




TABLE 2. Cap cores and poly(A) in large hnRNAa
RNsmpeotlpmcpm in cpm in ca

Units of poly(A) or cap cores Rtio caps/RNA sample Total cpm pl() cr oyApoly(A) core Per nucleotide Per "chain" poly(A)

hnRNA
30 mm 5.9 x 105 6,800 1/20,350 1/4.09 -3.7

5.1 x 106 3,550 1/5,570 1/1.1
120 mi 3.4 x 105 5,600 1/4,830 1/2.96 -3.0

2.6 x 106 1,400 1/5,000 1/1

Poly(A)+ cytoplasmic 1.5 x 104 3,850 1/850 1.1/1 -1
mRNA, 30 min

3.6 x 105 1,350 1/800 1.2/1
a 32P04was incorporated for 30 or 120 min (see Fig. 1 for details; 4 x 108 cells and 100 mCi of npo043 were used for the 30-min

label; 4 x 10' cells and 10 mCi were used for the 120-min label), hnRNA was extracted and separated on DMSO-sucrose
gradients, and chains longer than 750 nucleotides were selected (see Fig. 3). Samples were assayed separately for poly(A) [only
the 235-nucleotide, newly made poly(A) was included in the calculations (38)]. Cap cores were assayed after digestion with T2
and pancreatic ribonuclease and P1 exonuclease, followed by DEAE chromatography. The cytoplasmic RNA was subjected to
polyuridylic acid-Sepharose chromatography so that the poly(A)', presumably mRNA, could be analyzed. "Units" of poly(A)
were obtained by dividing the cpm in poly(A) by 235, the length of newly synthesized poly(A) [38; CHO nuclear poly(A) is the
same as HeLa, unpublished results], and "units" of cap cores were obtained by dividing the cpm in cap cores by 3 (m' GpppNm).
The "chain" length of hnRNA was taken to be 5,000, and that of mRNA was taken as 1,000. Note that since guanosine 5'-
triphosphate equilibrates somewhat more slowly than other nucleotides (Table 1; 20) whereas adenosine 5'-triphosphate
equilibrates at an average rate, the cap/poly(A) ratios in this table are minimal estimates. In the 30-min sample the total
poly(A) in the nuclear RNA was 136,000 cpm and that in the cytoplasm was 115,000 cpm, indicating that the imbalance of caps
and poly(A) seen in column 6 was not due to quick exit of large amounts of poly(A) to the cytoplasm.

molecules also were present. These were not
included in the analysis but will be discussed
later. There is very little poly(A) in these small
hnRNA molecules.] The cap cores and the
poly(A) in the large hnRNA were each measured
(Table 2). There was a ratio of 1 cap core for
each 5,000 nucleotides, in agreement with the
earlier conclusion that every hnRNA chain is
capped (36). However, on a molar basis there
were three times as many labeled cap cores as
poly(A) segments. [To compare the number of
cap structures to the number of poly(A) seg-
ments, the counts per minute (cpm) in cap cores
is divided by 3 and the cpm in poly(A) is divided
by 235 (38).] (Note that these estimates are
minimal because of the somewhat slow equili-
bration of guanosine 5'-triphosphate; see Tables
1 and 2 and reference 20.) The same results were
obtained after a 2-h label (Table 2).
One possible explanation for this imbalance in

the apparent rate of formation of caps compared
to poly(A) segments might be the addition of
labeled poly(A) to older preexisting molecules
that had unlabeled caps, followed by the prompt
exit of these molecules to the cytoplasm. The
poly(A)+ cytoplasmic RNA fraction from cells
labeled for 30 min was therefore isolated for
analysis. There was equimolar 3P labeling of
caps and poly(A) segments in the poly(A)+ cy-
toplasmic RNA of CHO cells (Table 2), as had
earlier been found true for HeLa cells (41). This
result is strong evidence against any substantial
3P-labeled poly(A) addition to molecules with
unlabeled caps. In addition, the total radioactive

poly(A) segments in both the cytoplasmic RNA
and in the total nuclear RNA were measured
(see Table 2, footnote a). There was more la-
beled poly(A) in the nuclear RNA than in the
cytoplasmic RNA, indicative of an effectively
short label time (21, 37).
We have also recently reported other experi-

ments suggesting that prompt poly(A) addition
after hnRNA synthesis is the general rule for
cellular RNA (37) as well as for virus-specific
RNAs (32, 42). Thus there is no evidence for a
nuclear fraction with prompt cap addition but
delayed poly(A) addition and quick exit from
the nucleus. Rather it seems clear that the cell
nucleus makes about three large capped hnRNA
molecules for every molecule that acquires
poly(A). Every cap in the large hnRNA there-
fore cannot possibly be conserved as part of a
poly(A)+ molecule, as has been claimed (34).
Neither, of course, can the caps in the small
hnRNA (discussed in the next section and in
reference 36) be conserved as part of the
poly(A)+ mRNA.
Accumulation curves ofcaps and poly(A)

in the poly(A)+ cytoplasmic mRNA. As has
been discussed in many previous papers (5, 21,
22, 25, 32, 35), perhaps the simplest experiment
to provide during mRNA processing a compari-
son of the relative conservation of structures or
sequences contained in nuclear RNA is to label
cells for various periods of time and observe the
accumulation ofthe particular labeled sequences
or structures, first in the nucleus and later in the
cytoplasm. Because 3P equilibrates very slowly

WCAPS IN hnRNA 181VOL. 1, 1981

 on A
pril 10, 2021 by guest

http://m
cb.asm

.org/
D

ow
nloaded from

 



182 SALDITT-GEORGIEFF ET AL.

into the acid-soluble pool and therefore gives
very delayed accumulation curves in cytoplas-
mic RNA, we assayed the accumulation of label
in caps and poly(A) with different labels, but
measured the appearance in the acid-soluble
pool of the labeled precursor for each. The ac-
cumulation of newly synthesized, -230-nucleo-
tide poly(A) segments was assayed with [3H]-
adenosine. [Only the fully labeled poly(A) seg-
ment, not the terminal labeling of preexisting
segments, was measured (37).] The labeled cy-
toplasmic poly(A) segments exceeded the la-
beled nuclear poly(A) segments between 15 and
20 min. The cap cores were labeled by incorpo-
ration of [methyl-3H]methionine; the label in
cytoplasmic cap cores exceeded that in nuclear
cap cores in large hnRNA molecules only after
about 120 min. Part of the difference in the
faster cytoplasmic accumulation of poly(A) as
compared to caps was due to a faster accumu-
lation of [3H]adenosine into adenosine 5'-tri-
phosphate than [methyl-3H]methionine into S-
adenosyl methionine, the immediate methyl do-
nor. However, the half-time of pool equilibration
is about 4 or 5 min for [3H]adenosine 5'-triphos-
phate compared to 12 min for S-[3H]adenosyl
methionine (see insets to Fig. 1). Thus at most
a 20- to 30-min difference in the cytoplasmic
accumulation curves for caps as compared to
those for poly(A) segments should have resulted
if all caps from hnRNA exited as part of a
poly(A)+ cytoplasmic mRNA. The more than
90-min difference observed between the two
curves signifies a greater conservation ofpoly(A)
segments in poly(A)+ cytoplasmic RNA than of
cap cores in the poly(A)+ cytoplasmic RNA. As
described earlier, estimates of conservation
within populations of molecules of mixed turn-
over times are at best approximations (35), so it
is not possible from the accumulation curves of
Fig. 1 to state conclusively what fraction of the
poly(A) is conserved, nor what fraction of the
total nuclear caps fails to appear in poly(A)+
mRNA. It is clear, however, that more poly(A)
segments than caps from the hnRNA are con-
served in poly(A)+ cytoplasmic molecules. Fur-
thermore, it remains possible, as described pre-
viously (35), that the majority of poly(A) seg-
ments are conserved.
What happens to the extra caps? Because

the large nuclear RNA contains three times as
many caps as poly(A) segments, one possibility
was that caps reached the cytoplasm as part of
putative poly(A)- mRNA molecules. An analysis
of caps in cytoplasmic poly(A)+ and poly(A)-
was then carried out. The cytoplasmic and nu-
clear RNA were prepared from cells that were
labeled for 40 min with [methyl-3H]methionine,
and cap cores were measured by DEAE chro-
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FIG. 1. Accumulation of labeled caps and poly(A)
in nucleus and cytoplasm of CHO cells. Cells were
labeled either with [methyl-3HJmethionine (6 mCi/
p,mol, 0.01 mM) or [3H]adenosine (20 mCilpmol, 0.02
mAM) for the periods of time indicated. Nuclear and
cytoplasmic RNA were extracted and fractionated as
follows. Nuclear RNA was sedimented through
DMSO-sucrose gradients to select molecules larger
than 700 bases (see reference 31 and Fig. 3); poly(A)+
cytoplasmic RNA was selected by polyuridylic acid-
Sepharose chromatography (38). The large nuclear
RNA and poly(A)+ cytoplasmic RNA were analyzed
for label in cap cores (A) after digestion with T2 and
pancreatic ribonucleases plus P1 nuclease by DEAE
chromatography (see Fig. 2). Poly(A) of 235 ± 30
nucleotides (38) was analyzed after T, digestion, poly-
uridylic acid-Sepharose chromatography, and gel
electrophoresis (B). Insets: Acid-soluble pool mea-
surements of S-adenyosyl methionine (AdoMet) (5)
and adenosine 5'-triphosphate (ATP) (35) were car-
ried out by thin-layer chromatography as described,
and the data are plotted as the percentage of maxi-
mum. (0) cpm in nuclear caps orpoly(A); (0) cpm in
cytoplasmic caps or poly(A).

matography in the total nuclear RNA and in
both the poly(A)+ and poly(A)- cytoplasmic
RNA. There were about one-fourth or one-fifth
as many labeled cap cores in the cytoplasmic
poly(A)+ RNA as in the poly(A)- RNA, in agree-
ment with the experiment of Fig. 1. However, in
the cytoplasmic poly(A)- RNA there were more
cap cores than in the large nuclear RNA. The
cytoplasmic poly(A)- RNA fraction presumably
contained some of the discrete, so-called "sall"
nuclear RNA molecules (43) which have m2,' ,G
instead of m7G caps (36). A portion of the cap
cores that had been purified by DEAE chroma-
tography from the cytoplasmic poly(A) fraction
were further digested, and the released nucleo-
sides were analyzed by HPLC. There was twice
as much radioactivity in m2'2 7G as in m7G.
However, on a molar basis this indicates more
3H label in m7G caps than in M2,2' 7G caps. In
fact, over half of the total in cytoplasmic caps of
the poly(A)- RNA was in the m7G-containing
variety of caps (see correction explained in Table
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3). The cap cores from large hnRNA or poly(A)+
mRNA are all of the m7G variety (this has been
confirmed many times; see reference 36).
One possible source of caps containing m7G in

cytoplasmic A- molecules would be histone
mRNA's (30), but in the experiment in Fig. 2
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there appeared to be far too much label in cap
cores in the A- fraction to be accounted for by
histone mRNA alone.
To determine the nature of the caps in the

poly(A)- cytoplasmic fraction, several additional
experiments were carried out. First the poly(A)-
molecules were separated by sedimentation
through DMSO-sucrose gradients in the pres-
ence of 3PO4-labeled RNA samples as size
markers. The methylated constituents of the
caps of various size classes of molecules were
determined (Fig. 3). About 15% of the total
radioactivity in cap cores in the cytoplasmic A-
RNA was present in molecules larger than about
700 nucleotides (fractions a+b, Fig. 3; 3P-labeled
size markers in the sucrose gradient were 18S,
2,100 nucleotides long [44], and protein IX

A
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300 - m2,2 7G

200 - m7G

100

CHROMATOGRAPHIC
FRACTIONS

FIG. 2. Cap cores in ntuclear and cytoplasmic
RNA. Growing CHO cells were labeled with [methyl-
3HJmethionine for 40 min, and nuclear and cytoplas-
mic RNA wereprepared as described in Fig. 1 and 3.
DEAR chromatographic analysis ofhnRNA of>700
nuclkotides long, ofpoly(A)+ mRNA, and of the total
cytoplasmic poly(A)- fraction is presented. The
dashed line in the top panel is a 32P mononucleotide
marker for the -2 position, and the -2 and -3
positions were also marked by an unlabeled yeast
RNA digest monitored at 260 nm. A portion of the
-2.5 cap core peak from the cytoplasmic poly(A)-
sample was collected by dilution and further DEAE
chromatography, then digested to nucleosides with
nucleotide pyrophosphatase and bacterial alkaline
phosphatase (36, 39) so that HPLC analysis of the
labeled nucleosides could be carried out (36). The
bottompanel shows the distribution oflabeled m2-7G
and m7G present in the cap cores from the total
cytoplasmic fraction.
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FIG. 3. Presence of mRNA-like caps in poly(A)-

cytoplasmic RNA. (A) Cells labeled with[methyl-3H]
methionine as in Fig. I and 2 were harvested after 40
min, and the totalpoly(A)- cytoplasmicRNA fraction
was collected and sedimented for 70h throughDMSO
gradients (36). The absorbance at 260 nm (solid line)
shows ribosomal RNA. Two 32P markers were added:
18SribosomalRNA, 2,100 bases long (44), andprotein
1X adenovirus mRNA, -700 bases long (2). Both
peaks can be seen (0). The profile of the total acid-
precipitable [3H]methionine-labeled RNA is also dis-
played (0). (B) Fractions a, b, c, and d were pooled
as indicated, and each RNA sample was analyzed
for cap cores as described in Fig. I and 2. (C) Cap
cores from a+b, c, and d were analyzed for the ratio
of labeled m2.27G to m7G by HPLC.
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184 SALDITT-GEORGIEFF ET AL.

adenovirus mRNA, about 680 nucleotides long
[2]; the sedimentation pattern of the markers
shows that the resolution of small from large
molecules is quite good.) Another 15 to 20% of
the m7G-containing caps were in molecules from
100 to 500 bases long, which would include the
histone mRNA's (part C, Fig. 3). The majority
of the methyl-3H-labeled cap cores of the
poly(A)- fraction, however, were in very short
RNA chains. Analysis by HPLC showed that
cap cores of the largest chains (a+b) all con-

tained m7G and that the distribution of meth-
ylated nucleosides from Nim was similar to the
total hnRNA and mRNA (see reference 36; data
not given).

In the smallest size class of the cytoplasmic
poly(A)- RNA (fractions c and d, Fig. 3), a

substantial proportion of the total caps con-

tained m2'2' 7G, characteristic of U1 and U2
RNAs, part of the so-called "small nuclear
RNA" population (43). The small capped RNAs
in the nuclear fraction had almost identical
methylated nucleoside content as the smallest
(fraction d, Fig. 3) cytoplasmic fraction. Thus
for the smaller RNAs there was little evidence
of specific partition of small RNA molecules
with the nuclear fraction (12).
To obtain a quantitative picture of the distri-

bution of capped molecules, cells were labeled
for 30 min with [methyl-'H]methionine. The
nuclear RNA, both large (> 700 bases) and small
(< 700 bases), the total cytoplasmic poly(A)+
RNA, and the cytoplasmic poly(A)-, both large
and small molecules, were all analyzed (Table
3). About 60% of the total m7G caps were in
nuclear and cytoplasmic molecules of >700 nu-

cleotides. There was more label in capped small
RNA in the cytoplasm than in the nucleus in
this experiment, some of which is probably his-
tone mRNA (see later section). Since the nu-

cleus represents only about 10% of the cell vol-
ume and contained almost half of the short
capped m7G-containing RNA, perhaps one can

conclude that there is slight preferential sepa-

ration of the small RNA within the nucleus (12)
after this relatively brief label time.
Polysomal distribution of capped

poly(A)+ and poly(A)- molecules. The most
important difference between capped poly(A)+
and poly(A)- cytoplasmic RNA was revealed by
an analysis of the distribution within the poly-
somes. Cells were fractionated after a 40-min
exposure to [methyl-3H]methionine into cyto-
plasmic and nuclear fractions, and the cytoplas-
mic fractions were further subjected to sucrose

gradient fractionation to yield polysomal struc-
tures. The RNA from the polysomes was ex-

tracted, and the poly(A)+ and poly(A)- fractions
were collected. The RNA was then separated on

TABLE 3. Cap core distribution"

RNA sample Total (cpm) mG (cpm) (mpm
Nuclear, large 41,000 40,100 -

Nuclear, small 22,900 14,500 8,400
Cytoplasmic
A+ 6,900 6,900 -

A-, large 11,900 11,900 -

A-, small 53,000 32,500 20,500

aCells labeled with [methyl-3H]methionine for 30
min (0.05 mM methionine, 12 mCi/pmol, 4 x 106 cells
per ml) were fractionated after 30 min, and RNA was
prepared as described in Tables 1 and 2 and Fig. 3.
The total cap cores were measured by DEAE chro-
matography. Data for m'G or m22'7G cap cores were
calculated from the proportion of m2'2'G to m'G in
each cap core sample as measured by HPLC. Three-
fourths of the total methyl counts in an m227G-con-
taining cap are in the m22'G residue, whereas.each
m7G cap has about 35% in m7G and 65% in the N,
because m"Am is quite frequent (36). The proportions,
therefore, of the two types of cap structures can be
calculated from the HPLC results as follows. Suppose
the ratio of m2'2'7G to m'G was 1:1 in a cap core sample.
Then the ratio of cpm in the two cap core structures
is [1 + 0.3 (M227G)]/[1 + (65/35) (m7G)] = (1.3/2.85),
or 31% of the total is m2.2 G cap core.

DMSO-sucrose gradients so that the capped
molecules of different lengths could be deter-
mined. First, about 70% of the total labeled caps
in poly(A)+ RNA molecules were recovered in
polyribosomes. Second, very little radioactivity
was found in capped polysomal, poly(A)- mole-
cules larger than histone mRNA's [>700 nucleo-
tides, poly(A)-, large, Fig. 4]. About 30% of the
labeled cap cores in polyribosomes were, how-
ever, in A- molecules of the size of histone
mRNA (A-, small, Fig. 4). The labeled cap cores
of these small polysomal RNA molecules when
analyzed by HPLC contained mostly m7G and
notm2 7G, in agreement with the likely prospect
that these capped molecules were histone
mRNA (30). This result contrasts with the total
cytoplasmic, small A- RNA, which is rich in
m2'27G caps (Fig. 2 and 3). The high amount of
labeled caps in putative histone mRNA (=1/4 to
1/3), compared to earlier reports of [3H]uridine
label in histone mRNA (see reference 30 for
review), is due to the fact that the methyl label
is molar whereas the [3H]uridine is biased in
favor of the longer average size of nonhistone
mRNA's.
Relative number of labeled caps in

poly(A)+ and poly(A)- cytoplasmic RNA
after short and long label times. Table 3 and
Fig. 5 show that after 20 to 30 min of [methyl-
3H]methionine labeling there was 1.5 to 2 times
as much label in m7G caps in cytoplasmic
poly(A)- molecules >700 bases long as in the
poly(A)+ mRNA. After a long label (24 h) this
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HPLC FRACTIONS

FIG. 4. Nature of capped molecules in polyribo-
somes. The cytoplasmic fraction from cells labeled
with [methyl-3Himethionine (see Fig. 2 and 3) for 40
min was prepared, and polyribosomes were selected
after sucrose gradient sedimentation (left panel).
RNAs from the polyribosomes and the post-polyribo-
somal fraction were extracted, and poly(A)+ RNA
was collected from each by polyuridylic acid-Sepha-
rose chromatography (36) using conditions that
would retain all poly(A) segments longer than 30
nucleotides (38). The poly(A)- fraction from the poly-
ribosomes was further fractionated by DMSO-sucrose
gradient separation (see Fig. 3) so that RNAs larger
and smaller than 700 bases were collected separately.
The cap core content in each fraction was then mea-
sured and is recorded in the figure. Most of the
polyribosomal cap cores were either in poly(A)+ RNA
(17,900 cpm) or in small (<700 bases) poly(A)- RNA
(7,800 cpm). Most of the caps in both these fractions
proved to contain m7G by HPLC analysis (right
panels).

was not the case; rather, there were from 5 to 10
times as many labeled caps in the poly(A)+
molecules as in the poly(A)- molecules >700
bases long. Thus the ratio of label in poly(A)-
compared to that in poly(A)+ molecules is high
in a short label and low in a long label, indicative
of a much more rapid turnover of the briefly
labeled poly(A)- molecules than of the average
poly(A)+ mRNA molecule. In the accompanying
paper (17) evidence is given that the average
newly labeled poly(A)+ mRNA molecule has a
turnover time of considerably less than 3 h.
Therefore the turnover time of the labeled
capped poly(A)- cytoplasmic RNA which first
arrives in the cytoplasm and is not in polyribo-
somes could have a half-life of 1 h or less (see
Fig. 5).

DISCUSSION
The main experimental result we wish to sum-

marize in this paper is that caps are synthesized

about three times faster than poly(A) segments
in the nucleus of Chinese hamster cells. If the
cytoplasmic RNA is examined after a brief
[methyl-3H]methionine label, about twice as
many labeled caps of the hnRNA type (m7G, all
four nucleosides in NO) are found in poly(A)-
cytoplasmic RNA ofa size comparable to mRNA
as are found in the poly(A)+ cytoplasmic mRNA.
The nature of the methyl-labeled, capped

poly(A)- RNA was investigated in several ways.
Although the RNA under study was the average
size of mRNA (-750-5,000 bases long), only a
small part of this capped poly(A)- cytoplasmic
RNA was in polyribosomes whereas 75% of the
newly labeled capped poly(A)+ cytoplasmic
RNA was in the polyribosomes. After short la-
bels there were more labeled caps in mRNA-
sized poly(A)- RNA than in A' mRNA but not
at steady state. Thus the mass of poly(A)- cy-
toplasmic RNA is not polysomal (presumably
not mRNA) and appears to have a short half-
life compared to the poly(A)+ polysomal mRNA.
It cannot be ruled out that poly(A)- RNA exits
quickly after normal nuclear processing and
serves very briefly as mRNA. It is equally pos-
sible, however, that it never serves any function
but is simply degraded. Degradation could ac-
tually occur in the cytoplasm (for example, in
the lysosomes), or the presence of the poly(A)-
capped molecules in the cytoplasm could be an
artifact of cell fractionation and destruction
could occur in the nucleus. It is established that
many smaller structures fractionate with the
nucleus when glycerol rather than aqueous so-
lutions is used for cell fractionation (12, 13, 26).
The major, distinct poly(A)- RNA known to

function as mRNA is the histone mRNA (1),
which is only 300 to 400 bases in length and has
been excluded from most of the analyses in this
paper. However, we did detect poly(A)- poly-
somal RNA of the appropriate size for his-
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FIG. 5. Accumulation of labeled cap cores in total

cytoplasmic RNA. The cytoplasmic RNA from cells
labeled with [methyl-3Himethionine for the indicated
times was prepared and divided into poly(A)+ and
poly(A)- fractions. The poly(A)- fraction was sedi-
mented through DMSO gradients (Fig. 3), and RNA
larger than 700 bases was selected. Cap cores were
measured in poly(A)+ and poly(A)- RNA of >700
nucleotides. The cpm in cap cores is plotted: (0), A'
RNA; (-), A- RNA, >700 bases.
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tone mRNA. Moreover, these short polysomal,
poly(A)- RNAs contained m7G caps, as they
should if they are histone mRNA's (30). Caps in
these short putative histone mRNA molecules
greatly outnumbered caps in any other poly(A)-
polysomalRNA (Fig. 4). The poly(A)- presumed
mRNA that has been studied in the past either
as [3H]uridine-labeled RNA (28, 31) or as trans-
latable sequences is a minority of total poly-
somal RNA (23, 29), as is described here. Trans-
lation of the total poly(A)- RNA from polyri-
bosomes yields about 10 to 20% as much mRNA
activity as in the poly(A)+ fractions, and rela-
tively few proteins are specific to the A- class.
In the accompanying paper (17) we show that
specific labeled mRNA sequences increase in the
poly(A)- class after long label times, whereas
they are exclusively (>90%) in the poly(A)+ class
initially. Those results, together with the present
studies demonstrating the rapid turnover and
nonpolysomal distribution of the mass of the
newly made poly(A)- capped molecules, suggest
that no specific class of polysomal mRNA other
than histone mRNA enters the cytoplasm lack-
ing poly(A).
The following composite picture of nuclear

RNA metabolism and mRNA formation is sup-
ported by these studies.
About one-half of all RNA polymerase II ini-

tiations result in prematurely terminated chains
diagnosed as capped molecules that do not elon-
gate with time but are present at steady state.
During cell fractionation as usually performed,
a substantial part of these short capped chains
is found in the "cytoplasmic" fraction (36; Fig. 3
and Table 3).
Of those hnRNA molecules which are tran-

scribed to full (or apparently full) length, one-
third acquire poly(A) (Table 1). It is from these
poly(A)+ nuclear molecules that cytoplasmic,
polysomal mRNA is derived by processing that
most often includes a size reduction and presum-
ably splicing (14, 15). The two-thirds of the
hnRNA molecules that do not acquire poly(A)
do not contribute stable mRNA's to the cyto-
plasm. Whether the sequences of the primary
transcripts that do acquire poly(A) are com-
pletely or partly different from or completely
overlapping with those molecules that do not
acquire poly(A) is not yet settled (16, 17).
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