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ェn the body and modulate the endocrine systems including 

the brain， corpus cardiacum， corpora allatum， prothoracic 

gland and suboesophageal ganglion; these in turn control 

the start of diapause (Jlarvey， 1962). 

The type of diapause is directly related to the insect 

voltinism. The obligate diapause is found in the univoltine 

insects， whereas the facultative diapause is of the bi-

voltine， trivoltine insects and 50 on (insects of the poly-

voltine type， which are adapted to high-temperature regions， 

do not enter diapause)(Beck， 1980) 

The silkworm， Bombyx mori， ha5 many variants in nature 

of diapause. For the bivoltine silkworms， the mode of re 

sponse to the environmental stimuli， which br五ng about the 

modulation whether diapause occurs or not， have been inves-

tigated in detail (e.g. Kogure， 1933; Kobayashi et a1.， 

1986). In contrast to many species of insects in which the 

induction phase and the diapause phase are very close (often 

in the same developmental stage)， these phases are far sepa 

rated in B. mori; the seasonal stimuli received at the late 

embryonic stage determine， and those received during the 

post-embryonic stages modulate， the diapausability of the 

next generation. During oogenesis in the maternal body， 

oocytes are influenced by the diapause hormone secreted from 

the suhoesophageal ganglion (Fukuda， 1951; Hasegawa， 1951). 

The release of this hormone from the ganglion is dependent 

upon the central nervous system， which memorizes the 

seasonal information (~I atsutani and Sonobe， 1987). 1 f the 
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pigmented ftnd non-diapausing egg) gene was analyzed (Sonobe 

and Odake， 1986). By using univoltine European races， in 

vitro translational products of RNAs and the proteins 5yn-

thes且zed in vivo at the onset of diapause were resolved by 

2D gel electrophoresis (Dorel and Coulon， 1988). These 

studies revealed the production of a certain stage-specific 

proteins. The eggs during diapause were found to have RNAs 

which are active in 孟n vitro translation systems derived 

from wheat germ and rabbit reticulocyte lysate (Saito et 

81.， 1985a; cf. a150 Grzelak et a1.， 1979) but contain a 

small amount of polysomes (Szyszko and Lassota， 1977; Saito 

et 81. I 1982); these situations last until the termination 

of diapause after the long-term chilling (Saito et 81. I 

1982， 1985a). Thus the eggs at the dormant phases of dia-

pause and wintering are believed to be low in rate of pro-

tein synthesis， while containing a store of template active 

messages. During the post-diapause development， the rate of 

amino acid incorporation and the amounts of polysomes were 

increased about 3 to 4-fold， suggesting that the rate of 

protein synthesis is augmented; this augmentation seemed to 

be dependent， at least in part， upon the increased translat-

ability of mRNAs (Saito et 81.， 1982， 1985a). 1n spite of 

these fluctuations， the overall patterns of RNA translation 

products in vitro， as analyzed by 10 gel electrophoresis， 

remained unchanged during the first 20 hr of the post-

diapause development， the time during which the augmentation 

in rate of protein synthesis was rapid (Saito et 81.， 

4 
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19B5a). 

The purpose of the present study エs to analyze more 

fully the protein synthesis in relntion to diapause of B. 

mori. As materials， the eggs during the early period after 

ov ipos i tion I a t the t ime near Lhe onse t of diapause， and 

during the first stages of the post-diapause development 

were principally used This ls because previous studies 

cited above have shown that the activity of protein syn-

thesis is markedly fluctuated at these periods， and in ex-

pectation that these materials would prov孟de much informa-

tion relevant to diapause switches. Some of the eggs were 

treated with hot-HCl at 24 hr after oviposition to arrest 

the entrance of diapause. As to the post-diapause eggs， the 

following sorts of treatments were applied ・(1) the eggs 

chilled for a prolonged time of 180 days to terminate dia-

pause and then directly transferred to 25・Cj (2) the eggs 

similar1y handled but treated with hot-HCl before the 

transfer to 25・C. Eggs at other phases， e.g. during early 

periods of chilling， will be occasエonally used as 

compar1sons. 

First， 20 gel electrophoretic patterns of egg proteins 

were observed after staining of the gels (Chapter 1). 

Fluorography of in vitro translation products of RNAs were 

then analyzed after 20 gel electrophoresis (Chapter 11). 

The overall stained and fluorographic patterns exhibited 

very small changes through the stages and phases tested， 

indicating that the bulk populations of proteins and mRNAs 

5 
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are rather stable even during the period at which marked 

modulations in protein synthetic activity， and io physiol-

ogy， are taking place. 00 the other hand， some spots of 

translation products of RNAs appearlng 10 the post-diapause 

eggs were speci fic to the hoL-IICl treatment. These are 

likely to be the so-called heat- or stress-shock proteins. 

Thus， gene expression following this treatment was investi 

gated by the Northern blotting technique (Chapter 111) 

Thェs was followed by the fluorography of in vivo syn-

thesized proteins to see the mode o( utilization of mRNAs 

in the cells (Chapter IV) I indicating again that the pat-

terns of fluorographic spots did not undergo extensive 

fluctuation among the eggs tested. On the other hand， the 

rate of amino acid incorporation into the whole proteins of 

thc eggs exhibited changes depending on the stage (Chapter 

V). The significance of results of these observatェonsare 

debated in General Discussion 

6 
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Chapter 1 

Analysis of egg proteins by two-dimensional gel 

elec trophoresis 

INTRODUCTION 

Proteins contained io the eggs of 8. mori have previ-

ously been analyzed in the study of yolk protein metabolism 

(Izumi et 81.， 1980; lrie and Yamashita， 1980; Zhu et 81.， 

1986). These analyses， however， were mostly conducted by lD 

gel electrophoresis， and well-resolved 2D patterns for egg 

protelns of B. mori were scarcely reported The first 

chapter of the present study was devoted to the establish-

ment of basal patterns of egg proteins of this species as 

analyzed by 2D gel electrophoresls followed by staining. 

This revealed a d且splay of the previously known major yolk 

proteins (Izumi et 81.， 1980; Ono et 81.， 1975; Irie 8nd 

Yamashita， 1980; Zhu et a1.. 1986). Also a number of minor 

components were seen. The results of the present work pro 

vided landmarks for the survey of fluorographic patterns in 

the subsequent chapters As to the whole pattern of the 

spots no large developmental fluctuation was exhibited 

except for a certain numbers of minor spots， which appeared 

in the post-diapause development. The presence of diapause 

7 
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specific proteins has not been found to date 

MATERIALS AND METHODS 

Preparation of diapause eggs and artificial non-diapause 

eggs 

The silkworm eggs used were those given by the moths of 

a hybrid between a Japanese race (N137) and a Chinese race 

(C137). It should be noted here that the presently used 

eggs were thus of the second filial generation; this may 

offer the problem that the individual egg would be hetero-

logous in genetic background， possibly lowering the repro-

ducibility of analysis if respective eggs were compared. 

However， the author dared to utilize the samples in the 

prcsent study because of their availability. Care was taken 

to combine the eggs given by several moths and to use 30 

(randomly chosen) eggs for extraction at a time. 

To obtain eggs the parent pupne were kept at 25・C，and 

after emergence the moths were randomly mated for 4 hr. The 

mother moths inseminated were chilled at 5・C overnight to 

synchronize the start of oviposition (this treatment did not 

affected the initiation of diapause and the hatchability of 

the eggs). The moths were allowed to oviposit at 25・C under 

dark conditions. A batch of eggs deposited for 30 min were 

used φ 

The eggs deposited by the hybrid used entered diapause. 

In previous studies on hibernating B. mori eggs， both the 

8 
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activity of thymidine incorporation into ONA and the rate of 

respiration begin to be lower than those of non-diapause egS 

on day 2 after ovlposition (Sonobe and OdakeJ 1986) and it 

can be inferred that diapause (at least 瓦n terms of these 

biochemical indices) commences at about 48 hr after oviposi-

tion. Thus eggs at 20 hr after oviposition used in the 

present experiment will be termed pre-diapause eggs. Other 

eggs were begun to be chilled at 5・Con day 2 after oviposi-

tion (shortly after the onset of dエapause)，and kept at this 

temperature for a prolonged period. Under the present con-

ditions， 180 days were enough to terminate diapause. These 

eggs will be termed the cold-treated eggs. They began the 

post-diapause development when kept at 25・C. Some of the 

cold-treated eggs were soaked in hot-HCl (sp. gr. 1.10) at 

46・C for 5 min In general such treatment is utilized to 

activate insufficiently chilled eggs， or to make solely the 

post-diapause development more synchronous. The latter was 

the case in the present experiment. Eggs at each stage were 

kept at -80・C until used for extraction. 

Extraction and electrophoretic analysis of egg proteins 

Eggs (the number for one analysis was set to 30) were 

homogenized in 300 ul of the lysis solution conta斗nエng9.5 M 

urea (Wako)， 2% (WjV) Nonidet P-40 (Sigma)， 2% (VjV) 

Ampholine (pH 3.5 - 10， Pharmacia) and 5克 (VjV) 2-mercapto-

ethanol (Wako) and centrifuged for 5 min at 5，000 x g. An 

aliquot of the supernatant was subjected to 2D gel electro-

9 
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phoresis under the conditions essentially as described pre 

viously (O'Farrell， 1975) The f孟rst dimensional run was 

done with isoelectric focusing gels made in glass tubings 

(130 x 4 mm inside diameter)， sealed at the bottom with 

Parafilm. The gel mixture conLained 3.95% acrylamide， 0.05% 

N，N'-methylenebisacrylamide， 2% (W/V) Nonidet P-40， 2% (V/V) 

Ampholine (pH 3.5 - 10)， 0.01% (W/V) ammonium persulfate and 

0.07兎 (V/V) N，N，N'，N'-tetramethylethylenediamine For the 

running buffer 0.02 M NaOH and 0.01 M 113P04 were used in the 

anode and cathode J respectively. The gels were preliminar-

ily run at 200 volts for 30 rnin then at 400 volts for 30 

min， and thereafter samples were loaded onto the gels and 

electrophoresed at 800 yol ts for 12 hr followed by 1，600 

yol ts for 15 min The gels were soaked in the solution 

contaioiog 10% (W/V) glycerol， 5% (V /V) 2-mercaptoethanol， 

Z.3'民 sodiumdodecyl sulfate (50S)， 62.5 mM Tris-HCl buffer， 

pH 6.8， and 1 mM phenylmethylsulfonyl fluoride (Sigma) for 1 

hr at room temperature and then stored at -70・C. The gels 

were each thawed， fixed with 1% agarose containing the run-

nλng buffer (25 mM Tris-HCl buffer， pH 8.3， 192 mM glycine 

and 0.1% SDS) and loaded on top of a slab gel (15 x 12 cm) 

for the second dimensional run (Laemmli， 1970). The latter 

slab was composed of a separation gel with 9.73% (W/V) 

acrylamide and 0.27% (W/V) N，N'-methylenebisacrylamide in 

0.375 H Tris-HCl buffer， pl-I 8.8， wムth 0.1% 5DS， connecLed 

with a stacking gel with 2.48% polyacrylamide and 0.62% 

N，N'-methylenebisacrylamide io 0.125 M Tris-IICl buffer， pH 

10 



6.8. plus 0.1% SDS Electrophoresis was conducted at room 

temperature at a constant voltage of 75 volts in the running 

buffer described above. Then Lhe gels were stained by a 

silver staining kit (Wako) and dried. 

RESULTS 

Protein patterns in eggs before， during and after diapause 

Eggs were extracted for proteins with a buffer contain-

ing urea. The supernatants were analyzed by Q'Farrell type 

2D gel electrophoresis. Fig. 1 shows the silver-stained 

protein patterns for different stages. The all electro-

pherograms obtained gave high resolution at the regェonof 5 

to 7 in pI and 20 to 100 in kOa. At the alkaline region 

many spots became smear along thc direction of pI and only a 

part of spots were steadily distinguished. No spots were 

found at the region below pI 4. The major yolk proteins 

were detected as large spots. As drawn in the composite 

chart (Fig. 2)， which will be discussed below， these were 

identified to be vitellin heavy chain (Vt.H)， vitellin light 

chain (Vt.L)， egg specific proteins (ESPs) and 30 kDa 

proteins (30K) based on their molecular weights and pIs that 

have been reported previous1y (Izumi et 81.， 1980; Ono et 

81.，1975; Irie and Yamashita， 1980; Zhu et 81.，1986). 

As shown in Fig. 1a， the eggs at 20 hr after oviposi 

tion (a pre一diapause stage) exhェbited up to 143 countable 

spots in addition to the major yolk proteins. The eggs on 

11 
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Fig. 1. Silver stained patterns of egg proteins. Eggs at ench of 
different stages were extracted by the solution containing urea and 
non-ionic detergent. The extract was separalcd by 20 gel elec-
trophoresis (O'Farrell， 1975) followed by silver staining ns described 
in ~IATERIALS AND METHODS. The 1st dimension was isoelectric focusing 
on a pH gradient from 4 to 7. The 2nd dimension was done in the 
presence of 80S. Each gel had the sample equivalent to one egg. 8， 
Pre-diapause eggs at 20 hr nfter ovipositiollo b， eggs chilled at 5・c
for 35 days (chilling started on day 2); c， post-diapause eggs at 6 hr 
after hot-HCI treatment (preceded by chilling at 5・Cfor 180 days)j d， 
posl-diapause eggs nt 72 hr (do.).' The spots indicated by arrow heads 
changed in inter、sitywith stages 
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day 35 after the onset of chilling at 5・C (these eggs could 

not recover the normal development after the transfer to 

25・C 50 that these were regarded to be still io a diapause 

state) I the above mentioned 143 spots were again detected 

(Fig. lb)， giving an almost identical pattern to that of the 

pre-diapause eggs. 

The eggs at the post-diapause development (after the 

hot-HCl treatment preceded by cold activation) again dis 

played the patterns basically similar to those shown above， 

although new spots appeared， changing the number to 159 at 

6 hr of post一diapause development (Fig. lc) and to 173 at 

72 hr (Fig. ld). The spots accompanying arrow heads and 

numbers al to a32 were those occurred in the post-diapause 

stages. 

Summary of the results 

The basic disp1ay of the stainab1e spots is i11ustrated 

in Fig. 2. The major yo1k proteins did not change in distr 

ibution throughout the present experiments. The numbers of 

the countab1e spots 8re summarized in Fig 3. Litt1e dif-

Cerence in number were observed between the pre-diapause 

eggs and those on day 35 of ch且lling. The number increased 

in the post-diapause eggs， whereas approximately 80% of the 

total spots were steadily detected in a11 the stages tested. 

Most of the spots observed in the pre-diapause and 

chi11ing stages were more than 30 kDa in size. On the other 

hand， the spots newly appeared in the post-diapause stages 

14 
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Fig. 2. Schematic representation of stained patterns. The results 
shown io Fig. 18. to d are c。阻posed. Silver stained spots are repre-
senLed by cIrcles. Solid cil'cles represen乞 generallyoccurring spot.s 
Open circles indicate the 8pOt6 appeared first in Fig. lc (6 hr of 
post-diapause development). and those with solid arr~w heads were seen 
only 1n -Fig. ld (72 -hr of post-diapause development). Vt.H， vitellin 
heavy chaino Vl.L， vitellin lighL chaini ESP， egg specific proLein; 
30K， the 30 kDa proteins. Horizontal 8nd vertical lines represent 
isoelectric poiot and lIIo1ecular weight， respectively 
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Fig. 3. Changes in number of stllined spots ?Il 2D gel electl'ophoresls. 
The numbers 0 r spots counted on Figs. 1 and 2 are summar i zed. a， Pre-
diapause eggs at 20 hr after oviposition; b， eggs chilled at 5・C for 
35 days (chilling started 00 day 2); c， at 6 ~r after hot-HCl trea~­
ment (preceded by chilling at 5・C for 180 days); d， at 72 hr (do.). 
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(drawn by open circles in Fig. 2， with the numbers from al 

to a32) were mostly small， having the molecular we孟ghts

below 30 kDa. Exceptiona11y， the spots a2 to a6 were 

distributed at the higher molecular weight region. 工n

addition， a large fraction of the newly occurring spots were 

acidic， with pI of 6 to 4.5 

DISCUSSION 

In this chapter， the basal 2D pattern of egg proteins 

was obtained. The electrophoresis under the present condi 

tions covered the region with the pI from 4 to 7.5 and the 

size of 20 to 110 kOa， with a higher resolution than which 

expected in 10 gel electrophoresis; more than 170 countable 

protein spots were resolved. In addi tion to these， many 

other spots which were very week inλntensity could be occa-

siona11y detected. These components were possibly present 

in some stages consistently， but trials to intensify these 

spots by increasエng the loading amounts of samples to the 

gels were not successful， since the bulky yolk proteins 

severely disturbed the neighboring spots 

In the present experiments， the number of proteins 

could be counted in each stage and 80% of these were steadi-

ly seen. It can be concluded that the overall patterns were 

almost similar between the pre-diapause and post-diapause 

eggs， although some new spots appeared 斗n the latter eggs. 

At the pre-d斗apause stage， some changes in protein 

17 





Rhago1eti s cerasi (Tu rche t to e t a1. I 1987)， Leptinotarsa 

decem1ineata (de Loof and de Wilde， 1970) and Gastrophysa 

atrocyanea (Ichimori et a1.， 1990)， although the precise 

function and mode of appearance of these proteins remain to 

be elucidated. 

At any rate， the present investigation established the 

basic 20 pattern of egg proteins for the first time in B 

mor~ . Many of the spots， including those of the major yolk 

proteins， may serve as indょces in the comparisons and iden-

tifications of spots in the fluorographic analyses that 

would be conducted in the subsequent chapters 
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Chapter 11 

Patterns of in vitro translational products of RNAs 

INTRODUCTION 

It is generally accepted that diapause accompanies a 

decrease in rate of gross protein synthesis， and this de-

crease would contribute to the conservation of energy during 

the dormant phases (Harvey， 1962). However， whether a 

consensus model about the regulation mechanism of protein 

synthesis in diapause， e.g. alteration in the ribosomal 

complex， the amino acid pool， the energy supplying system 

lilte ATP or the availability of mRNAs， can exist or not is 

5till an open questょon.

In B. mori the protein synthesis in relation to dia-

pause has been studied. The eggs of this species enter 

diapause at the early gastrulation. During the crypto-

biotic processes including diapau5e and wintering， ribo 

somes were mostly dissociated 五nto subunits remaining a 

part of them as polysomes (Saito et 81.， 1982). RNAs did 

not lose translatability (Saito et 81.， 1984) and little 

105S in amount of respective amino acids was observed during 

diapause (Suzuki et 81.， 1984; Sonobe and Odake， 1984; 

Osanai and Yonezawa， 1986) The rate of protein synthe-

20 
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translation system was used for this purpose， because the 

system is able to give knowledge about the sorts of 

act孟ve mRNAs that are present in the cells. 

The results of the present chapter show that the 2D 

patterns of the main translation products of RNAs mostly do 

not differ at the stages before and a.fter the onset of 

post-diapause development. Even the patterns for the 

pre-diapause eggs were highly similar to those for the 

post-diapause eggs On the other hand， the eggs in which 

the post-diapause development was evoked by the hot-HCl 

treatment (followed by the ch且lling for 180 days) exhi-

bited several specific spots， which were not found in the 

eggs activated solely by the long-term chilling. These 

products may belong to the so-called heat- or stress-shock 

proteins. 

MATERIALS AND METHODS 

Preparation of eggs 

Silkworm eggs were prepared as described in HATERIALS 

AND HETHODS of Chapter 1. Newly deposited eggs were used at 

20 hr after oviposition (termed the pre-diapause eggs， see 

Chapter 1). A part of the deposited eggs were treated with 

hot-HCl (sp. gr. 1.075; 46・C，5 min) at 20 hr; by this 

treatment B. mori eggs can be prevented from entering dia 

pause; developmental arrest were not observed in such eggs 

when kept at 25・C for development. These eggs will thus be 
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termed artificial non-diapause eggs. The eggs kept at 5・c

from day 2 after oviposition were used on day 180 (the 

chilled eggs). A part of the chilled eggs were transferred 

to 25・C directly or after hoL-IICl treatment to al10w the 

post-diapause development as described in Chapter 1. The 

eggs at different stages were stocked at -80・C until extrac-

tion of nucleic acids. 

Extraction of egg RNAs 

Eggs (1 g) were frozen 1n liquid 01 trogen and brayed 

w1th a pestle. The homogenate was mixed wlth 10 ml of the 

lysls buffer containing 0.1 N Tris-HCl buffer， pH 9.0， 0.1 

M NaCl， 0.01 H ethylendiamine tetraacetic acid (EDTA). 1% 

50S， 0.01 mg/ml polyvinylsulfate and 10 units/ml heparin 

alld stirred for 15 min at room temperature. One volume 

。f phenol， saturated with 0.1 M Tris-HCl buffer， pH 9.0， 
0.1 M NaCl， 0.01 M EDTA and 0.1% (W/V) 8-hydroxy-

quinoline， was added to each sample， which was shaken 

for 1 min and centrifuged at 20，000 x g for 30 min; the 

aqueous phase was transferred to a new tube. This phenol 

乞reatment was repeated three times and then each sample 

W8S  extracted three times with phenol-chloroform (1: 1) 

followed by centrifugation at 20，000 x g for 30 min 

The resultant aqueous supernatants were added with 2.5 

volumes of ethanol and stocked at -70・C. Before in vitro 

translation experiments the pellets were washed by 70% 

ethanol， ai1' d1'ied and dissolved in double distilled water 

23 
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(DDW). The concentration of total nucleic acids in DDW 

were estimated by the ahsorption at 260 nm 

ln vitro translation of egg RNAs 

A rabbit reticulocyte lysate system， N-90Y (Amersham)， 

was used for translation under the conditions as described 

by Pelham and Jackson (1976). The reaction mixture (45 u1) 

35 contained 2 uCi Lー[VVS1methionine (1，201 Ci/mmole， ICN)， 3 

ug total nuclear acids dissolved in DDW and 40 u1 N-90Y， 

The mixture was incubated at 30・C for 45 min and a 10 u1 

aliquot was subjected to 20 gel electrophoresis. The 

procedure of the latter was as described io MATERIALS AND 

METHODS of Chapter 1 In the present Chapter， the gels 

after electrophoresis were fixed io a mixture of ethanol， 

acetic acid and water (4 1 5)， and then treated with 

Enhance (New England Nuclear， NEN) followed by washing with 

water for 30 min. After drying the gels， fluorography was 

conducted as described previously ( Bonner and Laskey， 

1974) with X-Omat AR films (Easlman Kodak) in 七he presence 

of an intensifying screen (Eastman Kodak). 

for 2 weeks at -70・C.

RESULTS 

Exposure lasted 

RNAs were extracted from B. mori eggs and translated in 

an in vitro system derived from the rabbit reticulocyte 

lysate. Although the RNA preparations may contain a large 
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amount of rRNAs and be contaminated with ONA， these 

stimu1ated lhe trans1ation system efficiently. In general， 

RNA trans1ation experiments have been conducted after iso-

lating poly(A}-plus RNAs by using oligo(dT)cellulose or 

poly(U)-Sepharose 48. However， high-molecular-weight RNA 

fractions obtained from the silkworm eggs under the present 

conditions were unstable and the use of the total nucleic 

acid fractions without further purification steps was 

favored. Moreover， this has another advantage of avoiding 

the 10S5 of me55ages without poly(A)-tails or with short 

poly(A)-tails. The translation products were separated by 

20 gel electrophoresis and visualized by fluorography. 

Up to 134 spots were countable. Out of these， the 30 

spots that exhibited more or less changes at different 

stages as shown below were numbered (from bl to b30) on 

the fluorograms for the sake of comparison. The remaining 

104 spots without numbers were steadily observable in all 

the fluorograms shown below. 

The pattez'ns of translaιion products of RNAs from pre-dia-

pause and artificial non-diapause eggs 

From the pre一diapause eggs at 20 hr after oviposition 

and the artificial non-diapause eggs at 5 and 12 hr after 

the hot-HCl treatment， RNAs were extracted and their in 

vi tro translation products were compared. Fig. 4a shows 

the pattern for the pre一diapause eggs; this contained 133 

countable spots. At 5 hr of development (Fig. 4b)， the 3 
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spots bl， b2 and b3 dis8ppeared， while a spot numbered b19 

occurred. The intensities of the spots b5， bl1 and b12 

decreased， whereas those of b8， b9 and b14 increased. At 

12 hr after the hot-HCl treatment (Fig. 4c)， 3 spots (b8， 

b9 and b19) became weak 

Patterns of translatiollal products of RNAs from post 

diapause eggs 

The in vitro translational products of RNAs were 

analyzed for the eggs after the co1d treatment， i.e. before 

the onset of， and during， the post-diapause development. 

The patterns are illustrated in Fig. 5. Most spots were 

common to those from the pre-diapause and artificial non-

diapause stages (cf. Fig. 4) However， precise comparison 

revealed some changes. The chilled eggs displayed a rather 

weak pattern but it still conLained 129 spots， being smaller 

only by 4 than that of the pre-dょapause eggs. The spots 

unseen in the present fluorogram include b1， b2， b3 and 

b5. The spots b6， b11， b12， b15 and 50  on were still 

detected but their intensities were low. At 6 hr of the 

post-diapause development， which commenced .t 25・c

without hot-HCl treatment， the basic distribution pattern 

(Fig. 5b) remained unchanged compared to the chilled eggs， 

but some spots including b9 increased in intensity. Little 

changes were observed at 24 hr of development (Fig. 5c)， 

although b29 was slightly intensified. At 72 hr of the 

post-diapause developmenL (Fig. 5d)， when the eggs were at 
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the early stage of visual organogenesis (neural groove 

invagination)， many spots including b5， b6， b8， b9， b15， 

b19， b20， b21， b22， b27 and b30 became marked. 

Patterns of translational prodllcts of RNAs from hot-HCl 

treated post-diapause eggs 

The eggs chilled for 180 days and then treated with 

hot-HCl. These were kept at 25・C to start the post-d斗apause

development and analyzed for the in vitro translation 

products of RNAs (Fig. 6). Again this resulted in a distr 

ibution patterns basically similar to those shown above 

However， at 6 hr (Fig. 68) a remarkable difference was found 

in comparison to the pattern from the eggs of the 

comparable stage (6 hr) of post-diapause development but 

without the hot-acid treatment (cf目 Fig.5b). The hot-IlCl 

sample gave the strong spot5 of bl， b2 and b3 as well as b5 

and faint b4; these were absent without the hot-HCl treat-

ment The total 5pots became 134. In addition， the 

spots b6， bl0， b13， b17 and 50 on were intense in the HCl 

treated sample. On the other hand，乞he spot b7 became 

weaker 

1t is worth noting that bl， b2， b3 and b4 again disap-

peared at 24 hr of development (thus the total number was 

again 130)， although b6 remained to be marked (Fig. 6b). 

1n the 24 hr sample. 15 more spots these including b8 I b9， 

b16 and b17 as well as from b18 to b28 increased in in-

tensity. This made a contrast to the result at the com-
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parable stage (24 hr) without the hot-acid treatment (cf. 

Fig. 5c)， in which the numbered spots were rather weak 

except for b7 and b9. One might argue that this contrast 

between Figs. 5c and 6b was spontaneous， simply due to the 

experimental divergence. This may not be the case， since 

a11 procedures inc1uding the ce11-free synthesis， elec-

trophoresis and fluorographic exposure were done under 

comparable conditions. Moreover， the 105 spots other than 

those marked by the numbering were similar in intensity 

between Figs. 5c and 6b indicating the above difference to 

be valid. 

Summaries of the changes of in vitro translational products 

The present resu1ts of the distribution patterns of RNA 

translation products are summarized in Fig. 7. The 30 spots 

that are indicated by open circ1es (and accompanied by the 

numbers from bl to b30) are those which show variation at 

some stages The changes of these numbered spots were 

summarλzed in Table 1. As already described， the remaining 

105 spots were constant in intensity in a11 the samples 

te5 ted. Thus， in total 135 different spots were observ-

able. Tab1e 1 inc1udes a150 the total numbers of the 

countable spots at each stage. In the pre-diapause eggs 

133 spots were distinguishab1e (135 minus 2 due to the lack 

of b4 8nd b19); this gave the second largest number. 

The number differed on1y slightly among the different sam-

ples， becoming 129 in minimum 主n the chilled eggs whereas 
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130 in the post-diapause eggs without hot-acid treatment. 

Many of the numbered spots became strong at the stages 

6 hr and/or 24 hr of the post-diapause development preceded 

by the hot-HCl treatment. It 1s remarkable that the spots 

which occurred temporally dnd io time disappeared completely 

were only up to 6 io number (bl， b2 I b3 b4 and b5)， 

occupying below 3% of 811 of the countable spots. The 

spots bl， b2 I b3 dnd b4 were seen markedly at 6 hr of 

development after the hot-IICl treatment and 3 of them (bl， 

b2 and b3) were a150 seen， although faintly， at the pre-

diapause stage (it is uncertain whether b4 exist io pre-

diapause eggs or not). 1n contrast， b5 was observed io 

most of the stages but not io the eggs during chilling. On 

the 2D gel， the spots that showed a stage specificity 

locate within the range between pIs 5 and 6 and at about 70 

kDa， making a cluster. 

The components bll snd b12 wereエntensエfied preferen-

tially at the pre-diapause stage and b14 was specifically 

intensified to the artificial non-diapause eggs. The spot 

b7 was observed as a major component at the stages except 

for the later post-diapause period， when it exhibi乞ed a 

complex mode of changesj decreasing in intensity at 24 hr in 

the eggs not treated with hot acid， wh且le being constantly 

weak in the hot-acid treated eggs. The spots b5， b6， 

b8， b9， b15， b19 to b22， and b26 were intensified at the 

organogenetic stages in the post-diapause development， but 

many components including these became marked already at 24 

36 



d』『，ー

hr io the eggs treated with the hot-HCl treatment. The 

spots intensified 8t the later post-diapause periods were 

clustered 8t the acidic 8nd low-molecular-weight region. 

Some 0 f them may be 且dentical to the stained spots 

reported io Chapter 1， 10 particular the components Nos 

a17 to a32， which have the low molecular weights below 30 

kDa， and with pI of 6 to 4.5 

In comparison to the pre-diapause eggs 8t 20 hr after 

oviposition， those during prolonged chilling (180 days) I in 

which diapause was terminating but development was 5t111 

arrested by low temperature I had ooly 8 (6" of al1) spots 

decreased io their intensity. These changes would occur at 

early periods of chilling. Only one spot， b7， was maエn-

tained as a major spot This is the component that de-

creased after the initiation of post-diapause development 

and this may be abundant mainly in the eggs at an inacti-

vated state. 

DISCUSSION 

The patterns of in vitro translatェonof egg RNAs were 

analyzed by 20 gel electrophoresis， and 129 to 134 chief 

spots (up to 135 dエfferent kinds of spots) were detected 

Very small changes in the overall distribution patterns of 

the spots were observed upon the comparisons between the 

pre-diapause eggs and the artificial non-diapause eggs， and 

between the two kinds of post-diapause eggs， one evoked 
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sole1y by chi11ing and another by chi11ing fo!!owed by hot-

acid treatment. The 30 spots numbered from bl to b30 were 

e1icited changes， but most of these components were consist-

ent1y detected in a11 thc f1uorograms tested， fluctuating 

only in intensity. A1so， as will be discussed below， tempo-

rally occurring and disappearing components were observed 

(bl， b2， b3， b4， b5 and b14); but they occupy only less than 

3% of the total population of countable spots目 Con-

sequently， it is concluded that the most of main species 

of mRNAs， which cou1d be detected in the present tech-

nique， do not change throughoul the stages investigated. 

That i9， modulation in complexity of mRNA pool wou1d be 

sma11 if any 

This is rather surprising in view of the fact that the 

eggs analyzed were at the periods when many lines of physio-

logical fluctuation would be taking place; these may include 

the start of artificial non-diapause development， the break 

of diapause by chillins， the onset of post-diapause develop-

ment and the start of visual organogenesis Thus the sup 

pression and stimulation of protein synthes且s in relation to 

d孟apause and development is controlled main1y by changing 

the utエlizationof pre-existing set of mRNA mo1ecules， not 

by the extensive interchanges in terms of mRNA species. In 

this connection in vivo patterns of protein synthesis are to 

be analyzed. This problem will be investigated laterエn the 

present article (Chapter IV). 

The spots bl， b2， b3 and b4 were detected marked1y at 6 
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hr in the post-diapause eggs after hot-IICl treatment but 

not when the latter treatmenl was omitted. These products 

were considered to be so-called heat-shock proteins on the 

basis of their mode of appearance， depending upon the hot-

acid treatment. The斗r size (about 70 kOa) and pI (5 to 6) 

also resemble the heat-shock proteins of other species 

(Ashburner and Bonner， 1979; Lindquist， 1986; Giudice， 

1989). In general， heat-shock proteins are inferred to be 

of stress-response molecules (Ashburner and Bonner， 1979; 

Lindquist， 1986; Giudice， 1989) and subsequently the term 

"stress-shock" proteins will be used. The b5 spot， although 

its size and pI are close to those of bl etc.， would not be 

stress-shock protein， since it appeared even in the eggs 

without hot-HCl treatment. If the bl， b2， b3 and b4 were in 

fact stress-shock proteins， these may have a role in modu-

lating physiological conditions altered by the hot-HCl 

treatment This would explain the rea80n why the eggs are 

fully normal even after encountering with the extreme cir 

cumstance of low pH and high temperature. The valid斗ty of 

the hot-HCl-dependent difference of egg RNAs will a180 be 

investigated by the Northern blot hybridization technique in 

the following chapter 

A product similar to the presently observed， tentative 

stress-shock proteins has already been reported fo1' eggs 

during the post-diapause development that was evoked by 

chil1ing fol1owed by hot-HCl treatment (Saito et 81.， 

1986). In this case the product was found as a single band 
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in 10 gel electrophoresェs at the size of also about 70 kDa 

(pI not reported). However， whether it occurs or not in 

eggs without hot-acid treatment has been unknown. The 

result described in this chapter is the first indication of 

the hot-acid dependency for the post-diapause eggs. More-

over， the present 20 analysis permitted to show the presence 

of such substances エn a cluster of a few different 

components 

It is worth noting that these "stress-shock" proteins 

were not detected in the artificial non-diapause eggs; even 

these were after the hot-HCl treatment. This is in contrast 

to the situation of some European races of B. mori， in 

which a temporal spot with a size of 70 kDa has been marked-

ly detected upon 2D gel analysis of in vi tro translation 

products of RNAs from the eggs that had received the hot-

HCl treatment shortly after oviposition (Dorel and Coulon， 

1988; they confirmed the appearance of a similar spot a150 

1.n ~n v~vo エ ncorporation experiments). This was reported 

only for the eggs shortly after oviposition and no infor-

mation is available for the post-dエapause eggs of the 

European races. In the experiments described in this 

chapter， the 4 products with lower molecular weights (b8， 

b9， b14 and b19) increased its intensity 1n artificial 

non-diapause stage. These spots were without response t。
the hot-acid treatment and， in this sense， did not resemble 

the bl， b2， b3 and b4 proteins. It is therefore concluded 

thnt， in the presently analyzed race of the temperate 
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zone， stress-shock proteins are scarcely produced shortly 

after oviposition. The distinctness between the present 

and the above-cited races would be due to some intrinsic 

nature of the stress response， which may possibly be related 

to the voltinism of the races 

On the whole， the results of the present chapter 

indicate that the different stages of eggs disp!ayed almost 

similar patterns of RNA translation products as analyzed by 

20 gel electrophoresis. However， in the post-diapause eggs 

that had been soaked in IICl at a high temperature gave a 

cluster of temporally occurring products. These may have a 

role in the physiological recovery from the stress-shock 



Chapter 111 

Oetection of mRNA for stress-shock proteins by Northern 

blot hybridization 

INTRODUCTION 

Chapter 11 reported the temporal occurrence of specific 

translatable RNA species at a period of the post-diapause 

development This was found to be dependent upon the hot-

HCl treatment， which must be a severe stress to the eggs. 

In fact， 1-ICl was reported to be permeable into the eggs via 

the chorion (Yoshimi et 81.， 1990)， probably making the 

internal pH lower. Moreover， a high temperature is needed 

as an effective stimulation to the eggs. Nevertheless， 

thus-lrealed eggs were complelely normal， undergoing the 

highly synchronized development and hatch in time. It is 

known that a families of proteins are synthesized transient-

ly in many organisms after various kinds of stress， e.g. an 

elevated temperature. These proteins were first called 

heat-shock proteins 8nd recently stress-shock proteins as a 

generic term (Ashburner and Bonner， 1979; Lindquist， 1986; 

Giudice， 1989). The latter name is based on the idea that 

the occurrence of such protcins i5 related to the recovery 

from distortion due to stre5S. It is therefore reasonable 
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to suppose that the hot-HCl treatment to activate diapause 

eggs are forced to produce a certain stress-shock proteins. 

A group of prote主ns named hsp70 (the heat-shock protein 

with the size of 70 kDa)， isolated from various sources 

including Drosophila melanogaster， have the molecular weight 

and pI at nearly 70 ItDa and 6. respectively， upon 2D gel 

electrophoresis (e.g. Buzin and Petersen， 1982). The 

presently found hot-HCl-dependent in vitro translational 

products， named bl， b2， b3 and b4 in Chapter 11， were 

reminiscent of the hsp70 or various organisms in terms of 

size and pI. This prompted the author to detect， by using 

an authentic hsp70 probe， the presence of specific messages 

produced in response to the stress. In this chapter， RNA 

preparations from the eggs which have been received the 

treatment with hot acid are subjected to the Northern trans-

fer followed by the hyhridizat且on wi th a genomic clone for 

hsp70 from D. melanogaster. Consequently， RNAs from the 

eggs after the hot-HCl treatment alone exhibited a signal 

for this probe， providing evidence supporting. although 

indirectly， the notion that the above mentioned transla-

tional products are the stress-shock proteins. 

HATERIALS AND HETHODS 

Isolation of egg RNAs for hybr瓦dぇzation

Total RNAs for the Northern blot hybridization were 

extracted from the eggs according to the method with cesium 
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trifluoroacetate (CsTFA， Wako) as essentially described 

previously (Perbal， 1988). For each preparation， 1 g of 

eggs were frozen in liquid nitrogen， powdered by braying 

with a pestle and stirred for 15 min at room temperature 孟n

10 volumes of a solution containing 5.5 M guanidium isothio-

cyanate (Wako)， 25 mM sod斗um citrate， 1% 2-mercaptoethanol 

and 0.5% sodium lauryl sarcosine (Wako). The mixture was 

adjusted to pH 7.0. The exl.ract was centrifuged at a 

low speed and the supernatant was transferred onto a cushion 

of 1.51 g/ml CsTFA and 0.1 M EDTA， pH 7.5， in 

ultracentrifuge tubes， which were spun at 23，000 rpm for 20 

hr at 15・C in a Beckman rotor SW28 The total RNA 

fractions were recovered as pellets; these were taken up 

and washed with 70% ethanol p1us 0.3 M sodium acetate. 

The suspension was allowed to stand for chi11ing at -20・C

for 24 hr. and then washed again with the same s01ution 

Fina11y， RNAs were precipitated with ethanol， air dried， 

diss01ved in DDW and stocked at -70・C unti1 use. 

Probe for Northern hybridization analysis 

A genomic c10ne named 561-18RA for the D. melanogaster 

hsp70 gene， which 10cates at the chromosoma1 site 87A7 and 

is characterized by having no intron， was supplied by the 

courtesy of Dr. A. Kuroiwa of the Tokyo Metropo1itan Insti 

tute for Neurosciences. The clone had been inserted into 

the EcoRI site of the p1asmid pAT153 (see the scheme i11us-

trated on the next page). In this experiment， the p1asmid 
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was digested with 5a11 and lhe resulting fragments were 

separated by agarose gel electrophoresis This gave 3 

fragments， of which the middle sized fragment contained the 

most part of the coding region of the hsp70 sequence (indi-

cated by an arrow in the scheme)， and was used for the 

present blotting analysis as a probe. About 2 ug of the 

hsp70 probe was radioactive by the primer extension method 
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32 ‘ W 五th using [alpha-~~P]dCTP (Amersham) and a random primer 

DNA labeling kit (Takara) 

Northern blotting anBlysis of egg RNA 

The RNA solution was heated 00  a boiling water bath for 

5 min， rapidly cooled 00  ice and subjected to electrophore-

sis at 15 to 100 mA for 12 hr on 1% agarose gel made up io 

40 mM sodium phosphate buffer， pH 7.5， plus 12% formalde 

hyde. As a running buffer， 40 mM sodium phosphate buffer， 

pH 7.5， containing 12% Cormaldehyde was used. After elec-

trophoresis， the end region of the gel facing the cathode 

was discarded and the remainder was washed with DDW for 5 

min and then wi乞h 25 mH sodium phosphate buffer， pH 6.5， for 

20 min， and blotted onto a Genescreen membrane filter (NEN) 

by the method described previously (Sambrook et 81， 1989). 

The gel was stained with ethidium bromide to detect rRNA， 

which served as an internal marker for the relative posi-

tion along the gel 

For the RNA hybridization， the blotted membrane filter 

was soaked in 25 mM sodium phosphate buffer， pH 6.5， for 15 

min and incubated at 42・C for 3 hr in 15 ml of the prehybri-

dizing solution containing 50% formamide (Nakaraiteque)， 5 x 

SSC (5 times concentrated standard saline citrate: 0.15 M 

NaCl and 0.015 M sodium citrate)， 50 mM sodium phosphate 

buffer， pll 6.5， 250 ug/ml heat-denatured salmon sperm DNA 

(ssONA)， 1 x Denhardt's solution [0.02% bovine serum albumin 

fraction V (Sigma)， 0.02% polyvinylpyrrolidone and 0.02% 
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Fico11 (Pharmacia)]， 0.1% SOS and 0.1% sodium pyrophosphate 

(Nakaraiteque). The fi1ter was incubated at 65・C for 20 hr 

by 50aking in 15 m1 of the hybridizal孟onmixture. The lat-

ter consisted of 50% formamide， 5 x SSC， 1 x Oenhardt's 

501u tion， 20 mH sodi um phospha te bu f fe r I plt 6.5， hea t-dena-

tured 5sDNA， 0.1% SDS， 0.1% sodium pyrophosphate， 50 mM 

sodium phosphate buffer， pH 6.5， and an aliquot of 1abe1ed 

probe DNA. After incubalion the fi1ter was washed 2 times 

with 2 x SSC， 0.1% SOS and 0.05% 50dium pyrophosphate for 20 

min at room temperature， and then once with 2 x SSC， 0.1% 

SOS and 0.05% sodium pyrophosphate for 3 min at 55・C. The 

filter was dried 1n a1r and exposed for 3 days at -70・C to 

an X-Omat AR fi1m (Eastman Kodak) w1th an intensifying 

screen (Eastman Kodak). 

RESULTS 

Detection of hybridizable nNA with O. me1anogaster hsp70 

probe 

Tota1 RNA fractions were isolated by the CsTFA method 

from B. mori eggs. This method was app1ied 1n order to 

reduce the contamination of ONA， which wou1d interfere the 

hybridizat10n of RNA. The RNAs were subjected to e1ectro 

phores斗s and the ge1 was analyzed for the Northern b10t 

hybridization with a genomic c10ne of hsp70 from D. melano-

gaster as a probe. The resu1ts are 111ustrated 1n Fig. 8. 

A best signal of hybridization was seen on the membrane when 
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the washing step following hybridization was conducted with 

a high salt buffer at a low temperature， i.e. under mild 

stringency conditions， as described io MATERIALS AND METH-

ODS. These facts indicate the presence of homology between 

the sequeoces of B. mori RN̂ ( s) and the D. melanogaster 

probe， but the degree of similarity is low The RNAs for 

this analysis were isolated from the eggs at 4 different 

stages: at day 180 of chilling (Lane a)， at 6 hr of the 

post-diapause development at 25・C after chi11ing (Lane b)， 

at 6 hr and at 24 hr of the post-diapause development at 

25・C after chi11ing followed by hot-IICl treatment (Lanes 

c and d， respectively). The 6 hr-eggs that have accepted 

the stress by hot HCl exhibited the strongest band of hybr 

idization as seen on Lane c. Other RNAs gave only a trace 

band (Lanes a， b and d). 

The hybridization band， strong or trace， obtained for 

a11 RNAs had a size slightly smaller than that of 18S rRNA 

(arrow on Fig. 8). A high temperature applied to the RNA 

preparation before electrophoresis must have dissociated 28S 

rRNA (to give fragments with a size of roughly 185)， since 

the silkworm 285 rRNA， like those of other insects， intrln-

sically has a hidden intramolecular break (Kurata and Saka-

guchi， 1978); this exp1ains why 28S rRNA was not detected in 

this electrophoretic gel. 
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Fig. 8. Northern blotting analysis of total RNAs exlracted from post-
diapause eggs. RNAs were subjected to agarose gel e!ectr.ophoresis in 
the presence of for固aldehydeand then the gel was blotted to a Gene-
8creen membrane f1lter. The RNAs on the membrane were hybridized with 
D. melanogaster hsp70 DNA at a固ildstringency as detailed 1n ~IATERIALS 
AND METHODS. Lane a， RNAs from eggs on day 180 of chil1ing; Lane b， at 
6 hr of post-diapause development at 25・Cafter chilling， Lane c， at 6 
hr of the post-diapause development at 25・Cafter chilling followed by 
hot-HCl treatment; Lane d， do. at 24 hr. 
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DISCUSSION 

A radioactive band， i.e. a signal of hybr孟dizability to 

a prohe for the hsp70 gene， was markedly seen io the RNA 

preparation from the B. mori eggs at 6 hr after the hot-HCl 

treatment. It 1s uncertain whether the band consisted of 

either a single component or more. The in vitro transla-

tional products bl， b2， b3 and b~ ， found io Chapter 11， were 

a150 specific to the hot-HCl treated post-diapause eggs， 

both occurring 6 h after the hot-acid stress. Therefore， 

it 1s suggested that the strong band detected by the present 

Northern blotting analysis contains mRNA(s) coding for the 

bl， b2， b3 and/or b4 proteins 

A trace signal was a150 found io both chilled eggs and 

post-diapause eggs without the hot-acid treatment. This 

fact suggested the presence of a small amount of a mesー

sage (s) I probably due to the basal expression This may 

code for a kind of heat-shock "cognate" protein ("hsc70") 

known for D. melanogaster (Ingolia and Craig， 1982). 

In the electrophoresis illustrated above， the hybridi-

zable band m孟grated slightly faster than 18S rRNA. A rough 

estimation on the basis of this migration indicated that 

size of the RNA(s) to be about 2 kb or less. If the silk-

worm stress-shock protein( s) has a molecular weight of 70 

kOa， the relevant mRNA(s) should possess a size at about 2 

kb Or more depending upon the length of the 5 '-non-coding 

region and poly(A)-tail (e.g. 2.55 kb in case of D. melano-
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gaster hsp70 (Buzin and Petersen， 1982)}. Accordingly， the 

size of RNA detected by hybridization in B. mori RNA seemed 

to be slightly smaller than expected. This may be explained 

if limited degradation had occurred in the present RNA prep-

aration. Provided that this is the case， the results are 

taken to support the afore-mentioned idea that the RNA(s) 

detected by hybridization contains the mRNA( s) coding for 

any of the products named bl to b4. Oefinite conclusion 

should be drawn after additional investigation including the 

direct hybrェdェzability test between the probe and the bl to 

b4 mRNAs 

It is supposed that the temporal production of hot-HCl 

dependent molecules in B. mori is needed to the normal prog-

ress of the post-diapause development， which may be attained 

after recovery from the shock. Because， the function of the 

stress-shock proteins has been discussed previously in 

reference to a protection from thermal killing in D 

me1anogas ter (Hょtchell et 81.， 1979). 
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Chapter 1V 

Patterns of proteins newly synthesized in vivo 

INTRODUCTION 

The results described in Chapter 1I indicated that the 

major population of translatable mRNAs presentェn the eggs 

did not change largely at the periods including the pre-

diapause stages， the onset of post-diapause development and 

chilling. Most of the trans1ation products were consistent-

1y detected in a11 the samples tested， although a part of 

them f1uctuated only in intensity. Consequent1y the major 

members of mRNAs remain the same unde~ the circumstance 

where extensive deve10pmental switchove~ is taking p1ace 

These ~esu1ts ， in addit込00 to those p~eviously reported 

(Saito et 81.， 1982， 1985a， b)， seemed to imp1y that trans-

1ational level cont~ol of protein synthesis is involved in 

the cells 

Therefore， the patterns of de novo synthesized proteins 

in vivo is to be analyzed together with the in vitro RNA 

Lranslation experiments. lIere， a radioactive amino acid was 

microinjected into the eggs， and proteins were extracted and 

resolved by 20 gel electrophoresis followed by fluorography 

to analyze the patterns of labeled proteins. As materials 
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developing artificial non-diapause eggs at the stages until 

the onset of visual organogenesis were used， since these 

permit a direct comparison to the acid non-treated， dormant 

eggs， which were also investigated in parallel 

MATER1ALS AND HETHODS 

Preparation of eggs 

The materials were prepared as described in Chapter 1. 

Eggs deposited were treated with hot HCl at the age of 20 hr 

and allowed to develop at 25・C without entrance to diapause 

Also eggs chilled from day 2 after oviposition without hot-

acid treatment were used on day 11 of chil1ing. Like the 

eggs on day 35 of chilling as described in Chapter 1， the 

day-11 eggs did not undergo the normal development when 

transferred to 25・C and could be referred to as a lund 

of dょapause eggs. 

Microinjection of radioactive precursor into eggs and analy-

sis of labeled proteins by 2D gel electrophoresis 

Eggs were each adhered to a glass substrate of a petri 

d孟shby using a glue applied to one of the flat surfaces of 

the eggs. Then at the center of another flat su1'face was 

stabbed by a sha1'p steel needle. Th1'ough the resulting hole 

50 nl of [35S1methionine (1，150 Ci/mmole， 11・3mCi/ml， ARC) 

was injected per egg by using a thin glass capil1ary. The 

eggs were then incubated at 25・C fo1' 60 min. For one analy-
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sis 30 labeled eggs were collected and homogenized in the 

buffer containing 2.0克 (V/V) Ampholine (pll 3.5-10)， 2.0% 

(W/V) Nonidet P-40， 9.5 M urea and 5% (V /V) 2-mercaptoー

ethanol. The mixture was centrifuged at 15，000 x g for 5 

min at room temperature， and aliquots of the supernatant 

were subjected to 2D gel electrophoresis under the same 

conditions as those in Chapters 1 and 11. The radioactive 

spots of newly synthesized proteins were 

fluorography as described in Chapter 11. 

visualized by 

Coomassie bril 

liant blue staining was conducted to see the major egg 

proteins目

RESULTS 

Patterns of newly labeled proteins in vivo 

35 Eggs were microinjected with [~~S]methionine and the 

patterns of proteins labeled for 60 minωere analyzed 2D gel 

electrophoresis followed by fluorography for the purpose of 

analyzing the de novo synthesized proteins in vivo・ In the 

present study， the eggs during continuous development 

(artificial non-diapause eggsj at 6， 12， 24， 36， 48 and 72 

hr after hot-HCl treatment) and the eggs on day 11 of 

chilling were compared (Figs. 9 and 10). The relative 

positions of the fluorographic spots were highly dis-

tinguishable by referring to the strong spots of major yolk 

proteins (Chapter 1)， which 5erved as convenient landmarks 

( the 5 tai ned pa t terns are orni t ted， bu t the pos且乞ion5 will 
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be drBwn on the composite chart shown in Fig. ll}. This 

allowed the detailed survey of the patterns for their devel-

opmental fluctuation， if any， among different stages. 

In the present series of fluorograms the number of 

total counlable spols were 271， of which only 15 spots 

named from cl to c15 showed developmenta1 changes. Thus， 

the results exhibited very sma11 modification from stage to 

stage in terms of the overall distribution of the spots and 

their relative intensities with且n a fluorography 

In the case of 6 hr of development (Fig. 9a)， many 

spots were at a trace level， but the basic arrangement that 

was observed at th主s stage substantially remained at the 

later stages 12，24， 36，48 and 72 hr， a5 shown 瓦n Fig. 

9b， c， d， e， and f， respectively The number of countable 

spots was 264 at 6 hr， then ょt was 265 at 12 and 24 hr， 264 

at 36 hr， 265 at 48 and 72 hr. 

Many spots including a new1y appeared spot (cI3) became 

intensified at 12 hr (Fig. 9b). At 24 hr， no spot appeared 

newly (Fig. 9c). The spots cl0， cll and c14 were inten-

sified and c4 appeared at 36 hr (Fig. 9d). At 48 hr， c5 and 

c6 appeared and other spoLs， c4 and c7， became strong and 

then at 72 hr c15 appeared (Fig. ge and f， respectively) 

On the other hand， c13 disappeared at 36 hr and c8 and c9 

a150 were not detected at 48 hr (Fig. 9d and e). 

In compar五50n to the developing eggs， the chilled eggs 

on day 11 (slill regarded to be in a diapause state， see 

MATERIALS AND METHODS) gave a slightly divergent paもtern
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(Fig. 10)， although most parL of Lhe pattern was similar to 

those for the developing eggs. While cl and c12 were newly 

found， c8， c9 and c15 spots were noL observed The spots 

c2 to c7 and cl0 to c14， which changed in artificial non-

diapause stages， were sLrong 

observable spots was 268 

The toLal number of 

Summaries of the changes of 1n vivo labeled prodllcts 

The positions of spots on electrophoretic gels are 

summarized for all the stages examined (Fig. 11). The 271 

total spots were placed in this diagram The spots that 

exhib1ted the changes according to the stage are indicated 

by open circles and numbered. Host of the spots undergoing 

changes at 36 and 48 hr of development locate in the reg10n 

wiLh pI 5 and the molecular weights more than 60 kDa. The 

spot cl， found in the dormant eggs during chil1ing， resides 

out of thェs reg~on The rat且o of the spots whose intensiー

tょes depended upon the stages were approximately 5% of the 

total population 

The mode of changes of the spots cl to c15 during de-

velopment of artificial non-diapause eggs are summarized 

1n Table 2. Also illustraLed here are the results of the 

chilled (sLill in a diapause state) eggs. As reference the 

LoLal numbers of counLable spots are drawn. The major de 

velopmental changes observable in this table are as follows 

Host of the spots except c8， c9 and c15 were detected in the 

chilled eggs as major components. There were small changes 
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TabJe 2. Ch3nces of fJ凶 rOCr3phic~l'O ts of jfl川 10splthωil.ed proteins 
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in number of detectable spots at early periods of develop-

ment in the artificial non-diapause eggs until 72 hr. The 

marked changes in the numbered spots were first seen at 12 

hr. At 36 and 48 hr more extensive changes were seen. 1n 

the chilled eggs， most of the numbered spots were increased 

in intensity， whereas c9 and c15 disappeared. 

DISCUSSION 

1n this chapter， the pattern of proteins labeled by the 

35 incorporation of (........Slmethionine in vivo were observed for 

the art斗ficial non-diapause eggs and chilled eggs (on day 11 

of chilling， the date not sufficient to evoke the normal 

developmental ability). The species of spots in fluorograms 

were in total 271. Most of these newly synthesized proteins 

were present in al1 the stages examined wェthonly excepti-

onal spots (cl， c10， c11， c12 and c15)， which showed stage-

specific mode of occurrence. These results clearly 

indicate that the quality of prote五nsdetectably synthesized 

in the cells are constant in spite of the fact that the 

瓦nvestigated eggs are under the extensive developmental 

alterations: the completion of gastrulation and the onset 

of obvious morphogenesis and so on. The quantitative dif-

ferences in the relative rates of protein synthesis during 

development may be of importance; this point will be invest-

igated in the following chapter. 

The proteins， which synthesized in developing eggs and 
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supposed to be required for the growth of embryos， were 

found to be synthesized also in the chilled eggs， which must 

be still in a diapause state. The experiments abOl.lt the 

synt.hetic activities in the dormant eggs have always been 

suffered from a technical difficulty: The eggs may be term-

inated from diapause by the microinjection， since B. mori 

embryos cease diapause when they are removed from chorions 

and explanted in a hangェng drop of physiological saline 

(Takami et 81.， 1966). It is likely that the breakage given 

to the chorion when lhe radioact且ve precursor was injected 

subsequently elevated t.he synthet.ic activity of the embryos 

by the injury effect. Accordingly， the pattern and/or in-

tensity of in vivo incorporation into proteins may be d斗f-

ferent from those of intact eggs. Nevertheless， the present 

results clearly indicate the presence of distinct potency of 

protein synthesis in these dormant. eggs. This is in agree-

ment with t.he previous report that diapause eggs have active 

mRNAs (Saito et 81.， 1984)ιSome of the spots observed here 

for the dormar、t eggs were even much more intense than those 
of the develop孟ng eggs. It 1S possible that the diapause 

eggs at the stage tested are equ且pped with an intrinsic or 

hidden ability of prote且n synthesis which permits a certain 

kinds of diapause specif且c metabolism. The spot cl was only 

detected in the eggs at the dormant state as far as tested， 

although more detailed study will be needed to conclude 

whether this is a kind of diapause-specific protein or not. 

1n the experiments of this chapt.cr， the proteins which 
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are thought to be the stress-shock proteins were scarcely 

detecled in the artificial non-diapause eggs after the hot-

HCl treatment. This is compatible with the results of RNA 

translation experiments described in Chapter 11. At 6 hr 

the spots c8 and c9 appeared j lhese resembled the b6 spot 

given by the RNA translation (Fig. 7) in size and pI. 

However， the occurrence of the c8 and c9 was less dependent 

upon the stress， and remained lo be synthesized at the 

stages far behind that at which hot-acid treatment was made. 

It i5 not likely that these are stress-shock proteins. 

At any rate， the results described in the present 

chapter， together with those of Chapter 11， indicate that 

stress-shock proteins thal would appear at the stages short 

ly after oviposition in the European races (Dorel and 

Coulon， 1988) are scarcely synthesized in the silkworm eggs 

used in the present investigation， The dispari ty between 

these two samples in the occurrence of stress-shock proteins 

at the stage of onset of diapause was considered to be due 

to the respeclive genetical backgrounds of the European 

races and the ChinesejJapanese races 

The in vivo labeled protein patterns in the post-dia-

pause eggs remain to be clarified. These would provide 

additional information on the identity of in vivo labeled 

spots to those of the in vitro translation products includ 

ing the tentative stress-shock protelns bl to b4. 
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Chapter V 

Developmental changes in incorporation rate of radioactive 

amino acid into proteins 

INTRODUCTION 

The activity of protein synthesis during the early 

embryogenesis 1n the artificial non-diapause eggs has 

previously been approached by measuring the rates of 

孟ncorporation of radioactive precursors into the acid 

insoluble fraction of whole eggs (Kawaguchi and Fujii， 1984; 

Sonobe， 1986). Also 1n post-diapause development， such 

measurements have been done referring to the increase of the 

polysomes content (Saito et 81.， 1982) Despi te these 

achievements， the activity of amino acid incorporation into 

proteins i5 to be investigated for the strain of B. mori 

used in the present study， since this type of data in 

general may depend upon the strain， as well as upon the 

experimental conditions. In the present chapter， the 

developmental changes of 五ncorporation rate were pursued in 

the artificial non-d斗apauseeggs， diapausing eggs and post-

diapause eggs after microinJectょonof radioactive methionine 

into the eggs 
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NATERIALS AND NETHODS 

Preparation of eggs 

The eggs were obtained as described in Chapter 1. For 

pre一diapause samples， eggs at 20 hr after ov且position were 

saved. Thc eggs treated with hoL-HCl at 20 hr to prevent 

diapause were kept at 25・C and used at intervals While， 

eggs chilled at 5・C from day 2 after oviposition until day 

180 to terminate diapause were transferred to 25・C to start 

the post-diapause development. Alternatively， thus-activat-

ed eggs were treated with hot HCl and then transferred to 

25・C. Unfertilized eggs were taken out from ovaries of the 

female moths before mating. 

Incorporation of radio8ctive precursor into acid-insoluble 

fractions of eggs 

Each egg was 35 received 50 nl of [~~S]methionine by the 

microinjecLion method as described in chapter IV， and incu-

bated at 25・C for 60 min. For one analysis 30 of injected 

eggs were accumulated and homogenized with 300 ul of the 

solution containing 5% (V;V) 2-mercaptoethanol， 2.3花 (W/V)

SDS， 62.5 mH Tris-HCl buffer， pll 6.8， and 1 mM PHSF. There-

after the m瓦xturewas centr且fuged at 15，000 x g for 5 min at 

4・C and an 4 u1 aliquot of the supernatant solution was 

blotted to 4 sheets of fi1Ler paper cut in a size of 1 x 1 

cm. After air dried， the filter paper was fixed with 25% 

(W/V) trichroloacetic acid (TCA) for 15 min in an ice bath. 
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The fェlterpaper was then boiled in 7% (W/V) TCA for 5 min， 

washed twice in ice cold 5% (W/V) TCA for 15 min， air dried 

and submerged in 10 ml of scintillation cocktail. Radioac 

tivily was counted with an Aloka 1000 liquid scintillatェon

counter 

RESULTS 

ChB.nges in incorporB.tion of radioB.ctive B.mino acid into 

insoluble fractions of B.rtif主cial non-diapause eggs B.nd 

diapausing eggs 

The radioactivity in lhe acid insoluble fractions after 

35 incorporat且onof microinjected (~~S]methionine was measured 

for the unfert且lizedeggs taken from the ovaries， newly 

deposited eggs and suhsequent artificial non-diapause eggs 

at different stages. The results are i11ustrated in Fig. 

12. The value of the unfertilized eggs was set at 0 hr 

along the ahscissa. The hot-HCl treatment， done at 20 hr 

after oviposition to prepare the artif斗cial non-diapause 

eggs， is indicated by an arrow. The incorporation increased 

gradually from 0 hr to 10 hr， then more rapidly untェ1 20 hr， 

the time shortly hefore the hot-IICl treatment. After this 

treatment the eggs were categor且zed to the artificial non-

diapause eggs， in which the incorporation rose， forming a 

peak at 36 hr after oviposェtion. Qne day after (at 48 hr 

after oviposition)， the value decreased and remained low at 

72 hr. After then the incorporation rate rose again， a1-
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though the illustration was om且tted

The same experiments were made on the eggs kept at 25・c

without hot-HCl (Fig. 13， note that Lhe ordinate is scaled-

up in this figure). The incorporaLion became a peak at 20 

to 30 hr after oviposition. However， the radioactivity 

decreased until 50 hr to a trace level as the eggs entered 

diapause and did not augment until day 9 (patterns omitted). 

Changes i17 incorporation of radioactive amino acid into 

insoluble fractions of the post-diapause eggs both with 

and without hot-HCl treatment 

The eggs chilled for 180 days at 5・C to terminate 

diapause A part of such eggs were transferred to 25・C，

and another part were treated with hot-HCl， both followed 

by incubation at 25・C. Ouring the subsequent post-diapause 

development， the incorporation rate of the radioactive amino 

acid into the acid-insoluble fraction were measured (Fig. 

14). The plot for the chilled eggs (without hot-acid treat-

ment) was set at 0 hr. In both types of post-diapause eggs， 

the incorporation attained a peak at 12 hr of development. 

At 24 hr， the radioactivity decreased to the level of 0 hr. 

The level gradually rose at 48 and 72 hr. Until 48 hr， the 

curves of radioactivity were similar between the two types 

of samples. Thereafter， the eggs trcated with the hot-HCl 

gave the h孟gher value than those without the treatment. 

Although patterns were not shown， this gap lasted until 120 

hr of development. 
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DISCUSSION 

The changes of incorporation of a radioactive precursor 

into egg proteins were measured. The value was low io 

unfertょlizedeggs. It rose during the pre-diapause develop-

ment in the deposited， fertilized eggs until 20 hr of age， 

when a part of the eggs were treated wェth hot acid. In 

thus-treated eggs the incorporation augmented rapidly making 

a peak on 36 hr but low at 48 hr. Since the eggs at 36 hr 

of artificial non-diapause development are at the m且ddle

gastrulation stage and those at 48 hr at the onset of orga 

nogenesis， the present data indicated that the rate of 

incorporation was most active at the time preceding the 

extensive morphogenetic alterations Somewhat similar 

results have previously reported (Kawaguchi and Fujii， 

1984)， where the incorporation of tritiated leucine into the 

acid-insoluble fraction (labeling time was 6 hr) became 

minimum at the age of 48 hr after oviposition (hot-acid 

treated at 20 hr)， although the temporal decrease of incor 

poration was not 50 5harp and i乞5 time was shorter compared 

to the present data. In contrast， the result5 of similar 

experiments reported from another laboratory (Sonobe and 

Odake， 1986) gave the incorporation rate of [35S1methionine 

(for 3 hr) which rose linearly after the hot-HCl treatment 

These discrepancies among the different investigators 

may be due lo the d且fferentstrains used and/or experimental 

conditions， in part斗cular the specific activity of labeled 
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precursors and the duration of labeling time. In the previ-

ous experiments cited above， the labeling time was much 

longer than that (1 hr) applied in this experiment. Under 

the presenL conditions， the incorporation rose linearly 

until 30 min， leveled off until 1 hr and fell thereafter 

(data not shown). In future， the amino acid incorporation 

into proteins should be normalized by measuring the pool 

size of direct precursor (amino-acyl tRNA) of protein syn 

thes孟s， to obtain the absolute rate of protein synthesis， 

although measuring the pool size requires tedious work so 

that the method has previously been applied for only limited 

species， e .g. the sea urchin embryos (Fry and Gross， 

1970; Regier and Kafatos， 1977). 

Nevertheless， the present investigation， together with 

those reported previously， confirmed that the rate of incor-

poration increased rapidly after the activation of eggs by 

hot acid 

On the other hand， the eggs which were allowed to 

enter diapause without hot-acid treatment displayed a 

decreasing pattern， leaving a temporal maximum at 20 to 30 

hr of age. This result was in substantial agreement with 

those reported previously (Kawaguchi and Fuj i i， 1984; 

Sonobe and Odake， 1986). After the long-term chilling of 

hibernating eggs， the apparent ability of amino acid 

incorporation had already recovered as seen in the O-hr plot 

of Fig. 14. The time and mode when and how this recovery 

occurs during the period of cold treatment remain to be 
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investigated 

The incorporation was measured a1so for the post-

diapause development. In comparison between the eggs with 

and without the hot-IIC1 treatment， no difference was 

observed until 48 hr after the onset of the post-diapause 

development. The chilled eggs before the start of the 

development already had the activity of amino acid 

incorporation as discussed above. In the chilled eggs， the 

incubation for labeling was brought about at 25・C，and the 

value could be understood as an intrinsic potential of 

protein synthesis， since under the natural conditions 

these eggs would undergo limited protein synthesis at the 

low temperature The value rose rapidly without a lag 

period in agreement with the previous report for the acid-

treated post-diapause eggs (Saito et 81.， 1982). The incor 

poration made a peak aL 12 hr， fell thereafter and rose 

again from 24 hr， when the extensive organogenesis com 

mences The value attained another peak at 72 to 96 hr 

(patterns omitted). The marked fluctuat孟oncurve observed 

here is in contrast to the pattern seen in a prevl.ous 

investigation， in which the increase continued 1inearly 

until 96 hr ¥athollt tempornl minimum (Saito et 81.， 1982). 

The discrepancy again may be ascribed to the different 

strnins and/or experimental conditions as discllssed above. 

The post-diapause eggs treated by hot-HCl develop 

normally as do those without the treatment. Therefore， 

little difference in the developmental changes in amino ncid 
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incorporation rate between the eggs with and without hot 

acid treatment， as seen until 48 hr of the development， is 

not a matter of surprise. From this point of view， the 

dispariLy between these kinds of eggs as observed after 72 

hr (the gap continued until 120 hr， patterns not shown) 

offers a peculiar question: Irrespcctive of whatever the 

present result mirrors some difference in absolute rate 

of protein synthesis or that in the pool size of 

methionine directly affecting the apparent rate of its in 

corporation into proteins (serg and Mertes， 1970)， some 

delayed effects of hot-acid treatment are suggested. More 

detailed investigation will be needed to solve the 

problem. 

The overall results of the experiments described in 

this chapter confirm that marked fluctuation in rate of 

amino acid incorporation into whole proteins (thus probably 

in rate of protein synthesis) occurs at the stages investi-

gated in the previous chapters. 



GENERAL DISCUSSION 

The extent of protein synthesis in the diapause eggs of 

B. mori has previously been assessed by the measurements of 

both the incorporation of radioactive amino acids into the 

acょd-insoluble fraction (Kawaguchi and Fujii， 1984; Sonohe， 

1986; Saito et 81.， 1985a) and the proportion of 

polysomal ribosomes per total population of ribosomes 

(Saito et 81.， 1982). It was concluded that the rate of 

protein synthesis in diapause eggs is suppressed， although 

these have translatable mRNAs (Saito et 81. I 1984)， 

suggesting the regulat斗on or protein synthesis at the 

translation level is involved at the developmental 

switches. $oon after the onset of post-diapause 

development I these mRNAs wエ11 be utilized for translation 

in the cells， although contribution by newly transcribed 

mRNAs must gradually become importanl. On the other hand， 

the start of diapause and its intensification may accompany 

the dissociation of mRNAs from polysomes (Saito， 

unpublished results). Therefore， the author is 

interested in the problem whether mRNAs change 

qualitatively at the different stages of dェapause and 

development in the eggs of B. mori. 

The present study was mainly aimed at the analyses of 

the species of RNAs which could be translated in an in vitro 

prote且n synthesizing system. The patterns of in vitro 

translational products were compared between the stages of 
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pre-diapause， artificial non-diapause and post-diapause 

development The post-diapause eggs were divided in lwo 

groups: those activated by chi11ing a10ne and those treated 

by hot HC1 after chi11ing. RN̂ s from a1l states of eggs 

gave more than 130 countable spots on the 2D fluorograms I 

only a part of which underwent the changes in intensity. 

No large d孟fference of the pattern was observed among pre 

diapause eggs， chilled eggs and post-diapause eggs. These 

facts indicate that the extensive interchange of the pre-

existing set of mRNAs does not take place in the eggs， in 

which physiological and morphological alteration are 

actえvely progressing. Moreover， the rate of in vivo in-

35 corporation of [~~S]methionine into the acid-insoluble 

fraction altered extensively， suggesting that protein syn-

thesis is changed in terms of quantity. This situation was 

typical at the first 24 hr after the onset of post-

diapause development; the initial activation of protein 

synthesis at this stage does not require the appearance of 

new set of mRNA species. 

The present results， together with the previous knowl-

edge of the presence of active mRNA cited above， a1so indi-

cate that eggs during diapause and chilling has 1imited 

activity of transcription (and of mRNA metabolism); thus 

the mRNAs 且n the eggs after terminotion of diapause may 

contain the population present in the eggs at the 

beginning of diapause 

1n addition to the species of trans1atable mRNAs， those 
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of the proteins synthesized in vivo were analyzed. 1n order 

to compare the diapausing stage (the eggs chilled for 11 

days were prepared as diapause eggs) and the artificial 

non-diapause eggs were used for the experiments. Conse-

quently， most of the spots were not different throughout the 

stages tested. These results seem to imply that a little 

changes in quality of proteins are required to the devel-

opment. This situation is different from that in D 

me1anogaster (Summers et 81.， 1986) and in the sea urchin 

(Bedard and Brandhorst， 1983) I Xenoplls 1aevis (Bal-

lantine et ld.， 1979); in these organisms， the increase of 

incorporation rate of radioactive amino acid is augmented 

in paral1el with the occurrence of new protein species 

until the stage of gastrulation. As to the quantitative 

aspect， the B. mori eggs also exhibited an decrease in in-

corporation of amino acid into proteins at an early stage of 

gastrulation (48 hr after oviposょtion) and this mode of 

changes resembled those of the above organisms 

1n the f]uorograph孟c study， chilled eggs (stil1 had no 

developmental ability when transferred to 25・C) possessed 

the potency of incorporation to give an identical pattern 

to that of the developing eggs. This incorporation in the 

dormant eggs would be c8used by the breakage of chorion. 

It has been argued that the diapause phase is maintained 

by the limited supply of oxygen (Okada， 1971; Sonohe et 

81. I 1979). lndeed， when diapause eggs are incuhated in 

nitrogen gas and polyols (the laLter are specifically ac-
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cumulated in relation to diapause)， apparent dormancy lasts 

(Okada， 1971; Kageyama and Ohnishi， 1973) The present 

results suggest that the diapausing eggs， in particular 

those during chilling， are equipped with the ability to 

recover protein synthesis， and the regulation mechanism 

could be immediately turned on， although the actual rate of 

protein synthesis 且n intact eggs would be low enough t。
avoid consuming the energy sources (Chino， 1957， 1978). 

The presence of mRNA is cons且dered to be a strategy for 

rapid re-activation when the environmental conditions become 

adequate to ini t五ate development. The low rate of protein 

synthesis in a dormant phase is explained， at least partly， 

by the limited access of mRNAs to the translatエon system. 

In this connection is of importance the finding that the cap 

site of mRNA molecules from dormant eggs are lacking in 

methylation (Saito et 81.， 1985b)， which is necessary for 

normal translation of mRNAs 

In the meantime， the post一diapauseeggs activated by 

the hot-HCl treatment gave temporally appearing spots as 

revealed by the in vitro translation experlments. Such 

spots (bl， b2， b3 and b4) disappeared in the pattern at the 

subsequent stages tested. The spots b1 to b4 did not appear 

at the comparable stages after the onset of the post-

diapause development that was evoked by chilling alone. On 

the basis of these modes of appearance， the components bl to 

b4 are assumed to be stress-shock protelns like hsp70 of D. 

melanogaster (Buzln and Petersen， 1982; Ashburner and Bonー
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ner， 1979) These componenLs were characterized by having 

pI of 5 to 6 and size of about 70 kOa on the 20 gel， the 

values resembling those of hsp70 (loc. cit.) 

The RNA(s) which was hybridizable with a probe contain-

ing the D. melanogaster hsp70 gene were 81so detected by the 

Northern blotting in the post-diapause eggs at 6 hr after 

the hot-HCl treatment. Such a signal was not found in the 

eggs at the same age without the hot-acid Lreatment. This 

situation is in paral1el with that of the appearance of the 

bl， b2， b3 and b4 spot 】n the above described in vitro 

translation study. Although the band w孟ththe hybridization 

signal was single， and whether it constituted of plural 

components is unknown， it is tempting to suppose that the 

band contained the mRNAs for any or al1 of the b1， b2， b3 

and b4 proteins 

1n addition， a trace signal of hybridization was de-

tected ln all stages examined， suggesting that the relevant 

RNA has a basa! expression. Ilowever， in the in vitro trans-

lation experiments， the corresponding appearance was not 

detected. 1t should be noted here， however， that the bl， b2 

8nd b3 spots were detected in pre-diapause stage， indi 

caLing the presence of mRNAs at this period. 

The author suggests that the tentative stress-shock 

proteins found in the present study may be related to the 

recovery from the stress that 1s forced to occur by the 

hot-IICI treatment. Also hsp70 has been discussed in rela-

Lion to the survival at an e!evated temperature (Mitchell et 
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81. I 1979). In genera1 the stress-shock proteins in deve1-

oping embryos can be produced when the transcriptional 

ability of the embryonic genome is estab1ished; in the 2-

cell slagc in case of the mouse embryo (Petzoldt et 81. I 

1981). Also io the post-d込apause eggs of B. mori， the 

appearance of bl etc. may offer an indication of trans-

criptional ability necessary for the recovery from the 

stress. In the light of this inference， the fact that any 

of the bl， b2， b3 and b4 was not detected in the artificial 

non-diapause eggs after the hot-HCl treatment is rather 

incomprehensible. In European races， a spot induced by 

hot-IICl treaしment has been reported (Dorel and Cou1on， 1988) 

as discussed in Chapter II. The difference would be due to 

some evo1utional background of Lhe races used. 

The in vitro trans1alion products named b5， b6， b8， 

b15， b19， b20， b22， b23， b27 and b30 appeared or became 

intense in early periods (6 or 24 hr) in the post-diapause 

eggs when treated with hoL HC1. These components were a1so 

seen or became strong in the post-diapause eggs without hot-

IIC1 treatment， but only at 72 hr. Thus the time when these 

spots become marked was shifted by the hoL-HCl treatment， 

suggesting that the hoL-acid treatment might play a 

role to acce1erate the expression of some mRNAs 

On the whole， the experiments described in the present 

article indicated very limiLed changes in quality of both 

mRNAs and proteins synthesized 斗n different stages of B. 

mori eggs. On1y a small fraction of the mRNAs and proteins 
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exhibited fluctuation. These include the molecules of which 

appearance strictly dependent upon the hot-HCl treatment， 

which may be a severe stress to the eggs but generally 

conducted to break successfully the diapause in B. mori 

These proteins are suggested to have a role in the estab-

lishment of the normal post-diapause development after the 

recovery from the stress-shock. 
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