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ABSTRACT

The present study was conducted to assess the impact of low temperature (10°C+1°C) treatment on the
levels of protein and profile of protein expression into three major tissues namely haemolymph, silk gland
and fat body of the silkworm, Philosamia ricini, acclimated for different durations (2, 4 and 7 days). The
results indicated that the exposure of the insects to low temperature caused significant perturbations in
both the levels as well as the expression profiles of proteins in different organs of the insect. The
hemolymph showed significant increase (14-69%) whereas the silk gland and fat body tissues exhibited
moderate decrease in the protein content up to 12-32% and 10-31%, respectively. The hemolymph showed
expression of new proteins of relatively higher molecular weights whereas the silk glands and fat body
tissues displayed expression of proteins of lower molecular weights. These results suggested that the low
temperature treatment induced alterations in the expression of protein profiles in different body tissues of
the insect may be associated to the acclimation of the 5" instar larvae of P. ricini to cold stress.
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INTRODUCTION

Insects are the most abundant group of species
present on earth inhabiting different temperature
zones. Insects in their life history may inevitably
encounter adverse circumstanced climate, such as
scorching hot in summer and terrifying cold in
winter. It is absolutely necessary for insects to
evolve corresponding strategies to protect
themselves against such conditions "*. Many
studies have reported that insects display an
extraordinary array of adaptations that allow them
to sustain metabolic activity during such harsh
conditions . A large number of insects usually
meet with harsh cold winter. They change
physiologically, biochemically or behaviorally for
increasing the capacity of cold-hardiness .

Some studies have  been conducted to assess the
acclimation of various organisms to low
temperature and hypoxic conditions in order to
understand the role of a few intermediary
metabolites and enzymes under these
circumstances. The enzymes concerned with
energy metabolism can be divided into three

groups, those related to anaerobic metabolism,
www.ijsir.co.in

aerobic metabolism and the pentose phosphate
pathway . However, studies are required to be
conducted in the direction to understand the role of
proteins in cold acclimation of insects including the
silkworms exposed to low temperature .

An extensive survey of literature suggests that there
are no reports available to explain the roles of cold
stress induced proteins in different tissues of the
insects in general and the silkworm species in
particular under low temperature exposure.
Therefore, the present study was designed to
investigate the impact of low temperature (10+1°C)
treatment for different time periods on the
expression of the proteins in different organs of
silkworm species, P. ricini, which is an
economically important silk producing insect in
India. The present work illustrates the
perturbations in the total protein content and
expression of some new induced proteins into
different tissues of P. ricini exposed to low
temperature using the sodium dodesyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE)

technique "\
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MATERIALS AND METHODS

Silkworm

The Eri silkworm, P ricini is a continuously
breeding lepidopteran, which mainly feeds on
castor leaves. The life cycle passes through five
instar stages and at the culmination of fifth instar
stage it spins silk cocoon and changes into pupa .

Exposure to cold stress

The newly hatched larvae of P. ricini were reared
on tender fresh leaves of castor plants (Ricinus
communis). The 5" instar larvae of the insect were
divided into 4 groups; each containing an equal
number (50) of larvae in plastic trays. One of the
groups served as a control reared at 25+2°C and the
other 3 were acclimated at 10+1°C for varying
treatment durations (2, 4, and 7 days).

Preparation of cell-free extract

The larvae were dissected in ice-cold Bodenstein's
Ringer solution and their silk glands and fat body
were excised out'"*"". The 20% (w/v) homogenates
of the tissues dissected were prepared in 50mM
Tris-HCI buffer (pH 7.0 ) in a Potter-Elvehjam
homogenizer using Teflon coated pestle under cold
condition.

Determination of protein content

The protein content in different extracts of tissues
was determined using the colorimetric method of
Lowery et al. (1951) " using bovine serum
albumin (BSA) as a standard protein.

Sodium dodesylsulphate-polyacrylamide gel
electrophoresis (SDS-PAGE)

The staining of the proteins from different tissues
from P. ricini exposed to low temperature were
analyzed by reducing polyacrylamide gel
electrophoresis (SDS-PAGE) """, The variations
in the protein profiles of control and experimental
sets were investigated by loading equal amount of
proteins of different samples on to 12%
polyacrylamide gel and resolved in cold for 2h ",
Electrophoresis runs were conducted at constant
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voltage 150V in Tris-Borate buffer (500 mM Tris,
650 mM Boric Acid, 16 mM EDTA, pH 8.6). The
protein bands in the gel were stained using
commassie brilliant blue and analyzed with the
help ofthe corresponding bands of marker proteins.

Statistical analysis

Each assay was replicated three to four times.
Values were expressed as mean=S.E. of replicates
and Student's t-test was applied to locate significant
(p<0.05) differences between treated and control
groups.

RESULTS

The impact of low temperature (10+1°C) treatment
on the 5" instar larvae of silkworm, P, ricini, was
observed. The exposure of the insect larvae to low
temperature was expected to lead some changes in
its biochemical constituents, so that it can cope up
with this harsh situation. Here, the main emphasis
is given on evaluation of the impact of low
temperature on the levels of proteins and their
expression profiles in different tissues of the insect
larvae.

The results of the effect of low temperature
exposure on the levels of the protein content in
three different organs of P. ricini larvae are shown
in Table 1. In the control set, maximum protein
content was recorded in silk gland (108mg/g wet wt
tissue) followed by fat body (92mg/g wet wt tissue)
and haemolymph (15mg/g wet wt tissue). After
treatment of the insect larvae with low temperature,
haemolymph exhibited elevation in the level of
protein content (14-69%) over different periods of
exposure (2 to 7 days). However, a reverse trend
was observed in the silk gland and fat body tissues.
The cold stress caused decrease in the protein
content in these tissues to almost similar extent; the
values being 12-32% and 10-30% in silk gland and
fat body tissues, respectively (Table 1). The impact
of cold stress on the levels of protein content was
more pronounced at higher treatment period (7
days) than that at lower durations (2 or 4 days).

Table 1 : Effect of exposure of low temperature (10+1°C) on protein content in three major tissues of

5" instar larvae of P, ricini exposed for different days
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. Control Ex[_lerimen.tal
Tissues (% protein content) (% change in protein content)
2 Days 4 Days 7 Days
Haemolymph 100 +14.T +35.5" +69.2"
Silk gland 100 -11.7 2117 -32.2"
Fat body 100 -10.3 -19.7°F -30.9%

P, ricini 5" instar larvae was acclimated for seven days at 10+1°C for the experimental set whereas the
control group insects were reared at 25+2°C. The total protein was estimated using the standard procedures
as described in Materials and Methods. The values presented into the parentheses indicate the percent

increase (+) or decrease (-) over control. "Significantly different at p<0.05 ( Student's 't' test).

Table 2: Effect of low temperature treatment (10+£1°C) on the level of expression of proteins in different

body tissues of 5" instar P, ricini larvae exposed for 7 days

Molecular Weights (kDa) of protein bands in SDS -PAGE
Haemolymph Silk Gland Fat Body
Control | Experimental | Control | Experimental| Control | Experinental
101.8 101.8 97.4 88.9 101.8 88.9
98.5 98.5 88.9 68.1 98.0 66.0
54.0 64.0 68.1 50.0 88.9 50.0
49.7 49.7 50.0 49.7 66.0 47.5
43.0 47.5 49.7 47.0 50.0 40.3
25.1 43.0 47.0 39.6 47.5 39.6
14.1 30.0 39.6 284 40.3 28.4
13.8 25.1 28.4 25.0 39.6 27.4
12.9 14.1 25.0 214 28.4 21.0
12.0 13.8 22.8 20.4 274 14.1
11.1 12.9 214 13.2 21.0 12.6
12.0 20.4 12.6 14.1 12.2
11.1 13.2 12.0 12.6 11.2
12.6 11.2 12.2
12.0 11.2
11.2
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Note: The digits in bold represent the variations in the protein expression profile in the cold treated tissues as
compared to control. The control group insects were reared at 25+2°C.

DISCUSSION

Earlier reports have indicated that some organisms,
when subjected to low temperature stress,
exhibited marked perturbations in their metabolic
activity in terms of alterations in the levels of some
biomolecules including the activities of certain key
enzymes involved in energy metabolism "*"**¥, In
the present study, we have shown that the level of
protein content consistently increases in the
hemolymph of the 5" instar larvae of P, ricini due to
cold stress over increasing period of treatment. It is
important to note that the level of protein gradually
decreases over the increasing exposure period in
both the silk gland and the fat body tissues to almost
equal extent.

Since, the haemolymph of the insect acts as a
reservoir of various metabolites entering into it
from different organs of the insects *Y, it is quite
likely that the decrease in the protein content into

Hemol{mph

(kDa)

974
66.0

43.0

29.0

201

143

Figure 1
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Silk Gland

silk gland and fat body tissue may be due to the
mobilization of the protein from these two organs
to haemolymph and/or utilization of protein for
generation of energy so as to allowing the insect to
survive and mitigate the adverse impact of low
temperature treatment. The overwintering insects
have to contend with osmotic stress . It has been
reported that the rapid cold-hardening is associated
with increase in the concentration of some
metabolites and osmolality of haemolymph .
While studying cold tolerance in Drosophila
melanogaster, Misener et al., also have explained
their results in the haemolymph of cold stressed
insect in similar manner “”. However, a detailed
study is required to characterize different
molecular forms of these isozymes from different
tissues of the silkworm larvae before reaching to
any definitive conclusion.

Fat Body
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Effect of exposure to low temperature (10+1°C) on
the expression of proteins in different organs of the
5" instar larvae of P. ricini exposed for 7 days. C=
Control, insects reared at temperature (25+2°C), E=
Experimental, insects acclimated at temperature
(10£1°C) for 7 days. The arrow represents the position
of the new protein bands. SDS-PAGE analysis of
proteins from Haemolymph, Silk gland and Fat
body of 5" instar larvae of P. ricini. C=Control,
E=Experimental. The protein (50 pg) of each
sample was loaded in each well. SDS-PAGE was
carried out as described in Materials and Methods
following the method described by Laemmli
(1970). Lane M represents marker proteins with
corresponding molecular weights (kDa) as shown
in the figure. The arrows (-) represent the
appearance/disappearance of new proteins in the
insect due to cold stress.

CONCLUSION

The 5" instar larvae of P. ricini displayed
accumulation of protein content in the haemo-
lymph and depletion of the same in the silk gland
and fat body tissues due to low temperature
treatment. The haemolymph displayed emergence
of newly induced proteins of higher molecular
weights whereas the fat body tissues and lymph
glands exhibited expression of low molecular
weight proteins. Under this condition, fat body
tissues emerged as the main energy supplying
organ of the insect larvae supporting its survival.
The alterations in the characteristics of the newly
expressed proteins may be attributed to the cold
acclimation of the 5" instar larvae of P, ricini.
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