Therefore, we examined
FeLV-R RNA that had been uniformly labeled
with 32PO4. RNA purified as in Fig. lb and 2b
was hydrolyzed with alkali and examined by
Pellionex-WAX chromatography. No 32P-la-
beled material eluted in the position of the
(Up)4 marker, as would be expected for a struc-
ture such as above (Fig. 6a). A structure with
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ucts of methyl-labeled RNA. RNA labeled with
[methyl-3H]methionine and ["4C]uridine was hydro-
lyzed to completion with RNase T2 as described in
Materials and Methods. Mixtures of oligomers of U,
containing (Up)3 through (Up)7 [e.g., (Up)3 is Up-
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F-422 cellular poly(A) + mRNA.
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FIG. 5. Determination of the methylated compo-

nents ofFeLV-R 28S RNA. (a) Mononucleotides ob-
tained as in Fig. 4a were desalted and treated with
alkaline phosphatase. The nucleosides thus gener-
ated were analyzed by Aminex high-speed liquid
chromatography as described in Materials and Meth-
ods. Standards are uridine (U), guanosine (G),
adenosine (A), and 6-methyladenosine (m6A). (b)
Mononucleotides obtained as in Fig. 4a were desalted
and purine bases were released by acid hydrolysis as
described in Materials and Methods. The sample was

analyzed by Aminex high-speed liquid chromatogra-
phy. Standards are guanine (Gua), adenine (Ade),
and 6-methyladenine (m6Ade).

four phosphates should have contained 0.05 to
0.08% of the total cpm (600,000 cpm in the ex-
periment shown in Fig. 6a), well within our
limits of detection. The small peak eluting near

the (Up)6 marker represents only 40 cpm and
was not reproducible. Again, in control experi-
ments with host cell poly(A)+ mRNA, alkali-
resistant 32P-labeled structures from 300,000
cpm of hydrolyzed RNA eluted between (Up)5
and (Up)7 markers on Pellionex-WAX (Fig. 6b).
Therefore, FeLV-R 28. RNA lacks nonmethy-
lated as well as methylated 5' caps. We have
not, however, been able to determine what is at
the 5' end of the FeLV-R 288 RNA, since no
structures corresponding to pNp, ppNp, or
pppNp were detected in 32P04-labeled RNA and
our attempts to label the 5' end of FeLV-R 288
RNA using polynucleotide kinase have been
unsuccessful.

DISCUSSION
The results presented here show that FeLV-R

28S subunit RNA does contain methylated nu-
cleosides. The possibility that these methylated
components derive from contaminating 50-60S-
associated 48 RNA seems very unlikely, since
the FeLV-R 288 RNA was purified by centrifu-
gation through a denaturing density gradient
and since the methylation pattern of FeLV-R
288 RNA differs completely from that of 4S
RNA (6). Furthermore, it is unlikely that the
FeLV-R 28S RNA was contaminated with cel-
lular 288 rRNA, since methylation of the latter
molecule occurs principally on the 2' position of
ribose (6), whereas the only methylated nucleo-
side in FeLV-R 28S RNA is a derivative of
adenosine methylated at the N-6 position. This
was demonstrated both by analysis of the nu-
cleosides produced by phosphomonoesterase
digestion of the RNase T2-generated mononu-
cleotides and by analysis of the bases released
after acid hydrolysis ofthe methyl-labeled mono-
nucleotides. Since FeLV-R 28S RNA is meth-
ylated to the same degree, on a per-uridine
basis, as cellular poly(A)+ mRNA (Table 1), the
number of m6A residues per FeLV-R 28S RNA
molecule can be calculated if the total number
of nucleotides in the latter RNA is known. If
the molecular weight of FeLV-R 28S RNA is
the same as that of 28S rRNA, i.e., 1.8 x 106,
then there are about 5,000 total nucleotides and
about 10 m6A residues per FeLV-R 28S RNA
molecule. However, if the molecular weight of
FeLV-R 288 RNA is 2.8 x 106 to 3.2 x 106 (see
below), then there are 8,700 to 10,000 total nu-
cleotides and about 17 to 20 m6A residues per
FeLV-R 288 RNA molecule. These calculations
use the value of 0.2% methylation given by
Perry and Kelley (23) for cellular mRNA. The
error due to differences in the base composi-
tions ofFeLV-R 28S RNA and cellular poly(A)+
mRNA is assumed to be small and is neglected.
Our results also indicate that FeLV-R 288
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RNA contains no detectable "cap" (that is, a
structure with an inverted 5',5'-pyrophosphate
linkage [26]), either methylated or nonmethy-
lated, at its 5' end. However, the amounts of
radioactive FeLV-R 2&S RNA used in these
studies place limits on the conclusions that can
be reached. Thus it can be concluded that less
than one in ten FeLV-R 288 RNA molecules
contains a cap. Cap structures have been found
recently in cellular mRNA's (2, 7, 24, 29) and in
animal virus mRNA's (1, 10, 11, 17, 31), includ-
ing those from two strains of an RNA tumor
virus (12, 15). The latter reports both dealt with
an avian sarcoma virus, whereas this report
concerns a mammalian leukemia virus.
Whether or not this fact is important to the
differences reported remains to be determined.
There are several possible explanations for

the unexpected absence ofa cap structure at the
5' end of FeLV-R 28S RNA. One possibility is
that a 5' cap structure is present in an earlier
transcript of FeLV-R high-molecular-weight
subunit RNA, but that after packaging in the
virus the 5' cap is removed either naturally or
as an artifact by endonucleolytic hydrolysis of
the RNA molecule. Since the FeLV-R subunit
RNA isolated in our laboratories cosediments
with 28S rRNA (both on aqueous and Me2SO
gradients), whereas the usually accepted value
for RNA tumor virus subunit RNA is about
35S, it might be argued that degradation may
have occurred during RNA isolation. Although
this possibility cannot be rigorously excluded,
the control experiment, in which RSV 30-40S
RNA added to FeLV-R before RNA extraction
was not reduced in size, argues against it. In
addition, such degradation would have to result
from a very specific nick since we always ob-
serve FeLV-R RNA subunit molecules that are
28S and since very little material sediments
between the 28S and 4S peaks (Fig. 2). Further-
more, it does not appear that FeLV-R 288 RNA
results from breakdown ofRNA within the vir-
ion as a function of time, since FeLV-R subunit
RNA labeled for as short a time as 1 h still
sediments at 288. That FeLV-R and other
mammalian RNA tumor virus subunit RNAs
can have a sedimentation coefficient of about
28S is supported by the results obtained by East
et al. (8) for feline leukemia virus (Rickard),
feline sarcoma virus (Rickard), RD-114, and
Crandell virus, and by Manning et al. (20) for
murine sarcoma virus (Moloney). Whether the
28S value represents a difference in chain
length or conformation remains to be deter-
mined, but it is interesting to note that al-
though FeLV-R subunit RNA cosediments with
28S rRNA, it nevertheless migrates more
slowly than the same marker during polyacryl-

amide gel electrophoresis (with an estimated
molecular weight of about 3.2 x 106) (5). In this
regard RD-114 subunit RNA, which also cosedi-
ments with 28S rRNA (8), has a molecular
weight of 2.8 x 106 as determined by electron
microscopy (16). Therefore FeLV-R 28S RNA
could have a molecular weight in the 2.8 x 106
to 3.2 x 106 range.
Another possible explanation for the absence

of a 5' cap in FeLV-R 28S RNA is that the
FeLV-R high-molecular-weight RNA destined
for packaging into virions is not methylated by
the nornal post-transcriptional modification
enzymes or that a methylated 5' end is removed
from the RNA before packaging. This possibil-
ity cannot be eliminated, and in fact the finding
of no caps in packaged viral RNA does not
preclude their presence in similar polysomal
viral RNA species. Studies to determine
whether polysomal FeLV-R RNA does indeed
contain a 5' cap structure are being actively
pursued. Recent preliminary results in our lab-
oratories indicate, however, that our stocks of
FeLV-R, produced by F-422 feline thymus tu-
mor cells, have only a low level of infectivity.
Therefore the present results on FeLV-R RNA
methylation may pertain mainly to defective
particles. Experiments are in progress to deter-
mine whether this is indeed the case. If so, it
will be interesting to examine the relationship
between the absence of a cap structure in
FeLV-R 28S RNA and the defective nature of
the virus.
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