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Abstract- Pathogens induce several biochemical and
physiological alterations in insects. Major biochemical
changes in haemolymph of the fifth instar larvae of the
silkworm in response to the injection of Bacillus sp and
Staphylococcus sp were studied. In the haemolymph of control
larvae protein, carbohydrates, lipids and trehalose were found
to be increasing day by day. About 70% and 72.5% mortality
were observed in Bacillus and Staphylococcus injected larvae
respectively. In both Bacillus injected larvae and
Staphylococcus injected larvae, the following biochemical
changes in their haemolymph were observed. i) The protein
level was found to be increasing on the first three days and
then decreasing after wards till the last day. When compared
to control larvae about 10% and 11% of increase in protein
were observed in Bacillus injected and Staphylococcus
injected larvae respectively on the third day. But about 28 %
and 31% of reduction in protein were observed in Bacillus
and Staphylococcus injected larvae respectively on the last
day. ii) Gradual increase in the carbohydrates from the first
day to the fifth day and a decrease on the last day were
observed in both cases.iii) Day to day increase in trehalose
level was observed in both the cases. Likewise everyday the
trehalose level was greater in the pathogen injected larvae
than that of the control larvae. iv) Gradual decrease in the
lipid content was observed in both the cases. The lipid level
was lesser in pathogen injected larvae than that of the control
larvae. Decrease in the level of protein on the later days and
decrease in the level of lipid could be attributed to reduced
feeding, Degenerative effects caused by the bacteria and
utilization of lipid to compensate the reduced feeding. The
increase in carbohydrate might be due to the gluconeogenesis
of the conversion of non- carbohydrate substance into
carbohydrates to meet out the energy decrease arised by the
injected bacteria.

Keywords- haemolymph, protein, carbohydrates, lipids and
trehalose.

l. INTRODUCTION
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Insects are one of the most successful animal groups
that are living in every habitat on the Earth. Hence, they have
developed effective defense strategies against the invading
microorganisms. Insects rely solely on the innate defense
mechanism against the invading microbes since the adaptive
immunity is totally absent (Hoffman, 1995). Innate immune
response of insects has many apparent similarities to those of
mammals (Gillespie et al., 2000). Particularly, cell mediated
innate immunity through haemocytes and biochemical based
humoral innate immunity through cell free haemolymph
proteins (Lavine and Strand, 2002). Haemolymph is the only
extracellular fluid of insects with diverse functions and
reservoir for the products required for every physiological
activity of the insect body. Thus changes in the composition of
haemolymph reflect the physiological and biochemical
transformations taking place in the insect tissues. Pathogenic
infections are reported to induce biochemical and
physiological alterations in insect tissues. The progress of
infection by a pathogen in the host tissue can be monitored by
studying the degree of variation in metabolic constituents
(Rajitha and Savithri, 2014). 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 similar to mammals. For example
Staphylococcus aureus, Streptococcus pyogenes,
Pseudomonas aeruginosa, Escherichia coli and Vibrio cholerae
cause the diseases to silkworm also (Kaito and Sekimizu,
2007). In our research Bacillus sp. (Gram negative short rods)
and Staphylococcus sp. (Gram positive cocci) were used to
infect the fifth instar larvae to study the mortality rate and
their effect on major biochemical components of
haemolymph. Despite several studies made on bacterial
disease of silkworm, information regarding the exact
biochemical and physiological changes occurring inside the
body of silkworm throughout the progress of disease is scanty.
Hence we have carried out a study to find out the biochemical
changes in the haemolymph of the mulberry silkworm,

Www.ijsart.com



IJSART - Volume 4 Issue 1 - JANUARY 2018

Bombyx mori L. infected with

Staphylococcus sp.

Bacillus sp. and

Il.  MATERIALS AND METHODS
Bacterial injection

Silkworm Double hybrid of (CSR6 X CSR26)x(
CSR2 X CSR27) was selected for the study. The silkworm
larvae were reared in the laboratory under optimum conditions
according to Dandin et al., (2003). Immediately after fourth
moult i.e. on the first day of the fifth instar, the larvae were
injected with 50 pl of suspension of Bacillus sp. (1.1 x 106
cells/ml) and 50 pl of Staphylococcus sp. (1 x 108 cells/ml).

Haemolymph sample collection

After 24 hours post injection, mortality of control and
infected larvae were recorded. Live silkworm larvae were used
for collection of haemolymph samples. First abdominal leg of
larva was cut by using a forceps and free flowing haemolymph
were collected into pre-chilled eppendorf tube containing
phenylthiourea crystals. Immediately these tubes were used
for obtaining cell-free haemolymph.

Estimation of Protein, Carbohydrate and Amino acid

Total haemolymph protein was estimated according
to Lowry et al., (1951) using Bovine Serum Albumin (BSA)
as standard. The quantitative estimation of total carbohydrates
in haemolymph was done by anthrone method (Dubois et al.,
1956) using glucose as standard. Total haemolymph lipids
was estimated by the method of Zoellner and Kirsch (1962)
using cholesterol as standard. Total haemolymph trehalose
was estimated by Anthrone method (Roe, 1995) using
trehalose as standard. The results were statistically analyzed
and discussed.

I11.  RESULTS AND DISCUSSION

About 70% of mortality due to injection of Bacillus
sp. and 72.5% mortality due to injection of Staphylococcus sp.
(Table 1) were observed, whereas non-infected larvae
remained healthy with many biochemical changes. This might
be due to the total upset of immune system and inhibition of
feeding as suggested by Dettloff et al., (2001).

The biochemical parameters of haemolymph of an
insect such as, proteins, carbohydrates, lipids, trehalose,
nucleic acids etc., vary significantly when they are infected by
pathogens. The results on the investigation of biochemical
changes in protein, lipid, carbohydrate and trehalose content in
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haemolymph of Bacillus sp. and Staphylococcus sp. injected
silkworm larvae were presented in table 2 and 3 respectively.
The levels of all the major biochemicals of the haemolymph
studied in this work were to be increasing from the first day
till last day in the control larvae. Significant differences in the
concentration of major biochemical contents were noticed in
the bacteria injected larvae when compared to the control
larvae.

Protein:

The total protein content consists of structural and
soluble proteins involved in the architecture and metabolites
of cell, respectively. Nagata and Yashitake (1989) explained
that the quantitative variation in proteins in the body of insects
depends upon the nutritional status of the food and its
utilization during the growth, metamorphosis and infection of
microorganisms. In this study, the difference in protein
concentration between control and pathogen injected larvae
was more pronounced as the disease progressed. The changes
in the protein level of haemolymph in Bacillus injected larvae
and Staphylococcus injected larvae were almost same. In both
of these larvae, the protein level was found to be increasing on
the first three days and it was decreasing on later days. The
highest increases were of 11.65% and 12.46% over the
previous day were observed on the third day in Bacillus
injected and Staphylococcus injected larvae respectively,
(Table 2 & 3). Compared to control, protein level was higher
in the bacteria injected larvae on the first three days whereas it
was lower on the next three days. Such a significant
hyperproteinemia was also observed in Bacillus thuringiensis
injected larvae of Plodia maculipennis (Narayan and Jayaraj,
1974) at 24 hr post injection. The decreased protein content
during infection therefore could have inhibited the process of
larval development, which was evident from the retarded
growth of the larvae during infection.

About 28-31% lower protein level was observed on
the 6th day in bacteria injected larvae than the control larvae.
It was interesting to note that the level of protein on the 6th
day was found to be lower than that of the 1st day in both
cases. The decrease in protein on the later days could be
attributed to the harmful effects of the bacteria, less
consumption of mulberry leaves, poor assimilation, less
digestive capacity, less conversion efficiency, activated
proteolysis or impaired protein synthesis in the tissues due to
infection (Manohar Reddy, 2004) or due to coagulation of
protein substance with the increased moisture requirement of
the pathogen, as suggested by Kodaira (1961).

The reduction of protein content in these advanced
stages of infection might be attributed to the consequences of
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changes in the metabolism of proteins and amino acids of
haemolymph by the developing pathogen and cessation of
feeding by the host organism. The results of this work were in
corroboration with that of Thirupathamma and Savithri (2014)
who reported similar reduction in the protein level in the fifth
instar larvae of B.mori infected with Beaveria bassiana.
Rajitha et al., (2013) also observed the reduction of protein
content in the advanced stage of bacterial infection in B.mori
and attributed the same reason. The infection of fungal
pathogen, B.bassiana also resulted in gradual reduction of
protein content (Thirupathamma and Savithri, 2014).
However, no significant difference was observed between the
impact of Bacillus and Staphylococcus with reference to
protein level of haemolymph.

Lipid:

Lipids always represent the major component of the
fat body and the main source of metabolic fuel in insect.
Though an initial insignificant increase was observed in both
the bacteria injected larvae, the level of lipid was found to be
decreasing gradually from the second day till the last day.
When compared to control, highest percentage of reduction in
lipid level was observed on the 6th day in both cases, (Table 2
& 3). The similar report of initial elevation of lipid level in
response to infection was also made by, (Mullen L and
Goldsworthy, 2003) and Cheon et al., (2006) and attributed
this to mobilization of lipids to the haemolymph in response to
immune challenge for membrane biogenesis in the sites of
infection. Increased lipid content in infected silkworm larvae
with NPV was reported by Govindan et al. (1998). Monir Siraj
et al. (2007) reported that there was a significant increase in
total lipid content in both haemolymph and midgut tissues
after inoculation of BmDNV1 in susceptible breeds and
concluded that lipids serve as a source of metabolic energy as
well as essential for structural components of cells.

Significant reduction of lipid content was observed in
the present study during the course of bacterial infection. The
decrease in lipid level might be due to blocked food ingestion
as suggested by Benett and Shotwell (1972) and the rapid
utilization of fat reserves for the metamorphosis as reported by
Tripathi and Singh (2002). 1t might be due to the utilization of
lipids in the metabolic activity of the host to combat against
the infection of the pathogen. Increased lipase activity in
infected haemolymph might also be cited as a reason for
decreased content of lipid in the haemolymph. Mallikarjuna et
al., (2002) also noticed the reduction of lipid content in the
haemolymph of B. bassiana inoculated larvae and suggested
that the lipids are used as a source of energy required for the
growth and development of fungus. In contrast to the present
study, two-fold increase in lipid content was recorded by
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Aboul-ela et al., (1991) in Plodia interpunctella larvae after
treatment with Bacillus thuringiensis and suggested that it
might be due to the conversion of some proteins to fats during
the course of starvation. Almost same trend of changes were
observed in both Bacillus injected and Staphylococcus
injected larvae with reference to lipid level. The increase in
trehalose level might have led to the reduction of lipid level as
reported by Arrese et al., (1996) implying that an inverse
relationship exists between the haemolymph concentration of
lipid and trehalose.

Carbohydrate:

Carbohydrate level in the haemolymph is maintained
at a steady state in insects through homeostatic regulation at
all stages of the life cycle (Wyatt 1967). Simex and Kodrik
(1986) have reported that the free carbohydrates in the
haemolymph changed significantly during last larval instar
and metamorphosis in silk worms. The late age silkworm
larvae accumulate higher carbohydrates compared to young
age worms. Day to day observation of carbohydrate level of
haemolymph revealed that the level was increasing from the
first day to the last day in both Bacillus injected and
Staphylococcus injected larvae. Highest increase was noticed
on the 4th day in both bacteria injected larvae like the control
larvae. When compared to control, level of carbohydrate was
insignificantly higher in the bacteria injected larvae for the
first four days and it was lower in both cases on the next two
days (Table 2 & 3).

Carbohydrates are the major components in the food
of all the living organisms which either directly or indirectly
used as the source of energy for all vital activities.
Carbohydrates serve as main source of energy in a number of
insect species. As energy is a vital force in the biological
system, a breakdown of organic constituents mainly
carbohydrates is required to meet the energy under stress
condition. The decreased carbohydrates levels in haemolymph
might be attributed to excessive utilization of carbohydrates to
meet the demand of energy for the multiplication and
development of pathogen. In the inoculated B.mori, the
carbohydrate content reduced when compared to control. The
present work was in agreement with Rajitha et al., (2013) who
reported that inoculation of bacteria resulted in gradual
reduction of protein, lipid and carbohydrate contents in the
haemolymph during the progress of B. bassiana because of the
utilization of carbohydrates by the pathogen and low food
intake.

Trehalose:
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Trehalose level also was found to be increasing from
the first day till last day in the haemolymph of both Bacillus
injected and Staphylococcus injected larvae like control
larvae. However, percentage of increase over the previous day
in the control was considerably different from that of the
bacteria injected larvae. About 48% shoot up in the trehalose
level was observed on the third day in the control larvae
whereas the shoot up in the bacteria injected larvae was only
about 35% (Table 2 & 3). Trehalose is a multifunctional
molecule, and diverse functions like structural support,
transport role, signaling and protection of membranes and
proteins against heat or cold. The increase in trehalose level of
the haemolymph could be directly related to the glycogen
content of the fat body which is influenced by a number of
endogenous organic and inorganic factors (Kochi and Kaliwal
2006). The major source of trehalose in the haemolymph
appears to be from the breakdown of glycogen in the fat body,
Unni et al., (1997) explained that the higher concentration of
trehalose in the haemolymph may be due to the release of
trehalose as a result of histolysis of various tissues or release
from the fat body. The present work was supported by Rajitha
et al., (2013) who reported that the significant elevation of
trehalose content in infected haemolymph might be due to the
conversion of glycogen into trehalose and its subsequent
release into the haemolymph.

Significant elevation in trehalose content in infected
haemolymph might be due to the conversion of glycogen into
trehalose and its subsequent release into the haemolymph by
the fat body during the starvation due to infection. And the
another reason for accumulation of trehalose at the end of the
fifth instar may be the efficiency of infected larvae to utilize
the available haemolymph trehalose for deriving energy to put
forth growth with the progress of the age in fifth instar might
have been reduced. Same results were observed by Ambika
(1990) during fungal infection by Beauveria bassiana and she
also observed the decreased glycogen content in fat body and
elevation of trehalose during the infection. Elevation in
trehalose may also be due to defense mechanism in host
haemolymph by the formation of protective membranes for
structural support.

IV. CONCLUSION

As a conclusion, the present investigation revealed
the following: Mortality was observed in all the experimental
larvae injected with pathogens. This might be due to the total
upset of immune system and inhibition of feeding. Protein
level increased on the first three days after injection of
pathogen whereas it decreased on later days. Carbohydrate
level increased from the first day of injection till fifth day and
it decreased on the last day. Trehalose level was greater in the
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pathogen injected larvae than in the control larvae. Gradual
decrease in lipid was observed on all days in pathogen injected
larvae.
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Table 1. Percentage of mortality of fifth instar larvae of the
mulberry silkworm Bombyx mori L. in response to the
injection of Bacillus sp. and Staphylococcus sp.

Percentage (%) of Mortality

Bacteria Injected

Idy | Iday [ day IV day Viay VIday
Bacillus sp. U 32.5% 40% 525% 0% 0%
Staphylococcns sp. | 30% 40% 47.5% L 64% 12.5%
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Table 2. Biochemical changes in the haemolymph of the fifth
instar larvae of the mulberry silkworm Bombyx mori L.
injected with Bacillus sp.

ISSN [ONLINE]: 2395-1052

Table 3. Biochemical changes in the haemolymph of the fifth
instar larvae of the mulberry silkworm, Bombyx mori L.
injected with Staphylococcus sp.

Biochemical ) ) ]
Larvae | [day M day I day IV day V day VIday
content
16237059 | 17042:068 | 174182011 | 181202094 | 19907049 | 20494026
Control L% R (o |psee | o
Froteln [B103T | BI04 ) 193 32030 | 1783403 | 16273083 | 146322068
(raghml) (CLO0%) (L35 oom) | (158%)  |(1825%) | (2860%)
Tnjected =41 181 N o e
L R O T I A R A N AT
T =166 |t=641F | t=8182 | t=ToS*
0006 [ 3118056 3209073 | 304240904 | B20=05T | 3361039
Contol BI% (R | |pese | 096
Lipid 0507 0G0M | 053051 | a6 | 2754094 | 264505
(gl (8% (8% gy (oo |namg | @13m)
]11iec!et| t= a S;x [U ;ga‘i]
: R G B N 5 T R TR T R TR B T
L S L PR T R TSR TR P YR
BALZ03) (393007 | 4182033 |5M=03) |6342023 | 7012007
Contol 589 [[se | posw] | oo | s
Carbolydrate 3622038 [4I6=017 4352046 5792y (64920 6012038
(mg/m) E1%) |39 |G |gay |3 | C1na
S T T 0 R P TR D e
tL61 12067 |pesap | t=040° | pequ
2962003 (3225031 478018 |5142027 [5852008 | 6452010
Control B8 |[sa s | (B8 | [0
Trehalose ME=00 138013 sy 0p5 {50000 [6272008 | 7092047
(mg/ul) (43)  @08%) oo |63 |(4m) | @92%)
]11_iected t=334% 22.01% h ) _ )
MR T (e i) | sy
e N Lo FTLN PO E PR LT

Note: Values inside the parentheses indicate the percentage of
change over the control.

Note: Values inside the square brackets indicate the
percentage of change in biochemical content over the previous
day.

Note: *Significant at the level of p < 0.05, **Not significant
at the level of p < 0.05.
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Biochemical
Larvae | Iday I day Mday | IVday V day VIday
content
ISLIT-061 | 199334066 | 16408014 | 17318066 | 18705069 | 19504044
Control
S T R v
Proten 107006 | 10228090 | 16835069 | 15053053 | 1328070
. 48,0110
(g A7 [0 | |9 |31
Injected | (-203%) o ]
DA 6% | [T6R | [0se] |1
=347
ANE |t U =06 | = 1674
052038 | 3109068 | L2056 |14 | 32974053
Control | 2924040
SRR LT DN |pos | (L
Lipid - _ ———— -
000 | D606 | BI05 | 73046 | 6007 | B05
gl
(ngn) W) |68 e |C23) | e | (L)
Injected
pg 0TSSR |3 |20
A0F | t=63F =l [N =2
01 | 4102015 | 3462060 |6702028 | 700007
Control | 3242016
2] O] [M (R | [
Carbabylrat
v opagr | PN MBS0 |01 [$0:S
o/l 1=0
fngn) | o lpam o ae | pley |63 | (B8
Tnjected | (1.23%)
e |V B ESE](0|[33e
t=-037%
O P P T LTS T ORI
IR:00 4152059 4902007 |5142007 |6022037
Control | 2352010 ] B
R TGN e I A
Trehalose W00 3582003 5002040 | 310205 | 6112020 | 6952024
(ngiu (920%) | Q63 | (0A%) | (0e) | (1ssmy | (1540
Injected N )
A0 ([T (06 | paw) ([ |
G =8 =T [t =S

Note: Values inside the parentheses indicate the percentage of
change over the normal control.
Note: Values
percentage of change in biochemical content over the previous

day.

inside the square brackets

indicate the

Note: *Significant at the level of p < 0.05, **Not significant
at the level of p < 0.05
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