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ABSTRACT
The present study deals with the heat shock proteins, the protein content in control eggs exposed to heat shock to
different temperature viz. 30ºC, 35ºC, and 40ºC showed a statistically {F (2,28)= 2.946, P<0.05} significant
difference. However, no statistically {F (2, 40)=2.838, P<0.05} significant difference was observed in diapause
induced eggs to temperature viz. 30ºC, 35ºC, and 40ºC. Whereas in diapause induced eggs showed a significant
difference {F(1,20)=4.3512, P<0.05}. Though after 9th day the eggs hatched in control, but no hatching was
observed in eggs maintained at 5ºC.The analysis of electrophoresis pattern showed differences between the
protein bands in normal temperature (25ºC) non-diapause eggs and diapause eggs at different temperature (5ºC,
30 ºC, 35ºC and 40ºC). In diapause and non diapause heat shock protein exposed to temperature 30ºC, 35ºC and
40ºC had same pattern of bands but one unique band of 43KDa and sHSPs of 28.0-40.0 KDa was observed in
diapause and non-diapause. In cold shock a 61 KDa protein band was observed but absent in (control). Thus,
protein 61 KDa and 43 KDa proteins expressed in cold shock and heat shock in diapause eggs of Dysdercus
cingulatus might be involved in the embryonic development during stress.

role in the initial embryos development in diapause and nondiapause (Fan, et al., 2013).

INTRODUCTION
Insect diapause is centrally mediated at specific developmental
stages, either in response to key stimuli fromthe environment
(facultative diapause) or as a fixed component of ontogeny
(obligatory diapause) as suggested by various workers
(Denlinger, 2002;Kos¡ta´l, et al., 2008).During the initiation
of diapause a physiological decreased state of metabolism,
occurs that delays development and enhances stress tolerance
in insects. In insects it also regulate the synthesis of heat shock
proteins (HSPs). Arrigo, (2013), and Basha, et al. (2012)
reported that, in insect sHSPs act independently of ATP and
are the first line of cell defense, preventing irreversible
denaturation of substrate proteins during cells in stress.

At low temperature HSPs or other cytoskeletal components
are regulated to prevent the cells from damage (Michaud and
Denlinger, 2004). Similarly, it was reported that HSPs can be
induced by cold shocks or heat shocks (Kostal and Tollarova
Borovanska, 2009; Kostal, et al., 2001; Rinehart, et al., 2006;
Rinehart, et al., 2007). In Pyrrhocerisapterus adult, in non
diapause showed a HSP 70 up regulated in fat bodies by both
cold and heat stress. HSP 70 protein level increased by 1.6
fold at -5ºC.
Apart from HSP 70 many small HSPs are reported to be
involved in the cold shock, and they have molecular masses
of 16-40 KDa (Basha, et al., 2012; Clark and Worland, 2008).
HSP 90 enhanced its expression in non-diapausing
C.suppressalis larvae but not in diapause larvae (Sonoda, et
al., 2006). Cold acclimated pupae of D. antiqua showed upregulation of HSP 70, HSP 60 and tcpI (t-complex polypeptideI) genes (Kayukawa, et al., 2005; Chen, et al., 2006; Kayulawa
and Ishikawa, 2009).

The HSPs play a significant role in the insect’s responses to
increased temperature and it protects cell an organism from
thermal damage (Kostal and Tollarova – Borovanska, 2009;
Zhao, et al., 2009, 2010a). In Tribolium castaneum when
exposure at 40 ºC for 1 h HSP 83 gene is expressed (Xu, et al.,
2010). Numerous heat shock proteins Like HSP 19.9, HSP
20.1, HSP 20.4, HSP 20.8, HSP 23.7, HSP 70, HSP 90 were
identified in insects exposed to high temperature. It was
observed that all proteins belonging to a small heat shock
protein which protect proteins from being denatured and
mainly functions as molecular chaperones during extreme
conditions (Li, et al., 2009; Sun and MacRae, 2005; Waters et
al., 2008). Large HSPs and small HSPs i.e. HSP 70, HSP 90,
HSP 20.8, HSP 20.4 were highly expressed in diapause and
non – diapause eggs. This shows that HSPs may play significant

The molecular information of diapause and protein implicated
in diapause may provide information of constructing a
regulatory hierarchy for diapause. In the present study the
eggs of D.cingulatus exposed to different temperature and its
effect on the protein content in diapause and non diapause
eggs was observed and the electrophoretic pattern HSPs of
diapause and non-diapause eggs were studied.
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in figure 1. The protein content showed a variation on different
days, highest protein content was observed on 4th day i.e.
0.59mg/ml and a least protein content was observed on 2nd
day i.e 0.27 mg/ml. The protein content of eggs exposed to
different temperature viz., 30°C, 35°C, and 40°C. It was
observed that in control eggs exposed to heat shock to different
temperature viz. 30°C, 35°C, and 40°C showed a statistically
{F (2,28)= 2.946, P<0.05} significant difference. However,
no statistically {F (2, 40)=2.838, P<0.05} significant
difference was observed in diapause induced eggs to
temperature viz. 30°C, 35°C, and 40°C.
Protein content in cold shock eggs
The protein content for diapause induced eggs and eggs
maintained at 25ºC is shown in figure 2. The diapause induced
eggs showed a significant {F(1,20)=4.3512, P<0.05}
difference in protein content compared to control. Though
after 9th day the eggs hatched in control, but no hatching was
observed in eggs maintained at 5ºC.
Expression pattern of protein on SDS-PAGE: The expression
pattern of eggs exposed to 5ºC, at 25ºC and diapause induced
eggs and control eggs exposed to different temperature are
shown in figure 3. Eggs exposed to control temperature
showed various protein bands viz. 250, 70, 54, 29 and 16
KDa. The expression of HSPs at 5ºC showed a various protein
bands viz. 250, 124, 67, 61, 43, 33, 29 and 16 KDa. The cold
induced eggs subjected to different temperature for 20 minutes
showed different proteins bands of molecular weight, 124,
67, 61, 43 and 33 KDa.

MATERIALS AND METHODS
The red cotton bug, Dysdercus cingulatuswere procured from
cotton field and maintained and reared under laboratory
conditions as described by Kshemkalyani, et al. (1989). The
eggs, which were laid after two generation of rearing, were
only considered for the study. The freshly laid eggs were
subjected to artificial induction of diapause by maintaining at
room temperature and they were subjected to different
temperature 30ºC, 35ºC, and 40ºC for 20 minutes. 10 eggs
were subjected to cold stress at temperature 5ºC and control
at 25ºC.
For studying the response of HSPs to abiotic stress, 10 eggs
after laying were exposed to heat and cold shock. The induced
diapause and non diapause eggs were exposed to different
temperature viz, 30ºC, 35ºC, and 40ºC for 20 minutes. These
treated eggs were homogenized with 500µl of distilled water
and the soluble protein was isolated by centrifugation at
12,000×g for 10 minutes at 4ºC. The protein content in eggs
were estimated for all days of exposure. The protein content
were estimated according to Lowry’s method Lowry, et al.,
(1951). The SDS-PAGE was carried out according to the
procedure as described by Laemelli (1970). The standard
molecular weight markers used were procured from Puregene
(genetix).The following standard protein marker were used:
250KDa Glycoprotein, 124KDa â-galactosidase, 91KDa
Glycogen phosphorylase, 54KDa Glutamic dehydrogenase,
33KDa Lactate dehydrogenase, 29KDa Carbonic anhydrase,
16KDa Myoglobin.
The data were subjected to statistical analysis using ANOVA
at P<0.05 for significance.

DISCUSSION
RESULTS
Protein content in control eggs (25ºC) and to different
temperature
The protein content of eggs maintained at room temperature
i.e 25ºC and eggs exposed to different temperature is shown

In the present study, the eggs of D. cingulatus diapause induced
and control eggs showed different levels of protein content
throughout the study period. The protein content at various
heat treatment showed a lower protein content compared with
those maintained at 25ºC. The protein content at 30ºC and
25ºC showed no much difference in protein content. However

Figure 1: Heat shock protein content in non diapause eggs of
Dysdercus cingulatus.

Figure 2: Heat shock protein content in diapause eggs of Dysdercus
cingulatus.
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and 43KDa, whereas this band was not detected in the normal
temperature eggs.
In heat treatment the eggs exposed to different temperature
30ºC, 35ºC and 40ºC were analysed, the expression level of
non diapause and diapause was almost constant, the HSPs
observed were 250 KDa, 124 KDa, 90 KDa, 70 KDa, 67 KDa,
54 KDa, 43 KDa, 29 KDa, 16 KDa and 10 KDa but significant
difference between normal temperature expression level and
heat shock.
The expression of HSP 90 at low temperature and at high
temperature was observed and not at normal temperature.
Molecular chaperone are considered as a ubiquitous feature
of cells in which the HSP manage with stress-induced
denaturation of other proteins (Storey and Storey, 2015). The
relative expression levels of both hsp90 and hsp70 in E. onukii
adults were upregulated as the temperature rises or falls over
time, except in the -5ºC or 44ºC temperature groups. Moreover,
the expression level in the temperature elevated groups was
higher than that of the lower temperature groups. In addition,
the hsp70 generally demonstrated a higher transcriptional level
than hsp90, and both genes had a higher expression profile
in female adults compared with the males. The expression
profiles indicated that hsp90 and hsp70 may play important
roles in E. onukii adult responses to ecologically relevant
environmental condition studied by (Li, et al., 2015).

Figure 3: Cold shock protein content in diapause eggs of Dysdercus
cingulatus.

The proteins of molecular weight 43KDa observed during
diapause, it may be a protein involved in embryonic
development during stress. This protein is not expressed
during non diapause. This observation is consistent with the
fact that the metabolism of insects at low temperature and
high temperature results in synthesis of lower protein and
increase some chemical that are necessary for diapause
survival such as glycerol and sorbitol (Denlinger, 2002).
Though SDS-PAGE analysis of different molecular proteins
which are upregulated or down regulated during diapause
and non-diapause. The protein in diapause may be involved
in the production of phosphenolpyruvate and
glyceraldehydes-3-phosphate which are precursors of the
glycerol accumulation. The fact that 90 KDa molecular protein
was uniquely expressed during cold tolerance and 90 KDa
molecular proteins during heat shock. During diapause in the
flesh fly the protein is down the cell cycle (Hayward et al.,
2005).

Figure 4: SDS-PAGE pattern, lane 1. Standard marker protein, lane 2.
Control kept at room temperature (25ºC), lane 3. Low temperature
(5ºC) cold shock protein, lane 4. Diapause heat shock protein at
30ºC, lane 5. Diapause heat shock protein at 35ºC, lane 6. Diapause
heat shock protein at 40ºC, lane 7. Non diapause heat shock protein
at 30ºC, lane 8. Non diapause heat shock protein at 35ºC, lane 9.
Non diapause heat shock protein at 40ºC.

on exposure of eggs to temperature at 40ºC or above the
protein content showed a decrease in the present study. A
similar observation is reported by Yi Chuan et al. (2009) in
protein content of non diapause and diapausing
Papiliomemnom.

The studies of molecular mechanisms of diapause have
revealed several proteins associated with diapause in some
insect species. (Salama and Muller, 1992) reported a 23KDa
heat shock protein in the brain of diapause pupae in the flesh
fly Sarcophagacrassipalpis (Li, et al.,2007).In the proteomic
analysis of pre-diapause, diapause and post-diapause total 91
proteins were identified in the over summer diapause and
over winter diapause in larvae of the blossom midge,
Sitodiplorismosellana (Chen, et al., 2009) The molecular
weight of these proteins were approximately 28.0-40.0 KDa
which is also seen in the diapause eggs incubated at 5ºC of D.
cingulatus.

The SDS-PAGE detects quantitative differences in diapause
and non-diapause in several insects (Osir, et al., 1989; Ichimer,
et al., 1990; Mao and Cao. 2001). However, very few proteins
play significant role in insect diapauses have been identified.
In the present study HSP protein expression of normal
temperature, heat shock and cold shock diapause and non
diapause were identified. The SDS-PAGE of control eggs
showed the protein bands of molecular weight 250, 70, 54,
29, 16 and 10 KDa proteins. The expression of HSPs in
diapause eggs at 5ºC composed of protein bands of 250,
124, 90, 70, 67, 61, 54, 29, 16 and 10 KDa. In diapause eggs
a special protein bands was found i.e 250, 124, 90, 67, 54
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