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INTRODUCTION

The success of sericulture industry, primarily depends on the successful harvest of cocoon
crops. Perhaps the major problem for sericulture in a tropical country like India is the high
incidence of diseases. The major diseases affecting mulberry silkworm are pebrine
(protozoan disease), flacherie (bacterial disease), grasserie (viral disease) and muscardine
(fungal disease). Beauveria bassiana (Bals.) Vuill. is one of the most destructive fungal
pathogen of silkworm Bombyx mori causing white muscardine disease, which is common in
all sericulture zones of the world. It is known to attack more than 150 insect species (Bell
1974). Pathogens were reported to induce several biochemical and physiological alterations
in insect tissues (Bergold (1963) and Martignoni (1964).

Proteins are the known biomolecules which regulate and integrate several physiological and
metabolic processes in the body through hormones, enzymes and nucleoproteins. These
biomolecules plays a vital role in the synthesis of microsomal detoxifying enzymes that
helps to detoxify the toxicants when entering into the animals. The survival ability of an

animal to stress majorly depends on its protein synthetic potential. Any stress on an animal
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invokes compensatory metabolic adjustments in its tissues through modifications or
modulations of proteins (Bano et al 1981; Assem and Hanke, 1983). The total protein content
consists of structural and soluble proteins involved in the architectures and metabolism of a
cell. In view of the significance of the protein molecules in various metabolic activities, day
to day changes in the protein content in various tissues of Beauveria bassiana infected 5™

instar silkworm Bombyx mori were examined.

MATERIALS AND METHODS

For the present study PM x CSR2 silkworm strain was selected. Silkworms are reared in the
laboratory under optimum conditions as suggested by Dandin et al (2003). Immediately after
fourth moult the heatlhy larvae were selected from the rearing stock and grouped into two
sets. Each group consists of 4 replications with 100 larvae for each group. One set of larvae
was treated with fungal spore suspension with sub lethal concentration (3.25 x 10° spores/ ml
@ 50 ml/100 worms) and another set of larvae were treated with double distilled water and
used as control. Every day, silkworms from both the sets were randomly selected from 1% day
to 7" day of 5™ instar silkworms and dissected in physiological saline solution and collected
the three tissues viz., integument, midgut and silkgland for protein analysis. Protein content

was determined by the method of Lowry et al (1951).

RESULTS AND DISCUSSION

Day to Day changes in total protein content were examined in three tisses viz., integument
(Table-1 and Graph-1), midgut (Table-2 and Graph-2) and silkgland (Table-3 and Graph-3)
of 5" instar silkworm Bombyx mori during the progress of fungal pathogen. In the integument
decreased trend of protein levels were noticed in the experimental larvae from 1% day to 7™
day (45.1 to 30.14 mglg wet wt of tissue) of 5™ instar silkworm, whereas in control the
protein levels were increased up to third day (46 to 48.15 mg/g wet wt of tissue) then a
gradual reduction of protein content was recorded (41 to 31.28 mg/g wet wt of tissue). In the
midgut no significant variation was recorded in the initial stages of fungal infection, i.e., 1%
and 2" day (42 and 45 mg/g wet wt of tissue), then significant reduction of protein content
was noticed till the end of the instar (40.16 to 35.14 mg/g wet wt of tissue) compared to
control. Highly significant protein levels were noticed on 6" day of inoculated silkworms. In
the silkgland of experimental larvae, no significant reduction of the protein content was
recorded up to 3 day (37 to 40.14 mg/g wet wt of tissue) and then the significant reduction
of protein content was noticed (39.8 to 26.14 mg/g wet wt of tissue) during the rest of the
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instar with reference to control (48.76 to 38.9 mg/g wet wt of tissue). Increased protein
content was recorded in the silkgland of healthy larvae up to the 5™ day (38.14 to 48.96 mg/g
wet wt of tissue) of the instar and then the protein content was declined on the 6" and 7" day
of the instar (49.49 and 38.9 mg/g wet wt of tissue).

The results of the study shows a series of variations in total protein content in the three
tissues viz., integument, midgut and silkgland of 5" instar larvae infected with fungal
pathogen Beauveria bassiana. As a whole decreased trend of protein content was noticed in
the three tissues of silkworm inoculated with Beauveria bassiana compared to control. The
reduction of the protein levels in the different tissues of experimental larvae may be due to
the interference of fungal pathogen with the structural and physiological functions of the
infected larvae in which it leads to functional impairment of midgut and decreased intake of
food, absorption and assimilation into body fluid in turn to different tissues. Another possible
reason for the reduction of protein content in different tissues may be due to the invasion of
fungal hyphae into different tissues of infected silkworm and draw the nourishment and
selective utilization of specific protein fraction by Beauveria bassiana for the growth and
development of the fungal pathogen. It may also be due to inhibition of protein synthesis
owing to non-availability of energy for protein synthesis due to starvation. Decreased levels
of protein in inoculated larvae may also be attributed to the drastic degradation of structural

proteins.

Changes in total protein metabolism during infection have been reported by several authors.
Kodaira (1961) opined that the aberrations may be inducted in Beauveria bassiana infected
silkworm due to coagulation of protein substance with the increased moisture requirement of
fungal pathogen Beauveria bassiana. Degtyareva (1967) reported a marked disruption of
protein metabolism accompanied by a decrease in total proteins in the larvae of Leptinotarsa

decemlineata sprayed with a mixture of spore suspension of Beauveria bassiana and DDT.

Kawase and Hayashi (1971) reported that hypoproteinemia occurred in silkworm larvae
infected with CPV especially in later stages of infection. They concluded that
hypoproteinemia is the consequence of two possibilities, firstly the reduction in protein
content is caused by the formation of polyhedral in the midgut and secondly it is caused by
starvation due to a dysfunction of the midgut. Smith and Grula (1981) reported that
Beauveria bassiana can readily utilize many proteins, amino acids and carbohydrates for

germination and growth of fungal spore. Cheung and Grula (1982) reported that the physical
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presence of the fungus in the alimentary tract tissue and /or toxin liberation in the immediate
area most likely leads to a malfunction of the digestive tract and subsequent starvation. The
ultimate cause of death, however, is not starvation alone since uninfected larvae survive
without food for 48 h and beyond. The same authors recorded a relatively rapid decline in
some proteins, decrease in total amino acids, disappearance of minor sugars and a small
increase in glucose after infection with Beauveria bassiana and explained that these changes
may be due to cessation of feeding and difficulty in processing the food material when larvae

were infected.

Sam Devadas (1991) reported a significant reduction in the haemolymph and gut protein
contents inoculated with Serratia marcescens, which was interpreted as due to fast
multiplication of bacteria. Rajasekhar and Pathak (1994) observed the significant reduction of
total protein concentration in the silkglands of flacherie infected larvae, the decrease was
suggested to be due to a decrease in the level of protein and aminoacids in the haemolymph
of diseased worms which affects the formation of silk protein in the glands. Govindan et al
(1998) noticed the reduction in protein concentration in infected individuals and suggested
that it may be due to starvation as a consequence of fungal infection and selective utilization
of specific protein fraction by Beauveria bassiana. According to Srikanth et al (1988) the
food intake is lower in parasitised larvae than in unparasitised. Perhaps this is one of the

reasons for less protein content in the haemolymph.

Ramesh Babu et al (2009) suggested that the survival ability of an animal to stress majorly
depends on its protein synthetic potential, any stress on an animal invokes compensatory
metabolic adjustments in its tissues through modifications of proteins. Rajitha et al (2013)
observed reduction of protein content in the advanced stage of Beauveria bassiana infection,
this may be attributed to the consequences of changes in the metabolism of proteins and
amino acids of haemolymph by the developing pathogen and cessation of feeding by the host

organism.

Kumar et al (2011) observed quantitative and qualitative changes in protein profiles of
various tissues of tropical tasar silkworm Antheraea mylitta and reported decreased protein
trend in inoculated larvae and suggested that it may be due to drastic degradation of structural
proteins. But interestingly there was no increase in amino acid content it means that the

proteins degraded might be utilized by pathogen for rapid development.
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Elevation of protein levels in the midgut tissue was recorded on the 6™ day of inoculated
silkworms. The elevation of protein levels may be due to the invasion of vegetative mycelia
in the midgut, which also leads to damage of the structural components of the midgut, the
release of various antimicrobial substances by the host organism and production of
mycotoxins by the fungal pathogen Beauveria bassiana, such as beauvericin into the host
tissue. It is well supported by Matindoost (2006) and Wago (1995). Matindoost (2006)
suggested that the reason for the elevation protein content may be due to the bursting of cell
membrane after cell death and release of cellular proteins. Wago (1995) reported that
production of antimicrobial substances such as lectin, defensin and attacin with the entry of
foreign bodies as part of the defense mechanism may be the reason for the elevation of

protein content during viral infection.

Table.1: Day to day variations in protein levels (mg/g wet wt of tissue) in the
integument of 5™ instar silkworm Bombyx mori during the progress of fungal pathogen
Beauveria bassiana compared to control

Days of 5" instar

3 day | 4™ day | 5" day | 6™ day | 7™ day

st 2nd
1> day day
Control | 46+1.6 | 47+1 |48.15+2.0 | 41+0.9 | 36.7+2.1 | 35.2+2.1 | 31.28+1

45.1+1 | 40+0.5 | 38.72+1.9 | 37.242.9 | 34.7+1.1 | 31.1+2 | 30.14+2.0

Treatments

Inoculated

MeanztStandard Deviation; NS = Not Significant; *P<=0.05, **P<=0.02, ***P<=0.01,
****P<=0.001
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Graph- 1 Histogram showing the day to day variations in protein levels(mg/g wet wt of
tissue) in the integument of 5" instar silkworm Bombyx mori during the progress of
fungal pathogen Beauveria bassiana compared to control.
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Table. 2: Day to day variations in protein levels (mg/g wet wt of tissue) in the midgut of
5™ instar silkworm Bombyx mori during the progress of fungal pathogen Beauveria

bassiana compared to control.

Days of 5™ instar
1day | 2"day | 3 day | 4" day | 5" day | 6" day | 7™ day

Treatments

Control | 42.74+2 | 45.76+1.0 | 47.14+2.0 | 48.76+1 | 44.17+8.0 | 40.2+1.0 | 39.14+0.9

42+1 45+6 | 40.16+2.0 | 38.14+15 | 38.04+2.0 | 46.9+1 | 35.14+1.0
*

Inoculated NS NS Kkk —— *kKKk NS

MeanzStandard Deviation; NS = Not Significant; *P<=0.05, **P<=0.02, ***P<=0.01,
****P<=0.001

Midgut - Proteins
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45 -~
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= Control
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lday 2day 3day 4day 5day 6day 7day

Graph-2 Histogram showing the day to day variations in protein levels (mg/g wet wt of
tissue) in the midgut of 5™ instar silkworm Bombyx mori during the progress of fungal

pathogen Beauveria bassiana compared to control

Table- 3 Day to day variations in protein levels (mg/g wet wt of tissue) in the silkgland
of 5™ instar silkworm Bombyx mori during the progress of fungal pathogen Beauveria

bassiana compared to control

Days of 5™ instar
1% day 2"%day | 3™ day | 4™ day | 5" day | 6™ day | 7" day

Treatments

Control | 38.14+2.0 | 40.12+0.12 | 46.54+1 | 48.76+3 | 48.96+1 | 49.49+0.4 | 38.9+1.1

37+4 39.7+¢1 | 40.14+2.0 | 39.8+3 | 38.8+3 | 32.74+2.0 | 26.14+1.02
I nocu Iated NS NS NS ** ** **kkk **kkk

MeanzStandard Deviation; NS = Not Significant; *P<=0.05, **P<=0.02, ***P<=0.01,
**x*P<=0.001
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Graph — 3 Histogram showing the day to day variations in protein levels (mg/g wet wt
of tissue) in the silkgland of 5™ instar silkworm Bombyx mori during the progress of

fungal pathogen Beauveria bassiana compared to control.
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