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ABSTRACT

Objective: How the host organism and its gut bacteria interact to modulate host physiology. The goal of this
study is to learn more about the impact of food composition on gut microbiota in D. melanogaster. Material and
methods; Male flies of Drosophila melanogaster was raised in three different medium nomal diet (wheat cream
agar medium), carbohydrate rich diet (20% of sucrose), protein rich diet (60% of casein). Twenty male flies
midguts were isolated from each media and subjected to microbial diversity analysis. Result and conclusion; It
was noticed in D. melanogaster that gutmicrobial vary with diet. The investigation revealed that gut microbial
flora in relation to host diet corresponds to Acetobacters species and Lactobacillus species. A. pomorum, A.
tropical, L. brevis, L. fructivorans, and L. plantarum. The relative abundance of each of the species varies in
relation to host diet, Male flies of D. melanogaster fed on a carbohydrate-rich diet shows the highest density of
L. plantarum and L. fructivorans bacteria. L. brevis, on the other hand, had the maximum density shown in male
flies fed on protein-rich medium. Furthermore, males raised on a protein-rich diet shows the highest density of
A. pomorum and A.tropicalis. Male flies raised on a normal diet had the lowest density of all five microbes from
two distinct species. Thus these studies clearly explain that host physiology changes with diet, inturn, it has
significant influence on resident gut microbial diversity in male flies of Drosophila melanogaster. As a result,
our findings show that the diet of host has substantial impact on the density of gut microbial in D. melanogaster.
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1. INTRODUCTION

Food is broken down for nutritional and energy
extraction, synthesis of vital vitamins, and defence
against pathogen colonisation are all key functions of
microrganism communities identified in the gut of
mammals [1]. Microbiome composition and stability,
on the other hand, can change based on both intrinsic
and external factors in the host, such as age, sex, and
genotype. Effects of Nutritional arising on or after
variety in foods form accessibility are the most
straightforward method that environmental difference
be able to control body state and fecundity. Dietary
impacts can be categorised as quantitative
(availability of food) or qualitative (quality of food)
(i.e. food composition). As a outcome, there is a
optimistic relationship among food accessibility and
body situation or fecundity under natural range. Food
provides energy and nutrition to animals, hence
nutrition can be regarded a major factor that
influences many aspects of their lives [2,3]. The study
of how organisms modify their energy allocation has
been aided by experimental changes to animal diets
[4,5]. Disease susceptibility, fertility, reproduction,
longevity, and stress tolerance are all affected by the
amount and quality of nutrients consumed by
organisms. The physically and morphological
reactions of persons exposed to varying quality and
amounts of nutrients are frequently assessed in studies
concerned with the effects of nutrition.

Aside from cline impacts, the availability of food in
that specific place is also a significant influence in
variation of stress resistance. With this in vision, the
purpose of this research was to measure the
physiological adaptations and life-history impacts of
different feeding regimes on energy allocation. Thus
have investigate relative relevance of two key
macronutrients on desiccation, hunger, thermal
tolerance (hot and cold), life-history variables such as
egg to adult viability, egg production, and
morphometric traits such as ovariole quantity.

Nutrition is the most important environmental
component that influences an organism's ability to
reach its genetically encoded development potential
[6]. The amount [7], quality [8], and bioavailability
[9] of various nutrients in the diet define the
nutritional characteristics. In animal nutrition, the
resident gut bacteria play a critical role [10,11]. By
changing the animal host's nutrition-sensing and -
signaling pathways, they can vary feeding and
nutrient absorption rates, as well as resource
allocation behaviours [12-15].

Several survey have found that resident microbes
usually increase animal nutrition, although the
nutritional impact varies depending on diet,
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microbiota composition, and animal genotype [16-
19]. In comparison to humans, D. melanogaster has a
simpler gut microorganism, consisting mostly of yeast
and a few bacterial families, mostly from the
Acetobacteraceae and Lactobacillales taxa [20]. The
decreased complex of these microbial relationships in
Drosophila's gut has benefited in the study and
hypothesis testing of microbiota—host connections on
the host's nutritional phenotype [21].

Nonetheless, different conditions might affect
bacterial communities, which in turn form
microbiota—host interactions [22]. Diet plays an
important effect in the changing of Drosophila
bacterial groups, according to several studies [23-25].
Furthermore, host-genotype specific variables have
been reported to influence D. melanogaster gut
microbiota [26,27]. Drosophila has previously proven
to be a useful model for studying how the microbiome
affects the nutrition and metabolism of the host.
Drosophila is affected by the gut microbiota, which is
subject by members of the Acetobacteraceae and
Lactobacillales  families [24,28,29]. The gut
microbiota, which is controlled by members of the
Acetobacteraceae and Lactobacillales families, has a
significant impact on the reaction of Drosophila
melanogasters to food in this study, which would be
ideally suitable for large research design including
extensive dietary perturbations and where the gut
microbiota, which is controlled by Acetobacteraceae
and Lactobacillales members, has significant impacts
on the gut microbiota [30,31]. The major goal of this
study is to look at how the gut microbiota of
D.melanogasters fed on carbohydrate and protein-rich
diets changes in composition and diversity.

2. MATERIALS AND METHODS

In this experiment, Oregon-K (Drosophila
melanogaster) flies were obtained from the
Drosophila stock centre at Mysore University's
Zoology Department. Twenty males and females flies
were placed in a Drosophila culture bottle with wheat
cream agar medium and incubated at 22°C£1°C with a
relative humidity of 70% using a 12h:12h light:dark
cycle. The eggs from the aforesaid flies were placed
in culture bottles containing a control diet (wheat
cream agar medium), a protein enrich diet (wheat
cream agar medium + 60% casein), and a
carbohydrate enrich diet (wheat cream agar medium +
20% sucrose). Wheat cream agar was mixed with
either sucrose or casein in the following proportions
to provide a protein and carbohydrate-rich diet.
Before adding water, Wheat cream agar and Sucrose
were combined in a 4:1 ratio for a carbohydrate-rich
diet. Similarly, Casein and wheat cream agar media
were combined in a 3:2 ratio for a protein-rich diet.
Each culture vial was filled with 7mL of the



appropriate medium and pasted with dried yeast
solution.

2.1 Dietary Effects on Gut Microbial Diversity

Unmated males flies of D. melanogaster which is
reared on different diet (normal media/carbohydrate
rich media/protein rich media) are collected above
were used to study composition and diversity of gut
bacteria using pyrosequencing.

2.2 Collection of Gut Microbe and Isolation of
DNA

Seventy percent ethanol and the QIA ampDNA micro
kit (Qiagen,51304) were used to extract DNA from
thirty male Drosophila midguts, one for each diet
(Normal diet, Carbohydrate heavy diet, and Protein
rich diet). With an electric pestle, these midguts were
externally sterilised with 70% ethanol and
homogenised in 1801 ATL buffer with a 0.5 percent
DX reagent for foam minimization (Kimble TM
Kontes TM pellet Pestle, 749540-0000). For further
testing, 20 uL proteinase K SOLUTION was added to
samples and incubated for 30 min at 56°C with
shaking at 650 rpm. Again the sample was
homogenized by adding glass beads (425-600um,
sigma Aldrich, G8772-100G) in a fast prep FP120
machine (Bio 101 Savant) and later the sample was
incubated for 60 min at 56°C. RNase A was added to
digest RNA(Qiagen, 19101) and then the sample was
incubated for 2 min at room temperature, later cool it,
Ethanol was added of about 200ul and these sample
was shifted to spin column as per production
directions, along with washing and elution step were
carried out. By adding sodium acetate precipitation
the sample are made concentrated.

2.3 Pyro Sequencing of 16s rRNA for
Identification of Bacterial Species

Axon-specific 16S rRNA gene primers was used to
identify main gut microbial diversity of Drosophila
melanogaster, identified microbial was A. pomorum,
A. tropicalis, L. brevis, L. fructivorans and L.
plantarum using software called primer3 and
exceptional regions identified from alignments of full
16S rRNA gene sequences. Initially want to check
whether this experiment confirms that the primers
generated to detectable cross- amplification between
species. If the experiment confirms next step is to
carry out PCRs were performed as above with 65°C
annealing temperature and 35 cycles. PCR products
were separated by gel electrophoresis using 1%
agarose gel and visualized with SYBR (Invitrogen),
and later the identities were confirmed by Sanger
sequencing.
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Measurement of Bacterial Loads Quantification of gut
microbe found in gut of male flies of D. melanogaster
which was reared in three different diets (normal
media/protein rich media/carbohydrate rich media).
MRS agar was used for quantifying all microbes
except for the strains, which were Acetobacter
pomorum quantified on mannitol plates. To measure
microbe growth, guts were placed on either MRS or
mannitol agar plates. Possible bacterial load were
calculated on the source of colony forming units
(CFU’s) a colony —forming unit is a unit/mi (used to
calculate approximately the number of viable bacteria
in a sample). Viable is defined as the capability to
multiply via binary fission under the controlled state.
To count the colony forming unit’s microbes were
cultured and only the viable cells were counted in
contrast with microscopic examination. Abundance is
calculated using colony forming units’ which were
expressed using logarithmic.

2.4 Statistical Analysis

In all of the gut microbial species found, one way
ANOVA followed by Tukeys post hoc test revealed
substantial difference in gut microbial diversity in
male flies raised on varied diets (normal
media/protein rich media/carbohydrate rich media).

3. RESULTS

The host diet is one of the most critical factors that
influence an organism's resident microbiota. In the
present investigation host diet- related changes in gut
microbial diversity has been studied in D.
melanogaster. Prior to experiment as these flies have
been standardized by rearing under three different
medium (normal medium, carbohydrate rich medium
and protein rich medium). These flies was utilised for
analysis and subjected to gut microbial diversity to
better understand how changes in host physiology and
nutrition affect resident microbiota.

In the present experiment, five microbial species were
identified using diagnostic primers listed in Table 1
[32], and furthure each of the identified species were
quantified through CFU’s. It was noticed from Fig.1
that gut microbial flora in relation to hostage
correspond to Acetobacter and Lactobacillus species.
A. pomorum, A. tropicalis, L. brevis, L. fructivorans,
L. plantarum. The relative abundance of each of the
above species varies in relation to host diet. The
density of L. brevis, L. fructivorans, L. plantarum. A.
pomorum, A. tropicalis was found to be lowest in
male flies reared on normal medium. The density of
L. brevis was found high in male fed on protein rich
medium when compare to carbohydrate rich diet. The
density of L. fructivorans, L. plantarum was found
high in male flies reared on carbohydrate rich medium



when compare to protein rich medium. The density of
A. pomorum, A. tropicalis found high in protein rich
medium when compare to carbohydrate rich medium.
This shows clearly that host physiology changes with
diet which had significant influence on resident gut
microbial diversity. In the present studies flies used
were of same age and other conditions for
maintenance and culture where same, only difference
was the quantity of nutrients such as protein and
carbohydrate therefore observed variation in gut
microbial diversity resulted in physiological changes
noticed with host diet.

The importance of the resident microbiota in animal
nutrition has long been recognised [10,11]. The
microbiota involved in the acquisition and distribution
of animal nutrients has a significant impact on an
animal's nutritional condition. These microorganisms
influence feeding and nutrient absorption rates by
either consuming ingested nutrients or providing
additional nutrients to the host.

The reads acquired by pyrosequencing each sample
were allocated to their corresponding OUTs and then
analysed for microbiota richness and evenness using
theirrespectiveindices, whichshowedthemicrobialcom-
munities varied along with diet as shown in Table 2.

One way ANOVA followed by Tukey’s hoc test
revealed significant change in these species among
diets. Tukey’s post hoc test showed that male flies of
D. melanogaster raised on protein rich media had
significantly greater number of CFU’s of L. bervis, A.
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pomorum and A. tropicals when compare to normal
and carbohydrate rich diet. One way ANOVA
followed by Tukey’s hoc test showed that male flies
of D. melanogaster reared on carbohydrate rich diet
had significantly greater number of CFU’s of L.
Plantarum and L. fructivorans when compare to
normal and protein rich diet.

Table 2.Richness and evenness estimation of gut
microbiota in flies developed from each of the
diets(Normal diet/Carbohydrate rich diet and Protein
rich diet) of D. melanogaster. Diversity estimations
were obtained following normalization of OUT’S.

4. DISCUSSION

The link between animals and their gut microbiota is
well understood to entail numerous interactions that
change depending on the microbiota's composition,
host genotype, and environmental variables, including
food [17,33]. This study is focused on the whether the
concentration/ density of the microbiota differ, when
the diet alters in Drosophila melanogaster. In animals
including Drosophila host diet is the most important
factor which is known to affects the resident
microbiota. In present study effects of host diet such
as carbohydrate and protein rich diets related changes
in gut microbial diversity and their abundance has
been studied in D.melanogsater. It was noticed from
figl that gut microbial diversity in relation to
carbohydrate and protein rich diets of the host
consisting of species belongs to Lactobacillus and
Acetobacter genus. The relative abundance of each

Table 1. Diagnostic primers used for identification of bacteria [32]

Bacterial End point PCR QRT-PCR

species Forward Reverse Forward Reverse

Acetobacter  5'- 5'- 5’- 5'-

pomorum TGGGTGGGGGATAA AGAGGTCCCTTG TGTTTCCCGCAAG AGAGTGCCCAGCCC
CACTG CGGGAAAC GGACCTCT -3' AACCT
GGA-3' A-3' GA-3'

Acetobacter 5’- 5'- 5" 5'-

tropicalis AGGGCTTGTATGGG CAGAGTGCAATC TAGCTAACGCGAT ACAGCCTACCCATA
TAGGC CGAACTGA AAGCACA -3' CAAGC
T-3' -3 C-3'

Lactobacillus 5'- 5'-

brevis ACGTAGCCGACCTG AGCTTAGCCTCAC
AGAGG GACTTCG
GT-3' CA-3'

Lactobacillus 5'- 5'GCCCCCGAAGG 5'- 5'-

fructivorans TGGATCCGCGGCGC GGACACCT AACCTGCCCAGAA GCGCCGCGGATCCA
ATTAG A-3' GAAGGGGA -3' TCCAA
C-3' A-3'

Lactobacillus 5'- 5'- 5" 5'-

plantarum  TCCATGTCCCCGAA TGGATGGTCCCG TGTCTCAGTCCCA GGCTATCACTTTTGG
GGGAA CGGCGTAT ATGTGGCCG -3' ATGGT
CG-3' -3 CCCGC-3'
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Table 2. Diversity estimations were obtained following normalization of OUT’s

Diet OTUs Chaol Shannon Evenness
NM 55 68 2.16 0.75
CR 64 65 3.41 0.78
PR 51 70 3.56 0.81
120000 -
c
100000 -~ -
b
80000 -
=
S 60000 -
g B Normal diet
40000 - M Carbohydrate diet
50000 c Protein diet
a b E a C b a E a a b E
0 e [] , il
L. brevis L. plantanum L. A.pomaram A.tropicales
fructivorans
Bacterial species

Fig. 1. Effect of male diet on five major gut microbial species of D. melanogaster under three different
medium (normal medium, carbohydrate rich medium and protein rich medium)
L. brevis; £=53639544.09, df=2,57, p<0.05: L. plantarum; £=1340733.179, df= 2,57, p<0.05: L. fructivorans; t=
707310401.3, df= 2,57, p<0.05: 4. pomaram; £=28350090002, df=2,57, p<0.05: A. tropicales; =8591143.112, df= 2,57,
p=<0.05

species, however, changes depending on the host
food. This implies that the host's food has a big
impact on gut bacteria diversity. In the present studies
flies used were of same age and other conditions for
maintenance only difference was the different
nutrients supplement such as protein rich media and
carbohydrate rich media.

As a result, the observed change in gut microbial
diversity in the current study, which was an
experiment, was attributable to the impact of the host
diet in D. melanogaster. Our findings with previous
research that showed that resident microorganisms
typically support animal diet, and that the advantages
of nutrition vary depending on food, microbiota
makeup, and animal genotype [16-19]. The
concentration of L. bervis was found higher in gut of
male flies reared on Protein rich diet and the least
concentration was found in gut of male flies reared in
normal diet. In L. plantarum, the higher concentration
was observed in gut of male flies fed in Carbohydrate
rich media (CR) and least concentration was found in
gut of male flies reared on Normal diet (NM), were in
L. fructivorans bacteria was found higher in gut of
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male flies reared on Carbohydrate rich media(CR)
when compare to male flies reared on NM/PR and
least concentration of L. fructivorans was observed in
gut of male flies reared in Normal media in
Drosophila melanogaster. In Acetobacter species
such as Acetobacter pomorum and Acetobacter
tropicales microbes which was found in gut of male
flies reared on different diet shows higher density in
male flies reared on protein rich media when compare
to normal diet and carbohydrate rich diet and the least
concentration of  Acetobacter  pomorum  and
Acetobacter tropicales was found in normal diet. The
variation of the concentration among two different
bacteria species found in gut of male flies reared on
different diet was due to the different food
composition which was in taken by flies.

This is due to the fact that the occupant gut microbiota
has a significant impact on organism diet [10,11].
These microbes interact with organism achievement,
nutrient distribution, both fundamental processes that
determine an animal's nutrition, in a variety of ways.
They can absorb nutrients eaten by the host or offer
more nutrients; they can change feeding and nutrient



absorption rates; and also can change the host's
resource allocation patterns by regulating the nutrient-
sensing and -signaling pathways according to [12-15].
This clearly shows that the host diet has a significant
impact on D. melanogaster gut bacteria diversity.
Shin et al., Storelli et al., Yamada et al., Keebaugh et
al., [34-37] propose that connections Fly food has a
big impact on the relationship between the host and
the microbiome. Gut bacteria, in particular, reduce
development time and lengthen life span in the
absence of nutrients. Excess dietary protein, according
to Keebaughet [38] is considered to diminish the
influence of the microbiome (particularly bacteria) on
development and lifespan. This clearly indicates that
host diet has major effect on gut microbial diversity in
D.melanogaster. Furthermore, in the current study,
the reads obtained by pyro sequencing were assigned
to their respective OTUs and then analysed for
microbiota richness and evenness using their
respective indices, implying that gut microbial
diversity varied with host 50 Gut Microbial Diversity
in male Drosophila melanogaster reared on different
diets (normal media/carbohydrate rich media/protein
rich media) Table 2: Tukey's PostHoc test revealed a
significant difference in gut microbial diversity of
Lactobacillus and Acetobacter species in male
Drosophila melanogaster flies reared on different
diets (normal media/carbohydrate rich media/protein
rich media).

Microbes that help in larval development and also
linked to the capability to increase on fly culture
medium indicate that microbial abundance is a
significant predictor of impacts on physiology and
lifespan under nutrition and reveal an unexpected
variety of microbial species that support fly growth
and life durability. The gut microbiota was either
helpful or benign (encourage host routine) or benign
(no detectable influence on host performance), but not
harmful to Drosophila flies raised on various diets
(normal media, carbohydrate rich media, protein rich
media). There are two parts to the ending. First,
neither the host nor the microbiota compete for
dietary nutrients as evidenced by the host's higher-
quality performance on certain diets. As a result, it
appears that a range of dietary-derived nutrients are
either not utilised by both the host and the microbiota,
or are plentiful enough that microbiota intake has little
influence on host function.

Second, Drosophila does not require microbiota for
normal physiological functions, as evidenced by the
higher effects of typical Drosophila on all diets.
Instead, the microbiota mostly improved Drosophila
performance on diets with poor or imbalanced
nutrient content, suggesting that the link is nutritional
in nature. The deficiency of metabolic activity as of
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the gut bacteria may possibly be responsible for the
lack of high protein and carbohydrate
supplementation in Drosophila flies. Because
Drosophila's gut bacteria (Acetobacteraceae and
Lactobacillales) may use nutrition, it's possible that
they lower the nutrition concentration of the food
swallowed by female flies, and therefore calorie
intake per unit food consumed, when compared to
male flies on the identical diet. It was also shown that
the pathways influencing microbiota-host metabolic
interaction are likely diverse and interacting. It was
also suggested that male and female host signalling
pathways regulating metabolism could react in a
different way to microbial products and their absence,
and that numerous metabolic and other physiological
differences among the sexes, particularly females'
nutritional demands for egg production, may
influence the metabolic traits of the microbiota.
Drosophila protein consumption is aided by bacteria
and yeasts in the gut microbiome, notably in females
and on low-protein diets. This relationship helps
Drosophila raised on diets lacking in particular
critical amino acids live longer [35,36,37] and
produce more eggs. Dietary supplements can also
influence the gut microbiome. Prebiotics are dietary
supplements that, once consumed, serve as food or
substrate for the host microbiota. Depending on the
substrate on which they eat, Drosophila can
potentially affect the makeup of microorganisms
[39,40]. The influence of a high-protein, high-
carbohydrate diet on gut microbial variety in male
Drosophila melanogaster. As a result of these
research, it appears that feeding male Drosophila flies
a food supplement has a substantial impact on gut
microbial diversity in D. melanogaster flies. In
addition, the host's nutrition and gut bacteria
abundance have a substantial impact on the host's
physiology, metabolism, and fitness.

5. CONCLUSION

Based on the finding of this research, It indicates that
providing a food supplement to male Drosophila flies
has a significant influence on gut microbial diversity
in D. melanogaster flies. Furthermore, the host's
physiology, metabolism, and fitness are all influenced
by the host's diet and gut bacteria abundance.
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