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Abstract

The present study investigated the quantitative assessments of hemolymph biochemical composition at
different developmental stages of Galleria mellonella post-injection with a sub-lethal concentration of
Bacillus thuringiensis (Bt). The estimated LCso values were 1.3x10°%, 5.9x10° and 4.6x10* cells/ml for the
larvae, pupae, and adults, respectively. Pupae were highly resistant, while the adults showed more
susceptibility without any effect of sex on the response. The levels of carbohydrates, lipids, and proteins
were of great value during the larval stage, followed by a reduction in the pupal stage finally a sharp
decline had been observed in the adult ones. A time-dependent study revealed that the carbohydrate
levels augmented significantly (P<0.05), while the levels of lipids and proteins reduced significantly at
all developmental stages and there were no significant differences between males and females in their
responses. Pupae and adults developed from previously treated stages showed no significant changes
(P>0.05) than treated insects. Finally, we deduced that adult was the more susceptible stage to begin the
control strategies and the immune activation in the G. mellonella was transstadially transmitted from
larvae to pupae and adults emerged from primary challenged stage.

Keywords: Biochemical composition, Galleria mellonella, Bacillus thuringiensis, transstadial
transmission

1. Introduction
Many studies had been directed to find ways to control the greater wax moth, Galleria
mellonella as a result of the damage caused by its larvae, which is severe in tropical and sub-
tropical regions and is believed to be one of the contributing factors to the decline in wild
honeybee populations B4, This pest has received more attention as a model organism for
immunological and toxicological examinations, with more focus on proven control measures
[10-16] G, mellonella larvae can be used in infectivity trials and toxicity testing, and that these
essays represent an inexpensive and readily executable alternative to testing in rodents 19,
Entomo-pathogenic bacterial formulations, mainly B. thuringiensis (Bt) are being identified as
a key natural mortality factor in the environment of many important insect pests, it is active
against more than 150 pest species including the greater wax moth M. Several scientists
planned to place the pathogen in direct contact hemocoel by injection 2524, The hemolymph is
composed of fluids and dissimilar types of cells offer an available criterion of the response and
it can undergo measurable alterations. Insect hemolymph is influenced at least in the level of
its physical properties or in its biochemical composition 1, Through the regulation of ionic and
chemical composition, hemolymph conserves the appropriate immune response that includes
cellular and humoral factors. The cellular response consists mainly of phagocytosis and
encapsulation. The humoral immune response includes the rapid synthesis of a battery of
antimicrobial peptides 2. Insect plasma is the transport system for nutrients, hormones, and
metabolic wastes, and contains elements of the immune system [ After infection,
antimicrobial peptides are synthesized in the fat body and then released to the hemolymph 421,
The knowledge of ecology and biochemistry including proteins, lipids, and carbohydrates of
insects necessary to achieve successful control *°, Invertebrate defense system may be capable
of a specific memory, the degree of specificity and memory in invertebrate immunity is
unclear. Although a defense reaction can be induced in invertebrates against pathogens, the
responses may not be specific as they can distinguish only between different classes of a
pathogen. The studies on immune memory in invertebrates vary considerably regarding their
experimental design but often use a repeated challenge (or ‘priming’ followed by ‘challenge’)
~ 724~
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approach 22, Recently studies dealing with so-called ‘trans-
generational immune priming’, where priming of the parental
generation leads to stronger immune reactions or improved
resistance of the offspring 51,

Therefore, this study designed to (1) Follow up the
biochemical drastic changes at different developmental stages
of tested insect before and after induction of the hemolymph
to detect the more susceptible stage to be controlled. (2)
Reconnoiter whether the immune response induced in the
hemocoel of Galleria mellonella is transstadially transmitted
to pupae and adults developed from previously treated stages
through the fluctuations of the estimated levels of plasma
carbohydrates, lipids and proteins.

2. Materials and Methods

2.1. Insect rearing

A colony of the greater wax moth, Galleria mellonella (L.)
used in the present study, was gained from Plant Protection
Research Institute, Agricultural Research Center, DokkKi,
Egypt, was reared on an artificial diet described by % for
several generations and had shown no infectious diseases.

2.2. Pathogenic agent

The bacterium, Bacillus thuringiensis kurstaki (Bt) as
wettable powder formulation (AGERIN, 3200 1U/mg) made
by the Agricultural Genetic Engineering Research Institute,
Ministry of Agriculture, Egypt. The bacterial suspension was
adjusted to a concentration of 2.5x10° cells/ml by the pour
plate count method described by (€

2.3. Susceptibility level of insect to bacterial pathogen
From each bacterial concentration; 2.5x10%, 2.5x10%, 2.5x10°,
2.5x106 and 2.5x107 cells/ml, two ul were injected into each
insect. The treated insects were maintained at 30+2°C and
final mortality percentages were scored 48 h post-injection.
Control insects were treated with equivalent volumes of
sterile distilled water only. A stock suspension of a sub-lethal
concentration of Bt that produces 50% mortality was
prepared. Consequently, 2 ul of this concentration was
injected into the hemocoel of the experimental insect for
investigating the influence of infection on the various
parameters studied.

2.4. Preparation of hemolymph plasma

According to 8 hemolymph samples from normal, control
and immune enhanced insects were collected after injection,
the hemocytes were removed by centrifugation (Human
Centrifuge, TGL-16XYJ-2, 16000 rpm, Korea) in cold at

3000 rpm for 10 min at 4°C. The supernatant (referred to as
plasma) was removed from the hemocyte pellet, and
immediately transferred into sterile and chilled Eppendorf
tubes and stored at -18°C until use.

2.5. Assessment of the total hemolymph carbohydrates

A total carbohydrate content of the plasma was assessed
according to the method described by 1“4, the absorbance
was recorded by (UNICO Spectrophotometer, SP2100 UV,
China) at 625 nm, and the concentration of the carbohydrates
(mg/ml) was valued using the formula resulted from the
standard calibration curve using glucose solution.

2.6. Estimation of the total hemolymph lipids

The total lipids content of the hemolymph was estimated
using phosphorvanilin reagent according to the method of [,
The standard and unknown samples were read against blank
at 540 nm. The total lipids content was estimated as mg/mi
using the formula derived from the equation of the regression
line obtained from the standard calibration curve using olive
oil as a standard.

2.7. Quantification of hemolymph protein

According to the method designated by [, the total protein
content of the hemolymph was estimated by using Coomassie
brilliant blue G-250 (CBB) and the absorbency at 595 nm was
measured. A standard calibration curve was constructed using
Bovine serum albumin (BSA) solutions as the standard
proteins

2.8. Statistical analysis

Data obtained from the susceptibility test were estimated
according to (12] using "LdPLine®"software,
[http://embakr.tripod.com/Idpline/ldpline.htm]. Data of all
investigate were expressed as mean + standard error (SE) and
analyzed by using the SPSS11.5.0 software (SPSS Inc.,
2012). The differences between means were analyzed by
independent samples t-test and one-way ANOVA. The level
of significance for each experiment was set at P<0.05.

3. Results

3.1. Susceptibility of G. mellonella to bacterial pathogen
The estimated LCsp values (Table 1) were 1.3x10°, 5.9x10°
and 4.6x10* cells/ml for the larvae, pupae, and adult insects,
respectively. While, LCy for the same stages were 1.2x10%,
3.2x10* and  3.0x10%ells/ml  respectively,  these
concentrations were used to investigate the subsequent tests.

Table 1: Susceptibility of last instar larvae, pupae and adults of G. mellonella to Bt

Concentration Larval stage Pupal stage Adult stage
(cells/ml) Obse_rved Expe:lcted Obse_rved Expe_cted Obsgrved Expgcted
mortality (%) mortality (%) mortality (%) mortality (%) mortality (%) mortality (%)
2.5x10° 10 8.6 20 17.9 20 18.4
2.5x10% 20 28.2 40 40.2 40 42.6
2.5x10° 70 58.5 60 66.3 70 70.0
2.5x10° 80 84.3 90 86.2 90 89.2
Control 0 0 0 0 0 0
X2 calculated 1.043 0.3286 0.0499

Slope 0.7914 + 0.2259 0.6689 + 0.2101 0.7126 + 0.2159

LCso 1.3x10° cells/ml 5.9x10° cells/ml 4.6x10%cells/ml

LCa0 1.2x10* cells/ml 3.2x10* cells/ml 3.0x10%cells /ml

Observed mortality (%) is means 3 replicates.
Chi? ( y?) tabulated = 6.0

4 calculated = (Observed mortality- Expected mortality)? - Expected mortality.
~725~
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3.2. The total hemolymph carbohydrates

Plasma Carbohydrate content of un-injected larvae, pupae,
adult female and adult males were 6.82+1.01, 5.18+1.13, and
4.37£0.93and 4.79+£0.16 mg/ml, respectively. At all
determined time intervals, levels of plasma carbohydrates of
different developmental stages after induction of the immune
system were significantly reduced than those of controls
(Table 2, Fig. 1). Moreover, there is no significant difference
in the hemolymph carbohydrates between both sexes of an

adult.

The plasma carbohydrate content of pupae, adult female and
adult male developed from previously induced larvae were
6.78+1.12 4, 14.86+1.43 and 7.97+£0.94 mg/ml, respectively.
While adult females and males emerged from challenged
pupae were 15.20+0.76 and7.37+1.01lmg carbohydrate/ml
plasma, respectively. These levels showed no significant
differences than treated insects (Table 3, Fig. 2).

Table 2: Total hemolymph carbohydrates content (mg/ml) of G. mellonella larvae, pupae, adult females and adult males at different time
intervals post-injection.

Treatment Hemolymph carbohydrates (mg/ml) (Mean * SE)

Larval stage Pupal stage Adult females Adult males

Un-injected 6.82+1.01 5.18+1.13 4.37+0.93 4.79+0.16

control 8.79+1.07 6.91+1.10 5.69+0.02 4.23+1.05
6h 34.78+0.00* 17.94+1.01* 15.81+0.10* 8.12+1.12*

12h 29.52+0.01* 16.92+0.92* 9.76+0.02* 4.62+1.06*
24h 25.19+0.00* 14.72+1.11* 5.1340.04* 3.65+0.88*

48h 8.18+0.01 10.64+1.01 2.73+0.01 1.75+1.06

n = 5 replicates per test.
* Significat difference (P<0.05).

Total haemolymph carbohydrates content
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Fig 1: Total hemolymph carbohydrates content (mg/ml) of G. mellonella larvae, pupae, adult females and adult males at different time intervals
post-injection

Table 3: Total hemolymph carbohydrates content (mg/ml) of G. mellonella pupae and adults developed from previously challenged stages

Developmental Stage Treatment Haemolymph carbohydrates (mg/ml) (Mean + SE)
Pupae Treated 7.44+1.15°
Developed from treated larva 6.78+1.12°
Treated 15.81+0.18%
Adult female Developed from treated larva 14.86+1.43%
Developed from treated pupa 15.20+0.762
Treated 8.12+1.12°
Adult male Developed from a treated larva 7.97+0.94P
Developed from a treated pupa 7.37+1.01°

The same letters for each stage are not significantly different (P>0.05)
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Fig 2: Total hemolymph carbohydrates content (mg/ml) of G. mellonella pupae and adults developed from previously challenged stages
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3.3. The total hemolymph lipids

The plasma lipid content of un-injected larvae, pupae adult
female and adult males were 4.25+0.38, 4.03+0.57, 3.84+0.39
and 3.95+0.46 mg lipids/ml plasma, respectively. A
significant decline had been recorded at different
developmental stages following injection of pathogenic agent
compared with those of controls (Table 4 and Fig.3). There
weren't any significant differences between the adult of both

Sexes.
Pupae, adult female and adult male developed from
previously challenged larvae contained4.37+0.93, 3.81+0.97
and 2.12+1.06 mg lipid/ml plasma, respectively. Adult female
and male emerged from challenged pupae contained
3.20£1.07 and 2.34+0.98 mg lipids/ml plasma. These levels
showed no changes compared with treated one (Table 5 and
Fig. 4).

Table 4: Total hemolymph lipids content (mg/ml) of G. mellonella, larvae, pupae, adult females and adult males determined at different time
intervals post-injection

Hemolymph lipids (mg/ml) (Mean * SE)
Treatment Larval stage | Pupal stage | Adult females | Adult males
Un-injected | 4.25+0.38 4.03+0.57 3.84+0.39 3.95+0.46
control 3.16+0.19 4.02+0.19 3.11+0.27 3.44+0.19
6h 32.29+0.11* | 13.86+0.15* | 2.18+0.11* 2.49+0.11*
12h 41.91+0.63* | 8.33+0.27* 3.81+0.43* 3.7940.63*
24h 22.2740.24* | 5.61+0.30* 3.5540.15* 3.52+0.24*
48h 21.9840.09* | 3.72+0.29* 2.1040.29* 2.65+0.09*

n=>5 replicates per test.
* Significat difference (P<0.05).
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Fig 3: Total hemolymph lipids content (mg/ml) of G. mellonella, larvae, pupae, adult females and adult males determined at different time
intervals post-injection

Table 5: Total hemolymph lipid content (mg/ml) of G. mellonella pupae and adults developed from previously challenged stages

Developmental Stage Treatment Hemolymph lipids (mg/ml) (Mean + SE)
Pupae Treated 3.66+0.38°
Developed from a treated larva 4.37+0.93°
Treated 3.05+1.83%
Adult female Developed from treated larva 3.81+0.972
Developed from a treated pupa 3.20+1.072
Treated 2.29+1.27°
Adult male Developed from a treated larva 2.12+1.06°
Developed from a treated pupa 2.34+0.98°

The same letters for each stage are not significantly different (P>0.05)
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Fig 4: Total hemolymph lipid content (mg/ml) of G. mellonella pupae and adults developed from previously challenged stages with Bt
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3.4. The total hemolymph proteins

The plasma protein of un-injected larvae, pupae adult female
and adult males were 102.01+2.04, 98.46+2.64, 72.24 +
0.28and 12.00+£1.67 mg proteins /ml plasma, respectively.
The levels of plasma proteins measured at different
developmental stages decreased sharply at all examined time
intervals after pathogenic infection than those of controls
(Table 6 and Fig. 5). No significant difference in the plasma

protein content had been estimated in adult of both sexes.
Pupae, adult female and adult male developed from
previously challenged larvae contained 121.49+0.03,
109.64+0.98, 9.54+0.87 mg protein/ml plasma, respectively.
Adult female and adult male emerged from challenged pupae
contained 110.98+1.82 and 8.01+1.43 mg protein/ml plasma
respectively. These levels showed no deviations from treated
one (Table 7 and Fig. 6).

Table 6: Total hemolymph protein content (mg/ml) of G. mellonella, larvae, pupae, adult females and adult males determined at different time

intervals post-injection

Hemolymph protein (mg/ml) (Mean + SE)

Treatment Larval stage | Pupal stage | Adult females | Adult males
Un-injected | 102.01+2.04 98.46+2.64 72.24£0.28 12.00+1.67
Control 131.52+1.67 | 115.08+2.01 89.34+1.04 18.93+0.94
6h 182.92+1.94* | 124.23+1.24* | 111.2840.56* | 10.76+0.53*

12h 177.55+0.27* | 98.36+1.92* | 87.81+0.83* 8.79+0.83*
24h 135.12+0.30* | 87.64+2.30* | 83.55+0.63* 2.52+0.44*
48h 70.45+0.62* | 51.56+1.89* | 42.18+0.11* 2.4940.13*

n = 5 replicates per test.

* Significat difference (P<0.05).
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Fig 5: Total hemolymph protein content (mg/ml) of G. mellonella, larvae, pupae, adult females and adult males determined at different time

Table 7: Total hemolymph protein content (mg/ml) of G. mellonella pupae and adults developed from previously challenged stages

Developmental Stage Treatment Hemolymph protein (mg/ml) (Mean + SE)

Pupae Treated 123.93 £ 0.75°
Developed from treated larva 121.49+0.03°
Treated 110.54+1.43°
Adult female Developed from treated larva 109.64+0.98?
Developed from treated pupa 110.98+1.822
Treated 10.08 + 0.28°
Adult male Developed from treated larva 10.08 +0.87°

Developed from treated pupa 8.01+1.43P

The same letters for each stage are not significantly different (P>0.05)
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Fig 6: Total hemolymph protein content (mg/ml) of G. mellonella pupae and adults developed from previously challenged stages

~728~




Journal of Entomology and Zoology Studies

4. Discussion

Recently many pest control methods are being interested in
biological warfare. To produce effectively control methods it
is important to know biology, physiology, and biochemistry
of the insect *1, Owing to the economic importance of the
wax moth, as an important pest for honey bees and apiculture
industry B4, its susceptibility to a wide range of disease
agents and the succeeded use of Bt in controlling some insects
and failed towards others [, extensive researches have
focused on the greater wax moth [10-16],

To quantify the real amount of pathogen presented into the
tested insect. We placed the pathogenic agent in direct contact
with the susceptible tissue by injection; to avoid the
differences resulted from the loss of dose and irregularities
(29, Several authors [-2627-29-331 had applied the same
technique for the study of insect immunity and the
observation of the biochemical and physiological alternations
induced by sublethal doses of pathogenic infection.
Depending on the quantitative explanations on how G.
mellonella suffered from infection with the selected bacteria
and the resulted mortality percentages. The value of LC50
was 4.6x10* cells/ml for the adult stage this demonstrated that
it is the most susceptible stage, without any variances between
males and females in their immunological response. The high
susceptibility of adults towards Bt may be due to, the adult
immune defense system is traded off against some other
fitness components as survival and reproduction, this
conclusion was in agreement with B38-371 While pupae are the
least susceptible to a value of LCsg 5.9%10° cells/ml, this high
resistance may be related to the presence of some enzymes
and metabolic compounds resulted from degradation of larval
tissues and defense proteins that function within development
and expressed during the pupal stage. Similar results were
concluded by 231,

Little is known about the effect of pathogenic infection to the
hemolymph  biochemical =~ composition of  different
developmental stages of G. mellonella. Therefore, this work
focused on hemolymph biochemical composition to
illuminate alterations that happen as a result of immune
induction infection. The level of hemolymph carbohydrates,
lipids and proteins were augmented during the larval stage
followed by a diminution in the pupal stage and a further
sharp decline in the adult one. This may be due to their
consumption during adult morphogenesis and the completion
of generation, this explanation is in agreement with 23 on
Calliphora vicina.

Time-dependent study after induction of immune response
revealed a significant elevation in the level of hemolymph
carbohydrates at different developmental stages. Such
elevation may be a natural phenomenon because the
hemolymph trehalose levels respond patently to the
physiological conditions such as infection or starvation.
Similar results were detected by 1 on nymph and adult
grasshopper infected with fungi. Otherwise, the hemolymph
carbohydrates retained to its original level at 48h post-
injection, this may reflect an additional confirmation that
these insects improved from infection due to the production of
antibacterial compounds that function in protecting the insect
against infection, this explanation was supported by
investigations of [ on the American bollworm, Heliothis
armigera.

Proteins are the most essential organic components of insect
tissues and play an important role in energy production. In the

development process, protein is required for the synthesis of
ATP B, We recorded a significant reduction in the levels of
plasma proteins at all-time intervals post-injection, such
decrease may be attributed to a) the induction of antibacterial
proteins, b) bacteria may cause a complete elimination of
some hemolymph enzymes and some hemolymph soluble and
c) sticky proteins involved in attachment of the injected
bacteria to the hemocytes these clarifications are in agreement
with [, Concerning sex, female Galleria was found to have a
greater amount of hemolymph proteins, this may be attributed
to the incorporation of blood protein in the yolk deposition
and the oocyte maturation, this agrees with B worked on
Panorpa communis.

Lipids are used in numerous insects as an energy source,
hormone precursors and structural members. It is stored in
different regions in the insect body. Also, lipids located in the
egg play an important role in meeting the energy needs of
developing embryo [, This study noted a significant
reduction the levels of plasma lipids after induction by the
pathogenic agent, such decrease can be attributed to serious
depletion of nutrients during growth, or maybe a consequence
of lessening of nutrition during infection in which the body
physiology is unable to meet the necessities of the insects this
conclusion was confirmed by the results of [36-261,

Both sexes showed a significant decrease in the total
hemolymph lipid and proteins at all times post-injection, this
indicated that there is no strong effect of sex on the mounting
of an immune response in G. mellonella. The fact of no
gender-specific difference that was detected may be due to the
growing conditions, optimal temperature. It might be that
differential effect would come out only under suboptimal
conditions, where the immune challenge would have a harsher
effect on the organism's physiology. This explanation can be
supported by the studies on the bumblebees, where the effect
of immune insult came out only under starving conditions (%,
This observation alerts to the fact that specific species
physiology or life history and experimental conditions may
have a significant impact on sex immune-competence [43-11-32],
On the other hand study on the hoverflies immune system by
(171 reported instar specific variation in immunity; they also
suggested that females suffer more from inducing an immune
response.

Results mentioned above indicate that a detailed knowledge
of biochemistry including carbohydrates, lipids, and proteins
of Galleria mellonella are necessary to select the more
susceptible stage to achieve successful control.

The phenomena of immune memory and underlying
mechanisms show significant diversity. Remarkably, many
promising candidate mechanisms have been studied in taxa
where there is currently no clear proof of the phenomenon of
memory. So we should learn a lot more about immune
memory in insects 222841 In our attempt to clarify the
immunological memory in subsequent developmental stages
of Galleria mellonella, pupae and adults of both sexes
emerged from earlier treated stages showed no significant
changes (P>0.05) in the levels of plasma carbohydrates, lipids
and proteins than the challenged insect. Therefore we deduced
the transstadial immune activation in Galleria mellonella
from larvae to pupae and adults emerged from the primary
challenged stage. Our conclusion is confirmed by I who
investigated that bacterial infection in the hemocoel of the
African malaria mosquito is transstadially transmitted from
larvae to pupae and from pupae to adults. Also, [ evaluated
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the effect of a larval infection on the ability of female and
male mosquitoes to fight a successive infection and found
evidence for transstadial immune activation in that a larval
infection results in adults with a greater ability to kill bacteria
in their hemocoel. Therefore, it is recommended for more
investigations to understand this mechanism in Galleria
mellonella.

This study investigated that adult is the more susceptible stage
to start the control strategies. Furthermore, the immunological
response in the G. mellonella is transstadially transmitted
from larvae to pupae and adults emerged from previously
challenging stage.
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