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Starvation of 48 h old fifth instar larvae depressed storage protein titres initially for 48 h but retained the
levels comparable to control thereafter, possibly due to nutrients obtained during the 48 h feeding after
fourth ecdysis. After an initial decline ligated larvae accumulated maximum storage proteins in haemolymph.
This is because of inhibitory juvenile hormone titre at the basal level besides the appropriate release of
20-hydroxyecdysone from the ectopic source(s). Injection of methoprene (10 gg/larva) repressed accumulation
of storage proteins while 20-hydroxyecdysone (10 ~tg/larva) increased the same. P-soyatose injection to starved
and ligated larvae accelerated storage protein accumulation in haemolymph, signalling nutrient indispensability
for initiation of storage protein synthesis at the appropriate time of last instar development in Bombyx mori.

1. Introduction

In insects, haemolymph proteins are the subject of many
investigations as they are considered to be involved in
functions such as development, metamorphosis and
reproduction (Levenbook 1985). Some of these proteins
are abundant and exhibit a developmental stage specific
pattern of synthesis (Scheller et al 1990). In several
species of insects, the developmental pattern of the
synthesis of these haemolymph proteins are attributed to
the influence of hormones (Nijhout 1975; Tojo et al
1981, 1985; Cymboroski et al 1982; Bosquet 1983;
Ismail and Dutta-Gupta 1988). There are two stages in
silkworm, Bombyx mori, each characterized by specific
hormone titres. These are the early last-larval stage,
when storage proteins, the major haemolymph proteins
are synthesized (characterized by declining titre of
juvenile hormone) and later the period during pharate
pupal development when the uptake of storage proteins
by the fat body occurs and which is characterized by
elevated ecdysone (Riddiford and Truman 1978; Tojo
et al 1981).

Though the development of most insects is directly
or indirectly controlled by hormones, it can also be
partly regulated by exogenous factors like food
intake (Calvez 1981). It has also been reported that
food intake is not only related to the growth of the
animal, but can also act as a developmental signal
(Wigglesworth
1935; Clarke and Langley 1963;
Coulon 1977; Bosquet 1979). It has been reported in B.
mori that the 30k proteins (Izumi et al 1981,
1984) and the major haemolymph proteins (MHP)
(Plantevin et al 1987) are dependent, for the initiation
of their synthesis, upon a supply of nutrients (Bosquet
1983). Soybean protein, a widely used supplementary
protein source in the artificial diet (Nagata and Kobayashi
1990) or supplemented along with mulberry leaves
(Krishnan et al 1995), increased the accumulation of
storage proteins in B. mori. These studies related to
nutritional supplementation reporting increased quantity
of storage proteins accumulation in the haemolymph
were performed under normal physiological conditions. Hence, it is important to understand the role
of nutrition and hormones separately on the variation
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in the accumulation of storage proteins in B. mori,
in vivo.

2.

Materials and methods

The larvae of B. mori (race: L x NB4D2) were used for
the investigation. After hatching, they were reared under
2 5 + I~ in a photoperiodic regime of 141i light and
10h dark on fresh mulberry leaves of MR2 variety.
When the larvae moulted into the final instar, they were
assorted into groups, each constituting 30 larvae. Male
and females were reared separately. The larvae were
uniformly fed with mulberry leaves up to two days and
on the third day of the fifth instar they were subjected
to several experiments (the diagrammatic representation
of various experimental procedure is depicted in figure 1).
2.1

Starvation

Under this group, larvae of both sexes were subjected
to starvation after a time lapse of 48 h after the 4th
ecdysis.
2.2

Ligation

Forty-eight hours after the 4th ecdysis, male and female
larvae were anesthetized on ice. They were then ligated
using silk thread behind the third pair of prolegs (Ismail
and Dutta-Gupta 1988). These ligated larvae were maintained in petri dishes over a moist sponge in order to
avoid desiccation.
2.3

Ligation with soyatose injection

The larvae of both sexes were ligated as described above.
After 48 h of ligation (on the fourth day of the fifth
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instar), the ligated larvae were injected with soyatose
protein (100lag/larva) on the dorsum (using HamiltonBonaduz Schweiz syringe). These treated larvae were
also maintained under moist condition in petri dishes.
2.4 Ligation with hormone treatment
After 48 h of ligation, 10 lag of methoprene dissolved
in olive oil and 10lag of 20-hydroxyecdysone dissolved
in ethanol were injected separately on the dorsum of the
fifth instar larvae. These larvae were also maintained in
petri dishes under moist conditions.
2.5

Control

For comparison, unstarved and non-ligated larvae were
maintained on fresh mulberry leaves fed four times a day.
The haemolymph samples from the control larvae were
collected from 96 h to 144 h after 4th ecdysis (designated
as C96, C108, C120 and C144). Haemolymph samples
(every 12 h) from the starved group were collected 48 h
after starvation. The samples were represented as $48,
$60, $72 and $96. Haemolymph samples (every 12 h)
were collected from the ligated group (96 h after 4th
ecdysis) and 48 h after ligation and were denoted as
L48, L60, L72 and L96. The sample was collected from
the soyatose injected group 108 h after 4th ecdysis but
12 h after soyatose injection (soyatose injection was given
48 h after ligation). The samples were marked as LPI2,
LP24 and LP48. The samples were collected from the
hormone (methoprene and 20-hydroxyecdysone) treated
groups 'i20 h after 4th ecdysis (24 h after the hormone
injection). The samples were designated as J24 and E24
respectively.
The worms were bled by wounding the distal region
of prothoracic leg and draining the haemolymph into
eppendorf tube containing sufficient quantity of
phenylthiourea (to prevent tyrosinase activity) kept in
crushed ice. The samples were then centrifuged al
12,000g for 5 min at 0~ to remove the haemocytes
and other tissue debris. The collected samples were
quantified for protein (Lowry et al 1951). Uniform quantities of haemolymph sample after quantification were
mixed with equal volumes of SDS-sample buffer and
the mixture was boiled for I rain and the samples were
subjected to SDS-PAGE under 6.0% stacking gel and a
10% separating gel (Laemmli 1970). Simultaneously,
marker proteins (carbonic anhydrase MW: 2%000,
ovalbumin MW: 45,000, BSA MW: 66,000 and phosphorylase b MW: 97,400) were run 1:o1"comparison. The
gels were stained using silver stain to visualize the
polypeptides (Merril et al 1984).

Spinning

ecdysls

Figure 1. Experimental procedures. (ill), Feeding period (control); (. . . . ), imposition of starvation; (12]), period of ligation;
(*), time of sample collection.

3.

Results

The concentration of haemolymphatic juvenile hormone
has been shown to exhibit a U shaped profile during
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fifth instar larval development of B. mori with minimum
level during mid-fifth instar that remained low till spinning (Plantevin et al 1987). The ecdysone titre in the
haemolymph reveals a low level as B. mori enters into
fifth instar and increases 2 days prior to spinning (Calvez
et al 1976). Therefbre the level of juvenile hormone
and ecdysone in the haemolymph should have been very
low below a critical level during the execution of the
present study (i.e., day 1 to day 5 of fifth instar larva).
With the mediation of the two important hormones being
negligible, the impact of hormones and the nutrient
(P-soyatose) on the levels of storage protein was studied.
3.1 Forty-eight hours feeding initiates storage
protein accttmulation in the haemolymph of the fifth
instar starved larvae
Decline in the accumulation of storage proteins within
4 8 h of starvation is evident from figure 2 and the
complete absence of storage proteins in the haemolymph
was observed up to 72 h of starvation. Resumption of
synthesis of storage proteins by fat body and releasc
into the haemolymph had taken place after 72 h of
starvation within a time lapse of 24h (figure 5).
Figures 2-5 show that starvation of 2 days old fifth
instar larvae after 48, 60, 72 and 9 6 h significantl)
lowers the concentrations of all the haemolymph proteins
in both the sexes when compared to their respective
controls.
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ments were carried out in a system free of hormones
and nutrition.
A notable fall in the level of storage proteins was
observed within 48 h of ligation (figure 2) and the storage
protein became undetectable within the next 12h
(figures 3 and 4). However, after 96 h of ligation, the
haemolymph storage protein levels were higher in the
ligated larvae than the accumulation noted in starved
and control larvae as well. However, after 60 h of ligation,
a short increase in the synthesis of very low molecular
weight protein was observed in both the sexes till 72 h
and the larvae appeared to have regained normal protein
synthesis by 96 h of ligation, comparable to that of their
control.
3.3 Soyatose injection upon ligation accelerates
storage protein accumulation in the haemolymph
In order to define the role of nutritional factors involved
in the haemolymph protein synthesis, it was essential to

3.2 Forty-eight hours feeding initiates storage
protein accumtdation in the haemol),mph of. the .fifth
instar ligated larvae
As a prelude to understand the effect of nutrients on
the storage proteins accumulation larval ligation experi-

Figure 2. SDS-PAGE showing haemolymph protein profile of
96 h old control (C96). 48 h old starved ($48) and 48 h old
ligated (L48) larvae of silkworm, B. mori.

Figure 3. SDS-PAGE showing silkworm larval haemolymph
protein profile of 108h old control (C108), 60h old starved
($60) and 60h old ligated (L60) and 12 h old ligated iarva
injected with P-govatose ~I~P12).

Figure 4. SDS-PAGE showing silkworm larval haemolymph
protein profile of 120h old control (C120), 72h old starved
($72), 72 h old ligated (L72) and 24 h old ligated larva injected
with P-Soyatose (LP24).
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study the effect of hydrolyzed soyatose protein on the
ligated larvae.
The 48 h old ligated larvae, which were injected with
soyatose protein (100 lag/larva), synthesized storage proteins within 12 h, reached a maximum after 24 h and
decreased thereafter. The results show a striking evidence
of nutritional (P-soyatose) induction of the accumulation
of storage proteins. Figures 3-5 clearly show that accumulation of storage proteins before pupal commitment
is directly influenced by nutrient availability.
3.4

Hormones on storage protein levels

Having defined the direct role of nutrients on storage
protein levels it was thought essential to elucidate the
role of juvenile hormone and 20-hydroxyecdysone on
the storage protein accumulation in a system free of
endogenous hormones and nutrient availability.
Haemolymph samples collected after 36 h of hormonal
treatment clearly showed a negative impact of juvenile
hormone analogues on storage protein levels, whereas
the well known functional antagonist of juvenile hormone,
the 20-hydroxyecdysone, induced accumulation of storage
proteins (figure 6).
4.

levels in the haemolymph went up again by 96 h of
starvation. Hence the reasoning of starvation affecting
juvenile hormone titre does not hold good in our
observation. Instead it will be plausible to state that in
the absence of the nutrient supply, the larvae had derived
energy from available amino acids in response to two
situations. (i) Immediately after starvation and ligation
stress. (ii) To meet ongoing metabolic demands of the
progressive fifth instar larvae. However, in the event of
preparation for pupal commitment, the larvae had again
used the nutrients, obtained during the short period of
feeding, for the synthesis of storage proteins, the indispensable source of amino acids for the metamorphic
events. In the absence of feeding and brain factors
increased accumulation of storage proteins was observed
at 96 h in ligated larvae. We got a clue to explain such
a response when larvae were injected with juvenile
hormone and 20-hydroxyecdysone independently. As
observed by Ismail and Dutta-Gupta (1988), exogenous
juvenile hormone application decreased haemolymph
storage protein levels whereas 20-hydroxyecdysone
increased the storage protein levels. In starved and,
starved and ligated larvae, at the appropriate time of
development (96 h denotes the penultimate day of last
instar) ecdysteroids could have been released from other
sources like the midgut in vivo (Sehnal 1985). It is

Discussion

It has been stated that lower concentrations of larval
haemolymph proteins observed in Corcyra after starvation
for 72 h may be the effect of altered juvenile hormone
titre (Ismail and Dutta-Gupta 1988). Although we obtained
similar results till 72 h, astonishingly, the storage protein

Figure 5. SDS-PAGE showing silkworm larval haemolymph
protein profile of 144h old control (C144), 96h old starved
($96), 96 h old ligated ('L96) and 48 h old ligated larvae injected
with P-Soyatose (LP48).

Figure 6. SDS-PAGE showing silkworm larval haemolymph
protein profile of 120h old control (C120), 72h old ligated
(L72) and 24 h old ligated larva injected with juvenile hormone
(J24) and ecdysone (E24).
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therefore presumed that the observed increase in storage
protein levels at 96 h in starved and, starved and ligated
larvae corresponds to the 20-hydroxyecdysone release
from ectopic source(s). Increase i n t h e
translatable
mRNAs in the fat body of Drosophila, corresponding
to a high ecdysone titre has also been reported by
Lepesant et al (1978). The indispensability o f nutrition
triggering accumulation o f storage proteins, at the
appropriate time of development, has been conclusively
proved in this study, as is evident from the higher
synthesis within 12 h of soyatose injection. Necessity of
nutrition for initiation o f 3 0 k D a and other major
haemolymph proteins was earlier reported (Izumi et al
1981, 1984; Bosquet 1983; Plantevin et al 1987).
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