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The rate of RNA synthesis in the midgut of B o m b y x  mori  during the period of larval-
pupal  deve lopment  was  assayed  in vitro with isolated nuclei. The synthesis was
examined with or without ecdysterone added in the assay medium, and the products
were analyzed by means of polyacrylamide gel electrophoresis. The rate of RNA syn-
thesis in nuclei isolated at the gluttonous stage (day 3 of the 5th instar)  was 2.5 times
as high as that in nuclei from the mature larvae (day 7 of the 5th instar), and the
RNA species  synthes ized  in  the  two prepara t ions  of  nucle i  were  d i f ferent .  Both
syntheses were stimulated by ecdysterone added in the reaction mixture, but features
of the hormonal effect were different between the two larval stages. In case of the
gluttonous stage, new species of RNA xvere  found to be synthesized in ecdysterone-
treated nuclei. On the  o ther  hand , nuc le i  f rom the  mature  la rvae  showed only
quantitative hut not qualitative stimulation by the hormone. Many of the ecdyster-
one-stimulated RNA species found in midgut cell nuclei from the gluttonous larvae
were similar to those found in nuclei from the mature larvae.

INTRODUCTION

The midgut of the silkworm, Bornbyx  mori, changes structurally and func-
tionally during larval-pupal metamorphosis. At the first half of the 5 th instar
when the larvae are voracious, the organ plays a major role in the digestive
process, exhibiting a tight assembly of the columnar and goblet cells, which
bear digestive and absorptive functions, respectively. After the onset of lar-
val maturation which is triggered by ecdysone, the midgut decreases in volume,
and the constituent cells are gradually degraded and replaced by generative
cells multiplying to form a new midgut charateristic  of the pupal stage (Ka-
waguchi, 1931; Machida,  1933; Tsujita, 1943). The function of the latter organ
has not exactly been clarified but it may play some role in secreting the
cocoon digesting enzyme (Eguchi et al., 1975). These structural and functional
changes of the midgut during development may possibly be affected by tran-
scriptional processes, since there has been observed a difference in activity of
RNA synthesis in the nuclear fraction of midgut between the feeding and
maturation stages (Fujii  and Sakaguchi, 1971). In the present study, we have
isolated nuclei from the midgut of both the gluttonous and mature larvae,
and compared the RNA species synthesized in vitro. The nuclei were incubat-
ed with or without ecdysterone added to the medium in order to examine the
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hormonal effects on nuclear events.

MATERIALS AND METHODS

Silkworm
A standard strain P22 maintained at the Institute of Silkworm Genetics in

Kyushu University was used. Animals at 72 hr (day 3) and 148 hr (day 7)
after the 4 th molt were taken as gluttonous and mature larvae, respectively.

Preparation of midgut cell nuclei
The midgut was dissected out in physiological saline, and the trachea and

Malpighian tubules attached to the organ were carefully removed and discard-
ed. Nuclei were isolated essentially according to Chauveau et al. (1956) and
Berendes and Boyd (1969) with slight modifications. Several midguts  were
homogenized in 3 volumes per weight of 2.3 M sucrose solution containing 10
mM MgCl*,  3mM CaCl, and 0.01 M Tris-HCl  buffer (pH 7.8) with 3 strokes of
a Teflon-glass homogenizer. The homogenate was diluted 2-fold  with the
buffered sucrose, and then filtered through 4 layers of nylon mesh. The
filtrate was again mixed with the buffered sucrose to attain 20 volumes per
weight of the starting material, and centrifuged at 60, OOOxg  for 45 min in a
Beckman 30 rotor. The pellet was resuspended in 0. 34 M sucrose plus 10 mM
MgC12,  3 mM CaCl, and 0.01 M Tris-HCl buffer (pH 7.8)) and centrifuged at 250
xg for 10 min. The pellet containing crude nuclei was washed twice with
0.01 M Tris-HCl (pH 7. S), 2 mM MgCl, and 6 mM mercaptoethanol,  and the
final pellet of purified nuclei was suspended in the same buffer. All the pro-
cedures were performed at O-4°C.

RNA synthesis in vitro
RNA was synthesized in a standard incubation mixture (1 ml) containing

0.01 M Tris-HCI (pH 7.8), 2 mM MgCI,,  6 mM mercaptoethanol,  5 UCi  ‘H-ATP
(60Ci/mmol,  New England Nuclear Corp., Boston), 1 1fclM  each of GTP, CTP,
UTP, 50 DM phosphoenolpyruvate (Sigma Chem. Co., Saint Louis), 10 /rg phos-
phoenolpyruvate kinase (as above), 2101Ig  bentonite purified according to
Fraenkel-Conrat  et al. (1961),  60 units penicillin, 1 mg streptomycin, and nuclei.
In order to determine the effects of hormone on RNA synthesis i?z vitro, 10 og/
ml of ecdysterone (Rhoto  Pharmaceutical Co., Osaka) was added to the stan-
dard incubation mixture. The mixture was incubated at 37°C for 60min.

Isolation of RNA
Crude RNA fraction was separated from the incubated nuclei together

with the medium according to Schmidt and Thannhauser (1945),  and Schneider
(1945). Alternatively, total nucleic acids were extracted by means of a phenol
method. An equal volume of 0.1 M Tris-HCI buffer (pH 7.8) plus 0.5 % sodium
dodecyl sulfate was added to the nuclei plus medium, and homogenized in a
glass homogenizer. The homogenate was shaken with an equal volume of
phenol saturated with the above buffer for 30 min at room temperature. Af-
ter centrifugation for 10 min at 16, OOOxg  the phenol phase was discarded,
and the water phase and interphase were reextracted with an equal volume
of phenol as above. Nucleic acids were precipitated from the final water layer
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with ethanol, washed with ethanol, and stored at P20”C. Sometimes,  nucle ic
acids were directly extracted from isolated midgut cell nuclei without any in-
cubation. In a preliminary experiment, the purified nucleic acid preparation
was treated with RNase-free DNase (Worthington Biochem. Corp., Freehold),
but this resulted in some degradation of RNA as analyzed by means of poly-
acrylamide gel electrophoresis described below. Therefore, DNA was not elimi-
nated from the samples. Contaminating DNA did not interfere with RNA
analysis since DNA moves more slowly than RNA in gels (see Fig. 2) and
little radioactivity was detected in the DNA region of gels (see Fig. 4).

Gel electrophoresis of RNA
RNA was electrophoresed on 2.4 % acrylamide gel according to Bishop e t

al. (1967). The gels were scanned at 260 nm by a Gilford Model 2400 spectro-
photometer and sliced into 4-mm fractions. Each slice was placed in a vial
and dissolved with H,O, at 60°C. Radioactivity was determined in a toluene-
based scintillator with a Beckman Model LS-250 scintillation spectrophotom-
eter.

RESULTS

Isolated nuclei from midgut
Midgut cell nuclei from the larvae at the gluttonous stage (day 3 of the 5th

instar)  are shown in Fig. 1. The nuclei had no cytoplasmic contamination

Fig. 1. Purified midgut cell nuclei of larvae at day 3 of the 5th instar
(x360). Nuclei were suspended in a buffered 0.34 M sucrose solution as
described in Methods.
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Fig. 2. Polyacrylamide gel electrophoresis of nucleic acids extracted with
phenol from isolated midgut cell nuclei. Nucleic acids were allowed to
migrate through a 2.4 % gel column and the gel was scanned at 260 nm.
Both  of  RNA’s  f rom la rvae  a t  day  3  ( so l id  l ine )  and  day  7  (h roken
line) showed almost the same patterns. The first peak was identified to
be DNA as it persisted after RNase- or alkali-treatment. S values indicated
were  ca lcu la ted  f rom a  ca l ib ra t ion  curve  made  wi th  ra t  l ive r  RNA
electrophoresed in parallel. BPB, bromophenol blue.

apparently. Three different sizes of nuclei were seen; this heterogeneity may
not be due to artifact, since the nuclei were surrounded by a definite nuclear
membrane, and the form of nuclei at this stage is relatively stable against
the changes of environmental conditions (unpublished observations). Possibly,
the large, middle and small nuclei may be originated from the columnar,
goblet and generative cells, respectively. This inference comes from a pre-
viously published morphological observation of midgut cells (Tsujita, 1943). On
the other hand, the nuclei from the mature larvae were fragile, and uniform
in shape (unpublished observations). This is in agreement with the morpho-
logical observation that the midgut cells at this stage are degenerating, and
dimensional difference among the cells becomes indistinguishable (Tsujita, 1943).

Classes of nuclear RNA and its stability during incubation
RNA was extracted from the isolated nuclei without any incubation, and

analyzed by means of polyacrylamide  gel electrophoresis. As shown in Fig. 2,
many groups of RNA were found to exist in the nuclei. No difference was
detected between nuclear RNA’s from midgut nuclei of the gluttonous and
m a t u r e  l a r v a e  ( F i g .  2) ; thus the nuclei of both stages seemed to contain
almost the same types of RNA. Furthermore, RNA was also extracted from
the nuclei incubated as described in Methods (but in this case 3H-ATP was
replaced by cold ATP) and gel electrophoresed as above (figure not shown).
Similar patterns were obtained irrespective of whether nuclei were incubated
or not, and it was concluded that RNA degradation may not happen during
the incubation.
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l’ig. 3 .  RNA synthesis in ccl1  nuc le i  isolalcd  f rom the midgut  of  1:rrvae
at day 3 (V 3) and day 7 (V-7)  of the 5 th instar. The nuclei were
i n c u b a t e d  f o r  60 min wi th  3H-ATP, and  the  c rude  RNA f rac t ion  was
isolated by means of the Schmidt-Thannhauser-Schneider method. “iNON
E D ”  i n d i c a t e s  R N A  synthesized wi thout  ecdys te rone ,  and  “ED” wi th
rcdys te rone .  The  pa t te rn  was  essen t ia l ly  reproducib le  in  4 s e p a r a t e
series of cxperimcnts. and a typical result is illustrated. The paired t-test
w a s  made with the results for the hormonal stimulation assuming that
the restrictions for the test could hold in this case. The differences for
V-3 and V-7 were significant at a level of 0.01 and 0.025, respectively.

Developmental changes and hormonal stimulation in rate of RNA synthesis
The rate of bulk RNA synthesis was studied by incubating isolated nuclei

with 3H-ATP for 60 min in vitro as described in Methods. RNA fraction sep-
arated according to Schmidt and Thannhauser (1945), and Schneider (1945)
was directly assayed for radioactivity. The results are shown in Fig. 3. With
respect to the mature larvae (day 7), the rate was 2.5 times as large as that
for the gluttonous larvae (day 3). The absolute rates of synthesis based upon
measurements of specific activities of the precursor pools were not evaluated.
Neverthless,  it is significant th:!t  adding ecdysterone to the incubation mixture
caused an increase in incorporation into the nuclear RNA of both gluttonous
and mature larvae (Fig. 3).

Newly synthesized RNA
RNA was extracted with phenol as described in Methods. The species of

RNA newly synthesized (i. e. labeled for 60 min) were compared between the
gluttonous (day 3) and maturation stage (day 7) by assaying radioactivity in
polyacrylamide  gels as described in Methods. Figures 4A and C indicate that,
although many fractions were common to both stages, 16S, lOS, and especially
4s RNA’s were peculiar to the maturation stage. In contrast, RNA’s specific
to the gluttonous larvae seemed to be very scarce.
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Fig. 4. Polyacrylamide gel electrophoresis of nucleic acids newly syn-
thesized in isolated midgut cell nuclei. The nuclei were incubated for
60min with 3H-ATP,  and nucleic acids were electrophoresed as described
in the legend to Fig. 2. Radioactivities in 4-mm gel slices were counted.
A, day-3 midgut cell nuclei incubated without ecdysterone; B, as A but
incubated with ecdysterone ; C, day-7 midgut cell nuclei incubated without
ecdysterone; D, as C but incubated with eccysterone. Slice no. 1 cor-
responds to DNA peak but no significant counts were detected here. The
RNA spec ies  ind ica ted  by  ar rows were  spec i f ic  to  day-7  nucle i  or  to
hormone- t rea ted  nuc le i .  The  pa t te rns  were  reproduc ib le  in  3  separa te
series of experiments.

Effects of ecdysterone on synthesis of RNA species
The above difference in species of newly synthesized RNA between the

two developmental stages may be related to hormonal control systems. In
order to study this point, RNA’s synthesized in vitro with or without ecdyster-
one added to the reaction mixture were compared. As shown in Figs. 4A
and B, qualitative changes were detected in case of the gluttonous stage (day
3) ; in the hormone-treated nuclei new species of RNA appeared, while some
other species detected in the control were repressed to some extent. On the
other hand, ecdysterone affected nuclei from the mature larvae rather quan-
titatively, stimulating the synthesis of RNA species which were also produced
without ecdysterone (Figs. 4 C and D).
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DISCUSSION

At the period of larval maturation, the midgut of Bolnbyx tori begins to
degrade (Kawaguchi, 1931; Machida,  1933; Tsujita, 1943). At this stage the
midgut no more functions as a digestive organ, but its activity for RNA syn-
thesis was found to be higher compared to that of the actively feeding larvae
(Fig. 3). Moreover, additional species of RNA were produced by midgut cell
nuclei of the mature larvae (Figs. 4A and C). This phenomenon might be ex-
plained by assuming that some species of RNA are necessary for the degra-
dation of larval midgut and the reformation of pupal midgut that follows.
These changes may be switched by the molting hormone, ecdysone.

There is evidence that isolated cell nuclei are stimulated to synthesize
RNA by exogenous steroid hormones (Congote et al., 1969), and it holds also
for the present case. The results described above show that ecdysterone
affected RNA synthesis in isolated midgut cell nuclei in the following t w o
modes; first, it caused an increase in amount of RNA’s which are synthesized
even without ecdysterone, as seen in the results for the maturation stage
(Figs. 4C and D). The latter stage is the period when the endogenous titre
of ecdysone is very high: it may be that in such cases exogenous hormone
acts only in the quantitative phase. Second, the hormone induced synthesis
of RNA’s which are absent in a hormone-free control. This was the case for
the young, gluttonous larvae (Figs. 4 A and B), whose endogenous titre of
ecdysone is very low. It is interesting to note that the ecdysterone-stimulat-
ed young cell nuclei gave RNA species simillar to those for the mature larvae
(compare Figs. 4B and C). It is possible that the present incubation system
with the exogenous hormone mimicked at least some of the events naturally
occurring in metamorphosing tissue cell nuclei.

The above changes in RNA spectrum may not totally be the result of
transcriptional change itself but can also be affected by some modulation in
“processing” of initial transcripts. It is known that cell nuclei in general
contain many kinds of RNA which are turning over very rapidly (e. g. Soeiro
et al., 1966). In the present study, nuclei were labeled for a relatively long
period of 60 min; under these conditions various processing intermediates may
be revealed rather than the initial transcripts with high-molecular-weights.
At any rate, details for the identification and physiological significance of the
RNA species discussed in this paper remain to be investigated.
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