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A differential specific pattern of variation in the

metabolism of protein and cholesterol was noticed in

non -diapause and diapause eggs due to the significant

differences in embryonic development. The rate of

metabolism was different due to specific demands of

such metabolites during active embryogenesis and

maintenance of diapause respectively. In general, the

metabolic rate was found to be accelerated in non- dia-

pause eggs just after egg deposition, while it was very

slow in diapause eggs. When the diapause eggs were

treated with hydrochloric acid within 16-20 hrs, the

rate of turnover was found to very similar to non- dia-

pause eggs, though the base level of protein and cho-

lesterol was recorded to be different.
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Introduction

In sericulture contribution of silkworm seed is signifi-

cantly high. Practically univoltine, and bivoltine silk-

worms produce superior cocoons in terms of both quantity

and quality to those of polyvoltine. In a given strain, silk-

worms programmed to lay diapause eggs are superior to

those lay non-diapause eggs (Yamashita and Hasegawa,

1985). But the resultant diapause eggs are not suitable for

rearing throughout year in tropical condition. Diapause is

characterized by certain specific conditions, such as

depressed metabolism and internal environments differ

from other developmental stages (Harvey, 1962). The

silkworm, Bombyx mori is a typical insect, which enter

egg diapause and exhibits diapause during the early

embryonic stage. Though silkworm egg belongs to close

or cleodic system, embryogenesis needs the best eco-

physiological conditions to retain the vigour of newly

hatched larvae (Yamashita and Hasegawa, 1985). There

are variety of ways for studying the diapause in insects

based on physical, physiological and biochemical param-

eters. Much more information on the physiology and bio-

chemistry of diapause in B. Mori are available (Chino,

1958; 1961; Kai and Haga, 1978; Furasawa et al., 1987;

Sugimoto et al., 1990; Yaginuma et al., 1990; Moribe et

al., 2001). In this study the turnover of some basic phys-

iologically important biomolecules, like protein and cho-

lesterol in the non-diapause, artificially diapause terminat-

ed and diapause eggs of Bombyx mori was investigated. 

Materials and methods

The eggs used in this study were from a bivoltine strain

SK-4 and multivoltine strain , Nistari of silkworm B.mori.

Eggs laid within 1 hour were pooled and used for exper-

iment. Eggs with brown colour (fertilized) were selected

and kept for the following treatments.

1. Eggs obtained from bivoltine strain SK-4 were kept at

25±1oC with relative humidity of 70-80% for 90 days.

2. The diapause eggs were artificially terminated by hy-

drochlorination and then kept at 25±1oC with relative
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humidity of 70-80% till hatching.

3. Non-diapause eggs obtained from Nistari were also ma-

intained at 25±1oC with a RH of 70-80% till hatching.

Estimation of protein and Cholesterol

The diapause eggs with the age of 0 hr to 90 days old (aes-

tivated at 25oC), non-diapause eggs and artificially dia-

pause terminated eggs were sacrificed with different

period of intervals to assay the protein and cholesterol.

Protein was extracted following the method of Chaudhuri

and Medda (1987) and Chaudhuri et al. (2001) specified

for silkworm tissues. Protein content of egg was deter-

mined by the method of Lowry et al. (1951).The choles-

terol content of egg was determined by the method of

Kabara (1962).

Results

Protein turnover

Eggs of non-diapause (ND) breed (Nistari) of silkworm,

contains significantly higher (P < 0.05) protein (10.40%)

at 0 hr of egg laying, compared to the eggs of diapause

breed (SK4). The total protein titer in ND eggs was not

much altered up to day 5 of embryonic development.

Then, a sudden increase (16.75%) was recorded on day 6

followed by a gradual fall on day 7 till hatching (day 9).

While, protein concentration in diapause eggs remain unal-

tered up to day 4, when a significant (P<0.05) rise

(13.53%) was noted on day 5. Such increased level was

maintained up to 30 day of diapause development followed

by a drastic fall (43.93%) in protein titer on 40 day and

gradually reached a minimum level (14.67±1.44 µg/egg) at

the age of day 90 (Fig. 1).

It is interesting to note that in acid treated diapause

eggs, the protein level suddenly up regulated on day 2,

which was preceded by a fall at 24 hrs (day 1). However,

such significant (P < 0.01) elevated level of protein was

maintained only up to day 3 followed by a gradual fall

which continued till day 7 of embryonic development and

then, remained unchanged up to the day of larval hatching

(day 10).

Cholesterol turnover

The base level of cholesterol in ND eggs was recorded to

be very high (74.38-18.98%) during the entire period of

embryogenesis [0hr of egg laying to the day of hatching

(9/10)], when compared to the artificially diapause ter-

minated eggs (AT) and diapause eggs as well (Fig. 2).

There is a specific pattern of cholesterol turnover in the

eggs of ND and diapause breeds. A significant (P < 0.01)

and continuous fall in this biomolecule was recorded in

ND eggs on day 7 onwards and reached a minimum level

(4.89±0.12 µg/egg) on the day of hatching (9 day).

While, a significant (P < 0.01) and continuous fall in cho-

lesterol in diapause eggs starts on 20 day of its embryonic

age and continued till day 90 after oviposition to reach a

minimum level of 1.65±0.29 µg/egg. However, diapause

breeds exhibited a very slow rate of decrease in choles-

terol metabolism in eggs with the advancement of embry-

onic age. Acid treated diapause eggs showed almost same

pattern of cholesterol turnover during embryogenesis as

found in ND eggs. Thus, slow rate of cholesterol metab-

olism (utilization) in diapause eggs suggests the active

participation of this biomolecules in maintaining the egg

diapause for a longer duration.

Discussion

Diapause, which is characterized by a number of mor-

phological, behavioral, physiological and biochemical

features, is a widespread form of dormancy among insects

(Beck, 1980). In general, these insects are characterized

by a considerably diminished metabolism, low oxygen

consumption, preservation of substrates such as lipid and

carbohydrate, resistance to desiccation and resistance

against the gases like, carbon monoxide, cyanide etc.,

(Yamashita and Hasegawa, 1985).

Protein

The silkworm, Bombyx mori egg contains 20% of protein

(Otsuki et al., 1997) and is in the form of highly poly-

merized basic molecular units known as amino acids and

covers the major part of the dry weight. During diapause,

the protein content increased from 0 hour of oviposition to

5th day. Afterwards, a steady and constant level was main-

tained. According to Saito et al. (1984a,b) in diapause

eggs of Bombyx mori, the rate of protein synthesis is low,

since little or no morphogenetic activity occurs during the

dormant period. Grzelak et al. (1979) reported that poly-

somal poly (A) containing RNA from wintering eggs of

B.mori was completely inert in a protein synthesizing sys-

tem derived from wheat germ. This result seems to indi-

cate that protein synthesis in egg is blocked at the

translation of polysomal mRNA. In the Blowfly, Lucila

seicata, during larval diapause the protein content was

maintained at low and constant levels, reflecting the fact

that diapause is a period, when synthetic and mitotic activ-

ity are minimal (Ring, 1973;Karnavar and Nair 1969).

They concluded that fat and glycogen are the chief

sources of energy during diapause and that protein may

also be mobilized to underwrite the energy demands dur-

ing prolonged diapause, when the stored fat and glycogen
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are considerably depleted in the absence of food. Dia-

pause associated proteins are synthesized around 2 days

after oviposition in silkworm , Bombyx mori (Sonobe and

Odake, 1986) and our findings corroborates such obser-

vations, where it was recorded that protein content in-

creased up to day 5 of diapause.

It was also observed that decline of protein content in

non-diapause eggs and artificially diapause terminated

eggs during embryonic development was much earlier

than diapause eggs. During embryogenesis intensive pro-

tein metabolism takes place, which involves mainly

breakdown of pre-existing yolk reserves and the conver-

sion of those into tissue and organ specific proteins. In

mature eggs of most insects, vitelline is 80-90% of the

total protein content and it is considered to be a storage

protein, which is utilized during embryogenesis to build

up a new organism (Kunkel and Nordin, 1985). In B.

mori, in addition to vitelline, other proteins make up

approximately 60% of total egg proteins and these are

indeed degraded throughout embryogenesis (Zhu et al.,

1986). Like B. mori, the aquatic bug, Laccotrephes gri-

seus also showed the same trend during embryogenesis

the yolk reserves remains essentially intact and only at a

later stage, the protein reserve may be used by the

embryos observed by decline in protein content after 6

days of post incubation (Premkumar, et al., 1991).

Cholesterol

Cholesterol, being a major zoosterol acts as a precursor of

ecdysone and is also involved in a variety of functions,

such as growth, development, moulting, oogenesis, egg

production, hatching etc., (Lavinson and Bergmann, 1957;

Monroe, 1959; Robbins and Shortino, 1962). In silkworm

Bombyx mori, as in other insects, cholesterol is formed

from conversion of b-sistosterol in dietary mulberry

leaves (Ikekawa et al., 1966). 

The present investigation showed that non-diapause

eggs contain more cholesterol as compared to diapause

eggs. This may be due to breed specific demands of cho-

lesterol for embryogenesis in this insect, where non- dia-

pause eggs exhibit an immediate need of such bio-

molecules for larval hatching. Monroe (1959) reported

that feeding of cholesterol accelerates the larval hatching.

Thus, in diapause eggs the negative regulation of choles-

terol metabolism is indicative of induction and mainte-

nance of diapause. The other cause of such difference in

the base level of cholesterol may be due to differential

ecdysone metabolism in non-diapause and diapause eggs.

Sonobe et al. (1999) and Makka and Sonobe (2000) have

also reported such differences.

Decline in concentration of cholesterol in diapause eggs

after 20 days of aestivation indicates that the cholesterol

may be utilized during diapause period. Since it is a

source of energy other than glycogen during diapause

(Karnavar and Nair 1969). It has been well established

that the eggs of insects, including those of silkworm,

Bombyx mori, contain various ecdysteroids and the

amounts of these ecdysteroids fluctuate during embryonic

development (Makka et al., 2002; Sonobe and Yamada,

2004), which again proves that the present findings on

variations in cholesterol during diapause and active

embryogenesis is also due to conversion into ecdysone /

ecdysteroids. 

The diapausing individuals are differ from non-diapaus-

ing individual in many aspects including synthesis and

accumulation of “diapause associated proteins” (Chippen-

dale, 1988). Thus the pattern of protein turnover in dia-

pause eggs are different from Non-diapause and acid

treated diapause eggs suggesting the differential demands

of protein utilization to maintain a prolonged state of dia-

pause by slowing the rate of metabolism, when the dia-

pause eggs were kept at 25±1oC.).

Fig. 1. Protein turnover during normal embryogenesis in non-

diapause (ND), diapause terminated eggs by acid treatment

(AT) and diapause (DA) eggs. The eggs were incubated at

25±1oC. Each mean value is the average of 5 replications.

Vertical bars represent the standard error of the mean.

Fig. 2. Cholesterol turnover during normal embryogenesis in

non-diapause (ND), diapause terminated eggs by acid treat-

ment (AT) and diapause (DA) eggs. The eggs were incubated

at 25±1oC. Each mean value is the average of 5 replications.

Vertical bars represent the standard error of the mean.
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Similarly variations in cholesterol content between non-

diapause and diapause eggs and during embryogenesis are

supposed to be the corresponding reflections of the

increased or decreased formation of cholesterol from ste-

rols deposited in the maturing ovum by the mother moth

and / or from the simple ingredient as acetate in egg and

increased or decreased demands for tissue differentiation. 
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