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The content of ribosomes and the activity of endogenous mRNA increased during adult
development in the female pupae of Bombyx mori, but debrained pupae of a strain
N122 X Cl15 did not show such increases. The debrained pupae synthesized ribosomal
RNA after injection of ecdysterone. Most of the synthesis was found in the ovaries.
The ovaries also exhibited increased activity of endogenous mRNA after injection
of the hormone.

INTRODUCTION

Kobayashi (1955) found that removal of the brain from Bombyx mori arrested
adult development, and resulted in a pupal diapause. Since Bombyx can be raised
copiously, diapausing pupae of this strain may serve as convenient materials
not only for endocrinological study (e.g. Yamazaki and Kobayashi, 1969) but
also for elucidation of metabolic control and developmental processes. It has
been demonstrated that in the diapause pupae the sugar content is low and the
switchover of carbohydrate metabolism from glycogen synthesis to trehalose
synthesis is retarded (Kobayashi and Kimura, 1967). However, knowledge of
protein synthesis in relation to the diapause is scarce. The present study deals
with the content and synthesis of ribosomes and the activity of endogenous
messenger RNA (mRNA)  in the debrained pupae of Bombyx mori.

MATERIALS AND METHODS

Animals
Female pupae of a hybrid between two races N122 and Cl15  were used since

it has been shown that dormant pupae can be obtained only when this hybrid is
used (Kobayashi, 1957; Kobayashi and Yamashita, 1958). Shortly after larval-
pupal ecdysis (within 2 hr) the brains were extirpated as described previously
(Ishizaki, 1972; Kobayashi, 1955) and then kept at 25°C. Some of the debrained
pupae were soon subjected to experiments. The rest were kept for 30 days
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and individuals which showed no sign of adult development were used as “Dauer
pupae” (Kobayashi, 1955). Before use they were injected with 10 pug per head
of ecdysterone (Rhoto Pharmaceutical Co. Ltd.) in 10 ~1 of 10 % ethanol.

Preparation of ribosomes
Ribosomes were prepared from the whole body of the pupae according to

Sridhara and Levenbook (1974) with some modifications (Yamao and Koga, 1975).
The A,,, values of the ribosomes were determined and recalculated to represent
mg per individual assuming that 1 mg of ribosomes possess 10 A,,,. Validity of
the procedure is discussed in detail in a separate paper (Shimizu et al., 1977).
Isolated ribosomes were also assayed for amino acid-incorporating activity as
described below.

Preparation of cell-free extracts (lysates)
The ovaries were homogenized and gel-filtrated as described previously

(Tamaoki et al., 1974). The void fraction (lysate) was assayed for amino acid-
incorporating activity.

Assay of amino acid-incorporating activities
The isolated ribosomes and the lysates were assayed for incorporation of

sH-leucine  plus 19 other amino acids due to endogenous mRNA and incorporation
of 3H-phenylalanine due to added poly(U). Details were described in previous pa-
pers (Koga and Tamaoki, 1974; Yamao and Koga, 1975).

RNA synthesis in Dauer pupae after hormone-administration
Dauer pupae (30 days after larval-pupal ecdysis, see above) were injected

with ecdysterone as described above and kept at 27°C for up to 7 or 11 days as
indicated. At intervals 2 pupae were taken and each was injected with 2 &i of
[53H]uridine  (5 Ci/mmol) or a mixture of 0.25 /Xi of [2-“C]uridine  (0.05 Ci/
mmol) plus 5 PCi of L- [methyZ-3H]  methionine (5 Ci/mmol) in 10 % ethanol (10~1).
The injected pupae were kept for another 24 hr and then sacrificed. Total
nucleic acids were extracted from the whole body or from each tissue as de-
scribed previously (Okabe  et al., 1975) and analyzed by a methylated albumin
column according to Mandell and Hershey (1960) or by polyacrylamide-gel
according to Loening (1967). Effluents from the column were determined for
A,,, and counted in Triton-toluene (1: 2) by a scintillation counter. The gel
was scanned as described previously (Okabe  et al., 1975),  sliced, dissolved and
counted according to Koga and Tamaoki (1974).

Effect of actinomycin S, (AMS) on the response of the ovaries to ecdysterone
Dauer pupae were injected with ecdysterone as above and kept for 7 days

at 27°C. During the period the pupae received AMS (Daiichi Pure Chemicals
Co. Ltd.) in 10 ~1 of 10% ethanol. In order to avoid possible catabolism of
AMS, its administration was made every 2 days, i.e. up to 4 times. The dose
of the drug at each administration is indicated in Fig. 5. Lysates of the ovaries
were prepared and their activities to incorporate 3H-leucine due to endogenous
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mRNA and to incorporate 3H-phenylalanine due to added poly(U) were assayed
as described above. The sample of AMS-minus (dose zero) exhibited significant
incorporation upon both types of incubation. The results (Fig. 5) are expressed
in terms of relative activity.

RESULTS

The content of ribosomes in the debrained pupae
Changes in the ribosome content were studied for up to 9 or 10 days after

larval-pupal ecdysis. The results are depicted in Fig. 1. The brainless pupae
exhibited a specific pattern without showing the maximum that appeared at
day 7 in the control pupae (sham-operated or not). The variation in the normal
pupae is discussed in a separate paper (Shimizu et al., 1977).
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AGE IN
DAYS AFTER ECDYSIS

Fig. 1. Changes in content of ribosomes in the debrained pupae (open
circles) and in the normal pupae (solid circles). Zero day is the day of
larval-pupal ecdysis. The normal pupae attained adult emergence on the
11th day (arrow.)

Activity of endogenous mRNA  in the debrained pupae
The activity of natural mRNA which was attached to isolated ribosomes

were assayed by the amino acid-incorporating system. As shown in Fig. 2,
the control animals (sham-operated or not) attained a drastic increase in the
activity 9 to 10 days after larval-pupal ecdysis (cf. also Yamao and Koga, 1975),
while the debrained pupae did not show such an increase.

RNA synthesis in Dauer pupae after injection of ecdysterone
Dauer pupae were injected with ecdysterone and RNA synthesis was studied

as described in Methods. Figure 3 shows the results of methylated albumin
column chromatography with the labeled nucleic acids from the whole bodies.
The last peak in each chromatograph  m a y represent ribosomal (28s + 18s)
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AGE IN
DAYS AFTER ECDYSIS

Fig. 2. Changes in activity of endogenous mRNA  in the debrained pupae
(open circles) and in the normal pupae (solid circles). Kibosomes were
prepared and assayed for 3H-leucine  incorporation due to endogenous mRNA
as described in Methods. For the other comments see the legend to Fig. 1.
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Fig. 3. Incorporation of 3H-uridine into nucleic acids of Dauer pupae after
injection of ecdysterone. Dauer pupae were injected with 3H-uridine after
receiving 10% ethanol only (A), and 1 day (B) and 7 days (C) after receiv-
ing ecdysterone. Total nucleic acids from the whole bodies were analyzed
by a methylated albumin column. Details are described in Methods. Solid
line represents Azeo and broken line represents the counts.

RNA (rRNA).  Figure 4 shows the counts of rRNA as analyzed by polyacryl-
amide-gel electrophoresis of nucleic acids from each tissue. One day after
ecdysterone-treatment the incorporation of the RNA-precursors into rRNA  had
already been significantly accelerated, and after 7 days it reached a maximum
level. As seen in Fig. 4, the ovaries occupied most of the increasing activities,
while other tissues (totalized in Fig. 4) had a tendency to decrease in incorpo-
ration after the hormone-treatment. The apparent changes of incorporation in
the ovaries may not be the reflection of some change in precursor pools because
two different precursors, uridine and the methyl group, took similar patterns
(Fig. 4). It may be inferred that the rRNA  synthesis exhibited by the ovaries
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in response to ecdysterone-treatment is rapid in the sense that it showed no
threshold as far as studied under the present experimental conditions (Fig. 4).
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DAYS AFTER INJECTION
OF ECDYSTERONE

Fig. 4. Incorporation of RNA-precursors into rRNA  in the organs of Dauer
pupae after injection of ecdysterone. Dauer pupae were injected with a
mixture of r4C-uridine plus [methyPH]  methionine at indicated days (aIong
abscissa) after administration of ecdysterone. Nucleic acids were analyzed
by polyacrylamide-gel electrophoresis as described in Methods and the
counts per AzeO of rRNA (28s + 183 from the ovaries (circles) and the total
of other organs (triangles) are depicted. Solid symbols represent the counts
of 1°C and open symbols represent those of aH.

DOSE OF AMS IN
MICROGRAM

Fig. 5. Effect of AMS on the response of the ovaries to ecdysterone.
Dauer pupae which received ecdysterone were injected with AMS at the
indicated doses (along abscissa) and the lysates from the ovaries were
assayed for the activity of endogenous mRNA (solid circles) and of poly(U)-
dependent ribosomal activity (open circles). For details see Methods.
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Effect of AMS on the response of the ovaries to ecdysterone

in order to test the possibility that the ovaries synthesize mRNA  in
response to ecdysterone, the effect of AMS on the appearance of the activity
of endogenous mRNA  in the ovaries was investigated. Seven days after injection
of the hormone the ovaries from the animals which received no AMS showed
a high level of 3H-leucine-incorporating  activity (4482 cpm). Moreover, these
ovaries had a high level of ribosomal activity as assayed by poly(U)-dependent
3H-phenylalanine-incorporation  (5796 cpm). As seen in Fig. 5, both the incorpo-
rations were lower in the organs from the AMS-treated animals than those
with the AMS-minus animals, suggesting that de nova  synthesis of mRNA as
well as ribosomes may occur in the ovaries and these were inhibited by AMS.
The apparent inhibition for ribosomes seemed to be more significant than that
for mRNA.  This coincides with the generally accepted principle for the action
of actinomycin. However, whether or not AMS affects the turnover-rate of
mRNA and ribosomes is unknown at present.

DISCUSSION

There is evidence that the increase in both the ribosome content (Fig. 1)
and the endogenous mRNA  activity (Fig. 2) in the normal pupae are mainly
contributed by the ovaries (Shimizu et al., 1977),  while in the debrained pupae
no such increases were observed, indicating that development of the ovaries
was arrested by the extirpation of the brains. It is known that the ovaries in
the normal pupae develop autonomously; fundamental steps for their growth do
not depend upon endocrinological systems (Paul et al., 1972).  However, the pres-
ent study shows that the ovaries in Dauer pupae significantly respond to ecdy-
sterone; rRNA synthesis was stimulated without showing a threshold after
administration of the hormone as far as studied under the present conditions
(Fig. 4). The hormone may also stimulates the synthesis of mRNA as sug-
gested by the result of the AMS-experiment (Fig. 5). Irrespective of whether
or not these types of stimulation may be effected in an indirect manner,
the ovaries in Dauer pupae will serve as a convenient tool for study of mecha-
nisms related to the control of protein synthesis which is under investigation
in our laboratory.
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