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About 1% of the total RNA of cell lines producing murine leukemia virus is
virus-specific RNA. About one-third of the virus-specific RNA is located within
the nucleus. The size distribution of virus-specific RNA was determined before
and after denaturation. Before denaturation, virus-specific RNA sequences
sedimented as a heterogeneous population of RNA molecules, some of which
sedimented very rapidly. After denaturation, most of the virus-specific RNA had
a sedimentation coefficient of 35S or lower, but a small fraction of the nuclear
virus-specific RNA sedimented more rapidly than 35S RNA even after denatura-
tion.

The life cycle of RNA tumor viruses involves
synthesis of a DNA copy of the RNA genome
followed by integration of the viral DNA into
the cellular DNA (19). It appears that viral
RNA, both messenger and virion, is tran-
scribed from the integrated genome. Both the
messenger and virion RNA in productively in-
fected cells are mainly the same strand ofRNA
that is about 2.6 x 10f daltons, although there
may be a fraction of lower-molecular-weight
RNA (2, 6, 8, 10, 13, 14, 17, 20, 21).
Because viral RNA is made in the nucleus

but functions in the cytoplasm, it is important
to know what types of molecules are present in
the two fractions. We report here a characteri-
zation of the amounts and sizes of nuclear vi-
rus-specific RNA. In previous work, the cyto-
plasmic species were studied and shown to con-
sist mainly of 35S RNA, with lesser amounts of
lower molecular weight (8, 10).

MATERIALS AND METHODS
Cell lines. The NRK murine leukemia virus

(MuLV)-producing cell line was derived by E. Roth-
enberg by cloning NRK cells infected at low multi-
plicity with a cloned stock of Moloney MuLV.

Extraction procedures. Nuclear and cytoplasmic
RNA extracts were prepared by harvesting cells
grown to half confluence in petri dishes in cold phos-
phate-buffered saline solution. The cells were
washed twice with cold phosphate-buffered saline
and resuspended in 5 mM NaCl, 0.5 mM MgCl2, and
5 mM Tris, pH 7.5. After 4 min, the cells were
homogenized in a Dounce homogenizer and the nu-
clei were coilected by centrifugation. The nuclei
were suspended in 0.1 M NaCl, 0.01 M Tris, pH 7.6,
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and 0.0015 M MgCl2 containing 1.0% Nonidet P-40
and 0.4% deoxycholate and immediately harvested
by centrifugation. 32P-labeled poliovirus RNA was
added to the nuclear pellet. The supernatant was
added to the first cytoplasmic fraction, and the total
cytoplasm was brought to a final concentration of1%
sodium dodecyl sulfate (SDS) and 2 mM EDTA. The
nuclei were suspended in 0.5 M NaCl, 0.05 M MgCl2,
and 0.1 M Tris, pH 7.4, and treated with 1.0 ,ag of
RNase-free DNase (Worthington Biochemicals
Corp.) per ml for 1 min at 37°C. The nuclei retained
their intact appearance after this procedure and
were contaminated by less than 1% of the cytoplas-
mic fraction, as judged by the amount of rRNA in
the nuclear fraction. Both the nuclear and cytoplas-
mic fractions were extracted twice at 54°C with an
equal mixture of phenol and chloroform-1% isoamyl
alcohol and twice more with the chloroform-isoamyl
alcohol mixture alone. The RNA extracts were pre-
cipitated repeatedly with ethanol.

For determination of the concentration of virus-
specific sequences, the cytoplasmic RNA was resus-
pended in 2x SSC (0.3 M NaCl, 0.03 M sodium
citrate), 0.1% SDS, and 2 mM EDTA (hybridization
buffer) at a concentration of 1 mg/ml. The nuclear
fraction was resuspended in the same volume of
buffer as was the cytoplasmic extract from the same
batch of cells. Hybridization reactions were 10 ,ul
and contained 2,000 cpm per reaction of [3H]DNA
probe synthesized and purified as described by Fan
and Baltimore (8).

Gradient analysis. For sucrose gradient analysis,
undenatured RNA was resuspended at 0.1 mg/ml in
a buffer containing 10 mM Tris-hydrochloride (pH
7.5), 0.1 M NaCl, 1 mM EDTA, and 0.5% SDS (SDS
buffer). RNA was denatured by resuspending the
pellet in 10 mM EDTA (pH 7.5) at a concentration of
1 mg/ml followed by addition of a 10-fold excess of
dimethyl sulfoxide (Me2SO), and the solution was
heated to 60°C for 5 min. This solution was layered
directly on 10 to 20% sucrose gradients containing
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80% Me2SO, 10 mM Tris-hydrochloride (pH 7.5), 10
mM LiCl, and 1 mM EDTA. If the denatured RNA
was sedimented on nondenaturing gradients, it was
precipitated from the Me2SO solution with 2 vol-
umes of ethanol and resuspended in SDS buffer. The
15 to 30% nondenaturing gradients were made with
SDS buffer. Nondenaturing gradients were spun at
35,000 rpm, 25°C, for 4 h in a Spinco SW41 rotor.
Me,SO gradients were run at 40,000 rpm for 15 h at
30°C in a Spinco SW41 rotor. The gradients were
fractionated into 0.5-ml aliquots, and each fraction
was precipitated by addition of 1 ml of ethanol. The
ethanol precipitates were resuspended in SDS
buffer, and 25,000 cpm of [3H]DNA probe was added
to aliquots of each fraction for hybridization. After
incubation at 65°C for indicated times, the resist-
ance of the [3H]DNA probe to S, nuclease was mea-
sured as described by Fan and Baltimore (8).

RESULTS

Concentration of virus-specific RNA in the
nucleus. We measured the concentration of vi-
rus-specific RNA in the nucleus to determine
whether the concentration was sufficient to per-
mit analysis of the size distribution of the RNA
by hybridization to a labeled complementary
DNA probe. For such measurements, cells were
fractionated by a modification of the method of
Penman (16). Care was taken during the frac-
tionation procedure to ensure that cross-con-
tamination of cellular extracts was low. The
nuclear extracts were relatively free of cyto-
plasmic contaminants as indicated by the pres-
ence of less than 1% of the A.2,,, of maturer RNA
species in the nuclear extracts. The nuclei re-
mained intact during the cell fractionation pro-
cedure as judged by their appearance under a
phase-contrast microscope. More than 80%o of
the acid-precipitable RNA labeled in a 10-min
[3H]uridine pulse was found in the nuclear frac-
tion (Table 1).
The nuclear and cytoplasmic extracts of sev-

eral cell lines producing MuLV were tested for
their content of virus-specific RNA by hybridiz-
ing their RNA to a labeled DNA probe synthe-
sized by an endogenous reverse transcriptase
reaction. Extracts of Moloney MuLV-producing
NRK and JLS-V9 lines were tested with the
probe synthesized from Moloney MuLV virions.
Extracts of JLS-V9 iododeoxyuridine-induced
and uninduced lines were tested with a probe
synthesized by the induced virus. The hybridi-
zation rate of the 708 Moloney MuLV RNA and
cytoplasmic RNA of the NRK line producing
Moloney MuLV LNRK (Cl-i)] is shown in Fig.
1, in which the initial concentration of RNA
multiplied by the time of hybridization (Crt in
mole-seconds/liter) is plotted versus the per-
centage of DNA in hybrid form. For nuclear
RNA, the concentration of RNA used for the

TABLE 1. Recovery of nuclear RNA during cellular
fractionation aI

Fraction 3H cpm % Re- 32p cpm % Re-
covery covery

Total ............. 450,000 100
Crude nuclear pellet 360,000 82
NP-40-DOC-washed

nuclei ........... 355,000 79 10,000 100
Crude cytoplasmic

fraction ......... 67,000 15
NP-40-DOC super-
natant .......... . 5,000 1

Post-DNase nuclear
fraction ......... 334,000 74 8,900 89

Post-phenol nuclear
fraction ......... 338,000 75 8,600 86

Ethanol-precipi-
tated nuclear frac-
tion ............. 328,000 73 8,500 85

Recovery from non-
denaturing gra-
dients .......... 265,000 58 8,000 80

Recovery from dena-
turing gradients. 315,000 70 8,300 83

' Ten microcuries of [3H]uridine (specific activity,
30 Ci/mmol) in 25 ml of Dulbecco modified Eagle
medium plus 10% calf serum was layered onto a
subconfluent monolayer of NRK (Cl-1) cells (3 x 107
cells). After 10 min the medium was removed and
the cells were fractionated as described in Materials
and Methods. After the nuclear pellet was washed
with Nonidet P-40 (NP-40) and deoxycholate (DOC),
104 cpm of 32P-labeled purified poliovirus RNA was
added. Portions were removed and precipitated with
trichloroacetic acid to determine total trichloroace-
tic acid counts recovered after each purification
step. The recovery of acid-precipitable material
after centrifugation on sucrose gradients was deter-
mined by precipitating portions of the gradient frac-
tions with trichloroacetic acid.

abscissa was actually that of the cytoplasmic
fraction. Because nuclear and cytoplasmic frac-
tions were suspended in the same volume and
the recovery of RNA in the two fractions was
greater than 80%, this method reveals directly
the relative amounts of viral RNA in the cyto-
plasm and nucleus of the cell. By comparing the
Crt for 50% hybridization of the various samples
to that of the purified 70S viral RNA, it was
possible to calculate the dilution of virus-spe-
cific RNA by cellular RNA in the various frac-
tions (8). About 1% of the total RNA of produc-
tively infected cells was virus specific. There
was about twice as much virus-specific RNA in
the cytoplasmic fractions as there was in the
nuclear RNA. This amounts to about 12,000
copies of35S RNA equivalents in the cytoplasm
and about 6,000 copies in the nucleus. A similar
distribution of virus-specific RNA was found in
the JLS-Vll line and in JLS-V9 cells induced
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nuclearRNA (A) were also determine
for the 70S RNA and cytoplasmic
value) was calculated in a standard
nuclear RNAs the concentration of
calculate the abscissa was actually tl
plasmic fraction. Because the fracti
pended in the same volume and the re

in the two fractions was greater t)
method reveals directly the relative ai

RNA in the cytoplasm and nucleus oj

for synthesis of an endogenous vii
The amounts of virus-specific RN
cleus and cytoplasm were sin
amounts found by Green et al.
transformed by a murine sarcom
concentrations of virus-specific
somewhat higher than those repoi
cells productively infected by avi,
ruses (6, 13, 17).

Size distribution of [3Hluridi
beled RNA on nondenaturing ani
sucrose gradients. We investigl
distribution of pulse-labeled nucli
der denaturing and nondenaturin
These experiments were design(
that our extraction procedures wo
tection of RNA molecules 35S an(
For analysis of the size distribu

natured RNA, NRK (Cl-1) cells we
10 min with 0.5 mCi of [3H]uridin
fractionated, and the nuclear RNA
as described in Materials and Mei
2a illustrates the size distribution
natured nuclear RNA. The label
present throughout the gradient,
it sedimented more rapidly than ti
35S poliovirus RNA added to the
the extraction ofRNA. This [32P]R
an internal control for the recovei

dation ofRNA during the extracti(
About 80% of the added 32P-label
RNA was subsequently recovered
clei, and about 75% of the acic
[3Hluridine was recovered (Table

mine whether labeled RNA retained its origi-
nal sedimentation velocity when isolated from
the gradient, pooled fractions from the gradient
pictured in Fig. 2a were resedimented under
identical conditions. The [3H]RNA sedimented
with the same velocity as it did originally (Fig.
2b).
To determine whether the rapid sedimenta-

100 i0o tion velocity of [3H]RNA was due to aggrega-

tion of smaller RNA molecules, we denatured
tic and nuclear the pulse-labeled nuclear RNA by heating it to
fK line produc- 600C in a solution containing 90%o Me2SO. Polio-
ie for 70S RNA virus double-stranded RNA was completely de-
oncentration of natured under these conditions (unpublished
RNA (a) and data). When a portion of the same nuclear ex-
d NTAe (atbheCsa tract as was used for the gradient of Fig. 2a was
anner(5) For denatured and sedimented under denaturing
RNA used to conditions, the distribution of [3H]RNA was
hat of the cyto- markedly changed (Fig. 2d). Very little
ions were sus- [3H]RNA sedimented more rapidly than 70s,
?covery ofRNA and the bulk of the RNA sedimented between
han 80%, this 35S and 18S. The RNA isolated from the pooled
nounts of viral fractions of the gradient pictured in Fig. 2d
fthe cell. retained its original sedimentation velocity

rus (Table 2). when resedimented under the same conditions
[A in the nu- (Fig. 2e).
nilar to the To test whether the RNA that sedimented

(11) in cells faster than 35S RNA under nondenaturing con-

(a virusn The ditions contained a representative size distribu-
RNAs were tion of RNAs or whether it was enriched for a

rted for avian specific size class of RNA, fractions 8, 9, and 10
an C-type vi- of the gradient pictured in Fig. 2a were pooled

and separated into three equal portions. One
ine pulse-la- portion was sedimented directly on a nondena-
d denaturing turing sucrose gradient, and a second was de-
ited the size natured by heating in a solution containing
ear RNA un- 90% Me2SO and analyzed on a nondenaturing
ig conditions. sucrose gradient (Fig. 2c). The remaining por-
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tion was denatured and sedimented under de-
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TABLE 2. Concentration ofvirus-specific RNA in the
d longer. nuclear and cytoplasmic extractsaition OI unae-
Xre labeled for
le per ml and
i was purified
thods. Figure
i of the unde-
led RNA was
and much of
he 32P-labeled
nuclei before
,NA served as
ry and degra-
on procedure.
led poliovirus
from the nu-
d-precipitable
!1). To deter-

% of total RNA
Cell type

Nucleus Cytoplasm
1. NRK Undetectable Undetectable
2. NRK (Moloney 0.7 1.3

MuLV)
3. JLS-V9 (Molo- 0.4 1.0

ney MuLV)
4. JLS-V9 0.05 0.07
5. JLS-V9 IUdRb 0.3 0.7

induced
a The amount of virus-specific RNA was deter-

mined from the rate of annealing of a DNA probe
complementary to Moloney leukemia virus (lines 1
to 3) or to the endogenous virus (lines 4 and 5). One
such experiment is pictured in Fig. 1.

b IUdR, Iododeoxyuridine.

VOL. 19, 1976



334 HASELTINE AND BALTIMORE

5H 52p 3H 32p
CPM CPM CPM CPM

X10-sL xdla, x ,od Xxlo-2a 35S0) ( )0 35Sdd0-

52- J 10 3r 10

4 ~~~~8 4-8

1 2 ~~~~~~~~~~~~~~~~~~2

3H ic-. Ht
12b ~~~~~~~CPMCPM
o ~~~~35S

51015 20 25 30 55 10S2 253

9 35S 1

2 4
'3

I ~~~~~~~~~2

3H 3H (2R
CPM CPM CPM

tation ~ I-waXo3 t3,0 pmi eka S4 oo t22°C XbFrcioso ncer Nro2h

x102C x,02 ~~~~~~~~~~~~ 35S xgQ'*
(2~~~)~35S 9 6

64

5 3 / 2

5101520 25 30 5 10 15 20 25 30
Fraction number Fraction number

FIG. 2. Size distribution of[3H]uridine-labeled nuclear RNA under denaturing and nondenaturing condi-
tions. (a) Nuclear RNA labeled with [3H]uridine for 10 min was sedimented on a nondenaturing 15 to 30%
sucrose, Tris-buffered 1% SDS gradient. Symbols: (0) [3H]RNA; (0) 32P-labeled poliovirus RNA. Sedimen-
tation was for 3 h at 35,000 rpm in a Beckman SW41 rotor at 220C. (b) Fractions of nuclear RNA from the
gradient pictured in panel a were resedimented on nondenaturing 15 to 30% sucrose, Tris-buffered 1 % SDS
gradients. Portions offractions 8, 9, and 10 (0), fractions 14 and 15 (A), and fractions 26 and 27 (O) were
precipitated with ethanol and sedimented for 3 h at 35,000 rpm in a Beckman SW41 rotor at22C. 32P-labeled
poliovirus RNA was added to each sample as a marker. (c) Fractions 8, 9, and 10 of the gradient pictured in
panel a were precipitated with ethanol. Part of the sample was resuspended in SDS buffer (A). Another
portion was denatured by heating to 60°C for 5 min in 90% Me2SO, ethanol precipitated, and resuspended in
SDS buffer (0). The samples were layered on a 15 to 30% sucrose, Tris-buffered 1% SDS gradient and spun
for 3 h at 35,000 rpm at22°C in a Beckman SW41 rotor. (d) Nuclear RNA labeled with [3H]uridine for1O min
(a portion of the preparation pictured in panel a) was denatured by heating to 60°C in a buffer containing 90%
Me2SO. The denatured RNA was layered onto a 10 to 20% sucrose gradient containing 80% Me2SO. (0)
[3H]RNA. Sedimentation was for 15 h at 35,000 at 30°C in a Beckman SW41 rotor. (0) 32P-labeled poliovirus
RNA. (e) Fractions of[3H]uridine-labeled nuclear RNA from the gradient pictured in panel d were precipi-
tated with ethanol, resuspended in a buffer containing 90% Me2SO, and sedimented on 10 to 20% sucrose
gradients containing 80% MeSO. Sedimentation was as described in panel d. 32P-labeled poliovirus RNA
was added as a marker to each fraction. Symbols: (A) Fractions 11 and 12; (0) fractions 16 and 17. (f) A
portion of fractions 8, 9, and 10 of the gradient pictured in panel a was precipitated with ethanol and
denatured by heating to 60°C for 5 min in a buffer containing 90% Me2$O. The RNA was sedimented on a 10
to 20% sucrose gradient containing 80% Me$SO at 35,000 rpm for 15 h at 30°C in a Beckman SW41 rotor. 32P
labeled poliovirus RNA was included (0). (0) [3H]uridine.

naturing conditions (Fig. 2f). When denatured sedimentation coefficient. Note also that the
and sedimented under either nondenaturing or [3H]RNA that sedimented very rapidly under
denaturing conditions, the RNA that originally nondenaturing conditions did not contain a rep-
sedimented rapidly under nondenaturing con- resentative distribution of RNA sizes. It was
ditions sedimented as a heterogeneous popula- specifically enriched for those RNA molecules
tion of RNA molecules having a lower average that sedimented more rapidly than the average
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FIG. 3. Size distribution ofMoloney virus-specific RNA under denaturing and nondenaturing conditions.

(a) A nuclear RNA extract ofa Moloney virus-producing NRK cell line was layered onto a 15 to 30% sucrose,
Tris-buffered 1% SDS gradient and sedimented for 3 h at 35,000 rpm in a Beckman SW41 rotor at 22C.
Portions of each gradient fraction were precipitated with ethanol and incubated for 5 h in 50 pi ofa buffer
containing 2 x SSC, 10 mMEDTA, 0.1% SDS, and 2,500 cpm ofa [3H]DNA probe synthesized from Moloney
MuLV. The amount of[3H]DNA protected from digestion by S1 nuclease is shown (0). The size distribution of
32P-labeled poliovirus RNA added to the nuclear pellet after the wash with Nonidet P-40 and deoxycholate is
also shown (a). (b) Fractions 5, 6, and 7 ofthe gradient pictured in panel a were precipitated with ethanol. A
portion was resuspended in SDS buffer (A). Another portion was denatured by heating to 60°C for 5 min in a
buffer containing 90% Me2S0, precipitated with ethanol, and resuspended in SDS buffer (0). 32P-labeled
poliovirus RNA was added to the initial fraction to serve as a marker. The samples were layered onto 15 to
30% sucrose, Tris-buffered 1% SDS gradients and sedimented for 3 h at 35,000 rpm in a Beckman SW41
rotor. The gradient fractions were precipitated with ethanol and annealed with 2,500 cpm of[3H]DNA probe
for 12 h as described in panel a. (c) NuclearRNA from the same preparation as used in panel a was denatured
by heating to 60°C for 5 min in a buffer containing 90% Me2S0. The RNA was layered onto a 10 to 20%
sucrose gradient containing 80% Me2SO and centrifuged for 15 h at 35,000 rpm at 30°C in a Beckman SW41
rotor. The distribution of virus-specific RNA was determined by incubating portions of each gradient with
2,500 cpm of[3H]DNA probe for5 h as described in panel a. The amount of3Hprobe resistant to S, nuclease is
plotted (0). 32P-labeled poliovirus RNA added to the nuclei after the wash with Nonidet P-40 and deoxycho-
late is also shown (a). (d) A portion offractions 5, 6, and 7 ofthe gradient pictured in panel a was precipitated
with ethanol, denatured by heating at 60°C for 5 min in a buffer containing 90% Me2SO, and sedimented on a

10 to 20% sucrose gradient containing 80% MeSO for 15 h at 35,000 rpm, 30°C, in a Beckman SW41 rotor.
Gradient fractions were precipitated with ethanol and then incubated with 2,500 cpm of[3H]DNA probe as

described above. The amount of[3H]DNA resistant to digestion by Si nuclease is shown (0). 32P-labeled
poliovirus RNA was added to the fraction before denaturation (a). The RNA that sedimented more rapidly
than 35S, fractions 8 to 14, protected 90% ofthe [3H]DNA probe from digestion by Si nuclease digestion when
the hybridization reactions of the separate fractions were allowed to go to completion.

population under denaturing conditions. This
experiment demonstrated that the methods of
cell fractionation and RNA extraction used can
detect virus-specific RNA chains longer than
35S RNA if they exist.
The distribution of 3H-labeled nuclear RNA

was the same as that pictured in Fig. 2 when
RNA extracts were prepared by using either
the proteinase K method described by Fan and
Baltimore (8) or the high-salt-urea method of

Holmes and Bonner (12) and analyzed on non-
denaturing and denaturing sucrose gradients.
Results of experiments with pulse-labeled
[3H]RNA extracted from HeLa cells and from
JLS-V9 cells were very similar to those de-
scribed above. Others have also reported a de-
crease in the average length of pulse-labeled
nuclear RNA after denaturation (1, 3, 7, 15).

Size distribution of virus-specific nuclear
RNA. To measure the steady-state size distri-
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bution of virus-specific RNA, we prepared unla-
beled nuclear RNA cultures of NRK (Cl-1).
This cell line was chosen because of the high
content of virus-specific RNA (Table 2) and be-
cause the NRK line contains no endogenous
virus that has sequences homologous to those of
Moloney MuLV (18; Rothenberg and Balti-
more, unpublished observations).
To measure the size distribution of virus-

specific RNA, unlabeled nuclear RNA was ex-
tracted in parallel with the labeled nuclear
RNA described in the previous section. The
concentration of virus-specific RNA in each of
the gradient fractions was determined by the
ability of the RNA of each fraction to protect a
complementary L3H]DNA probe from digestion
by S, nuclease. The hybridization reactions
were done at RNA excess, at a time sufficiently
short so that the amount of 3H probe protected
was proportional to the concentration of virus-
specific RNA in the sample (8). Figure 3a shows
the size distribution of virus-specific RNA when
nuclear extracts of the NRK line were sedi-
mented under nondenaturing conditions. Vi-
rus-specific RNA was present throughout the
gradient, much of it sedimenting more rapidly
than the 35S 3H-labeled poliovirus RNA
marker. However, when the nuclear extracts
were denatured in 90% Me2SO and sedimented
under denaturing conditions in gradients con-
taining 80% Me2SO, very little virus-specific
RNA sedimented more rapidly than did the
poliovirus RNA (Fig. 3c). The shape of the 32P-
labeled poliovirus RNA peak indicates that
there was little if any degradation of poliovirus
RNA during the extraction and purification
procedure. Between 2 and 4% of the virus-spe-
cific RNA had a sedimentation velocity of
greater than 35S.
The native RNA that sedimented more rap-

idly than 35S RNA was enriched in RNA that
sedimented faster than 35S RNA after denatur-
ation. Figure 3b compares the sedimentation
velocity of the rapidly sedimenting RNA of frac-
tions 5, 6, and 7 of Fig. 3a on nondenaturing
gradients before and after denaturation. Figure
3d illustrates the size distribution of the same
material when it was denatured and sedi-
mented under denaturing conditions. Approxi-
mately one-third of this fraction sedimented
more rapidly than 35S, with a heterogeneous
distribution extending up to 60S.
The distribution of virus-specific RNA was

the same when the nuclear RNA extracts were
prepared by the proteinase K method described
by Fan and Baltimore (8) or the high-salt-urea
method of Holmes and Bonner (12). Treatment
of the samples with RNase A before sedimenta-

tion completely eliminated hybridization of the
probe across the gradients (data not shown).

DISCUSSION

About 1% of the RNA of a cell line contin-
ually producing a murine leukemia virus is
virus specific, and about one-third of the virus-
specific sequences are located within the nu-
cleus. This represents an appreciable fraction,
about 5%, of nuclear RNA, based on the as-
sumption that nuclear RNA comprises about
one-tenth of the total cellular RNA (4).
We measured the size distribution of this

steady-state population of virus-specific RNA
molecules under denaturing and nondenatur-
ing conditions. Under nondenaturing condi-
tions, virus-specific nuclear RNA sedimented
as a heterogeneous mixture of RNA species,
with sedimentation coefficient ranging from
10S to over 100S. This heterogeneous distribu-
tion was different from the distribution of cyto-
plasmic virus-specific RNA sequences. Cyto-
plasmic RNA has been shown to consist mainly
of 35S RNA, with lesser amounts of lower-mo-
lecular-weight species (8, 10; Haseltine and
Baltimore, unpublished observations). The het-
erogeneous size distribution of virus-specific
RNA must reflect aggregation of RNA species
because the size distribution of virus-specific
nuclear RNA was markedly altered when the
RNA was denatured. After denaturation, the
RNA consisted almost entirely of 35S RNA and
smaller species. The experiments reported here
do not distinguish between the possibility that
the fraction that sedimented rapidly under non-
denaturing conditions represented aggregation
between independently transcribed RNA mole-
cules, or the possibility that the virus-specific
RNA was part of long primary transcript that
was held together by a secondary structure.
Whatever the cause of the aggregation, polio-
virus RNA added early in the extraction proce-
dure does not enter the aggregates. Pulse-la-
beled cellular RNA behaved like the virus-spe-
cific RNA. Georgieff et al. (9) have reported a
similar observation in cells transformed by ade-
novirus. They found that under nondenaturing
conditions adenovirus-specific nuclear RNA
sedimented as a heterogeneous mixture ofRNA
species, some of which had very high sedimen-
tation coefficients. After denaturation, how-
ever, the adenovirus-specific RNA sedimented
with a sedimentation coefficient of 20S.
A small fraction, 2 to 5% of the nuclear RNA,

sedimented more rapidly than 35S RNA after
denaturation. This rapidly sedimenting virus-
specific RNA was enriched in RNA that sedi-
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mented more rapidly than 35S before denatura-
tion. This fraction may represent incompletely
processed precursor RNA molecules.
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