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Abstract
Parasitoids can overpower the phenoloxidase (PO) releasing system through several methods such as inhibition of protease
activity or by blocking of pattern-recognizing proteins as well as destruction of immunocompetent cells. The depression of PO
activity can be the result of the impact of venom components injected by the female of the parasitoid into the haemocoel of the
host insect. The wounding and penetration by parasitic wasp lead to the activation of defense reactions in parasitized host insects.
An effective innate immune response against parasites in insects is the encapsulation of the invader followed by melanization.
The phenoloxidase (PO) cascade takes part in the process of melanization, is an inactive proenzyme proPhenoloxidase (proPO),
present in the cuticle and haemolymph of insects. To understand the impact of venom of the ectoparasitic wasp Bracon hebetor
(Say.) (Hymenoptera, Braconidae) on the immunity of host Galleria mellonella (Lepidoptera, Pyralidae) under natural and
artificial envenomation we tested the activity of PO in haemolymph and number of haemocytes with PO activity in haemolymph
of the parasitized host larvae. The obtained information was helpful in understanding the insect immune response in host
parasitoid relationship, which will ultimately facilitate the development of sustainable plant protection strategies for the control
pest insects of Pyralidae and data was analysed statistically.
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1. Introduction
Biocontrol agents can be considered as a unique substitute in
place of pesticides for regulating insect pests of valuable
crops [28]. Insect parasitoids are a vital components in this
regard. They have engrossed a significant consideration from
biologists. This interest stems primarily from their
importance in biological control where for many years they
have been used in attempts to control pest insects on food
crops [30]. Parasitoids of insects have developed different
multiplicative approaches such as they may be Idiobiont as
well as Koinobiont in their lifestyle [4]. Talking about
Idiobiont these check the host’s growth and immature of
these natural enemies utilizes this static and arrested host.
While in case of koinobiont parasitoids, contrary to Idiobiont
host continue to feed as well as growth also continue after
parasitization [20]. During parasitization of their host
parasitoids inject a blend of secretions into host body. These
secretions inhibits the host cellular and humeral immune
responses [1]. In contrary to vertebrates the defence system of
invertebrates especially insects does not involve antigenantibody complex formation yet they respond efficiently to
an invader attacking to them via humeral or cellular immune
response [12]. One of the most important immune response in
insect hosts is the encapsulation and melanization of foreign
particles via the phenoloxidase cascade. Phenoloxidase is
generally found as its precursor pro-enzyme in the
haemolymph [13]. Parasitoides on contrary release substances
that are mainly pattern-recognizing proteins and

immunocompetent cells to suppress immune phenoloxidase
cascade. These immune suppressive components are
associated with parasitoide venom [29].
Bracon hebetor is an ecto-parasitoid of Pyralid insect pest
and they have been used in many biological control programs
in different parts of the world [13, 16, 34]. It parasitizes a number
of important lepidopteran pests of stored products and of field
crops [26]. One of its most likeable host is Galleria mellonella
which is a destructive pest of honey bee products [33]. The
female of B. hebetor inject its venom in host body that have
neurotoxic effect. Although a lot of work is going on the
parasitoide venom and its components yet little is known
about the hemolymph and hemocyte changes in host after
parasitization due to venom components. The current project
was designed to access the immune response of Galleria
mellonella after parasitism of B.hebetor.
2. Materials and Methods
2.1 Experimental Insects
The ectophagous larval parasitic wasp Bracon hebetor (Say)
(Hymenoptera: Braconidae) was reared in the laboratory on
the late stage (5th instar) larvae of Galleria mellonella
(Lepidoptera: Pyralidae) by following a slightly modified
approach as described by [14]. The larvae, pupae and adults of
the host, greater wax moth, G. mellonella was collected from
the infested bee hives located at the campus of University of
Agriculture, Faisalabad, Pakistan. The host and parasitoid
cultures was maintained in two separate glass jars, both
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placed at 27-30 ±1oC, 65 ± 5% relative humidity (R.H) and
18/6h (L:D) photoperiod.
The adults of the parasitoid were reared in the laboratory, on
the larvae of G. mellonella as a host by using glass vials of (2
cm × 10 cm). Each vial contained 2 to 3, 4th to 5th instar
larvae of the host and one female of the parasitoid, provided
with cotton swabs/pads soaked in 50% honey and water as
food source for B. hebetor adult. The females of the
parasitoid started to parasitizing the larvae of the host by first
injecting a small quantity of paralyzing venom in to mature
(5th instar) larvae of the host before egg laying on them which
induces partial or complete paralysis and then deposited
between three to twenty eggs on the outside of the host. After
parasitization, the larvae of the host were become sluggish
and later on, the females started egg laying on these larvae.
After 24 hours, the parasitized larvae of the host was shifted
from the vials to new sterilized glass jars (9 x 5 cm) by using
brush, provided with wax, pollen and honey as food for
developing host larvae by keeping at the same environmental
conditions stated as above and the females of the parasitoid
were shifted to new vials containing 2-3 larvae of (4th - 5th
instar) the host for further parasitization and this process
remained continue until the last moment of the female life.
The eggs were hatched within 2-3 days into transparent
larvae, which were directly feed on the body of the host
larvae. After completing their feeding/development period,
larvae started to pupate outside the body of the host.
For natural envenomation, adult parasitoids were released
into glass jars containing G. mellonella larvae for 3 h. After
natural envenomation the larvae of G. mellonella were
quickly removed from jars, wiped with 70% ethanol and kept
in Petri dishes with paper discs until testing. The PO activity
in haemolymph and haemocytes of the G. mellonella larvae
were studied during the first two days after natural
envenomation.

demonstrated that the blood (hemolymph) of many insects
contains phenol oxidase, either carried within specialized
blood cells (hemocytes) and/or dissolved in solution [19].
A 10 µl suspension of haemocytes (104) was placed on a glass
slide for 15 min in a moist chamber and then fixed with cold
acetone (10 min). Thereafter, cells were washed three times
in phosphate buffer (PBS) (10 mM, pH 7.2) and incubated
with 40 µl of L-DOPA (4 mg/ml) for 20 min at 28 °C. The
monolayer was washed three times by distilled water and then
observed by light microscope. Cells with a dark brown color
were counted as PO positive haemocytes.

2.2 Chemicals
DOPA-3,4-dihydroxy-L-phenilalanine, DTPA diethylene
triamine penta acetic acid, CP-3-carboxy-proxyl, sodium
chloride, Glucose, EDTA, trisodium citrate, citric acid,
HEPES, potassium chloride, Bradford Reagent.

4. Results
4.1 Effect of B. hebetor venom on PO-activity in the
hemolymph of G. mellonella after natural parasitism and
artificial envenomation
Phenoloxidase activity was assayed by using a method
modified from that described by[2] post parasitization by B.
hebetor and artificial envenomation after 12, 24, 36 and 48
hour time interval and the results was compared with the
control i.e. which was not envenomated by neither natural
parasitism nor artificial envenomation. The concentration of
protein in the haemolymph was determined by [6]. For the
calibration curve bovine serum albumin (BSA) was used.
Phenoloxidase activity was measured in units of transmission
density (ΔA) of the incubation mixture during the reaction
per 1 min and 1 mg of protein as shown given below (Fig.
4.1).
This experiment was repeated five times and the given (Fig.1)
graph was drawn by calculating the average value of recorded
concentration of the protein from all the treatments i.e. post
parasitization by B. hebetor, artificial envenomation and
control after 12, 24, 36 and 48 hour time interval.

3.3 Haemocyte collection
10 µl of haemolymph was collected in cooled (+4 °C)
anticoagulant “N Phenyl thiourea” (Sigma) or (62 mM NaCl,
100 mM glucose, 10 mM EDTA, 30 mM Trisodium citrate,
26 mM citric acid, pH 4.6) (AC) by cutting the third proleg
with a micro scissors and drawing haemolymph into the tip
of a pipette[13]. The sample was centrifuged at 500 g for 5 min
for collecting pellets of haemocytes. Precipitate was
resuspended and washed three times in cool AC and once in
HEPES buffer, pH 7.2 (140 mM NaCl, 5 mM KCl, 6 mM
glucose, 10 mM HEPES).
3.4 Analysis of phenoloxidase activity in haemocytes
The phenoloxidase enzyme catalyzes the synthesis of
melanin from any of several precursor molecules, including
L-3, 4-dihydroxyphenylalanine (LDOPA) [13, 18]. It has been

3.5 Analysis of phenoloxidase activity in the haemolymph
Phenoloxidase activity was assayed by using a method
modified from that described by [2]. 15 µl of haemolymph will
be added to 20 µl 10 mM phosphate buffer, pH 7.2,
containing 150 mM NaCl with 1 mM pheny l methane
sulfonyl fluoride (PMSF). Each sample will then be
centrifuged at 500 g for 5 min to remove the hemocytes.
Aliquots of samples (15 µl) were added to microplate walls
containing 200 µl of 10 mM DOPA. After 20 min
phenoloxidase activity was determined by measuring
absorbance at 490 nm at 28 C with a plate reader. The
concentration of protein in the haemolymph was determined
by Bradford method (1976). For the calibration curve bovine
serum albumin (BSA) was used. Phenoloxidase activity was
measured in units of transmission density (ΔA) of the
incubation mixture during the reaction per 1 min and 1 mg of
protein.
3.6 Statistics
The obtained data was presented as the average ± its standard
error. To check the normality of the sampling, the Wilk.
Shapiro W criterion was used. Statistical significance was
determined by Student’s t-criterion.
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Fig 1: Effect of Bracon hebetor venom on PO-activity after
artificial and natural envenomation with the passage of time

The above (Fig.1) proves that there was a strong decline in
the PO activity in the haemolymph of naturally as well as
artificially envenomated larvae of the G. mellonella due to
immune-suppressive effect of the venom of parasitic wasp B.
hebetor as compared to control. The graphical data shows
that maximum phenoloxidase activity reduction (0.018±
0.001) was occurred in the hemolymph of naturally
envenomated larvae after 48 hour that was more than half of
the control (0.0454± 0.000245). However the least change in
PO activity of the natural envenomated host larvae was
observed after 12 hours of post-parasitism (0.0342± 0.00086)
as compared to that of control (0.043± 0.000316). After the
24 hours of natural parasitism the activity of phenoloxidase
was reduced further then the 12 hours (0.028± 0.001068) as
compared to control in which the activity of the protein
changes a little (0.0452± 0.0002). The concentration of
protein in the haemolymph of parasitized larvae was reduced
further (0.0234± 0.000927) while in control shows a little
variation (0.045± 0.000316).
The activity of phenoloxidase in artificial envenomated
larvae also decreased(0.036±0.001068, 0.03±0.001049,
0.0278±0.001158, 0.0232±0.001068) after 12, 24,36, 48
hours but to a lower levels as compared to natural parasitized
host larvae but the decrease in activity was higher than that
of control larvae that remain almost same (0.045±0.000316)

Fig 2: Percentage PO positive haemocytes of G. mellonella after
natural parasitism and artificial envenomation with different time
intervals.

Phenoloxidase activity was assayed in the haemocytes of the
host larvae by using a method modified from that described
by [2] post parasitization by B. hebetor and artificial
envenomation after 12, 24, 36 and 48 hour time interval and
the results was compared with the control i.e. which was not
envenomated by neither natural parasitism nor artificial

envenomation. The percentage of protein in the haemocytes
was determined by light microscopy.
This experiment was repeated five times and the given (Fig.2)
graph was drawn by calculating the average value of recorded
concentration of the protein from all the treatments i.e. post
parasitization by B. hebetor, artificial envenomation and
control after 12, 24, 36 and 48 hour time interval.
The above (Fig.2) proves that there was a strong decline in
the PO positive haemocytes of greater wax moth host
parasitized naturally as well as artificially due to immunesuppressive effect of the venom of parasitic wasp B. hebetor
as compared to control. Percentage of PO positive
haemocytes was half in natural envenomated host larvae then
that of the control.
The graphical data shows that maximum percentage
reduction of PO positive haemocytes was observed after the
48 hours of natural parasitization (1.01± 0.06738) as
compared to control (3.472± 0.003742) yet the maximum
percentage of PO-positive haemocytes was observed after 12
hours of parasitization (2.4± 0.082244). After the
24(2.12±0.12806)hours of natural envenomation the
percentage of PO-positive haemocytes was observed to be
lower than the 12 hours however the percentage positive
haemocytes in control remains almost the same (3.472±
0.003742). Further the percentage of positive cells reduced
further after 36 hour of natural envenomation (1.5±0.1) as
compared to control which shows a little variation
(3.46±0.003742).
In contrast to natural envenomation the percentage of POpositive haemocytes in artificial envenomated larvae changes
to a lesser extent after 12,24,36,48 hours of data
collection(2.35±2.3±0.008602, 2.1±0.005831, 2±0.009274)
but more than the control conditions that remains almost the
same (3.47±0.003742)
5. Discussion
Our data indicate the suppression of the main immune
reaction in G. mellonella larvae during natural parasitization
and artificial envenomation by B. hebetor. It is well known
that although parasitoids can reduce host immune responses
through a number of mechanisms [5,29], host immunity is
generally not totally suppressed [1,10], presumably in order to
allow the parasitized host to protect itself against
opportunistic infections and further parasitization. Such
opportunistic infections might be disadvantageous to the
original parasite. Our results support the studies which show
that the physiological effects of parasitization and artificial
envenomation by the venom of ectoparasites may include
changes in host hemocytes morphology and viability, as well
as suppression of immune reactions, such as phagocytosis
and encapsulation [20, 21, 22, 23, 24]. In parasitoid-host systems
suppression of immunity of the host frequently can be caused
by venom components, which the female of the parasitoid
injects to induce the paralysis of the host while egg laying [25].
However this has not been detected on B. hebetor. It is known
that the ability of B. hebetor venom to cause host paralysis is
mediated by three partially characterized proteins that
presynaptically block glutaminergic transmission [11]. It is not
known, however, whether the suppression of immunity has
anything to do with these three proteins, or the other venom
components that affect host endocrine and metabolic activity.
The suppression of phenoloxidase activity noted in our study
can be beneficial for the parasitoid because products of the
proPO cascade take part in the immune reactions such as
94
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haemolymph coagulation and hemocytes aggregation that
result in wound thrombosis and, accordingly, result in
difficulty of parasite feeding [7, 10, 13, 27]. Probably, inhibition
of the PO cascade following coagulation facilitates feeding
by the larvae of the parasitoid since these parasitoids use their
mouthparts to penetrate the host body wall and imbibe the
host haemolymph. Obviously, a rapid host coagulation
reaction would prevent haemolymph flow into the larvae and
also block the mouthparts of the larvae.
In contrast to our results it was found that the activity of
phenoloxidase in the haemolymph of larvae Plodia
interpunctella is increased after natural envenomation with B.
hebetor [9]. Possibly, this is connected with different host
specific impacts of the venom on the various hosts [31]. Also
it may be related to methodological differences in PO testing.
Specifically, [9] used dopamine as a substrate and
Micrococcus lysodeikticus as an elicitor. In our work we used
cell-free haemolymph diluted by PBS and L-DOPA as a
substrate according to the classic procedure.
Venom of the parasitoid is remarkably recognized to
persuade paralysis, to interfere with its immune system, or to
upset the host development unaided or in combination with
other factors [17, 32]. Such influence on the host organism can
be beneficial for a parasitoid because the products of pro PO
cascade takes part in the coagulation of haemolymph and in
hemocytes aggregation, mechanisms leading to wound
thrombosis and consequent. Difficulties in the feeding of
parasitoids.
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