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ABSTRACT:

In our study day first 5" instar larvae
of Bombyx mori (L.) mutivoltine
race Kolar Gold (PM X CSR2) cross
breed were used for bacterial
infection study. Mixed bacterial
infection of Escherichia coli (NCIM
2137) and Staphylococcus aureus
(NCIM 2672) were resulted into
28% mortality and protein content
in hemolymph decreased from
39.3+1.56 mg/ml (healthy larvae)
to 26.8£1.04 mg/ml (infected
larvae). Biological stress due to
mixed bacterial infection resulted in
mortality and changed protein
content of hemolymph.



1.INTRODUCTION:

Bombyx mori L. (Family: Bombycidae) are predominantly used for production of 90% of
worldwide silk (Krishnaswami, 1990). Silkworm larvae are used as model organism in pathogenicity
study due to its body size (5 cm), generation time (40-60 days), easy rearing, comfortable handling, low
cost rearing, minor space required, outcome of results within a day, high throughput results and non-
ethical issue (Evelina et al., 2013). Human pathogenic bacteria cause the disease to the silkworm and
will be also cured due to antibiotic treatment similar to mammals. Staphylococcus aureus,
Streptococcus pyogenes, Pseudomonas aeruginosa, Escherichia coli and Vibrio cholerae cause the
diseases to silkworm (Kaito and Sekimizu, 2007). In our research mixture of Escherichia coli (Gram
negative short rods) and Staphylococcus aureus (Gram positive cocci) was used to infect the 5th instar
larvae to study the mortality rate and protein content of hemolymph.

MATERIALS AND METHODS:
Preparation of live bacterial antigen:

Type culture of Escherichia coli (NCIM 2137) and Staphylococcus aureus (NCIM 2672) were
obtained from the Industrially Important Microorganisms Culture Collection unit of National Chemical
Laboratory, Pune. Isolated colonies of E. coliand S. aureus were used for nutrient broth inoculation and
spreading on nutrientagar plate respectively. Overnight broth culture of E. coliand colonies of S. aureus
were used for suspension preparation. Suspensions were centrifuged at 5000 rpm for 10 min and cells
were washed using sterile saline. Same process of centrifugation and washing was repeated for two
times to remove the metabolites and nutrients. Saline suspensions of these bacteria were used for
preparation of 0.5 McFarland standards suspension. Both the suspensions were double time diluted
and mixedin 1:1 ratio prior to injectin hemocoel of larvae (Stephenetal., 2005).

Injecting bacterial antigen inhemocoel:

Day first 5" instar Mulberry silkworm larvae Bombyx mori (L.) mutivoltine race Kolar Gold (PM X
CSR2) cross breed were used for infection study. Anesthesia was given to larvae by chilling on ice and
followed by surface disinfection using 70% ethanol. Larvae were kept on tissue paper for drying. Mixed
bacterial suspension (5ul) was injected in the hemocoel of each larva using Hamilton syringe (Yan-Yuan
et al., 2011). Total two hundred larvae were injected and reared separately from healthy silkworm
larvae, but environmental and nutritional conditions were maintained same as 27°C temperature and
80to 90% relative humidity (Krishnaswami, 1990).

Hemolymph sample collection:

After 24 hours post infection mortality of healthy and infected larvae were recorded. Live
silkworm larvae were used for collection of hemolymph samples (Kyung et al., 2002). Disinfection was
done with 70% ethanol before hemolymph collection (Thangamalar et al., 2010). First abdominal leg of
larva cut (Hiroko et al., 2007) by using a forceps and free flowing hemolymph were collected into pre-
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chilled eppendorff tube containing Phenylthioureacrystals (Silva et al., 2010). Inmediately these tubes
were used for obtaining cell-free hemolymph.

Separation and estimation of proteins:

Eppendorff tubes containing hemolymph samples were centrifugation at 200 g for 5min and
20,000 g for 15 min to obtain the cell-free hemolymph (Pawel et al., 2010). Two volumes of 10% TCAin
acetone were added to the one volume of cell-free hemolymph in eppendorff tube. Mixture was
vortexed on cyclomixture for 10 minutes at cold temperature. Mixture was allowed to stand for 2 hours
at-20°C. After incubation sample were centrifuged to 27,000 g for 10 minutes at 4°C. Immediately and
carefully supernatant were decanted from microcentrifuge tube. The pellets were dissolved in Ethanol:
Ether (1:1 v/v) mixture. Precipitated proteins were dried in air (Smith et al. 1985). Protein precipitate
was once again dissolved in 50 pl acidic buffer. Protein concentrations were determination using Micro
dilution Bradford method (1976).

RESULTS AND DISCUSSION:
Mortality rate:

Fifty six larvae were died out of 200 initially taken larvae due to mixed bacterial infection of E.
coliand S. aureus. Infection resulted into 28% mortality, whereas non-infected larvae remained healthy
(Table 1). As per the earlier report increased mortality was found in outdoor reared larvae compared to
indoor ones. Microbial infections, rain and shifting of larvae were responsible for mortality (Kumarand
Shamitha, 2013). Microsporidiosis infection caused 20 to 28% mortality in tropical tasar silkworm
(Velide and Rao, 2011). Infection of 1 x 105 conidia/ml Beauveria bassiana showed 5 to 90% mortality in
mulberry silkworm (Chandrasekharan and Nataraju, 2011). Individual infection of (Bombyx mori
Infectious Flacherie Virus) BmNPV and S. faecalis / S aureus showed = 9 to 56% mortality in Bombyx
mori (Selvakumar and Datta, 2013). Infection of microorganism has profound effect on mortality. Loss
of hunger, dysentery, omitting and dehydration resulted in mortality.

Protein content:

Approximately 0.3 to 0.4 ml free flowing hemolymph was obtained from each larva. In the
hemolymph of healthy and infected larvae 39.3+1.56 and 26.8+1.04 mg/ml protein was determined
respectively (Table 2). In the past study of infection by BmIFV hemolymph protein were decreased by 50
% within 12 days over the control hemolymph protein. Three Bombyx mori races were showed
variation in hemolymph protein concentration as 34.23, 38.20 and 40.12 mg/ml (Yogananda et al.,
2014). As growth progresses there was increase in protein concentration from 6.31 to 44.11 mg/ml
within 12 days, while infection with BmIFV resulted into decreased protein concentration from 6.31 to
22.42 mg/ml (Mamatha and Balavenkatasubbaiah, 2014).

Infection study using entomopathogenic nematode to the Spodoptera littoralis larvae also
affected the protein concentration viz. healthy larvae had 17.47 mg/ml protein in the hemolymph,
while post infection protein concentration were decreased in Steinernema feltiae infection (12.1
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mg/ml), Steinernema riobrave (9.95 mg/ml) infection and Heterorhabditis bacteriophora infection as
8.13 mg/ml (Naglaa et al., 2014). Infection by B. thuringinsis to Plodla interpunctella larvae also
showed influence on the hemolymph protein concentration. Untreated hemolymph of said larvae as
control crude sample and control TCA precipitated sample were showing 68 mg/ml and 50.4 mg/ml
protein concentration respectively, while post infection hemolymph protein were decreased as treated
crude sample (58.67 mg/ml) and treated TCA precipitated sample contained 44.8 mg/ml (Aboul-Ela et
al.,1991).

Higher molecular weight polypeptides has rise to synthesis of complex proteins. It plays a vital
role in the formation of structures and to do various biological functions. When carbohydrates and
lipids are not available (adverse condition) protein will also utilized as energy source. Modification or
modulation of proteins during stress condition induces alternative pathways in the tissues (Assem and
Hanke, 1983). Very few references are available explaining the relation of infection and its effect on
protein metabolism. Presence of high protein content is the indication of better metabolic activity in
the tissue. Higher protein content in the whole body parts of silkworm is because of feeding of tender
leaves instead of medium or coarse leaves (Hisao, 1994). Accumulation of biomolecules is mostly
dependant on leaves quality and quantity consumed by silkworm (Ito and Arai, 1963). Absorption of
food constituents’ viz. proteins and amino acids from digested mulberry is mostly depending on midgut
of larvae (Seo et al., 1985). Diseased larvae stopped the feeding i.e. consumption of organic molecules
decreased, hence dull and smaller sized larvae were observed in the infected larvae. Infection in the
hemocoel also affect the midgut because larvae have open circularity system i.e. hemolymph is direct
surrounds the midgut, it will results into infection to gut. Infected larvae showed dysentery and
vomiting of gut juice, hence diseased larvae became dull, soft and flaccid previous to death. In the
general observation lipid content and carbohydrate content mostly increased during the infection. If
carbohydrate and lipid content increases protein should be declined, similar results were observed in
our study.

CONCLUSION:

In our study biological stress given by mixed infection of E. coli and S. aureus were resulted into
28% mortality, while protein content was also decreased. These findings conclude that biological,
physical, environmental and chemical stress to the larvae should affect the biochemical pathways and
death of larvae.
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TABLES:
Table 1: Mortality rate in Bombyx mori

Number of Number of live larvae
Initial larvae | after immune challenge
200 144
100% 72%
% Mortality = 28
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Table 2: Hemolymph protein content of Bombyx mori

Sr. Nos.

Mulberry silkworm larvae (mg/ml)

Healthy Infected

1 37 25

2 38 25

3 39 26

4 40 26

5 41 27

6 42 27

7 37 27

8 38 28

9 39 28

10 42 29
Mean 39.3 26.8
Mean Deviation 1.56 1.04
Sample variances 7.1333 3.4666
Standard Deviation 2.6708 1.8618
Coefficient of Variation 6.7960 6.9473
Correlation Coefficient 0.0698
Significance Test 0.1981
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