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A Study On The Antibacterial Activity In The
Haemolymph Of Larvae Of The Mulberry
Silkworm, Bombyx Mori L. In Response To
Injection Of The Bacteria, Bacillus Cereus
Ponmurugan, M. Karthikeyan, A
Abstract: The antibacterial activity of haemolymph of the induced fifth instar larvae of the mulberry silkworm, Bombyx mori in response to Bacillus
cereus was investigated by well diffusion method. The control larvae C1 were fed with normal leaves till cocoon spinning. The second set of control
larvae C2 were injected with bacteria broth solution. The experimental larvae E1 were injected with live bacteria B. cereus, E2 were injected with
attenuated bacteria, E3 were injected with a mixture of haemolymph derived from E1 larvae and live bacteria and E4 were injected with a mixture of
haemolymph derived from E2 larvae and live bacteria. Zone of inhibition for the haemolymph of E1 and E2 against E. coli was 6mm and 5mm
respectively. Likewise zone of inhibition of E1 and E2 was 7mm and 5mm respectively against B. cereus. Only minimum zone of inhibition of 2mm and
1mm was observed against both Staphylococcus aureus and Klebsiella pneumonia respectively. It was inferred that Escherichia coli and B. cereus were
sensitive to haemolymph of E1 and E2. Purified haemolymph proteins exhibited a moderate zone of inhibition of 3mm against all the four bacteria tested.
Compared to crude haemolymph purified sample of E2 showed greater antibacterial effect against Staphylococcus aureus and Klebsiella pneumonia.
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1.

INTRODUCTION

2.MATERIALS AND METHODS

One of the successful species in evolution are insects.
Insects are continuously exposed to pathogenic
microorganisms and are able to defend against infection [1].
Generally, an effective immune response involves three
steps, recognizing the pathogen, signaling to effectors, and
a defensive response [2]. In insects which lack an adaptive
immune system, antimicrobial peptides play a crucial role in
fighting the invading pathogens. Silkworm B. mori is being
used as an animal model as it has both cellular and
humoral immune system which together form a potent
defense mechanism against invading bacteria [3]. Insect
defensins are active mainly against Gram-positive bacteria,
including Micrococcus luteus, Aerococcus viridians, B.
megaterium, B. subtilis, B. thuringiensis and S. aureus.
Some insect defensins are also active against Gramnegative E. coli and some fungi [4]. The aim of this work
was to study antibacterial activity of antibacterial proteins in
the haemolymph of the larvae of silkworm after injection of
bacteria B. cereus and to analyse the antibacterial activity
of crude haemolymph against the bacteria E. coli, Klebsiella
pneumonia, S. aureus and B. cereus.
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Rearing of Bombyx mori L. larvae
The commercial breed of the mulberry silkworm i.e., the
double hybrid CSR6 × CSR 26 × CSR2 × CSR27 was used
for the study. Newly hatched first instar larvae were reared
upto the end of fourth instar under the standard
temperature of 25 to 28ºC and humidity of 75-80% by shelf
rearing method suggested by Krishnaswamy et al (1978)
[5].
Infection of silkworm larvae with bacterial strain
Three hundred freshly moulted fifth instar silkworm larvae
were divided in to six groups (2- Control and 4Experimental sets), each group consisting of 50 larvae. The
control larvae (C1) were fed with normal leaves till cocoon
spinning. The second set of control larvae (C2) were
injected with bacterial broth solution. The experimental
larvae E1 were injected with broth containing live bacteria
B. cereus (1.1×106cells/ml); E2 were injected with broth
containing attenuated bacteria (1.1×106 cells/ml); E3 were
injected with broth containing a mixture of haemolymph
derived from E1 larvae and live bacteria (1.1×106 cells/µl)
and E4 were injected with broth containing a mixture of
haemolymph derived from E2 larvae and live bacteria
(1.1×106 cells/µl).
Haemolymph sample collection
After 24 hours post infection, mortality of healthy and
infected larvae were recorded. Live silkworm larvae in all
control and experimental sets were used for collection of
haemolymph samples. Disinfection was done with 70%
ethanol before haemolymph collection. First abdominal leg
of larva was cutby using a forceps and free flowing
haemolymph was collected into pre-chilled eppendorf tube
containing a few crystals phenylthiourea @1mg/sample [6].
Phenylthiourea was used to avoid the activity of
prophenoloxidase followed by melanisation of the
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haemolymph samples. The samples were stored at -20˚C
for further use.
Antibacterial Assay
Antimicrobial activity was done by using well diffusion
method using Mueller Hinton Agar (MHA) medium and it is
prepared as per the standard and sterilized in an autoclave
at 1210C for 15minutes. After sterilization media was
poured to sterilized petriplate and allowed for solidification
in aseptic condition. 200µl of the seed culture of E. coli, B.
cereus, S. aureus and K. pneumonia were poured and
spreaded on the solidified agar plate with sterile cotton
swab and allowed to dry for 2-3 minutes. Wells (10mm)
were made with sterile cork borer and 50µl of the control
and immunized haemolymph samples were added in each
well, erythromycin (5µg) was used as a standard positive
control and the plates were incubated at 37 0C for 24hrs.
After incubation period the zone of inhibition was measured
in mm and compared with that of the control [7].
Purification of protein
The obtained protein was purified using Sephadex G75
column (20X4cm). The prewashed column was packed.
Sample 4ml was added to the column and equilibrated in
0.3M ammonium acetate at a flow rate of 2ml/10min. The
column was washed with 0.3m ammonium acetate, 7.0 pH
for 5 times and eluted stepwise. Theabsorbance of the
fractions was measured at 280nm (ELICO SL 159
Microprocessor Spectrophotometer). The fractions showing
maximum absorbance was further purified.The above
protein was further purified using Sephadex G 100 column
(20X4cm) equilibrated with 0.1M phosphate buffer with flow
rate of 2ml/15min. The absorbance of the eluted fractions
were measured at 280nm and the best were selected for
the antibacterial activity as mentioned.

RESULTS AND DISCUSSION
Mortality
No mortality was observed in untreated control (C1), very
less (4%) mortality was observed in broth injected larvae
(C2). The mortality percentage was found to be higher
(80%) in larvae injected with E1 and lower (62%) in E2
larvae. 72% and 68% of mortality were observed in E3 and
E4 respectively. Many bacteria such as Bacillus cereus, B.
cuboniaus, B. bombysepticus, B. mycoides, B.
leterosporus, Staphylococcus aureus, Pseudomonas
aeruginosa have been reported to cause high percentage of
mortality due to septicemia and flacherie [8].
Antibacterial effect of crude haemolymph
Discs impregnated with erythromycin solution was used as
positive control to conform the clear zone near by the wells
as zone of inhibition of bacterial growth. These discs
exhibited a moderate zone of inhibition i.e., 3mm against
the two gram positive bacteria, E. coli and K. pneumonia
and two gram negative bacteria S. aureus and B. cereus
(Table 2). The results revealed that crude haemolymph of
all experimental samples exhibited greater antibacterial
effect than the uninduced control and broth injected control
larva against the B. cereus bacterial culture. This could be
evidenced from the greater zone of inhibition (Table 2 and
3). The zone of inhibition against B. cereus was highest in
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E1 followed by E3, E2 and E4. The zone of inhibition
against E. coli was maximum in E1 and E2 than E3, E4 and
control. The zone inhibition for the experimental sample
against S. aureus and K. pnenumoniae was very low. This
shows that the bactericidal effect against S. aureus and K.
pnenumoniae was not as good as against E. coli and B.
cereus. The haemolymph of uninoculated larvae (C1) did
not exhibit any antibacterial effect against S. aureus and K.
pneumonia. Likewise, its effect against E. coli and B.
cereus was also very less. The antibacterial effect of the
haemolymph of broth injected larvae (C2) was also almost
the same as that of C1. The non-induced haemolymph did
not show considerable inhibitory activity against any of the
tested bacterial strains. It does not indicate that defensive
peptides are absent but they may be present in lesser
quantity so that no detectible action is seen in vitro studies
as reported by Faulhaber and Karp (1992) [9]. It indicates
that pathogenic induction or entry may be necessary for the
production of additional factors required for the activation of
antimicrobial proteins to show their antimicrobial
activity. Normal haemolymph of various insects has been
reported to kill some kinds of bacteria [10]. It is also well
known that a transient bactericidal activity can be readily
induced by injecting bacterial vaccine, either specific or
unrelated, endotoxin, or sometimes even saline into the
larvae or pupae when little or no bactericidal activity is
observed in the normal, non vaccinated haemolymph [11].
The two factors are required for killing E. coli. One is the
lysozyme-like enzyme, other factors such as lysozyme and
cofactor might be essential for antibacterial activity. Faye et
al (1975) [12] showed that three factors synthesized de
novo after the inducing injection of vaccine were necessary
for humoral antibacterial activity of the silk moth Samia
cynthia. Chadwick (1970) [13] showed that the factor in wax
moth Galleria mellonella, larval haemolymph that kills
Pseudomonas aeruginosa can be induced rapidly by
injection of homologous vaccine. The lysozyme
concentration increases parallel to the rise in bactericidal
activity, but remains at a high level even after the
bactericidal activity has disappeared [13]. Kawarabata
(1970) [10] found that bactericidal activity was enhanced
significantly by injection of bacterial vaccines, whereas the
lysozyme level in the haemolymph was not affected by the
vaccination. Powning and Davidson (1973) [14] also
reported that bacteriolytic activity was induced in the
haemolymph of wax moth and silkworm pre pupae after
injection of bacterial vaccine. They showed that lysozyme
and cofactor are also responsible for bactericidal activity of
haemolymph. Haemolymph provides various kinds of
protection and defense from (i) physical injury; (ii) the entry
of disease causing organisms, parasites, or other foreign
substances; and sometimes (iii) the actions of predators.
Injury to the integument elicits a wound-healing process
that involves haemocytes and plasma coagulation. A
haemolymph clot is formed to seal the wound and reduce
further haemolymph loss and bacterial entry. If disease
organisms or particles enter an insect’s body, then immune
responses are invoked. This was evidenced from the
greater zone of inhibition in the experimental samples of the
present work. Crude haemolymph of larvae inoculated with
the live bacteria (E1) exhibited greater antibacterial effect
against B. cereus, the bacteria that was inoculated and
against E. coli. The antibacterial effect of crude
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haemolymph of the larvae injected with attenuated bacteria
(E2) was also almost similar to that of live bacteria injected
larvae (E1). However, the zone of inhibition of E2 against
the four bacteria tested was little less than that of E1.
Similarly S. aureus and K. pneumonia were less sensitive to
the crude haemolymph of both E1 and E2 larvae. The
noticeable feature here is even the attenuated bacteria
could induce the production of antibacterial factors. Hence
such factors can be isolated and effectively used to kill the
pathogens that cause infectious diseases in human beings
after an in-depth study. Studies on immune response of the
silkworm can be carried out with the attenuated bacteria
which are safer than the live bacteria. Another most
interesting feature is haemolymph of both E1 and E2
exhibited antibacterial effect against gram negative bacteria
E. coli though the larvae were inoculated with gram positive
bacteria B. cereus. E3 and E4 larvae were injected with live
bacteria mixed with the haemplymph derived from the live
bacteria injected larvae (E1) and attenuated bacteria
injected larvae (E2) respectively. The crude haemolymph
collected from E3 larvae showed greater antibacterial effect
against B. cereus and moderate antibacterial effect against
E. coli. Similarly the crude haemolymph collected from E4
also showed moderate antibacterial effect against E. coli
and B. cereus. However S. aureus and K. pneumonia were
not at all sensitive to the crude haemolymph of the larvae of
E3 and E4. Since the antibacterial effect of crude
haemolymph of E3 and E4 was not as good as that of E1
and E2, the haemolymph of E1 and E2 only were purified,
proteins were isolated and such protein samples were
screened for antibacterial effect.
Antibacterial effect of purified haemolymph proteins
The antibacterial effect of purified protein samples of
haemolymph of control and experimental larva revealed
that both E1 and E2 exhibited maximum zone of inhibition
against K. pnenumoniae and moderate against E. coli, S.
aureus and B. cereus. Seufi et al (2009) [15] reported that
fractionated immunized haemolymph exhibited higher
antimicrobial activity whereas in this study purified
haemolymph protein samples of E1 and E2 were found to
have greater antibacterial effect against K. pnenumoniae
and S. aureus and lower antibacterial effect against B.
cereus and E. coli than crude haemolymph. Purified
haemlymph protein samples of uninoculated larvae (C1)
also showed little or moderate bactericidal effect against all
the four tested bacteria. This revealed that some
bactericidal proteins were produced naturally in B. mori.
Surprisingly it was observed that all the four bacteria tested
were sensitive to purified haemolymph protein samples of
live bacteria injected larvae (E1) and attenuated bacteria
injected larvae (E2). S. aureus and K. pneumoniae which
were less sensitive to crude haemolymph of E1 and E2,
showed little higher sensitivity to their purified haemolymph
protein samples. This revealed that some molecules or
elements or factors in the crude haemolymph would have
inhibited the binding of antibacterial proteins to the surface
of S. aureus and K. pneumoniae to some extent. This might
be due to the presence of some ionic salts such as NaCl,
KCI, MgCl2, NaNO3 and Na2SO4 in the crude
haemolymph as reported by Christensen et al (1988) [16].
The decrease in activity caused by salt was not due to
osmotic stabilization of the bacteria but was due to
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inhibition of the adsorption of the peptides to the bacterial
surface, which is mediated by ionic interactions [16].
Comparison of crude haemolymph and purified
haemolymph
The purified haemolymph proteins were active against the
gram negative S. aureus and gram positive K. pneumonia
bacteria which were not more susceptible to crude
haemolymph. So antibacterial activity is not related to cell
wall of bacteria. This contradicts the report of Basseri et al
(2016) [17] that the antibacterial activity of the peptides is
related to the cell wall of the bacteria. It may be assumed
that the proteins identified in this study might play an
important role in their self-defense against bacterial
infection in American cockroaches individually or
cooperatively. The crude haemolymph of immunized
silkworm showed better antibacterial activity against E. coli
and B. cereus whereas purified protein samples of
haemolymph showed lesser antibacterial activity. This
revealed that the antibacterial proteins are not the only
factors that are directly involved in killing the bacteria and
some other molecules might also be involved in neutralizing
the bacteria as suggested by Basseri et al (2016) [17].
Injection of the bacteria elicited the synthesis of a number
of peptides and proteins, which are individually or
cooperatively active against the foreign microorganisms
[18]. The differences in the zone of inhibition of crude
haemolymph and purified haemolymph protein samples
indicated that some constitutive proteins might also be
involved in killing the bacteria. Quantitative increase in
protein level of the haemolymph after injection of bacteria
suggested the induction mechanism in synthesis of
inducible proteins involved in killing the bacteria constitutive
inducible proteins act as signaling molecules such as
lysosome [19]. Comparatively, E. coli and B. cereus were
more sensitive to crude haemolymph of E1 and E2 than to
their purified haemolmph protein samples. This shows that
some factors in the crude haemolymph might have
augmented the effect of antibacterial proteins to combat
bacteria. Otherwise some factors in the crude haemolymph
might have opsonised the bacteria so that the antibacterial
proteins can act upon the bacteria easily. This can be
related with report of Basseri et al (2016) [17] that the
antibacterial proteins are not directly involved in killing the
bacteria and some other molecules like lysozyme may be
involved in signaling mechanism to remove the bacteria.
Such proteins already produced naturally in the
haemolymph might be of constitutive proteins as interpreted
by Bosco-Drayon et al (2012) [19]. Although, whole
haemolymph of immune larvae showed antibacterial activity
against E. coli and B. cereus but we could find some what
lesser activity in purified protein samples. So this suggests
that antibacterial proteins are not directly involved in
killing E. coli, and some molecules may be involved in
signaling mechanism to remove the bacteria. Adamo (2004)
[20] stated that bacteria injected haemolymph have high
protein concentration because of induced proteins formed
against bacteria for self defense and survivability. Seufi
(2011) [15] showed that the various bacteria such as S.
aureus, Streptococcus and E. coli bacteria challenged
Spodoptera litura larvae had variations in the protein profile
of its haemolymph. Studies with B. mori and Maduca sexta
haemolymph had revealed that the presence of a variety of
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proteins formed in response to injury or bacterial challenge
[3]. Gajandra et al (2011) [21] reported that the greater
synthesis of protein profile from fat body and release into
the haemolymph of silkworm, Antherae mylitta larvae during
bacterial infection. The bacterial inoculated haemolymph of
Eri silkworm, antibacterial activity was observed higher after
post inoculated larval haemolymph obtained from E. coli
and M. luteus bacteria challenged insects. Sharma et al
(2005) [22] also noticed that the increased level of
antibacterial activity in muga silkworm haemolymph after
bacterial challenge. However, Chapelle et al (2009) [23]
suggested that the increased level of antibacterial activity
was time dependant in E. coli and M. luteus challenged
haemolymph of S. litura and S. frugiperda. Similarly, Wojda
et al (2009) [24] also recorded an increase of antibacterial
activity level in cell free haemolymph obtained from G.
mellonella larvae [25]. In the S. frugiperda unchallenged
larvae and sterile injured larvae haemolymph had
antibacterial activity against gram positive M. luteus
bacteria and it was reported by Chapelle et al (2009) [23].
The proteins and peptides pattern by gel electrophoresis of
haemolymph samples collected 24 hpi revealed the
induction of six immune proteins and peptides i.e. ApoL P-I
& II, transferrin, defensin, lebocine and major royal jelly
protein (MRJP). None of these Antimicrobial peptides
(AMP) were detected in haemolymph samples collected
from non infected larvae Basseri et al [17].

CONCLUSION
The haemolymph of live bacteria injected bacteria and
attenuated bacteria injected bacteria exhibited greater
antibacterial effect against the gram negative E. coli and
gram positive B. cereus. The haemolymph of larvae
immunized with live bacteria (E3) exhibited greater
antibacterial effect against B. cereus whereas haemolymph
of larvae immunized with attenuated bacteria (E4) exhibited
only moderate antibacterial effectively against B. cereus.
The purified haemolymph proteins samples of larvae
immunized with attenuated bacteria exhibited greater
potential antibacterial effect than that of the haemolymph of
larvae immunized with live bacteria. Comparatively crude
haemolymph was having better antibacterial effect than the
purified proteins against some bacteria and vice versa.
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Table 2 - Antibacterial effect of crude haemolymph of
control and experimental larvae of the mulberry silkworm,
B. mori
Organism
E. coli (G)
K.
pneumoniae
(G-)
S. aureus (+)
B.
cereus
(G+)

C1
1

Sample (zone of inhibition mm)
C2
E1
E2
E3
E4
1
6
5
3
3

Disc
3

0

0

2

1

0

0

3

0

0

2

1

0

0

3

1

0

7

5

6

4

2

Table 3 - Antibacterial effect of purified haemolymph
protein samples of control and experimental larvae of the
mulberry silkworm, B. mori
Organism

Sample (zone of inhibition mm)

E coli (G-)

C1
2

E1
4

E2
5

Disc
3

K. pneumoniae (G-)

3

5

6

3

S. aureus (G+)

2

4

5

3

B. cereus (G+)

3

4

3

4

Plate 1 - Antibacterial activity of crude haemolymph of
control and experimental larvae against E. coli and K.
pnenumoniae

Table: 1 Percentage of mortality of fifth instar larvae of the
mulberry silkworm Bombyx mori L. in response to the
injection of Bacillus cereus
Experimental
Group
C1
C2
E1
E2
E3
E4

Cumulative % of mortality
0
04%
80%
62%
72%
68%

Plate 2 - Antibacterial activity of crude haemolymph of
control and experimental larvae against S. aureus and B.
cereus
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Plate 3 - Antibacterial activity of purified haemolymph of
control and experimental larvae against K. pneumonia and
E. coli

Plate 4- Antibacterial activity of purified haemolymph of
control and experimental larvae against B. cereus and S.
aureus
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