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/Abstract- Tasar silkworm Antheraea mylitta D reared in tropical regions of the country and produce commercial tasar cocoons, which experiences extreme thermaD
condition during its life cycle. To perceive the thermo-tolerant characters of A. mylitta, in the present study, the tasar cocoons with live pupae were exposed/ireated with
high temperature in three different ranges 40-45°C, 46-50°C and 50-55°C in different time intervals. The treated pupae were collected, and the hemolymph and midgut
tissues were examined for the changes in the protein and catalase activity through quantitative assay and electrophoresis. The experiment reveals a positive
correlation of temperature and the protein concentration in the hemolymph and fatbody. Also, Catalase activity showed higher in thermal stress conditions compared to
the control. The acute stress (51-55°C) causes significant decrease in Catalase activity in the fat body of both males and female pupa. There are significant changes
were observed in the electrophoretic protein profile with additional protein bands of 40 kDa and 70 kDa presumed as heat shock related proteins. Similarly, additional
bands CAT3 & CAT4 compared to control samples were observed in the catalase profile. The physiological changes observed in the tasar silkworm on high
temperature treatment may be used as an indicator to identify the high temperature tolerant characters in the tropical tasar silkworms
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Introduction

The wild sericigenous insect species Antheraea mylitta Drury is widely exploited
for forest based economic activity to produce tasar silk. This polyphagous tropical
tasar silkworm is reared in central and eastern part of India, which experiences
extreme thermal condition during its life cycle [1-3]. Among the forty-four ecoraces
of A. mylitta reported, Daba is the most commercially exploited semi-domesticated
ruling race reared in almost all tasar growing regions of India [4]. Temperature is a
main abiotic factor for poikilothermic insects, it directly effects development and
phenology of insects, their reproduction and mortality, their ability to exploit host
plants, and their geographic distribution range. All biological processes including
structure of proteins, biological membranes and rates of biochemical and
physiological reactions affected due to high temperature stress [5,6]. The stress
condition induces the changes in hemocytes of hemolymph and associated with
physiological changes with release of higher rate of reactive oxygen species
(ROS) in many insect species and particularly in silkworms [7-9] and hemocyte
profile increases with an increased temperature and reduced hemocytes in the
hemolymph when the silkworm exposed to lower temperatures [10-12]. The heat
shock response is known to be evolutionarily and is a highly conserved biological
response, exhibited by almost all living system [13,14]. It helps in physiological
adaptability against not only heat but several metabolic stresses and toxicants
[15,16]. Upon exposure of an organism to elevated temperatures, cells synthesize
a small set of proteins, the heat shock proteins (Hsps). The Hsps have been
regarded as molecular chaperones that provide protection to cellular components
from the injurious effects of excessive heat and maintain cellular stability during
heat stress [17-19)].

In response to the higher level of ROS in the body, many enzymatic anti-oxidants
will release to counteract in the defense mechanism. Study of these anti-oxidant
enzymes during high temperature stress will be convenient to estimate the level of
tolerance in the insects in response to the extreme temperatures [20,21]. Catalase
(CAT) is the principal H202 scavenging enzyme which increases with increase in
the insect’s body temperature on exposure to higher external temperature [22).
Since, there is less report on the heat shock or stress response in tasar silkworm
Antheraea mylitta and with little/no understanding of threshold temperature (high)
for the survivability of tasar silkworm, the present work has been undertaken to
realize the above cited issues in the tasar silkworm as preliminary studies to
possible development of temperature tolerant breeds of A. mylitta in future course
of time to exploit them in hotter zones of the country to improve the tasar silk
production

Materials and Methods

Collection of tasar silkworm cocoons and temperature treatments

Tropical tasar cocoons of Daba (semi-domesticate) race during late diapause
period especially in the last week of June were collected and used for thermal
treatment. The cocoons were subjected for three temperature treatments ranges
i.e., 40-45°C, 46-50°C and 50-55°C and with different time intervals of treatments
such as 1 hour, 2 hours, 4 hours, 6 hours and 8 hours in an environmental
chamber with constant inside humidity of 65-75%. In each treatments the sample
size of 50 cocoons were maintained. After the treatment cocoons were preserved
in room temperature (28-32°C) till the moth emergence.
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Based upon the mortality, moth emergence, healthiness of the moth, survivability
was recorded.

Collection of tissue samples for the biochemical analysis

Hemolymph and fat body from male and female pupa was collected separately
within an hour after the completion of each treatments. Biological samples were
preserved at-20°C until further use.

Quantitative estimation protein and catalase activity

The total protein was estimated in hemolymph and fatbody of pupa following the
method of [23] using Bovine Serum Albumin (BSA) as standard. The quantitative
assay of Catalase activity was determined according to [24]. The method was
based on the decomposition rate of H20, by the enzyme. The assay mixture
contained 2.9 ml of 20mM H202 and 0.1 ml of sample (100-150ug protein).
Absorbance was measured at 240 nm and CAT activity is expressed as
nanoketal/mg protein (1 ketal = 1 mol sec-1).

Electrophoretic analysis of proteins to study the HSPs.

The qualitative analysis of proteins was carried out through electrophoresis to
recognize the proteins related to heat shock response in the hemoloymph and
fatbody. Protein polymorphism in the hemolymph and fatbody of pupa of different
treatments was analyzed using SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) with slight modification [25,26]. The
hemolymph protein samples were subjected to electrophoresis in 4.5 % stacking
gel initially and protein separation was done in 12 % resolving gel. The resolved
proteins were visualized by Coomassie Brilliant Blue (CBB-250) and documented.

Native Gel electrophoresis analysis of Catalase

Catalase (CAT) was studied in the pupal hemolymph sample by Native gel
electrophoresis. The gel matrix was prepared using chemical mixers mentioned
below along with 5% soluble starch. Electrophoresis was conducted using
common gel matrix formulation except for the Catalase analysis. The staining
solution was used separate and specific for each isozyme studied [27].

Results

Study of biochemical changes in response to high temperature

Quantitative assay of total proteins

The quantitative assay of proteins in the pupa showed significant increase in
protein concentration in the hemolymph and fat body in the pupae exposed to high
temperature. Higher protein concentrations were recorded in the pupa treated
sets (230 mg/ml in hemolymph and 205 mg/ml of fat body) of temperature
treatment range 51-55°C. Protein concentration also showed a positive correlation
with the temperature in the present observations made in both the tissues [Fig-1].
Amongst, female recorded higher protein concentration compared to male in all
the batches.

Estimation of Catalase activity

Catalase activity levels in the three different temperature ranges showed
significant difference in selected tasar silkworm fat body tissue. The CAT activity in
thermal stress conditions [Fig-2-7] showed higher compared to the control. Further
acute stress (51-55°C) causes significant decrease in the fat body Catalase
activity in both males and female pupa. The temperature range 40-45°C and 46-
50°C showed increased Catalase activity.

Qualitative analysis of proteins through SDS-PAGE in response to high
temperature stress

The SDS-PAGE analysis of in the pupa total proteins in hemolymph and fat body
treated with different temperatures and different time intervals were studied for the
assessment of high temperature stress. Polymorphic variations were noticed
about the number of protein bands in the hemolymph samples. More number of
protein bands was recorded corresponding to the quantitative total proteins in
male and female pupae, also in all treated individuals. Appearance of 35 kDa
Protein band was significant in the female hemolymph samples of all the

populations this might be the sex specific protein bands (W chromosomes). The
protein bands at higher molecular weight were constantly present in both fat body
and hemolymph samples. Significant appearance of protein bands of 40 kDa and
70 kDa in the high temperature treated sample the same protein bands were
appeared in both fat body and hemolymph of pupa as well as appeared in the fat
body sample of F1 larva. Over all, there was an apparent polymorphism in
electrophoretic protein bands with the constitutive appearance of some protein
bands in all the samples studied [Plate-1-6].

Electrophoresis and localization of Catalase activity

The electrophoretic profile of Catalase (CAT) of pupal fat body and hemolymph
samples showed a significant difference in the level of expression. The
temperature treatment at 40-45°C and 46-50°C showed more number of bands
compared to the control samples. Three prominent catalases such as CATY,
CAT2, CAT3 were observed in the treated sets whereas control set recorded only
CATS3. Higher expression of Catalase in respect of more bands appearance in the
electrophoresis confirms the higher activity recorded in the quantitative estimation
of the enzyme activity in the high temperature exposed samples[Plate-7].
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Fig-1 Total protein concentration in hemolymph and fat body of tasar silkworm
A.mylitta pupa in different temperature gradients and intervals.

Discussion

High temperature affects nearly all biological processes including structure of
proteins, biological membranes, and rates of biochemical and physiological
reactions. The present study was intended to investigate the level of physiological
effects in pupal stage of tasar silkworm A. mylitta due to high temperature stress
and to pursue the suitable temperature range/ threshold temperature for the
induction of thermo-tolerant molecules in tasar silkworm. The protein levels in the
haemolymph increased significantly in response to high temperature due to high
metabolic rate and synthesis of new proteins by the tissues and release into
haemolymph [28]. This also confirms that proteins are not a source of energy in
the stress condition but are involved in the modulation of silkworm physiological
activity to protect from temperature stress [29]. Some new proteins synthesized
are also involve in the metabolic synthesis of biomolecules such as glycerol,
sorbitol and other polyols acts as thermoprotectants [30,31] are synthesize in the
tissues and release into the hemolymph to protect organisms during adverse
conditions like temperature stresses [32]. Some important sugar compounds are
synthesized during non-feeding stage of the silkworm as a source to meet the
emergent energy needs as well as their utilization in the production of some new
proteins/ biomolecules to cope with the temperature stress. Catalase (CAT) in
insects has been solely responsible for the scavengery of H20,, because insects
are deficient in a selenium-dependent glutathione peroxidase that is another
scavenger present in other organisms [33,34]. There are however, few reports
describing biochemical properties of insect CAT. In the present investigation, the
activity of CAT was studied in response to high temperature stress in the fat body
of A. mylitta pupa and it is found a great difference (P<0.001) in amount of CAT
activity observed in three different temperature ranges as well as observed
relatively high activity in the fat body at 46-50°C and 40-45°C respectively.

International Journal of Genetics
ISSN: 0975-2862 & E-ISSN: 0975-9158, Volume 10, Issue 5, 2018

|IBioinfo Publications||

4N



Lokesh G., Madhariya Garima, Srivastava A.K., Kar P.K., Srivastava P.P., Sinha A.K. and Sahay Alok

7 N 7 N\
0.1
= 0.09 0.12
S 0.08 3
g0 s
> 0.07 / \, 2 010
2 006 HA 8 H ~ g 0.08
c > . e
=2 0.05 -—/ z N e () SEC E /. \ e () SEC
z \\/ s 008 HAHATN— +
% 0.04 \ I e 3() S€C = / 7\ l \ e 3() sec
S 0.03 3 0.04
A 60 sec e : - /A N 60 sec
= 0.02 2 N\
k) & 0.02
o 0.01 © '
0 3 0.00
CNTODOTAIT QR CTNTOROTAUT LR
[T T T T T =sS==== Lo =S====
Fatbody of Female-Male pupae in different intervals (40-45° C) Hemolymph of Female-Male pupae in different intervals (40-45° C)
\_ RN s
7 o N 7 N
= 009 0.09
s S 008
2 i D X
E e r— T A\ 3 N ~
> 0.07 P | o 0.07
2 006 BN 5 : 1 B
2 005 -—-/ L.— 0sec S 0.05 1 \ \I c;ht— e () SEC
= 2
£ 004 30 sec = 0.04 7 \\ 30 sec
o 003 60 sec 8 0.03 \ V4 60 sec
172] [ ]
g 0.02 % 0.02
S 001 s 0.01
0 0
F-1 F-2 F-4 F-6 F-8 M-1M-2M-4M-6 M-8 roodfRzIes
Fat body Female-Male pupae in different intervals (45-50° C) Female-Male pupae in different intervals (45-50° C)
\_ \_ s
7 N 7 N
_ 008
= 0.06 <
° S 0.05
S 005 A\ > o ]
o 4 T j=] \
£ 004 \A £ 0.04 / A /4/ ——
=1 ' /\ \ % e () SEC = \ \\ N e () SEC
> ‘/\ > 0.03 N N N
Z 003 £
= N/ e 30 SEC = \/ e 30 SEC
& & 0.02
® 0.02 — 60 sec ® 60 sec
wn (%2}
< ]
s s 00
s 00 3
0
0 —~ N <t © O — N < © ©
TN QO T QY QP -
| Fatbody Female-Male pupae in different intervals (50-55° C) PAN Female-Male pupae in different intervals (51-55° C) J

Fig-2-7 Catalase activity in fat body and hemolymph of tasar silkworm A. mylitta pupa in different temperature gradients and time intervals

This could happen due to more metabolism level in the fat body tissue during this
temperature range in the tasar silkworm pupa. These results were interesting,
because the fat body plays a physiological role like that of the liver in mammals
[35]. Many authors described the physiological responses Bm CAT (Bombyx mori
catalase) also plays a significant role most probably in curing the oxidative stress
by facilitating the degradation of H202. In this context, it was exhibited that
irradiation of gamma rays to B. Mori larvae causes a notable increase in CAT
activity in the midgut and fat body. The increase in enzyme activities explain that
ROS are overproduced due to heat stress which have resulted into upregulation of
enzyme activities [36]. In the present study, temperature is also an abiotic physical
factor have direct implications on the silkworm’s physiological processes on
stress. The presence and absence of few protein bands at specific site (Molecular
weight) indicates the synthesis of a protein to meet the physiological need. The
higher protein bands > 80Kda are found common in all the hemolymph and fat

body samples are known to be storage proteins in lepidopteron. This could be
also of species specific proteins, presumed to found in all the ecoraces of the A.
mylitta. It was showed that the protein bands of 36 and 64 Kda are constitutively
appeared in all the tissues studies in A. myltta [37]. This is attributed to the higher
protein concentration recorded in the quantitative estimation in the high
temperature treated silkworms. The presence of serum protein (BmLSP) appeared
as thick protein bands near the region 29kD [38] in the protein extracted from the
B.mori hemolymph. In the present study, the appearance of new proteins in the
high temperature exposed samples presumed to be the heat shock related
proteins. The survivability of the silkworm at extremes of heat relates to counter
effects of heat shock proteins, serving as molecular chaperones assisting in
refolding of denatured proteins. Also, the haemolymph being an open circulatory
system, most of the tissues including the fat bodies bathed in haemolymph within
the body.
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Plate-1-6 SDS-PAGE protein profile of pupal hemolymph and fatbody of A. mylitta treated at three temperature gradients 1. 40-45°C, 2. 46-50°C & 3. 51- 55°C for different
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Plate-7 Native PAGE catalase profile in the a. fatbody and b. hemolymph of A. mylitta pupa treated at three temperature gradients 1. Control, 2. 40-45C, 3. 46-50C.
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Consequently, several proteins synthesized in the fat body find their way into the
haemolymph. In this respect, the presence of Hsp72 in the hemolymph of B. mori
can be considered as a desirable feature in conferring thermotolerance to the
larvae. Expression of heat shock proteins in different tissues also varies
depending on the stage of development or even the temperature at which the
exposure was given. The total concentration of Hsp and their redistribution to
specific intracellular sites are considered as most important factors in the
acquisition of thermotolerance [39]. The synthesis of proteins in fat body induced
by heat shock at different temperatures was analyzed. Seven polypeptides with
apparent molecular weights of 90, 70, 65, 40, 37, 22 and 18 kDa were observed in
the fat body and hemolymph of domesticated silkworm [40]. Heat shock led to the
synthesis of 70 and 40 kDa proteins constitutively in the A. mylitta seems more
persuasion is required to confirm this aspect in this species. The Catalase (CAT)
of pupal hemolymph and fat body expressed four prominent catalases such as
CAT1, CAT2, CAT3 and CAT4, three bands found common in all the samples.
Each of different catalases has specific functions present in different eukaryotes
as well as prokaryotes. The expression of these catalases depends on the genetic
constituent, stage, sex some extent implications of environment of the insects [41].
Also shown that mutants deficient in the key antioxidant enzymes catalase,
superoxide dismutase and cytochrome-c peroxidase are sensitized to a 50°C heat
exposure, whilst over expression of catalase and superoxide dismutase provides
protection from lethal heat shock [42]. The catalase electrophoretic study in tasar
silkworms needs to be further pursued for better clarity with more samples and
replications. Moreover, this is a preliminary confirmation that heat stress on A.
mylita leads to express more catalases. Since the tropical tasar silkworm
represents significant variability in its wide spread population.

Application of research: Identifying the high temperature tolerant traits in these
populations is highly desirable. The protein and enzyme markers with reliable
techniques will help in identification of thermo-tolerant breeds /line which can be
used in the high temperature zones to raise higher tasar silk productivity.

Research Category: Silkworm improvement, thermo-tolerant lines
Abbreviations: CAT-Catalase, kDa-Kilo Dalton, HSPs-Heat Shock Proteins
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