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Insects are excellent model organisms to examine the phenotypic variation of innate immunity. The innate immunity is
the immediate response of invertebrates for protection against pathogens. In this study, we assessed the immune responses
of Drosophila melanogaster and Drosophila ananassae against Staphylococcus aureus and Escherichia coli. It includes
survival ability against infection, systemic pathogen load, and estimation of phenoloxidase activity, melanization reaction,
the total number of hemocytes, quantification of fat, and the nitrite levels in adult flies and also the bacterial inhibitory effect
of hemolymph. The results showed increased bacterial growth in D. ananassae compared to D. melanogaster. Due to
bacterial infection, reduced fat accumulation was observed in both D. ananassae and D. melanogaster, which suggests a
possible decline in physiological condition. Further, a significant elevation in phenoloxidase, nitrite levels and hemolymph
reveals that bacterial cell growth was found to be inhibited due to the immune response of both Drosophila species.
D. ananassae showed high sensitivity to bacterial infection, while D. melanogaster showed moderate sensitivity. The results
have demonstrated the level of immunocompetence of laboratory stocks of D. melanogaster and D. ananassae against

Gram-positive and Gram-negative bacteria.
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The innate immune system is the first line of defense
that distinguishes a foreign invader, and it's an
essential requirement for insects to fight against
bacterial and fungal infections'. Many aspects of
innate immunity are conserved between insects and
mammals. Insects respond rapidly to microbial
infection by expression of antimicrobial peptides
(AMPs) to defend against invading microorganisms’.
The fruit fly is proven as one of the premier model
systems for studying the function and evolution of
immune defense, which offers a unique experimental
toolbox including genetic screens to identify the
genetic basis of body fat storage control’.

Drosophila has a specific antimicrobial response to
various classes of microorganisms. Immune activation
in Drosophila leads to the activation of two signal
transduction cascades: the Toll and Imd pathways".
These pathways are induced by microbial invaders,
which are dependent upon the structures and
combinations of elicitors presented to the fly. The
initiation of any of these pathways leads to the
activation of Nuclear Factor Kappa (NF«B)
transcription factors that result in the expression of
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various target genes, including those encoding AMP’.
The genes encoding for antibacterial and antifungal
peptides are differentially expressed after infection of
microorganisms®. Insects can also synthesize AMPs in
epithelia, which lines the outer membrane of the
insect and the intestine of insects, and these are
exposed first to microbial invaders. After the
recognition of microorganisms by extracellular
proteins, the chain reaction will be initiated and
induces the production of AMPs’.

The immune system is not only the signaling
pathways that produce antimicrobials, but it is also a
sum of all the biological mechanisms that protect a
host from infection. Besides, disease and immunity
are certainly complex processes as different
microorganisms provoke different physiological
responses in the fly’. A complex interaction between
the immune response and behaviour has been
described in a wide range of species®. Further, disease
resistance can vary among the different strains of
Drosophila. Drosophila melanogaster and Drosophila
ananassae are two genetically different species that
could show a distinct immune response to any
particular microbe. Distribution wise both species are
cosmopolitan and share the same habitat’. The
ecological context also affects wvariation in the
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individual behaviour of flies'’. For these evolutionary
backgrounds, we have selected these two species to
study immune response against bacteria.

Many researchers have studied the microbial
infection in Drosophila'"'>. Apart from these, our
work was focused on to understand the variation in
physiological processes such as survival, bacterial
load count, locomotory activity and sleep,
melanization, number of hemocytes, levels of
phenoloxidase, nitrite level, and inhibition assay of
D. melanogaster and D. ananassae by infecting the
host with a Gram-negative (Escherichia coli) and
Gram-positive bacteria (Staphylococcus aureus).

Materialsand Methods
Fly stocks

Fly stocks were reared on an instant Drosophila
diet supplemented with yeast and maintained at 25°C.
The reference fly strains Drosophila melanogaster
(1.002) and Drosophila ananassae (11.001) were
procured from Drosophila Stock Center, University of
Mysore, Mysore. All stocks were cultured and
maintained at room temperature (RT). Adult male and
female flies aged 4-5 days old were used in all
experiments.

Bacterial cultures

The following bacteria were wused in all
experiments: Escherichia coli strain (MTCC No. 723)
and Staphylococcus aureus strains (MTCC No. 7443)
obtained from MTCC, Chandigarh. All bacteria were
maintained on Petri dishes containing solid agar
medium. For liquid cultures, bacteria were grown in
sterile tubes containing 7.5 mL of 2.5% Luria-Bertani
(LB) broth and incubated for 24 h at 37°C. Cultures
were pelleted down by centrifuging at 4°C for 5 min
and suspended in phosphate-buffered saline (PBS).
The density of the bacterial suspension was estimated
with an optical density measurement at 600 nm using
a spectrophotometer'®. For further experiments, both
fly strains were infected with S aureus and
E. coli separately.

Infection and survival studies

Flies were infected by needle pricking method at
the lateral side of the thorax using a 0.1 mm sterile
tungsten needle dipped into the bacterial slurry”
(Fig. 1). Fifty flies were used in each group. In control
group, the infection was carried out by pricking flies
with a needle dipped in PBS solution. In the treatment
group, nearly 100-150 colony forming units (CFU) of
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Fig. 1 — Stereo-binocular microscopic view of a fly during

needle pricking method of infection. Here, the dorsolateral thorax
region was pinched with a 0.1 mm tungsten needle.

bacteria were injected per fly. The pricked flies were
placed into a fresh vial, laying the vial on its side until
all of the flies have recovered from the anesthesia to
prevent the flies from becoming stuck to the food'.
Flies were kept at RT, and survival was monitored at
0, 3, 6, 12, 24 and 48 h intervals after infection'.
Flies that died within the first hour of the challenge
were not considered for the analysis. The experiment
was carried out in triplicates.

Behavioural assays

The sleeping behaviour of flies was assessed by
visual observation of the locomotor activity of flies as
per protocol with certain modifications'®. The
locomotor behaviour was observed as the number of
flies active in the 45 s period immediately after the
disturbance. The treated flies were placed in empty
plastic vials. After a 20 min rest period, the flies were
tapped down and the number of flies being able to
climb 3 cm in 30 s was recorded. The experiment was
repeated three times at 1 min intervals. All
observations were made in constant light (8-11 a.m.)
and temperature (26°C) to eliminate the influence of
the circadian clock on behaviour and infection.
Climbing percent (%) was calculated using the
formula 1/2[(nyor + Niop - Npot)/Niee] X 100. i.e., mean of
the numbers of flies at the top (n,,) and the bottom
(npet), expressed as percentages of the total number of
flies ().
Estimation of bacterial load

The total number of bacterial CFU in the fly was
estimated by crushing twenty flies at 0, 3, 6, 12, 24,
and 48 h post-bacterial infection. The infected flies
were homogenized in LB broth, serially diluted'® and
spread onto LB agar plates and incubated at 37°C for
24 h. A control group of flies injected with PBS alone
was used to verify that the infection was not
contaminated with any other bacterial species®. The
experiment was carried out in triplicates.
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M elanization reaction

The melanization reaction is considered as an
important facet of the insect host defense.
Individual flies were observed for melanization on
the pricked region in a stereo-binocular microscope
at 24 and 48 h post-infection in both infected and
normal flies'.

Hemocytes count

Adult flies were injected with the bacteria and
estimated for hemocytes level at 0, 3, 6, 12, 24, and
48 h post-infection. A 10 pL of hemolymph was
isolated from 30-40 anesthetized flies by centrifuging
the flies at 1500 xg for 6 min at 4°C. The obtained
hemolymph was immediately added to 100 pL ice-
cold Ringer solution. The hemocytes were finally
collected by centrifugation and counted using a
Neubauer’s hemocytometer™.
Fat quantification

The flies were infected with bacteria and total fat
was estimated at 0, 3, 6, 12, 24 and 48 h post-
infection. In brief, flies were homogenized in 0.05 %
Tween 20 (Sigma) and heated at 70°C for 5 min. The
homogenate was centrifuged at 10,000 xg*' and the
supernatant obtained was mixed with a Thermo
infinity trig solution (Himedia), followed by
incubation at 37°C for 5 min. The absorbance
corresponding to the concentration of total fat in the
sample was measured at 570 nm on a Multiskan-Ex
ELISA reader”. The results were expressed in percent
of fat produced in treated flies relative to control flies.

Estimation of nitritelevels

Nitrite level was estimated in flies at 0, 3, 6, 12, 24
and 48 h post-bacterial infection. Flies were
homogenized in buffer (0.1 M PBS; pH 7.0), followed
by centrifugation at 10,000 xg for 10 min/4°C*'. The
supernatant was mixed in a 1:1 proportion with Griess
reagent (Sigma) and incubated at RT for 15 min. The
optical density was measured at 595 nm using the
Multiskan-Ex ELISA reader'®.

Phenoloxidase activity

The phenoloxidase (PO) activity was determined in
hemolymph from flies at 0, 3, 6, 12, 24 and 48 h post-
infection by microplate method. Thirty flies of each
strain were infected with bacteria and PBS separately
and hemolymph was extracted. It was diluted using
10 mM PBS and centrifuged at 1500 xg for 5 min.
A 40 pL of supernatant was obtained and mixed with
160 pL L-DOPA (Himedia) in 96-well plates. A linear
increase in absorbance was measured at 490 nm over 30
min . The experiment was carried out in triplicates.

Resazurin based antibacterial activity

The antibacterial activity was carried out in fly’s
hemolymph obtained at 24 h post-infection by the
resazurin microtitre plate method with certain
modifications™. A 5 uL of hemolymph (S aureus or
E. coli) was pipetted into each well except control
well. A 5 ul of PBS and Ciprofloxacin was added to
negative and positive control wells respectively.
Then, 50 pL of nutrient broth was added. A 5 uL of
the resazurin indicator solution was added. Finally,
10 uL of bacterial suspension (S aureus or
E. coli) was added to each well having a
concentration of 5 x 10° CFU/mL. The plates were
prepared in triplicate and incubated at 37°C for 24 h.
The absorbance was measured at 600 nm using the
Multiskan-Ex ELISA reader.

Statistical analysis

Data were presented as mean + SD and statistical
variations were determined using Graph-pad Prism
8.0. For data analysis, means were compared using
repeated measures two-way analysis of wvariance
(ANOVA) with Dunnett’s Post-Hoc test or an
unpaired two-tailed t-test (bacterial load) or
Brown-Forsythe ANOVA (Hemocytes). A
comparison between survival curves (percent death)
was conducted using a log-rank (Mantel-Cox) test.
Values were considered significant when P <0.05.

Results
Therate of survival was higher in D. melanogaster

The rate of survival was varied after infection with
S aureus and showed 70 and 59% at 48 h time point
in D. melanogaster and D. ananassae, respectively.
After infection with E. coli, the survival rate was
decreased by up to 74 and 59% at 48 h in
D. melanogaster and D. ananassae. The
D. melanogaster showed relatively high resistance to
both bacterial infections. Most flies survived after
aseptic control infection, indicating that flies
succumbed to the infection and not to the injury
(Fig. 2 A & B).

Infection promotes sleep and changes in
behaviour

Fly sleep behaviour was assessed by visual
observations. Based on this, an increase in sleep was
observed in D. melanogaster and D. ananassae flies
infected with S aureus and E. coli compared to the
PBS group.

locomatory
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The fly locomotor behaviour was also changed
after bacterial infection, and the climbing of the flies
was observed. The flies were not able to climb
upwards for every tapping timepoint and instead, they
lied at the bottom of the vial. A significant decrease in
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Fig. 2 — The rate of mortality after the injection of

D. melanogaster and D. ananassae with PBS (control), S aureus
(A) and E. cali (B). The number of flies survived after 0, 3, 6, 12,
24 and 48 h of infection was indicated in percentage.
D. melanogaster has shown more resistance to infection from both
bacteria with the highest survival rate. [Data were presented as
mean + SD from three independent experiments. Significance as
compared to PBS group. **P <0.01, *** P <0.001]
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Fig. 3 — The Locomotory activity was studied based on percent
climbed by D. melanogaster and D. ananassae after infection
with S aureus and E. coli. The D. melanogaster showed more
climbing activity than D. ananassae in both infections. [Data were
presented as mean + SD from three independent
experiments. Significance as compared to PBS group.
**P <0.01, *** P <0.001]

climbing behaviour was seen starting from 6 h and up
to 48 h post- S aureus infection in both fly strains.
However, post-E. coli infection, the climbing
behaviour has significantly decreased only after 12 h
and decreased until 48 h in D. melanogaster and
D. ananassae flies (Fig. 3).

Bacterial load in infected flies

The bacterial load was not observed after 24 h
post-infection in both D. melanogaster and
D. ananassae flies. A significant increase in CFU was
observed until 12 h post- S aureus infection in both
fly strains, after which no significant CFU was
observed until the study period. In E. coli infected
flies, CFU has significantly increased till 12 h post-
infection in D. melanogaster. Though the bacterial
load was significantly higher at 24 h post-infection in
D. ananassae, the highest level was observed only at
12 h post-infection, with further reduction observed
till the time points studied (Fig. 4 A & B).

Melanin production does occur after bacterial infection
A dark spot was observed at the region of pricking,
indicating the deposition of melanin at the injection
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Fig. 4 — Bacterial load (CFU) in D. melanogaster and
D. ananassae after infection with S aureus (A) and E. coli
(B). The number of recoverable bacteria as represented in CFU/fly
was counted at 0, 3, 6, 12, 24, and 48 h after infection. The CFU
was lower in D. melanogaster as compared to D. anannassae.
[Data were presented as mean + SD from three independent
experiments. Significance as compared to PBS group.
**P < 0.01, *** P < 0.001]
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site in both D. melanogaster and D. ananassae
(Fig. 5 A & B). However, there was no melanization
spot observed in PBS treated flies. Higher
melanization spots were observed in 24 h post-
infection D. melanogaster and D. ananassae flies than
in 48 h infected flies.

Hemocytes as a cellular immune mediator

The number of hemocytes was significantly higher
until the 48 h time point studied in bacterial infected
Drosophila spp., when compared to PBS treated flies.
In S aureus infected flies, a significant increase in the
number of hemocytes was observed in all the time
points, the highest level was only found at 12 h post-
infection in both the fly strains.

However, In E. coli infected flies, no significant
difference was found at 0 h in comparison with PBS

treated flies. A significant difference in hemocytes
was found till 48 h with the maximum level being
observed at 6 h in D. melanogaster and 12 h in
D. ananassae (Fig. 6 A & B).

Fat deposition reduces post-bacterial infection

A gradual decrease in fat content was observed in
both D. melanogaster and D. ananassae. The total fat
present in D. melanogaster and D. ananassae was less
when compared to PBS treated flies. In S aureus
infected flies, there was no significant relative fat
content observed till 24 and 6 h in D. melanogaster
and D. ananassae, respectively. However, the fat
level was reduced at 48 h in both the fly strains. In
E. coli infected flies, no significant differences was

D.melanogaster

D.ananassae

observed till 24 h in D. melanogaster and
D. ananassae. Simultaneously, a significant reduction
in the fat deposition was observed at 48 h post-
infection in both the fly strains (Fig. 7 A & B).

Nitrite levels promote increased immune activity
For PBS infections, lower nitrite levels were observed
in both D. melanogagter and D. ananassae. In S aureus

D. melanogaster
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Fig. 6 — Number of hemocytes recovered were determined as per
microliter of hemolymph from the D. melanogaster and
D. ananassae after infection with PBS (control), S aureus (A)
and E. coli (B) at 0, 3, 6, 12, 24, and 48 h after infection.
Hemocyte level was unaffected at 0 h but maintained at an
increased level until further time points studied. [Data
were presented as mean + SD from three independent
experiments. Significance as compared to PBS group.
*P <0.05, **P <0.01, *** P <0.001]

Fig. 5 — Level of melanization observed in Saureus and E. coli infected D. melanogaster & D. ananassae flies in PBS group (A & F),
24 h group (B, G & D, I) and 48 h post-infection group flies (C, H & E, J). Melanin production is higher at 24 h but reduced after 48 h of
infection. Also, the melanin production is lower in D. ananassae flies when compared to D. melanogaster flies.
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Fig. 7 — Relative percentage of total fat (A & B); and Nitrite levels (C & D) in the D. melanogaster and D. ananassae estimated at 0, 3,
6, 12, 24, and 48 h after infection with PBS (control), S aureusand E. coli. The fat deposition has significantly reduced mostly after 48 h
post-infection except in E. coli treated D. ananassae flies where the significant reduction was observed from 6 h post-infection. The
nitrite levels were significantly higher until 24 h in all groups except the S aureus infected D. ananassae group in which nitrite level was
reduced 12 h post-infection. [Data were presented as mean + SD from three independent experiments. Significance as compared to PBS

group. *P <0.05, **P <0.01, *** P <0.001]
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Fig. 8 — Phenoloxidase activity has significantly varied in the

D. melanogaster and D. ananassae after infection with S. aureus
(A) and E. coli (B). The PO activity in fly hemolymph samples
was measured at 0, 3, 6, 12, 24 and 48 h after infection. [Data
were presented as mean + SD from three independent
experiments. Significance as compared to PBS group. *P <0.05,
**P <0.01, *** P <0.001]

infected flies, a significant increase in nitrite level was
observed till 24 h post-infection in D. melanogaster and
12 h in D. ananassae, after which no significant change
in nitrite level was observed (Fig. 7C).

Among E. coli infected flies, there was a gradual
increase in nitrite level up to 24 h which goes on
decreasing in D. melanogaster. In D. ananassae,
nitrite level was higher up to 12 h. A significant nitrite
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Fig. 9 — Antibacterial activity of hemolymphs isolated from
D. melanogaster and D. ananassae after infection with S aureus
and E. coli. The bacterial growth was significantly inhibited by the
hemolymph collected at 24 h after infection. [Data were presented
as mean = SD from three independent experiments. Significant as
compared to PBS group. **P <0.01, *** P <0.001]

level was observed at 12 h post-infection in both the
fly strains (Fig. 7D).

Phenoloxidase activity increaseswith a bacterial infection
The PO level was significantly increased up to 6 h
in D. melanogaster and 24 h in D. ananassae infected
with S aureus. No further increased levels of PO was
observed until 48 h post-infection. In E. coli infected
flies, an increased PO level was observed until 12 h
after which no significant PO was observed until the
48 h study period in both the fly strains (Fig. 8 A & B).

Hemolymph from infected flies reduces bacterial cell viability

The effectiveness of this modified resazurin assay
has been carried out with hemolymph isolated 24 h
post-infection of D. melanogaster and D. ananassae.
The higher cell viability was observed in PBS when
compared to treated or standard wells. The
hemolymph obtained from two fly strains post-
S aureus and E. coli infection has significantly
reduced bacterial growth when compared to PBS
added well (Fig. 9).



MEGHASHREE & NAGARAJ: ANTIBACTERIAL IMMUNE RESPONSE IN DROSOPHILA 757

Discussion

Drosophila serves as a powerful model system to
study innate immunity. To expand the studies and
investigation, several aspects of the humoral and
cellular immune response in D. melanogaster and
D. ananassae was investigated by infecting the flies
with Gram-positive and Gram-negative bacterial strain.

Results of recent studies have indicated the
variation between certain laboratory lines, in
susceptibility to infection with bacterial pathogens'®.
Variation in fly survival was due to increased
bacterial infection. The previous results reported that
Drosophila, in response to infection with E. coli and
Beauveria bassiana, the survival rate has reduced’.
In this study, D. ananassae flies infected with
S aureus and E. coli showed a decreased survival
rate. It indicates the susceptibility of D. ananassae
due to the reduced ability to clear the bacteria from
their body efficiently”. An increase in bacterial load
at different time intervals led to a decrease in the
survival ability of D. ananassae and D. melanogaster.

These results suggest that fatal bacterial infections
are not only due to the inefficient elimination of
bacteria (resistance) but also caused by a decline in
metabolic fitness during infection.

For survival, sleep 1is essential and an
evolutionarily conserved process. This concept
supports that continuous sleep deprivation leads to
death in flies'”. Previous studies have shown that
increased resistance to infection will occur through
the enhanced activity of the NFkB transcription factor
caused by increased sleep which robustly promoted
survival®®.  Our  observations  suggest  that
D. melanogaster flies experienced more sleep and had
greater resistance to the infection, which provides a
link between the activation of innate immune function
and higher survival rate.

The melanization reaction is the immediate immune
response against invading pathogens in Drosophila®?’.
Melanization has multiple roles in the immune
response, including encapsulation of pathogens, clot
formation, and production of cytotoxic intermediates
that kill invading microorganisms®. Melanin prevents
the loss of hemolymph and invasion of pathogens into
the hemocoel®. This blackening reaction results from
the de novo synthesis and deposition of melanin®. In
our study, though the melanization reaction started
appearing from 3 h post-infection (data not shown), the
highest level was seen at 24 h post-infection in both
D. ananassae and D. melanogaster which may have

reduced the bacterial load. Several studies have
analyzed the contribution of hemocyte-mediated
melanization to Drosophila survival upon wounding
and infection’’. This could also represent an alarm
mechanism that prepares the host in case a new
pathogen breaches epithelial defences avoiding
secondary infection.

Drosophila counters systemic infection through the
wide-ranging action of hemocytes, which are
equivalent to vertebrate blood cells’>. Hemocytes play
a key role in the survival of insect species. The
number of hemocytes varies enormously in the
developmental stages as well as in different
physiological states of the insects™. In our study, the
number of hemocytes started to increase at an early
point and have not reduced until the study period.
These results imply that D. melanogaster may rely
mostly on the rapid activation of cellular immune
defenses against bacterial infection.

To examine the physiological status of flies, we
tested total fat in adult flies infected with bacteria
and PBS. The body fat content of flies can
vary widely and serve as a sensitive diagnostic
phenotype indicating imbalances in
lipometabolism. Various techniques have been used
to quantify fat storage in flies’. In the present study,
the low-fat level in infected flies shows that
starvation or an overall decline in the metabolic
state of the flies.

Measuring nitrite levels in insects is an accurate
estimation of cellular nitric oxide production. Nitric
oxide (NO) is a highly reactive phagocyte derived
effector molecule that acts in the nervous and immune
system as a mediator in insects and vertebrates®. At
low concentrations, NO mediates cellular and
humoral immune responses’. Previous studies
showed that NOS (Nitric oxide synthase) activity is
required for a robust innate immune response to
Gram-negative bacteria’. In our study, increased NO
concentration in the fat body and hemocytes indicates
that NO is produced in response to bacterial
challenge. A relatively low level of NO was seen in
D. melanogaster infected with S aureus, whereas,
D. ananassae showed a high level of NO production
after infection with E. coli. Our indirect measurement
of NO indicated an almost 5-fold increase in fat body
NO after bacterial injection. It is the indication that
the differential quantity of NO varies among
Drosophila species and plays a role in the sensitivity
to bacterial infection.
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Crystal cells in hemocytes rupture in response to
immune activation, which releases prophenoloxidase
(PPO), an active form of phenoloxidase involved in
the melanization cascade®. The phenoloxidase is the
terminal enzyme, appears to play a key role in
recognition and defense against bacterial infections in
invertebrates®’. Experiments estimating PO activity in
both fly strains suggests that the PO is activated at
different levels, which affects immune response
against infections. The previous study states the
important role of PPO1 and PPO2 in the survival of
infection with Gram-positive bacteria and fungi, also
underlining the importance of melanization in insect
host defense™.

Bacterial growth inhibition is a key indicator of an
antimicrobial agent’s potency. Resazurin is an
oxidation-reduction indicator used for the evaluation
of microbial growth. A blue non-fluorescent and non-
toxic dye becomes pink and fluorescent when reduced
to resorufin by oxidoreductases within viable cells**.
The hemolymph of infected flies has inhibited the
bacterial strains used, which indicated the activation
of innate immune response and expression of AMPs
in infected D. melanogaster and D. ananassae flies.

The hallmark of the fly host defense is explained
by two main signaling pathways, Toll is activated by
Gram-positive bacteria and Imd pathway (immune
deficiency) activated by Gram-negative bacteria,
which lead to the activation of AMPs™,
D. melanogaster'sinnate immune response involves
the inducible expression of antimicrobial peptides,
which functions synergistically to fight infectious
microbes™*’. These antimicrobial peptides are mainly
identified in hemolymph and fat bodies, which are
used for all biochemical investigations.

These data outline that after bacterial injection, it
started to multiply in the Drosophila system, which
promoted the upregulation in the number of
hemocytes, leading further to the enhancement of PO
followed by nitrite levels. This innate immune
response could have guided in the clearance of
bacterial load. Nonetheless, due to persistent bacterial
load, fat deposition may have reduced. Each bacteria
differs in their mode of infection which affects the
physiology of the fly. Based on the results obtained
for S aureus and E. coli infection in both fly strains,
it suggests that the fly immune response to bacterial
infection can vary from one bacterium to another.
However, these results can be further validated with
other bacterial and fungal infection studies.

Conclusion

Overall, our study demonstrated the interspecific
difference in survival rate, melanization, hemocytes,
nitrite, fat level, phenoloxidase, and bacterial
inhibition by hemolymph of D. melanogaster and
D. ananassae species. The difference in sensitivity of
D. ananassae in contrast to D. melanogaster infected
with Gram-positive and Gram-negative bacteria
reflects significant changes in immune responses of
the two Drosophila species.
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