Long-Lived Messenger RNA: Evidence from
Cotton Seed Germination

Abstract. In germinating cotton embryos the partial inhibition of RNA syn-
thesis by actinomycin D does not inhibit the incorporation of leucine-"C into
soluble protein nor cause a loss of polyribosomes during the first 16 hours of
germination. This suggests that the protein synthesis observed during this period
is directed by messenger RNA which exists in the mature seed and which is not

rapidly degraded and resynthesized.

Evidence is accumulating that rapid
degradation and resynthesis is not a
characteristic of all messenger RNA
(mRNA). Observations on the high
turnover rate of mMmRNA have been
made only on bacteria (/) and HelLa
cells (2). Observations that some
mRNA is relatively stable and not rap-
idly degraded have come from studies
of the synthesis of hemoglobin by re-
ticulocytes (3) and studies of the syn-
thesis of feather protein (4). In these
instances the cells taking part synthe-
size one or several very specialized pro-

teins and hence may represent unique
situations.

However, sea urchin embryos retain
the capacity to synthesize protein in the
absence of RNA synthesis (5), as do
rat liver tissue (6) and lens tissue (7).
These observations suggest that a por-
tion of mRNA in many tissues may in
fact be stable and have a relatively long
lifetime; and we now present supporting
evidence gathered from our studies on
RNA synthesis during the germination
of cotton seeds.

Mature cotton embryos (Gossypium
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Figs. 1-4. Sucrose density-gradient profiles of absorbancy and radioactivity from embryos
incubated with P for 12 hours. CPM, counts per minute. Fig. 1. Ribosomes from
untreated embryos. Fig. 2. Ribosomes from embryos treated with actinomycin D
(20 wg/ml). Fig. 3. The SDS-released RNA from ribosomes of untreated embryos.
Fig. 4. The SDS-released RNA from ribosomes from embryos treated with actinomycin
D (20 pg/ml).
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hirsutum, var. Coker 100) were re-
moved from their seed coats and germi-
nated in the presence of carrier-free
KH:"PO. (50 pc/ml) for varying
lengths of time. After this time the
embryos were homogenized in 0.1M
tris-succinate buffer, pH 7.8, 0.25M su-
crose, 0.0025M MgCl., 0.001M sperm-
idine, and 1 percent sodium deoxycho-
late in a loose-fitting Duall homogenizer,
motor-driven at 100 rev/min. Ribo-
somes and polyribosomes were isolated
from this homogenate by the method
of Staehelin et al. (8). One half of
the mixture of ribosomes and polyribo-
somes was sedimented for 2 hours
through a sucrose density gradient (10
to 34 percent) containing 0.1M tris-
succinate buffer, pH 7.5, 0.005M MgCl.,
and 0.001M spermidine. The other half
was treated briefly with sodium dodecyl
sulfate (SDS),- final concentration 0.5
percent (9), and sedimented for 16
hours through a sucrose density gradi-
ent (5 to 20 percent) containing 0.05M
KCI and 0.001M potassium acetate, pH
6.0. Fractions from both gradients were
collected, and the ultraviolet absorb-
ancy and radioactivity of each fraction
were measured. The radioactivity of a
portion of each fraction was determined
by the paper disk method (7/0) adapted
from the original method of Bollum
(I11). The fractions from the SDS-
treated ribosomes having the peaks of
absorbancy at 260 my showed the char-
acteristic spectra of ribosomal RNA
(the ratios of 280/260 and 230/260
being below 0.5 and of 220/260 being
less than 1.0).

There was a substantial rate of in-
corporation of isotope into ribosomal
RNA (rRNA); this rate increased dur-
ing the first 16 hours of germination.
In order to determine if this high
amount of incorporated radioactivity
represented a substantial contribution
of newly synthesized RNA to the total
RNA present in the germinating em-
bryos, the embryos were incubated on
wet filter paper with actinomycin D but
without isotope for 4 hours. During the
4-hour period the desiccated embryos
imbibe considerable amounts of water
and swell to approximately the same
weight as that which they have after
16 hours. The embryos were then trans-
ferred to wet filter paper containing
KH: *PO: (25 pe/ml), leucine-"C (10
pc/ml) (uniformly labeled) and the
same concentration of actinomycin D
as used in the earlier incubation; they
were allowed to germinate for an addi-
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tional 12 hours. Controls were han-
dled identically except for the omission
of actinomycin D in both incubation
mixtures.

Ribosomes and polyribosomes were
isolated, a portion was treated with
SDS, and both portions were subjected
to sucrose density-gradient centrifuga-
tion and characterized with respect to
ultraviolet absorbancy and radioactiv-
ity. It was anticipated that the extent
to which isotope incorporation into
RNA was inhibited by actinomycin D
would be reflected in a decrease in the
total RNA absorbancy and perhaps by
a decrease in the amount of polyribo-
somes relative to the monomeric ri-
bosomes, provided the high extent of
isotope incorporation in nontreated em-
bryos represented a substantial contri-
bution of new RNA to the total RNA.

In addition, the soluble protein
remaining in the supernatant after pre-
cipitation of ribosomes and polyribo-
somes was precipitated with trichloro-
acetic acid (TCA) and resuspended in
KOH at pH 13, and the contaminating
RNA was subjected to alkaline hy-

drolysis for 16 hours at 37°C. The pro--

tein was then precipitated with TCA,
washed with a mixture of alcohol and
ether (3:1), dissolved in dilute KOH,
and dialyzed for 48 hours against dilute
KOH. The amount of leucine-*C in-
corporated into this soluble protein was
determined by the paper disk method
(10) and expressed as specific activity
(counts of *C per minute per milligram
of protein). The radioactivity in this
acid-precipitable fraction was made
acid-soluble when the fraction was sub-
jected to trypsin digestion.

It was also anticipated that an inhi-
bition of mRNA synthesis by actino-
mycin D would be reflected in a lower
specific activity of the soluble protein
of the antibiotic-treated embryos, again
provided that the mRNA synthesized
during this 16-hour period constituted
a substantial amount of the total mRNA
in these embryos.

Two concentrations of actinomycin
D were used; the extent of the inhibi-
tion of *P-incorporation into RNA
obtained with each concentration is pre-
sented in Table 1. Higher concentra-
tions of this antibiotic, which possibly
would have given greater inhibition,
cause a necrosis of the cells exposed
directly on the filter paper to the anti-
biotic. The inability to inhibit complete
incorporation of *P into RNA with
actinomycin D (20 pg/ml) may reflect
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an uneven distribution of this inhibitor
throughout the embryo. Table 1 also
gives for the control and treated em-
bryos the total amount of radioactivity
incorporated into the supernatants from
which mitochondria had been removed.
There is no decrease in the absorption
of either isotope as a result of treat-
ment with actinomycin D. Figure 1
shows the sedimentation pattern of ribo-
somes and polyribosomes from cotton
embryos after 16-hour germination, and
also the extent of incorporation of “P
after exposure to the isotope for the
final 12 hours. The distribution of ra-
dioactivity coincides with the absorb-
ancy peaks which represent the mono-
metric ribosome and polyribosomes of
various sizes. A sedimentation rate for
the monomeric ribosome in cotton has
not yet been established. Although the
antibiotic at a concentration of 20 ug/
ml has inhibited *P-incorporation by
63 percent (Fig. 2), there is no diminu-

tion of the total ribosomal population
and, furthermore, there is no shift of
polyribosomes to ribosomes.

The sucrose density-gradient profile
of RNA released from ribosomes and
polyribosomes after they are dissociated
into subunits by SDS (Fig. 3) shows
two large absorbancy peaks, character-
istic of structural rfRNA, and a small
peak close to the origin that probably
represents transfer RNA. The distribu-
tion of radioactivity reveals that, in this
12-hour exposure to the isotope, IRNA
is highly labeled. There is no signifi-
cant decrease in the amount of TRNA
present in the antibiotic-treated embryos
as revealed by absorbancy at 260 mp,
although its synthesis has been inhibited
over 60 percent (Fig. 4).

This long incubation with *P does
not allow for a preferential labeling of
mRNA. In order to establish the de-
gree of inhibition of mRNA synthesis
by the antibiotic, attempts were made
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Figs. 5-8. Sucrose density-gradient profiles of absorbancy and radioactivity from em-
bryos incubated with *P for 30 minutes. Fig. 5. Ribosomes from untreated embryos.
Fig. 6. Ribosomes from embryos treated with actinomycin D (20 wg/ml). Fig. 7.
Nuclear RNA from untreated embryos. Fig. 8. Nuclear RNA from embryos treated with

actinomycin D (20 pg/ml).
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Fig. 9. Specific activity (count per
minute/absorbancy) of data from Figs. 7
(® ®) and 8 (O---0). 0D, op-
tical density.

to demonstrate the synthesis of a rap-
idly labeled RNA and to determine
the effect of the antibiotic on this syn-
thesis. Embryos were germinated for
12 hours in the presence of actinomycin
D (20 pg/ml) and then incubated for
30 minutes more in the presence of
KH: *POs (100 pc/ml) and actinomy-
cin D (20 pg/ml). After this short
exposure to the isotope, the embryos
were fractionated as before. The ex-
tent of isotope incorporation into the
ribosome fraction of control embryos
was very low (Fig. 5). There was
negligible incorporation into the ribo-
somal fraction of treated embryos,
although there was no loss of polyribo-
somes (Fig. 6). When these ribosome
preparations were treated with SDS and
then fractionated, the isotope was main-

Table 1. Incorporation of leucine-!4C into soluble
protein by treated and untreated embryos.

Total radioactivity in Inhibition Specific

supernatant* of #P-in-  activity
corpora- of soluble
104 14C 104 32P  tion into  protein
count/ count/ RNA (104 count/
min min (%) min)
Control
3.65 6.4 5.7
Actinomycin D (10 ug/ml)
3.75 5.4 36 7.6
Control
6 17.5 15
Actinomycin D (20 ug/ml)
5.7 16 63 16

* After removal of mitochondria.
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ly associated with the transfer-RNA in
the sucrose density gradient. Since
there appeared to be no rapidly labeled
RNA fraction associated with ribo-
somes, RNA from the nuclei was ob-
tained by centrifuging the crude homo-
genate at 25,000g for 30 minutes, and
the pellet extracted by means of the
phenol-SDS method of Hiatt (/7). This
“nuclear” RNA was fractionated on a
sucrose density gradient (5 to 20 per-
cent), and the ultraviolet absorbancy
and radioactivity of the fractions were
determined (Figs. 7 and 8). An RNA
with relatively high specific activity was
found in tubes 18 to 22 of the control-
embryo preparation, and virtually all
nuclear RNA synthesis was inhibited
by this concentration of actinomycin
D. The high specific activity of tubes
18 to 22 is even more evident in Fig. 9.
Other than its rapidity in incorporating
isotope and its relative position on the
sucrose density gradient, there is at
present no evidence for considering this
fraction mRNA. The ratio of its bases
is intermediate between DNA from
cotton and cotton rRNA.

Further extraction of the pellet con-
taining the nuclei with phenol and SDS
yielded a trace of RNA but not with
as high specific activity. Incorporation
of isotope into this RNA was also
negligible in antibiotic-treated embryos.

Thus all newly synthesized RNA evi-
denced by the incorporation of *P rep-
presents a negligible contribution to the
total RNA. Furthermore, the fact that
there is no decrease in polyribosome
population even after 16 hours in the
presence of the antibiotic suggests that
either the mRNA maintaining the poly-
ribosomal structure is not being de-
graded during this period or that its
synthesis is not being inhibited by the
antibiotic. In view of the almost total
inhibition by actinomycin D of isotope
incorporation into “nuclear” RNA with
high specific activity, which occurs in
embryos exposed briefly to the isotope,
it is assumed that this concentration of
the antibiotic also inhibits mRNA syn-
thesis. In fact, evidence for the synthe-
sis of a rapidly labeled RNA in non-
treated embryos is at best sketchy
(Fig. 7).

Further indication that the bulk of
the embryo mRNA is stable during this
period of germination is given in Table
1. There is no decrease in the specific
activity of the soluble protein in em-
bryos whose RNA synthesis has been
inhibited by the antibiotic, indicating
that the inhibition of rRNA and mRNA
synthesis does not decrease protein syn-
thesis during this period in germination.

These data suggest that, during the
initial stages of cotton-embryo germi-
nation, protein synthesis is catalyzed by
both mRNA and rRNA, which comes
already formed in the mature seed, and
that mRNA is not rapidly degraded and
resynthesized during this period. Two
other findings in this laboratory support
this suggestion. (i) The number of
polyribosomes relative to monomeric
ribosomes is as high in the mature
embryo as at any point during the first
several days of germination. (ii) Em-
bryos germinated for 36 hours in acti-
nomycin D (20 pg/ml) exhibit the
same rate of growth as do control em-
bryos.
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