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Abstract 

The study reveals effect of high temperature on the total protein content level in the haemolymph, fat body and cuticle of fifth 

instar silkworm larvae and its effect on commercial traits among few silkworm races. 7 bivoltine and 12 multivoltine silkworm 

races were exposed to high temperature of 400 C - 45 0C and quantitative analysis of total protein profile carried out. Variation 

in the temperature significantly influenced the protein content in the heamolymph, fat body and cuticle of fifth instar larvae. 

Total protein content of heamolymph increased with increase in the temperature. The impact of heat shock on commercial 

traits of cocoons analyzed for acquired thermo tolerance level over the control. The data obtained was recorded for each trail in 

a one way ANOVA and was subjected with the Graph pad prism software analysis for its significance. Results revealed that, 

significantly high protein content recorded in bivoltine compared to multivoltine. Further, KNT, AP-White, GFP-C, GLPF of 

multivoltine strains and BO2, BD2S, BO1S and ISK of bivoltine strains exhibited better survivability over the other strains. 

Finally, all the obtained data reveals the varying response of a tolerance and non-tolerance among the silkworm strains in total 

protein analysis in correlation with economical traits. 
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1. Introduction 

Abiotic stress response has become an indispensable field of 

research in recent years due to ongoing climate change in 

order to understand its effect on the health and behaviour of 

animals (King and MacRae, 2015) [13]. Insects in particular 

are known to have a pervasive effect of temperature, which 

varies with the different life stages because they inhabit 

different micro habitats and may differ in tolerance to high 

temperature. Among beneficial insects, the mulberry 

silkworm, Bombyx mori L. has actually deprived an 

opportunity to acquire tolerance to hot environmental 

conditions due to intensive and careful domestication over 

more than 4000 years (Punyavathi et al., 2017) [20]. Long 

term care and selective breeding targeting only at 

enhancement of quantitative traits (with reference to silk 

production) has deprived the animal of many of its attributes 

for self-defense against predators, pathogens and extreme 

climatic conditions. The success of any new silkworm 

strain/races in the field depends on its inbuilt adaptability to 

varied environmental conditions. Undoubtedly, the better 

survivability of a silkworm strain in the field is governed by 

the molecular mechanism of the cell. The mechanism of 

cellular protection involves expression of a polypeptide 

family known as heat shock proteins (hsps).They act as 

molecular chaperones to ensure better survival under 

stressful conditions, including thermostress (Ellis and Van 

Der Vies, 1991 [4]; Kregel, 2002 [14]; Stromer et al., 2003 [30] 

; Parcellier et al., 2003 [17] ) Further, the versatility of insect 

species to temperature tolerance is illustrated by the 

examples of larvae of a Dipteran insect Polypedilum 

vanderplanki inhabiting Nigeria, which can tolerate 

temperature as low as -270 and +102°C (Hinton, 1960) [8] 

and the larvae of Coleopteran insects Rhyzopertha dominica 

and Jtophylus oryzae as high as 80°C (Evans, 1981) [5] but, 

B. mori is one of most thermo sensitive organism (Sorensen 

and Loeschcke, 2007) [26]. 

Earlier most of the heat shock studies in silkworm have 

been confined to cell culture or organisms from temperate 

climates (Evgenev et al., 1987 [6]; Broude et al., 1988[2]; 

Abramova et al., 1991 [1]; Lohmann and Riddiford, 1992 [15]; 

Hsieh et al., 1995 [10]). But not much work has been 

correlated with the commercial traits of B. mori with respect 

to heat tolerance. With the objective to determine the 

sensitivity at different larval stages and to analyze the hsps 

expressed at different developmental stages in different 

silkworm strains of B. mori to determine the impact of heat 

shock on biological and commercial traits (Vasudha et al., 

2006 [33]). Study on expose of fifth instar silkworm larvae 

from day three at 36°C and 40°C for 6 h every day until 

spinning and which forms as part of acclimation/hardening 

of the silkworm strains/breeds (Suresh Kumar et al., 2005 
[28]; Suresh Kumar et al., 2011 [29]). While others induce HS 

for 2-3 h during I-V instars that enhance the ability of the 

silkworm strains to acquire tolerance to critical 

environmental conditions (Vasudha et al., 2006 [33]; 

Howrelia et al., 2011 [9]). The effect of heat shock on 

various quantitative and qualitative traits of bivoltine hybrid 

FC2 and screening for thermo tolerant races among 

bivoltine silkworm germplasm revealed (Prasanth et al., 

2013 [19]; Sugnana kumari et al., 2011[27]); Shivkumar and 

Subramanya, 2015 [24]). 

The current study deals with the screening for thermo 

tolerance level in silkworm larvae by the role of temperature 

on total protein profile of different strains silkworm in the 

haemolymph, fat body and cuticle. Furthermore, also 

focused on overall silkworm rearing performance with 

respect to economical traits to obtain valuable information 

that will help to identify thermo tolerant silkworm strains 

exposed to high temperature based on the total protein 

profile as a molecular marker. 
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2. Material and Methods 

1. These experiments were performed in the Indian 

Institute of Chemical Technology (IICT), Hyderabad, 

Telangana State, India during 2017-18. 

2.  Heat shock treatment in silkworm strains: Twelve 

multivoltine (KNT, CFP, GCM, CLPF, GLPF, PAF, 

GFP-C, AP-White, ISK, CDFP, IIA, GDFP) and seven 

bivoltine silkworm strains (BD2S, BO2, SOF-Br, 

BO1S, BO1N, SOC-B, BO3BL) were subjected to heat 

shock during 5th instar 4th day. 100 larvae of each strain 

were placed in a thin walled beaker in three replicates 

for heat shock at 40oC and 45oC in water bath for 1 

hour. The treated larvae were then transferred to room 

temperature for recovery for 2 hours and mulberry leaf 

was fed to resume immediately after the heat shock 

recovery period. Thereafter, heat shocked and control 

larvae were reared until spinning under natural 

environmental conditions with 28oC - 30oC and 

humidity of 60% - 80% in a day. All the experiments 

were done in triplicate.  

3. Estimation of Protein Content in treated silkworms: 

The total protein content in the haemolymph, fat body 

and cuticle of larvae was estimated according to Lowry 

et al, (1951)[16] modified by Singh and Agarwal, 1989 
[25] using Bovine Serum Albumin (BSA) as standard 

(Tables 1-3). For analysis of proteins from fat body and 

the cuticle they were dissected from the heat shocked as 

well from control larvae, and washed in Ringer (Irvine, 

1969) [11]. The tissues (1 g/ml of Ringer) were 

homogenized using a Teflon glass homogenizer. NP40 

(0·5% v/v) was also included in the buffer while 

homogenizing the cuticle (Kiely and Riddiford, 1985 
[12]). The homogenates were centrifuged at 5000g for 10 

min at 4°C, and the supernatant after removal of the 

floating lipid layer was used for protein analysis. 

4. Influence of high temperature on Biological and 

commercial traits: Thermo tolerance of heat shock at 

varied temperature was assessed based on percent 

mortality (inability to enter succeeding instars or to spin 

cocoon), and effective rate of rearing (ERR, which 

refers to number of cocoons harvested from number of 

larvae brushed). Commercial characteristics like 

effective rearing rate (ERR), Pupation % and shell ratio 

were also recorded and statistically analyzed using the 

ANOVA program (Fig 1- 3). 

 

3. Results 

Changes in protein content with increasing temperature: 

The results on the total protein content in haemolymph, fat 

body and cuticle after heat shock presented in the Tables 1- 

3. 

Heamolymph: Based on the results, it is clearly indicates 

that the quantity of total protein content varied in all the 

nineteen strain. In multivoltine, the total protein content of 

heamolymph subjected to 40oC and 45oC is high compared 

to control and it range between 35.37 - 48.18 µg/ml and 

40.74 - 54.31 µg/ml respectively when compared to control 

(31.89 - 41.38 µg/ml). Similarly, among bivoltine strain 

subjected at 40oC and 45oC comparatively high protein 

content range between 45.67- 58.83 µg/ml and 47.04 - 66.34 

µg/ml was observed in all the silkworm strains respectively 

when compared to control (44.78- 49.7 µg/ml) (Table 1).  

Fat body: In multivoltine, the total protein content in the fat 

body exposed to 40oC is in the range of 8.14- 12.36 µg/ml 

and significant variation was observed in all the silkworm 

strains. Among all the silkworm strains exposed to 45oC, 

slightly low protein content (8.12- 11.15 µg/ml) was 

observed compared to strains exposed at 40oC. The total 

protein content of fat body in both the treatments (40oC and 

45oC) was low when compared to control (9.26 - 13.63 

µg/ml). In bivoltine, total protein content of 9.2 -12.06 

µg/ml at 40oC and 7.77 - 9.78 µg/ml at 45oC when compare 

to control 10.94-13.92 µg/ml (Table 2). 

Cuticle: The total protein content in the cuticle among the 

multivoltine strain exposed to 40oC in the rage of 8.27-11.26 

µg/ml and in strains exposed at 45oC comparatively low 

protein content of 7.14 -9.93 µg/ml observed. Protein 

content in the Control batch is in the range of 10.17 -13.70 

µg/ml. With reference to bivoltine strains, it varied from 

8.30 -14.51 µg/ml of total protein content in the strains 

exposed to 40oC, 7.18 - 10.92 µg/ml was observed in the 

strains exposed to 45oC and in control 10.43-16.96 µg/ml 

was observed (Table 3). 

 
Table 1: Total protein content in silkworm haemolymph 

 

Multivoltine silkworm strains 

S.No Silkworm strain Control 40oC 45oC 

1 KNT 39.65±0.27 46.15±0.51 54.31±0.31 

2 CFP 41.38±0.25 45.15±0.31 49.26±0.16 

3 GYM 36.79±0.31 39.24±0.15 42.18±0.44 

4 CLPF 40.67±0.48 44.6±0.25 50.6±0.20 

5 GLPF 33.28±0.41 40.92±0.29 43.63±0.27 

6 PAF 31.89±0.29 35.37±0.27 40.74±0.37 

7 GDFP 39.15±0.34 43.19±0.51 45.18±0.51 

8 Ap-white 38.65±0.41 46.34±0.36 47.72±0.48 

9 CCM 39.83±0.31 42.18±0.19 45.61±0.78 

10 CDFP 42.87±0.15 45.78±0.87 50.12±0.45 

11 IIA 40.79±0.24 48.18±0.47 52.81±0.89 

12 GFP-C 39.26±0.26 45.71±0.4 48.18±0.19 

Bivoltine silkworm strains 

1 BD2S 45.81±0.27 52.14±0.41 54.56±0.31 

2 SOC-B 49.11±0.32 50.86±0.45 54.11±0.45 

3 SOF-BR 44.91±0.25 47.04±0.44 50.14±0.67 

4 BO1S 47.93±0.56 49.77±0.56 52.39±0.98 

5 ISK 44.78±0.53 49.67±0.23 53.04±0.38 

6 BO2 49.7±0.35 58.83±0.29 66.34±0.59 

7 BO3BL 45.83±0.67 47.89±0.67 53.22±0.31 

Values represent mean ± SD 
 

Table 2: Total protein content in silkworm fat body 
 

S. No Silkworm strain Control 40oC 45oC 

Multivoltine silkworm strains 

1 KNT 9.26±0.16 8.14±0.12 7.79±0.29 

2 CFP 11.26±0.27 10.23±0.12 8.12±0.16 

3 GYM 12.23±0.15 11.78±0.25 9.23±0.25 

4 CLPF 9.97±0.24 9.48±0.29 8.42±0.38 

5 GLPF 13.63±0.19 12.26±0.38 10.91±0.34 

6 PAF 11.12±0.25 9.55±0.23 8.33± 0.31 

7 GDFP 13.56±0.15 12.36±0.23 11.15±0.13 

8 Ap-white 13.18±0.25 10.22±0.38 9.65±0.21 

9 CCM 10.18±0.28 9.56±0.35 8.34±0.27 

10 CDFP 13.56±0.31 11.18±0.53 10.45±0.38 

11 IIA 12.12±0.17 10.43±0.67 9.18±0.33 

12 GFP-C 11.76±0.26 10.38±0.39 9.89±0.12 

Bivoltine silkworm strains 

1 BD2S 10.94±0.36 9.2±0.36 7.77±0.35 

2 SOC-B 11.4±0.34 9.5±0.18 8.3±0.23 

3 SOF-BR 11.24±0.16 10.93±0.52 8.13±0.11 

4 BO1S 12.34±0.21 10.15±0.25 9.18±0.36 

5 ISK 13.39±0.28 12.06±0.38 9.78±0.31 

6 BO2 13.92±0.11 10.16±0.16 8.34±0.26 

7 BO3BL 12.98±0.27 9.26±0.34 8.13±0.23 

Values represent mean ± SD 
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Table 3: Total protein content in silkworm cuticle 
 

S.No Silkworm strain Control 40oC 45oC 

Multivoltine silkworm strains 

1 KNT 13.7±0.32 9.55±0.3 8.46±0.42 

2 CFP 12.36±0.23 8.35±0.79 7.18±0.99 

3 GYM 12.95±0.76 10.16±0.22 8.23±0.34 

4 CLPF 12.27±0.47 11.26±0.38 9.68±0.28 

5 GLPF 13.52±0.27 10.47±0.3 8.57±0.17 

6 PAF 11.93±0.38 10.46±0.29 9.93±0.41 

7 GDFP 13.54±0.68 10.62±0.53 9.53±0.12 

8 Ap-white 10.48±0.23 8.68±022 7.45±0.41 

9 CCM 11.96±0.96 8.58±0.13 7.15±0.28 

10 CDFP 12.48±0.87 9.15±0.45 8.23±0.96 

11 IIA 13.29±0.34 11.23±0.65 9.16±0.57 

12 GFP-C 10.17±0.46 8.27± 0.18 7.14±0.49 

Bivoltine silkworm strains 

1 BD2S 10.43±0.26 9.29±0.32 7.45±0.32 

2 SOC-B 11.56±0.15 8.3±0.56 7.18±0.11 

3 SOF-BR 16.96±0.36 14.51±0.28 10.3±0.35 

4 BO1S 14.18±0.14 11.26±0.16 9.32±0.18 

5 ISK 15.36±0.36 13.24±0.38 10.49±0.23 

6 BO2 14.63±0.23 13.89±0.11 10.92±0.21 

7 BO3BL 13.21±0.24 12.93±0.26 9.83±0.22 

Values represent mean ± SD 

 

Biological and commercial traits: 

1. Heat shock effect on biological and commercial 

traits of different silkworm strains  

Thermal sensitivity and heat shock response of different 

silkworm strains are measured by observing the survival 

rate of larvae till cocoon stage and cocoon parameters.  

Effective rearing rate (ERR): Among the silkworm strains 

exposed to 45oC heat shock, maximum ERR of 18% was 

observed in KNT followed by GLPF (15%), CCM (14%) 

and GFP-C (13%) among multivoltine. ERR ranging from 3 

to 11% was observed among the bivoltine. Whereas strains 

exposed to 40oC heat shock, maximum ERR % was 

observed in KNT (77.53%) followed by GFP-C (76.89%), 

AP-White (74.16%), GLPF (73.34%) among multivoltine. 

In bivoltine, maximum ERR was observed in BO2 (70.12%) 

followed by BD2-S (69.05%), BO1-S (68.13%), ISK 

(65.36%). In control batch maximum ERR was observed in 

KNT (96.18%) and GFP-C (95.96%) in multivoltine. 

Among bivoltine, maximum ERR was observed in BO3BL 

(93.49%) and ISK (93.18%) (Fig: 1). 

  

 
 

Fig 1: Effect of heat shock (40oC) on the ERR among all the 

silkworm strains. 

 

Pupation Rate: Silkworm strains exposed to 45oC heat 

shock, zero pupation rates was observed in all the silkworm 

strains. Among 12 multivoltine strains > 70% of pupation 

rate was observed in four silkworm strains exposed to 40oC 

(Table 1). Maximum pupation was observed in KNT (75%) 

followed by GFP-C (74.33%), AP White (72.33%) and 

GLPF (71.33%). Among 7 bivoltine strains > 60% of 

pupation was observed in four strains. Maximum pupation 

was observed in BO2 (67.66%), BD2-S (67%) followed by 

BO1-S (66%), and ISK (63.66%). With regard to control 

batch, maximum pupation was observed in KNT (93%) and 

GFP-C (92.66%) among multivoltine. In bivoltine, highest 

pupation rate was observed in ISK (91.33%) and BO2 

(90.66%) (Fig 2). 

  

 
 

Fig 2: Effect of heat shock (40oC) on the pupation among 

silkworm strains. 

 

Shell Ratio (SR %): Among the silkworm strains exposed 

to 40oC, maximum SR% was observed in CLPF (16.72%) 

CDFP (16.04%) and GDFP (16.02%) among multvoltine. In 

bivoltine, maximum SR% was observed in BD2S (20.35%) 

BO1S (20.35%) and BO2 (20.27 %). In control batch 

maximum SR% of 16.37 % was observed in CDFP followed 

by 16.29% in CLPF among multivoltine and among 

bivoltine highest SR% was observed in BO3BL (20.62 %) 

(Fig 3). 

 

 
 

Fig 3: Effect of heat shock (40oC) on the shell ratio % among all 

silkworm strains. 

 

4. Discussion 

The current study revealed the effect of heat shock at 40oC 
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and 45oC on twelve strains of multivoltine and seven strains 

of bivoltine silkworm strains for their tolerance to 

temperature higher than their normal growth temperature. 

Four strains viz., KNT, GFP-C, AP-White, GLPF of 

multivoltine, and four strains of bivoltine viz., BO2, BD2S, 

BO1S, ISK were found to be tolerant at 40oc as judged by 

their survival and capacity to spin cocoons after 1 hour heat 

shock. Temperature above 45°C proved to be a lethal for all 

of all selected silkworm strains. A differential in thermal 

tolerance among silkworm strains subjected to 40°C, the 

effect of heat shock on the protein concentration of 

individual tissues of haemolymph, cuticle and fat body were 

analysed on a comparative basis. Results revealed that in 

multivoltine and bivoltine the total protein content of 

heamolymph subjected to 40oC and 45oC is high compared 

to control and these results relatively comparable to Ramani 

et al. (2017) [21]. Total protein content of fat body and cuticle 

in both the treatments (40oC and 45oC) were low when 

compared to control. The increase in protein content is may 

be due to presence of a set of highly conserved proteins, the 

HSPs, ubiquitous to all organisms examined so far and 

HSPs considered conferring protection against the adverse 

effect of heat shock (Hightower, 1991)[7]. 

Apart from Bombyx mori, biochemical and physiological 

constituents and their correlation in wheat (Triticum 

aestivum L.) genotypes under high temperature at different 

development stages was carried out by Ramani et al. (2017) 
[21]. Protein level changes under magnetic exposure of 

silkworm larvae has also revealed by Santosh kumar Tripati, 

(2012) [22]. 

The haemolymph being an open circulation system, most of 

the tissues including the fat bodies and silk glands lay 

bathed in haemolymph within the silkworm larvae. 

Consequently several proteins synthesized in the fat body 

find their way into the haemolymph. The fat body is the 

reservoir and active synthetic tissue for most of the 

haemolymph and cuticular proteins (Shigematsu, 1968 [23]; 

Dean et al., 1985 [3]; Wyatt and Pan, 1978 [34]; Tojo et al., 

1981 [32]; Plantevin et al., 1987 [18]. Integuments consisting 

of the cuticle and the underlying epidermis are the external 

tissues which act as initial defence organ in most insects. 

Response of the integument to heat shock will therefore be 

an integral part of the survival of the silkworm. 

Proteins, the key factors within the cells which are governed 

by the genes and evident from the biochemical changes 

reflected in the larva (Irvine, 1969) [11] which are important 

biological macromolecules that are required for growth and 

development of the silkworm and for the synthesis of silk 

(Kiely and Riddiford, 1985[12]; Talukdar et al., 2015[31]). 

Silk worm synthesizes silk threads in the form of cocoons 

which are structural protein fibre. At the end of the fifth 

instar larval stage, the silkworm larvae by to and fro 

movement of their head produce fibres which finally covers 

the larva and the larva becomes pupa. Therefore silk fibre 

synthesis is completely dependent upon the protein content 

of the larval body. 

From current study, it was observed that haemolymph 

protein was found significantly highest in heat tolerant 

strains and this may be used as bench mark to screen 

silkworm germplasm for heat resistance/tolerance. 

 

5. Conclusion 
The following studies concludes that at 40°C, four 

multivoltine and four bivoltine silkworm strains were 

proved to be tolerant at high temperature with effective 

rearing rate (yield) ranging from 65.36% (ISK) to 77.53% 

(KNT). In this context, the present study proved that after 

heat shock, if these larvae are reared under natural 

environmental conditions where frequent fluctuations occur, 

they will perform better and spin better quality cocoons than 

the non-heat shocked individuals. Hence, these strains may 

be used as parental strains in developing high yielding heat 

resistant silkworm breeds. Therefore, sscreening of 

silkworm genetic resources using total protein analysis can 

be more useful for the silkworm selection in breeding 

programmes as well as its exploitation for commercial 

purpose. 
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