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A late region deletion mutant of simian virus 40 (dl5) was previously shown to
be deficient in the transport of nuclear RNA. This is a splice junction deletion that
has lost the 3' end of an RNA leader, an intervening sequence, and the 5' end of
the splice acceptor site on the body of the mRNA. In this report, we analyzed the
steady-state structure of the untransported nuclear RNA. The 5' ends of this RNA
are heterogeneous but contain a prominent 5' end at the normal position
(nucleotide 325) in addition to several other prominent 5' ends not seen in wild-
type RNA. The 3' end of this RNA does not occur at the usual position (nucleotide
2674) of polyadenylation; instead, this RNA is non-polyadenylated, with the 3'
end occurring either downstream or upstream of the normal position.

Eucaryotic mRNA production occurs via a
surprisingly complicated pathway. The se-
quence of events leading to stable mRNA in-
cludes promotion (which in itself may be multi-
functional), 5' capping, 3' polyadenylation,
splicing, and finally transport from the nucleus
to the cytoplasm (for review, see references 9
and 14). Of these post-transcriptional events, the
least investigated is the question of how nuclear
transcripts are transported into the cytoplasm.
Not all nuclear RNA sequences are destined to
become cytoplasmic mRNA. It was reported
that the sequence complexity of heterogeneous
nuclear RNA is measurably greater than that of
cytoplasmic RNA (31). It could be argued, how-
ever, that this may be because transcription runs
well past the polyadenylation site and that sub-
sequent cleavage and polyadenylation could re-
sult in the excision and degradation of down-
stream sequences, thereby accounting for the
different complexities observed.

It seems unlikely, however, that such an ex-
planation could account for the transport behav-
ior of several constructed and naturally occur-
ring deletion mutations in viral and cellular
genes (7, 8, 12, 16, 18-22, 30; R. T. White, Ph.D.
thesis, Stanford University, Stanford, Calif.,
1980). There are now numerous examples of
genes deleted downstream from promoters and
upstream from polyadenylation sites that do not
code for the production of stable mRNA. These
deletions generally affect splice junctions. An
early example of a transport deficiency mutation
was constructed in the late region of simian virus
40 (SV40), in which an intervening sequence was
precisely deleted (18, 19). The relation between

splicing and transport, however, is complicated.
There are, for example, deletion mutants which
efficiently transport unspliced RNA (8,15,30;
White, thesis), indicating that splicing per se
need not occur to allow transport. Along these
lines, a hypothesis that the intervening se-
quences were directly involved in the retention
within the nucleus of nuclear RNA was pro-
posed and tested (28). The results of those
experiments indicated that retention of nuclear
RNA is probably not simply the result of the
presence of intervening sequences, as tran-
scripts containing intronic sequences were effi-
ciently transported.
What then can be the relation between splic-

ing and transport of nuclear RNA? In an effort to
address this question, we report here the de-
tailed analysis of the nuclear RNA synthesized
by a late region deletion mutant of SV40 that is
deficient in the transport of nuclear RNA. It was
observed that these RNAs were neither termi-
nated nor polyadenylated at the normal poly-
adenylation site.

MATERIALS AND METHODS
Enzymes and reagents. Restriction endonucleases

were purchased from Bethesda Research Labora-
tories, New England Biolabs, or Boehringer Mann-
heim Corp. T4 DNA ligase was a gift from Paul
Hagerman, University of Colorado. The Klenow frag-
ment of DNA polymerase I was purchased from
Boehringer Mannheim. a-32P-labeled deoxynucleotide
triphosphate (7,800 Ci/mmol) was from New England
Nuclear Corp. y-32p-labeled ATP (crude, carrier free)
was from ICN. Oligodeoxythymidylate-cellulose was
purchased from Collaborative Research Inc. Polynu-
cleotide kinase and exonuclease VII were purchased
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from Bethesda Research Laboratories. Cordycepin
(3'-deoxyadenosine) was purchased from Calbiochem-
Behring Corp.

Plasmids, bacteria, and plasmid DNA. The plasmid
d151322 was constructed by digesting SV40DNA with
HhaI. The large fragment of this digest was recircular-
ized after gel purification with T4 DNA ligase. This
DNA was then digested with BamHI and cloned into
the BamHI site of pBR322 (5). Transformation onto
Escherichia coli HB101 cells was done by the method
of Mandel and Higa (23). Tetracycline-sensitive colo-
nies were screened for the presence of dl5/322 DNA by
restriction digestion. Plasmid DNA was purified as
described previously (25). DNA from dlS/322 was
sequenced through the point of deletion, and a detailed
restriction enzyme analysis was also performed. This
analysis confirmed the DNA structure of dl5 (White,
thesis).

Cell culture and viruses. The history and protocols
for growing virus in CV-1 monkey kidney cells were
described previously (25). Cells were grown in Dul-
becco modified essential medium with 5% fetal calf
serum, penicillin (500 U/ml), and streptomycin (100
pg/ml).
DNA transfection. DNA transfections were per-

formed as described by Graham and Van Der Eb (17)
as modified by Parker and Stark (26). Viral DNA (10
,ug per plate of 2 x 107 cells) was diluted into 1 ml of
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesul-
fonic acid)-buffered saline containing (per liter); 8 g of
NaCl, 0.36gof KCl, 0.16gofNa2HPO4 - 7H20, 1 gof
dextrose, and 5 g of HEPES (pH 7.05) and adjusted to
125 mM CaC12 from a 2 M stock solution. The solution
was incubatd for 20 min at room temperature. The fine
precipitate which formed was overlaid onto CV-1 cells
without rinsing the monolayer and incubated for 30
min at room temperature. The cells were then overlaid
with Dulbecco medium and incubated for 4 h at 37°C.
The medium was then removed, and the cells were
shocked by overlaying them with 2 ml of HEPES-
buffered saline with 15% (wt/vol) glycerol for 4 min.
The glycerol solution was then removed, and the cell
monolayer was rinsed twice and then overlaid with
Dulbecco medium with 10%o calf serum. DNA for
these transfections was prepared by excising the viral
DNA from the plasmid DNA by BamHI digestion. The
gel-purified DNA was then recircularized with T4
DNA ligase.

Cell fractionation and extraction of RNA. The frac-
tionation of cells into cytoplasmic and nuclear frac-
tions and the extraction of RNA were described in
detail previously (7).

Preparation of DNA hybridization probes. Recombi-
nant plasmid DNA was digested with BamHI, and the
overhanging 5' termini were then end labeled with
[_y-32P]ATP by the exchange reaction (4). The labeled
DNA was then purified by electrophoresis on a 1.0o
agarose gel, and stained bands were cut out and
electroeluted. The specific activity of the DNA was
about 2 x 106 cpm/,ug. This probe was used for 5'-end
analysis of di5 RNA. A similar proble was prepared
from SV40 DNA and used for the 5'-end analysis of
wild-type (WT) SV40 RNA. Probes for 3'-end analysis
of RNA were prepared by the fill-in reaction of the
EcoRI site by using the Klenow fragment of DNA
polymerase I and a-32P-labeled dATP as described by
others (11).

Analysis of RNA. Virus-specific RNA was analyzed
by the nuclease S1 method of Berk and Sharp (3),
modified as described previously (7). Nuclease-resis-
tant DNA was electrophoresed on 1.5% alkaline ag-
arose gels (24). Dried gels were exposed to Kodak
AR5 film at -70°C for the times indicatd in the text in
the presence of a Dupont Lightning-Plus intensifying
screen. Viral RNA was also analyzed by the method of
Alwine et al. (1). Nuclear RNA extracted from 2 x 108
cells transfected with either dIS or WT SV40 DNA was
fractionated on oligodeoxythymidylate-cellulose.
RNA was then electrophoresed on a 1.5% agarose gel
containing methylmercury. Gels were then blotted
onto diazotized paper and probed for the presence of
late SV40 sequences with a nick-translated late region
probe (0.758 to 0.175 map units [m.u.]).

RESULTS
Analysis of 5' ends of dl5 nuclear RNA. Nucle-

ar RNA from 4 x 107 cells was extracted 48 h
after transfection with d15 DNA. As a control
experiment, nuclear RNA was also extracted
after transfection with WT SV40 DNA. RNA
was analyzed with nuclease S1 and exonuclease
VII for the determination of 5' ends. The DNA
probes for these analyses were 5'-end labeled at
the BamHI site of the homologous DNAs. In
addition, SV40 nuclear RNA was selected by
two successive passages on oligodeoxythymidy-
late-cellulose for the presence of polyadenylated
RNA (2) (Fig. 1). In the nuclease S1 analysis of
dIS RNA, three relatively prominent bands were
observed, 3.4, 1.7, and 0.93 kilobases (kb) long.
The 5' ends of these bands corresponded to
nucleotides (nt) 4300, 320, and 1600 of the SV40
genome (numbering is from Buchman et al. [6]).
The 5' end at nt 320 corresponded to the major 5'
end seen in WT SV40 nuclear RNA. The 5' end
at nt 4300 has not been found in WT nuclear
RNA, but 5' ends in the early region have been
reported (21). The 5' end at nt 1600 was not
detected in WT SV40 nuclear RNA. All of these
determinations took into account the 500 nucleo-
tides deleted in diS. In addition to these three
relatively prominent 5' ends, there was a sub-
stantial amount of 5'-end heterogeneity from nt
1600 to well into the early region, as well as
some minor 5' ends between nt 830 to 1600. (A
schematic summary of these results is presented
in Fig. 6.)
As nuclease S1 analysis alone cannot distin-

guish 5' ends from splice junctions, we also
digested DNA-RNA hybrids with exonuclease
VII to confirm the location of authentic 5' ends.
It was observed that the pattern of protected
probe did not differ substantially from that seen
with nuclease S1, indicating that most of this
RNA was unspliced. Some relative loss in inten-
sity of the 0.93-kb band was noted, however. It
was therefore possible that some of 0.93-kb
species was spliced to unknown 5' ends; none-
theless, it was clear that the great majority of diS
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of SV40 DNA labeled at the EcoRI site. Hybrids
were digested with Si nuclease and analyzed as
described above (Fig. 2). Analysis of WT SV40
nuclear polyadenylated RNA showed a major
band at 0.89 kb. This corresponded to the 3' end
of the RNA at nt 2674 (the normal polyadenyla-
tion site). In addition, a less abundant band at
1.04 kb was also seen. This band was the size of
the probe (1,040 nucleotides) and may be partly
the result of probe-probe rehybridization, repre-
senting a background of signal. It is also possible
that some nuclear polyadenylated RNA was
either contaminated with very long non-poly-
adenylated RNA or was itself very long and
protecting the full length of the probe. The
pattern observed with non-polyadenylated WT
SV40 nuclear RNA is also shown (Fig. 2). Here,
the 0.89-kb band was not apparent, indicating
that the non-polyadenylated nuclear RNAs were
not terminated at nt 2674; instead, a large
amount of the 1.04-kb band was present. The
intensity of this band was substantially above

I-I I +

FIG. 1. 5'-end analysis of d15 and WT SV40 nucle-
ar transcripts. The probe for d15 analysis was BamHI-
end-labeled cloned d15 DNA, and for WT analysis it
was EcoRI-end-labeled SV40 DNA. The marker (lane
M) is an HindIII digest of SV40 DNA. Nuclease S1
and exonuclease VII (exo) digests were preformed as

described in the text with 50,000 cpm of probe and the
nuclear RNA from 2 x 10' cells. Shown is a 14-h
exposure of the autoradiograms from the dried alkaline
gel. WT SV40 RNA was fractionated into polyade-
nylated (A+) and non-polyadenylated (A-) compo-
nents as described in the text.
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nuclear RNA was unspliced. A comparison of
the 5'-end analyses of WT SV40 nuclear poly-
adenylated and non-polyadenylated RNAs
showed only limited similarity. Here, the major
5' end was also at nt 320, but much less hetero-
geneity was observed. The WT heterogeneity
present was mainly in the non-polyadenylated
RNA and restricted to the region between nt 0
and 325.

3'-end analysis of nuclear RNA. Nuclear RNA
from transfected cells was hybridized to 3'-end-
labeled DNA probe that had been labeled at the
EcoRI site by the fill-in reaction as described
above. The probe for diS RNA was a plasmid
containing an HindlIl-cut unit length of SV40
(cut at nt 3476) cloned into the HindIII site of
pBR322. This DNA was linearized and labeled
at the EcoRI site. The probe for WT SV40 RNA
was the EcoRI (nt 1782)-Hinfl (nt 2824) fragment
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FIG. 2. 3'-end analysis of d15 and WT SV40 nucle-
ar transcripts. The fused sequence probe was used for
both the control WT SV40- and dlS-transfected total
nuclear RNAs. The probe for 3' analysis of polyade-
nylated (A+) and non-polyadenylated (A-) WT nucle-
ar RNAs was the EcoRI-Hinfl SV40 DNA fragment
labeled by 3' fill-in at the EcoRI site. Shown is a 12-h
exposure of the autoradiogram. Hybridization condi-
tions were those described in the legend to Fig. 1.
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the background protection of the probe, proba-
bly owing to hybridization with RNA having 3'
termini extending beyond the Hinfl site at nt
2824. In addition to this band, some heterogene-
ity of the 3' ends was apparent, seen as a
smearing down of the autoradiographic signal
from the full length of the probe.
For the 3'-end mapping of d15 nuclear RNA, a

different probe was used. A unit-length SV40
genome cloned into pBR322 at the Hindlll site
(SV40 nt 3476) was linearized and labeled at the
EcoRI site (fused sequence probe). Because this
probe has a fusion of virus and plasmid se-
quences at the HindIlI site, any viral transcripts
with 3' termini beyond this point will yield
nuclease Si cleavage of the probe at this site.
Therefore, all transcripts extending beyond nt
3476 will yield one band at 1.7 kb, allowing
simple quantitation of this variable group of
RNAs without a probe background. Using WT
SV40-transfected total nuclear RNA, we ob-
served the expected pattern. A prominent band
at 1.7 kb was present, probably the result of non-
polyadenylated nuclear RNA extending beyond
nt 3476. Also present was an intense band at 0.89
kb, which was probably RNA polyadenylated at
nt 2674. In addition, some low-level heterogene-
ity was seen, as well as a faint band at 1.05 kb.
This 1.05-kb band was not reported previously.
The pattern obtained with diS nuclear RNA is

also shown in Fig. 2. The 1.7-kb band was
particularly prominent, indicating a relatively
high level of transcripts extending beyond nt
3476. No 0.89-kb band was observed in this
nuclear RNA even after long exposure of the
autoradiograms (not shown). Nuclear tran-
scripts of dIS, therefore, were not terminated at
the normal position. We did observe, however, a
number of rather intense and heterogeneous
bands ranging in size from about 800 to 200
nucleotides. These bands may correspond to
either partially degraded RNA or products of
premature termination (see Fig. 6).

Confirmation that dlS transcripts were not
transported. To confirm that diS transcripts were
not transported to the cytoplasm, cytoplasmic
RNA from these same transfections was assayed
for the presence of viral transcripts. The 3'-end-
labeled DNA probe with a fused virus-plasmid
sequence was used to determine the 3' terminus
of viral RNA (Fig. 3). At normal ekposure times,
a single band was observed on the autoradio-
grams of WT-transfected cytoplasm. This 0.89-
kb band derived from RNA polyadenylated at
the normal position (nt 2674). Note that no
detectable RNA with 3' termini beyond nt 3476
was present in the WT-transfected cytoplasm.
This was true even after long exposure of the
autoradiograms. Because this RNA was not
selected on oligodeoxythymidylate-cellulose,

SHORT
EXPOSURE

a

LONG
EXPOSURE

-089-

FIG. 3. 3'-end analysis of dIS and WT SV40 cyto-
plasmic RNA. The fused sequence probe was used.
Hybridization conditions were those described in the
legend to Fig. 1. RNAs are from matched transfected
cytoplasms. Short exposure, 12 h; long exposure, 4
days.

both polyadenylated and non-polyadenylated
populations of cytoplasmic RNA were repre-
sented. Both of these RNA populations were
therefore terminated exclusively at nt 2674. The
pattern of cytoplasmic transcripts from diS-
transfected cells is also shown in Fig. 3. At
normal exposures, no di5 cytoplasmic RNA was
detected, confirming the transport-deficient phe-
notype of diS. At longer exposure times a curi-
ous observation was made: molecules with 3'
ends at nt 2674 became detectable. The level of
this band corresponded to about 1% of the WT
SV40 control levels. At this exposure sensitiv-
ity, no nuclear RNAs with 3' ends at nt 2674
were detected (not shown). Quantitation of tem-
plate DNA by Southern blot analysis established
that diS DNA replicated to within 50% of that of
WT SV40 DNA (not shown).

Blot analysis of nuclear RNA. Because the
nuclear RNA seen after dIS transfection did not
terminate at the normal polyadenylation position
(nt 2674), it was necessary to establish that diS
nuclear transcripts were not polyadenylated at
unusual sites. A blot analysis was therefore
performed with polyadenylated and non-poly-
adenylated nuclear RNAs present after dIS
transfection, and these RNAs were analyzed
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with a late region hybridization probe of SV40
DNA (Fig. 4). The control blot analysis of
cytoplasmic RNA confirmed that di5 was a
transport-deficient mutant, as little dl5-specific
cytoplasmic RNA was present. As was observed
with our 3'-end analysis, after long exposure
times some d15 cytoplasmic RNA was eventual-
ly seen. This RNA appeared to be a 16S species
and was present at about 1% of the level found in
the control pattern. In the nucleus, no dIS-
specific polyadenylated RNA was detected,
even though d15-specific non-polyadenylated nu-
clear RNA was. This result was consistent with
our previous observation and established that
d15 nuclear transcripts are not polyadenylated.

Inhibition of polyadenylation does not lead to
accumulation of 3'-truncated nuclear RNA. Be-
cause much of the RNA present in d15-transfect-
ed nuclei was 3' heterogeneous and truncated, it
seemed possible that this pattern might be an
indirect consequence of the inhibition of poly-
adenylation. To test this possibility, we treated
infected cells with 50 ,ug of cordycepin per ml as
described by others (10). At various times after
drug addition, nuclear and cytoplasmic. RNAs
were extracted and analyzed by the nuclease SI
assay for the distribution of 3' ends (Fig. 5). The
effect of cordycepin treatment on cytoplasmic
RNA was not dramatic. The observed band at
0.89 kb did not change qualitatively during drug
treatment; there was, however, a noticeable
decrease in the intensity of the band after 4 h.
During this treatment, nuclear RNA showed a
clear accumulation of the 1.7-kb band and a
corresponding decrease in the 0.89-kb band.
This pattern was consistent with an accumula-
tion within the nucleus of non-polyadenylated
RNA extending beyond this HindIll site (nt

- 19S >

. - 16S >
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FIG. 4. Blot transfer analysis of nuclear and cyto-
plasmic RNAs. Polyadenylated cytoplasmic RNA was
also analyzed. Cytoplasmic autoradiogram: short ex-
posure, 24 h; long exposure, 7 days. Both the poly-
adenylated (polyA+) and non-polyadenylated
(polyA-) nuclear RNA autoradiograms were exposed
for 7 days.
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FIG. 5. 3'-end analysis of RNA from SV40-infect-
ed cells treated with cordycepin for the times indicat-
ed. Nuclear (nuc) and cytoplasmic (cyt) RNAs were
analyzed with the fused sequence probe. Shown is a 6-
h exposure of the autoradiograms.

3476). This observation was also consistent with
previous reports by others that cordycepin
causes nuclear accumulation of non-polyadenyl-
ated RNA (27). Truncated or heterogeneous 3'
ends of RNA did not accumulate during drug
treatment; this pattern did not, therefore, resem-
ble that observed with diS nuclear RNA. This
drug-induced accumulation of non-polyadenyl-
ated, nonterminated nuclear RNA did not con-
tinue with longer drug treatment. After 24 h of
drug treatment, the nuclear RNA became barely
detectable (not shown), and the cells showed
significant cytopathology.

DISCUSSION
The rationale of these experiments was to

examine in detail the structure of nuclear RNA
from a late region deletion mutant of SV40 (diS)
deficient in the transport of RNA. It was envi-
sioned that this transport-deficient RNA might
display some structural aberration that would
correlate with its inability to transport. We ana-
lyzed the structure of this RNA, and a schematic
summary of this analysis is shown in Fig. 6. We
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yses ofRNA from WT SV40- and d15-tran
Asterisks, Positions of the end-labeled pi
lines, Heterogeneous end distribution. '
and sizes of the deletions in dl5 are s.
raised portions of the lines in the 5'-end ai
dI5 has a deletion of the two unique Hhi

determined that nuclear RNA can
detected after dIS transfection. This
prominent 5' terminus at the usual
320). In addition, two other prominei
at nt 1600 and 4300 were also pre
ends are not normally abundant in
nuclear RNA, indicating that some I
in 5'-end distribution had occurred.
nt 4300 was particularly puzzling. I
promoter for the late region is at nt
end at nt 4300 would be nearly 1,000
upstream of the promoter. It is prob
fore, that this 5' end was derived
scripts greater than one unit length (
that degradation or 5' processing ge
nt 4200 end. The possibility that
occurred directly at nt 4300 has not I
ven, however.

In addition to these prominent 5'
was also a substantial amount of 5'
ity. This heterogeneity was not on
tively greater than that of the WT,
represented a greater diversity o
quences spanning the region from nt
into the early region. In the WT S'

RNA, 5' heterogeneity was confined to the area
oly A between nt 0 and 320. Because the DNA se-

iHl Site
U3 2674 quences for the viral promoter and major 5' end

were intact and the observed 5' heterogeneity
continued well upstream of the promoter, it

m4AA seemed likely that much of this 5' heterogeneity
AAA also originated from a degradation process. This
A Â A is especially likely in view of the non-

polyadenylated nature of this RNA.
protected DNA As dIS has a deletion of a splice junction, it
2200 was expected that the nuclear transcripts would
wo2000 not be spliced. Our analysis showed that little if

_* 16eo any splicing occurred, confirming this expecta-
tion. The surprising observation was the result
of the 3'-end analysis. It is generally thought that

-* 1700 the polyadenylation event proceeds the splicing
-* 930 event, because unspliced but polyadenylated

nuclear RNA is often observed in a number of
different genes, including those of SV40 (21). We
expected that the 3' ends of diS transcripts
would have normal levels of polyadenylation.

4AA What was observed, however, was that none of
the dIS nuclear transcripts were terminated or
polyadenylated at the normal position (nt 2674).

... Instead, the 3' ends of this RNA were either well
beyond this terminus or truncated and located
before it. Those 3' ends downstream of the

dl -end anal- normal terminus probably represent read-
robe. Dashed through by RNA polymerase. Kinetic studies of
rhe positions RNA synthesis imply that this read-through is a
hown by the normal process for mRNA synthesis (14). It
nalysis panel would therefore be expected that these mole-
aIl sites. cules would function as substrate for subsequent

cleavage and polyadenylation. That this did not
occur implies that a more complicated process is

be readily occurring and that the context of the polyadenyl-
RNA had a ation signal may be important. How the deletion
position (nt of an intron junction region might perturb this
nt 5' termini context is not clear. The implication is that the
sent. These deleted sequence is either interacting with or
l WT SV40 signaling an interaction with the polyadenylation
perturbation site.
The end at It is also possible that nuclear RNA has struc-
Because the tural components important for its function. The
0/5243, a 5' deletion in dI5 might also be affecting a putative
nucleotides structural component. In any event, we are not
)able, there- aware of any previous reports implicating se-
from tran- quences other than those near the polyadenyla-

Df SV40 and tion site as being important for polyadenylation.
-nerated the The 3' truncated ends of di5 nuclear tran-
promotion scripts were abundant. We are still uncertain

been dispro- about the mechanism of their generation. Two
possibilities occur to us: they may simply be the

ends, there product ofdegraded nuclear RNA, or they could
heterogene- derive from premature termination. Our steady-
ly quantita- state analysis did not allow us to distinguish
, but it also between these possibilities.
f SV40 se- It seemed possible that the occurrence of
1600 to well these 3'-truncated ends was an indirect conse-
V40 nuclear quence of the inability to polyadenylate diS
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transcripts. Because non-polyadenylated nucle-
ar RNA is thought to have a very short half-life
(5 to 10 min [22]), prevention of polyadenylation
would allow the accumulation of RNA degrada-
tion products. Cordycepin is known to inhibit
polyadenylation without inhibiting RNA synthe-
sis (10), thus allowing nuclear accumulation of
non-polyadenylated RNA (27). If the 3'-truncat-
ed diS transcripts were a consequence of non-
polyadenylation, then the nuclear RNA of cor-
dycepin-treated WT SV40-infected cells should
also be 3' truncated. This was not observed,
even though transient accumulation of non-
polyadenylated nuclear RNA was seen.

diS is a splice junction deletion mutant that
does not transport RNA. Deletions of splice
junctions, however, are not uniformly transport
deficient (7). The observation that diS tran-
scripts were not polyadenylated implies that the
lack of transport is instead directly related to
non-polyadenylation rather than to a splicing
deficiency. Several observations were consis-
tent with this idea. Even though unspliced SV40
RNA is predominantly nuclear, small amounts
can be found in the cytoplasm (29). Our 3'-end
analyses however, showed that only the ends at
nt 2674 were detected in the cytoplasm; no read-
through, truncated, or heterogeneous 3' ends
were detected in the cytoplasm. There is, there-
fore, a better correlation between polyadenyla-
tion and transport than between splicing and
transport. In addition, the transport phenotype
of dI5 was not absolute. Transcripts of di5 were
transported at about 1% of the control levels.
The mutant transcripts that were transported,
however, all had 3' termini at nt 2674, even
though this terminus could not be detected in the
corresponding nuclear RNA. This implies that
once polyadenylation has occurred, these tran-
scripts are quickly transported into the cyto-
plasm. A rapid transport of polyadenylated
nuclear RNA is consistent with kinetic measure-
ments by others (22) of the half-life of polyaden-
ylated and non-polyadenylated nuclear RNA.
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