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Antibiotic alters host’s gut microbiota, fertility, and antimicrobial
peptide gene expression vis-a-vis ampicillin treatment on model
organism Drosophila melanogaster
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Abstract

Antibiotics are commonly used to treat infectious diseases; however, persistence is often expressed by the pathogenic bacteria
and their long-term relative effect on the host have been neglected. The present study investigated the impact of antibiotics
in gut microbiota (GM) and metabolism of host. The effect of ampicillin antibiotics on GM of Drosophila melanogaster
was analyzed through deep sequencing of 16S rRNA amplicon gene. The dominant phyla consisted of Proteobacteria,
Bacteroidetes, Firmicutes, Actinobacteria, Planctomycetes, Chloroflexi, Euryarchaeota, Acedobacteria, Verrucomicrobia,
and Cyanobacteria. It was found that the composition of GM was significantly altered on administration of antibiotics. On
antibiotic treatments, there were decline in relative abundance of Proteobacteria and Firmicutes, while there were increase in
relative abundance of Chlorophyta and Bacteroidota. High abundance of 14 genera, viz., Wolbachia, Lactobacillus, Bacillus,
Pseudomonas, Thiolamprovum, Pseudoalteromonas, Vibrio, Romboutsia, Staphylococcus, Alteromonas, Clostridium,
Lysinibacillus, Litoricola, and Cellulophaga were significant (p <0.05) upon antibiotic treatment. Particularly, the abundance
of Acetobacter was significantly (p <0.05) declined but increased for Wolbachia. Further, a significant (p <0.05) increase
in Wolbachia endosymbiont of D. melanogaster, Wolbachia endosymbiont of Curculio okumai, and Wolbachia pipientis
and a decrease in the Acinetobacter sp. were observed. We observed an increase in functional capacity for biosynthesis of
certain nucleotides and the enzyme activities. Further, the decrease in antimicrobial peptide production in the treated group
and potential effects on the host’s defense mechanisms were observed. This study helps shed light on an often-overlooked
dimension, namely the persistence of antibiotics’ effects on the host.
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Introduction and South Africa, indicating a burgeoning demand for

these pharmaceutical agents (Van Boeckel et al. 2015).

Globally, 36% surge in antibiotic consumption from
2000 (54 billion) to 2010 (73 billion), with discernible
spikes in countries such as Brazil, Russia, India, China,
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Approximately 25 to 75% of administered antibiotics
are released into the environment, contributing to the
proliferation of antibiotic-resistant bacteria. Penicillin,
macrolides, and fluoroquinolones dominate antibiotic
use in human medicine, while penicillin, tetracyclines,
and sulfonamides find widespread application in animal
husbandry, serving roles in treatment, prevention of
infectious diseases, and as growth promoters in animal feed
(Chopra and Robert 2001). Their toxicity profile varies
based on compound composition, administration routes,
pathways, and targeted gene/population (Arnold et al. 2013).

Antibiotics also impact the intricate realm of gut
microbiota, with broad-spectrum antibiotics eliminating
beneficial microbes and reducing diversity in gut microbes
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(Blaser 2011; Dubourg et al. 2014). Studies reveal specific
effects on gut microbiota composition, such as azithromycin
shifting Lactobacillus johnsonii abundance and cefactor
enriching gut microbiota in a rat model (Khan et al. 2016).
Optimal host health relies on rich species diversity and a
balanced microbiota composition. Imbalances or reduced
diversity in infants’ guts has been linked to intestinal
illnesses (Volkova et al. 2021; Milani et al. 2017). Maternal
antibiotic uptake during pregnancy transforms offspring
microbial composition, increasing the risk of allergy and
asthma, and reducing levels of bifidobacteria in infants
(Coker et al. 2020; Azad et al. 2016; Stokholm et al. 2014;
Aloisio et al. 2014). The symbiotic composition of bacteria
plays a crucial role in host well-being, with clear links
between the gut microbiome and various disorders, such as
colorectal cancer, chronic liver diseases, intestinal bowel
diseases, pancreatic disorders, irritable bowel syndrome,
and coeliac disease (Tilg et al. 2016, 2018; Trebicka et al.
2021; Riquelme et al. 2019; Mars et al. 2020; Leonard
et al. 2021). Insects’ gut symbionts are vital for core host
functions, survival, physiology, and ecological adaptation,
serving as a barrier against pathogens and influencing the
host’s immune system response (Brune 1998; Janson et al.
2008; Hosokawa et al. 2006).

Drosophila melanogaster serves as a well-known model
for exploring host-microbiome interactions, host physiology,
and pathology due to its simpler bacterial community in the
gut (Martino et al. 2017; Broderick and Lemaitre 2012).
Bacteria significantly impact the life span, gut homeostasis,
interaction with pathogens, and behavior of Drosophila (Ryu
et al. 2008; Wong et al. 2017). Ampicillin, a member of the
penicillin group, stands out as an intrapartum prophylactic
drug against Group B Staphylococcus during pregnancy
(Aloisio et al. 2014). There are studies regarding impacts
of persistent residues of antibiotics, such as hydrophobic
ampicillin, to both human and animal hosts. However, there
is lack of study on host physiology and gut microbes against
Ampicillin exposure to D. melanogaster.

With this backdrop, the present study focuses on explor-
ing the impact of ampicillin on the gut microbiota in the D.
melanogaster model and its effects on the host in terms of
antimicrobial peptide production and fertility. The analysis
involves assessing the changes in diversity and richness of
the D. melanogaster gut microbiome through 16S rRNA
amplicon sequencing.

Material and methods
Drosophila model and sample collection

Canton-S strain of D. melanogaster was grown on standard
corn medium, containing yeast, agar, sucrose, and corn flour
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in 25+ 1°C and 50-60% humidity incubator with 12:12-h
light/dark cycle. The 60 flies (30 male and 30 female) in
five biological replicates were administered with 100 pg/
ml ampicillin for 8 days and lay eggs in the bottles and the
parental flies were discarded. Similarly, for control, standard
corn media were used. The eclosion flies were allowed to
grow for 15 days both in control and in treatment (Fig. 1 A).
The treated as well as control adult flies (n=60) were ether-
ized and washed twice with 70% ethanol, sterile phosphate
buffer, and dissected with 1-ml sterile syringe (sterilized
with 70% ethanol) in 50-ul sterile phosphate buffer to sepa-
rate the gut (including Malpighian tubules). The samples
were transferred to RNA later in sterile tubes and stored
at—80°C for total genomic DNA extraction (Fig. 1A).

16S rRNA sequencing and data processing

Gut metagenomic DNA was extracted using QIAamp DNA
Mini Kit (Qiagen) as per the manufacturer’s guideline.
The quality of the extracted total metagenomic DNA was
assessed through agarose gel electrophoresis and quantified
in Nanodrop (Appendroff, Germany) at A260/280 ratio. The
amplicon PCR was set up using the extracted metagenomic
DNA with bacterial 16S V3-V4 region-specific primer (16S
rRNA F-GCCTACGGGNGGCWGCAG and 16S rRNA
R-ACTACHVGGGTATCTAATCC) (Dowd et al. 2008). The
quality of the amplicon was checked and purified using Kapa
HiFi HotStart Ready Mix and Nextera XT Library Prep Kit
(Illumina) as per the manufacturer’s protocol. For purifi-
cation of the PCR enriched library, AMPure XP bead was
used to remove un-ligated index primers. Subsequently, the
purified library was analyzed on Agilent TapeStation using
D100 Screen Tape to cross-check the presence of expected
insert size and any adaptor-dimer. Additionally, the library
size ranged from 585 to 615 bp and high-quality sequences
were dereplicated. The clear sequences were clustered at k
D 10 (97% similarity) followed with deletion of chimeras
and single ton reads (Eren et al. 2011; Swanson et al. 2011).

The 16S rRNA sequence data sets were processed using
the COSMOSID-HUB Microbiomes and One Codex plat-
form. Raw counts and relative abundances of metabolites
and enzymes were computed from the platform. The val-
ues underwent statistical analysis and were presented
as mean =+ standard deviations. One-way ANOVA was
employed to compare means among the treatment groups
and the control group, with a chosen significance level of
p<0.05.

Fertility measurements
The 7-days-old treated and control adult flies were collected

and cross them as follows: control 4 X control Q; treated
& x treated Q; control & X treated Q; treated & X control Q.
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Fig.1 A, B, C The schematic diagram of the experimental setup. A Impact of ampicillin exposure on host’s gut microbiota, metabolites, and
enzymatic pathways. B AMP gene regulation. C Impact of ampillicin on host’s fertility

The flies were allowed to lay eggs in the corn medium vials
for 8 days at 25 + 1°C and 60-70% humidity. Then the paren-
tal flies were discarded on the 8th day and the eclosion was
recorded for 15 days in each bottle (Fig. 1C).

RNA extraction and cDNA synthesis

Total RNA was extracted using Trizol (Sigma) from 5 whole
D. melanogaster of both control and treated. The extracted
total RNA was qualitatively checked in 1% agarose gel and
quantitatively measured by nanodrop spectrophotometer
(Appendroff, Germany). DNase Treatment (Ambion™,
DNA free™, AM1907; Thermo Fisher Scientific) was done
for removal of DNA content from the extracted RNA sam-
ple. Afterwards, cDNA was synthesized from total RNA
using Revert Aid H minus First Strand cDNA Synthesis Kit
(K1632; Thermo Fisher Scientific) and stored at —20°C for
quantitative PCR (qPCR) (Fig. 1B).

Quantitative PCR

cDNA prepared from D. melanogaster tissue was subjected
to quantitative PCR using SYBR green mastermix in Light
cycler 480 Real-Time Instrument (Roche, Germany). Ini-
tially, rp49 was used as reference gene for the expression
study. Seven antibiotic response genes attacin, cecropin,
defensin, metchnikowin, drosomycin, drosocin, and dip-
tericin were assessed for gene expression study. The gPCR

primers employed were sourced from Chatterjee et al.
(2016). Each reaction of 20 pl containing 10 pl of 2X SYBR
green mastermix (Thermo Scientific), 1 pl of 5 pmol of for-
ward and reverse primer, 2 pl of diluted cDNA, and 7 pl
autoclaved MilliQ water was run in triplicates. Light cycler
480 (Roche, Germany) was programmed as pre-incubation at
95°C for 5 min, followed by amplification of 35 cycles (95°C
for 10 s, annealing for 20 s for respective genes and 72°C for
10 s), melting (95 C for 5 s, 65 “C for 2 min and 97 C for
continuous), and cooling at 40°C for 20 s. Negative control
should also have been mentioned here. The specificity of
the reaction was verified through melt curve analysis and
threshold cycle values were obtained at the end of the pro-
gram. Gene expressing value was expressed in terms of fold
change values and estimated using 2722¢T method (Livak
and Schmittgen, 2001) considering rp49 as a reference gene.
AACT was obtained as.

Statistical analysis

The microbiome community identification and profiling
based on next-generation sequencing were calculated using
a specific tool called “Cosmos ID.” The results of the statis-
tical tests are presented as means + standard deviations (SD).
One-way ANOVA was used to compare the means between
the treatment groups and the control group. A p-value <0.05
is chosen as the level of significance. The alpha diversity,
the Shannon, and Simpson indexes are calculated. In AMP
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gene expression analysis, the fold change values were plot-
ted and statistically analyzed for significant difference of
gene expression between treated and control on Graph pad
PRISM 5.

Result
Dominant bacterial community

A total of 28 numbers of phyla were identified in the gut
system of D. melanogaster encompassing both control and
treated samples. Ten numbers of phylum contributed > 1%
concentration with varing in abundances both control and
treated samples. Four phyla, viz., Proteobacteria, Firmicutes,
Bacteroidota, and Actinobacteria with > 1% concentration
but varied in number of read counts were common in control
and treated. A total of 149 families were detected; among
them, 135 were common in the system and Acetobacte-
raceae, Flavobacteriaceae, Lachnospiraceae, Rhodobacte-
raceae, and Planctomycetaceae were dominant. Two hundred
five genera were detected in control samples while 169 were
detected in the treated group. The Acetobacter and Lacto-
bacillus were dominant in control. A total of 229 species
in control and 182 in treated sample were observed. There
were significant (p =0.0001) reduction in number of genera
and lower species diversity (p =0.0055) in the ampicillin-
treated groups.

Fig.2 Average relative density
of the dominant bacteria phyla
in gut of control and treated D.
melanogaster. The x-axis shows
the taxon groups and the y-axis
displays the average percentages
on the sequences reads. The
cutoff point for selecting the
dominant phyla was set to>1%.
“Other” indicates minor phyla.
Cl, C2, C3—control; T1, T2,
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Most of the sequences read in control phyla were Proteo-
bacteria (62.85 +8.05%), Firmicutes (19.06 +9.57%), Bac-
teroidota (13.38 +3.72%), and Actinobacteria (2.9 +3.49%).
Similarly, in treated groups, Proteobacteria (58.16 +6.1%),
Firmicutes (18.49 +4.4%), Bacteroidota (18.34 +3.8%),
Actinobacteria (2.25+0.1%), and Chlorophyta (1.10+0.5%)
(Fig. 2).

The higher number of genera (205) was detected in the
control group while lower (169) in the case of ampicillin-
treated group. The Acetobacter (87.86 +11.2%), Lactoba-
cillus (16.9+1.72%), Wolbachia (1.26 +1.2%), Leuconos-
toc (1.5+1.6%), and Prevotella (0.66+0.79%) dominate
in control while Wolbachia (16.42+2.3%), Lactobacillus
(14.06 = 12.84%), Vibrio (4.72 +1.85%), Pseudomonas
(4.32+2.67%), and Bacillus (4.24 +0.4%) were the domi-
nant genera associated with treated group (Fig. 4).

Number of species observed was 229 and 182 in the
control and treated samples respectively. Acetobacter pas-
teurianus (29.65 + 18.60%), Wolbachia endosymbiont of
D. melanogaster (12.74 +£10.47%), and Commensalibac-
ter intestine (8.9+9.6%) were dominant in the control
group and Wolbachia endosymbiont of D. melanogaster
(35.12+5.7%) followed by Prevotella copri (6.01 +5.7%)
and Wolbachia pipientis (4.03 £0.6%) in treatment samples
(Fig. 5).

In the study, Wolbachia sp. was abundant in the treated
and Acetobacter sp. in the control group. Significant

Other
. Acidobacteria
. Actinobacteria
. Bacillariophyta
* Bacteroidetes
l Chloroflexi
Chlorophyta
D Cyanobacteria
Euryarchacota
l Firmicutes
] Phacophyceae
l Proteobacteria

- Verrucomicrobia
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decrease in species (p=0.0055) and genera (p=0.0001) was
observe in treated sample (Fig. 3).

Gut microbiota differences between control
and treated

The ampicillin-modulated changes in gut microbiota in
terms of phyla were statistically insignificant in the control
and treated samples. The phylum Proteobacteria, Firmicutes,
Actinobacteria, and Euryarchacota were higher in the con-
trol group while Bacteroidetes, Pastescibacteria, and Chloro-
flexi were increased in the treated groups (Fig. 2).

The gut microbiota of the control samples was pre-
dominantly composed of the families Acetobacteraceae
(61.41 +£22.36%), Anaplasmataceae (8.08 +£6.81%), and
Prevotellaceae (2.1 +2.8%), whereas, in treated group, the
density of the Acetobacteraceae (0.48 +28.72%) was drasti-
cally declined and Anaplasmataceae (34.52+4.73%), Prevo-
tellaceae (4.9+5.19%), Bacillaceae (3.21 +0.95), and Flavo-
bacteriaceae (2.19 +0.42%) were increased (Fig. 3).

Alteration of gut microbiota in response
to ampicillin

Ampicillin led to decrease in Acetobacteraceae (p =0.004)
significantly, whereas Anaplasmataceae (p =0.004), Bacil-
laceae (p=0.01), and Flavobacteriaceae (p =0.004) were
increased in the treated sample. The significant increase in

Fig.3 Comparative analysis of
the dominant and significantly
different families in the gut
microbiota of control versus
ampicillin-treated Drosophila
melanogaster. The x-axis shows
the taxon groups and the y-axis
displays the average percent-
ages on the sequences reads.
Abbreviations are as described
in Fig. 1
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the Rhodobacteriaceae (p =0.002) was in the treated group
(Fig. 3). Similarly, the genera Acetobacter (p =0.004) was
decreased and Wolbachia (p =0.002), Bacillus (p=0.02),
Pseudomonas (p=0.03), Vibrio (p=0.01), Staphylococcus
(p=0.04), Alteromonas (p =0.05), Clostridium (p =0.001),
Lysinibacillus (p =0.004), and Janthinobacterium (p =0.02)
were increased in the treated group (Fig. 4). Wolbachia
endosymbiont of D. melanogaster (p=0.01), Wolbachia
endosymbiont of Curculio okumai (p=0.02), and Wol-
bachia pipientis (p =0.01) were increased significantly in
the ampicillin-treated group while Acetobacter cerevisiae
(p=0.05) and Acetobacter pasteurians (p=0.02) were
decreased (Fig. 5).

Biodiversity and microbial richness

The diversity of the species were estimated through the
Simpson index and Shannon index. The Simpson index was
calculated and observed that the control (0.218033) group
was more diverse than treatment (0.926155). Evenness was
more in control (Shannon index =1.0966623) group than
treated (Shannon index =5.266927) (Fig. 6). Principal
component analysis (PCA) of species was done and found
that treated samples were closer to each other compared to
control samples (Fig. 7).

The study found that ampicillin induces higher
microbiome functional capacity for the biosynthesis of
guanosine deoxyribonucleotides (de novo biosynthesis 1)
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Fig.4 Comparative analysis
of the dominant and sig-
nificant different genera in

the gut microbiota of control
versus ampicillin-treated D.
melanogaster. The direction of
arrow is indicating increase or
decrease in the density of each
genus in compared to con-
trol. *Indicating significant at
p<0.05. ** indicates high sig-
nificant at p <0.01. Abbrevia-
tions are as described in Fig. 1
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and adenosine deoxyribonucleotides (de novo biosynthesis
IT). Additionally, the study identified increase in activity
of aerobic respiration I (cytochrome c), superpathways of
adenosine nucleotides de novo biosynthesis-I, and TCA
(tricarboxylic acid cycle) cycle I (prokaryotic) (Fig. 8).
The study also revealed that the cytochrome-C-oxidase,
RNA-directed DNA polymerase, ubiquinone reductase
(H +-translocating), H (+) transporting two sectors ATPase,
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and L-threonine aldolase enzyme activities were increased
in the treated (Fig. 9).

Effect on fertility
Ampicillin treatment of Drosophila led to significant

(p <0.05) decrease in the eclosion number of offspring.
Control & X control @ has the highest eclosion followed by
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Fig.6 The difference of the Shannon diversity index and Simp-
son diversity index. Simpson index showed a significant (p=0.001)
increase in the treated sample and Shannon index p=0.0009 signifi-
cantly increased in the treated group

treated & X control Q. While the control & and treated @
have higher eclosion compared with treated &' and treated 9
(Fig. 10). The fertility mainly affects the female Drosophila
when compared to male flies.

Effect on AMP gene regulation
The AMP gene regulation and antimicrobial peptides

production is an important aspect of host defense in
multicellular organisms. The present study revealed that

the AMP genes were significantly downregulated in treated
compared to that of control flies (Fig. 11A, B, C). AMP gene
expression was significantly downregulated in the treated
males, females, and larvae. In treated males, expressions
of attacin (p=0.0129), cecropin (p =0.0006), defensin
(p =0.0040), metchnikowin (p =0.0123), drosomycin
(p =0.0030), drosocin (p=0.0060), and diptericin (p-
0.0108) were significantly decreased (Fig. 11A) whereas
in treated female, expressions of attacin (p=0.0007),
cecropin (p =0.0001), metchnikowin (p =0.0008),
drosocin (p =0.0009), and diptericin (p =0.0003) were
significantly decreased except defensin (p =0.0647) and
drosomycin (p=0.0726) (Fig. 11B). In larval treated
sample, significant decrease in the AMP genes, i.e., attacin
(p=0.0012), cecropin (p =0.0007), defensin (p =0.0008),
metchnikowin (p =0.0002), drosomycin (p =0.0128),
drosocin (p =0.0002), and diptericin (p =0.011), was
detected (Fig. 11C).

Discussion
Impact of antibiotic exposure on host’s GM

Broad-spectrum antibiotics, such as ampicillin, can disrupt
microbial communities, leading to reduced species diversity
in the gut microbiota (Heinsen et al. 2015). This imbalance
may impact both harmful and beneficial microbes, poten-
tially causing dysbiosis and health issues. Our study found
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Fig. 7 Principal component analysis (PCA) ordination of the micro-
bial diversity data in the control and treated. The first axis explains
78.53% of the variation in the data, and the second axis explains

13.7% of the variation in the data. Principal coordinate analysis of the
Weighted Unifrac distance matrix revealed a clear clustering of the
RD. Abbreviation are as described in Fig. 1
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mm Control
B Treated

Fig.8 Metabolite production in gut of control versus ampicillin-
treated D. melanogaster. The x-axis shows the metabolites and the
y-axis displays the fold change. ADR, adenosine deoxyribonucleo-
tides de novo biosynthesis II; AR, aerobic respiration I (cytochrome
c); CDP1-CDP, diacylglycerol biosynthesis I; CDPII-CDP, diacylg-
lycerol biosynthesis 1I; CvB-Cis, vaccenate biosynthesis; FAE, fatty
acid elongation—saturated; GB, gondoate biosynthesis (anaerobic);
GD, guanosine deoxyribonucleotides de novo biosynthesis II; AN,
superpathway of adenosine nucleotides de novo biosynthesis I; TCA,
TCA cycle I (prokaryotic). The bar with same letters indicates signifi-
cant difference between each other, p <0.05

mm Control
B Treated

Fig.9 Enzyme production in gut of control and treated D. mela-
nogaster. The x-axis shows the enzymes and the y-axis displays
the fold change. (AsnRS, asparaginyl-tRNA synthase (glutamine-
hydrolyzing); CCO, cytochrome C oxidase; DH, DNA helicase;
DdDP-DNA, directed DNA polymerase; DdRP, DNA-directed RNA
polymerase; GInRS, glutaminyl tRNA synthase; H+-ATPase, H
(+)-transporting two sector ATPase; L-TA, r-threonine aldolase;
NADH, ubiquinone reductase (H(+)-translocating); RT-RNA-
directed DNA polymerase). The bar with same letters indicates sig-
nificant difference between each other, p <0.05

a decrease in Proteobacteria and Firmicutes in treated flies,
similar to observations in rat gut microbiota (Dethlefsen
and Relman 2011), indicating a potential shift in micro-
biota composition due to treatment or environmental fac-
tors. The rise in opportunistic pathogens like Wolbachia,
Vibrio, Bacillus, and others suggests competition among
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Fig. 10 Effect of ampicillin on fertility of D. melanogaster. The bar
with same letters indicates significant difference between each other;
N=3, n=30, p<0.05. CéA, control male; CQ, control female; T‘”‘ﬂ,
treated male; Tg, treated female

bacterial communities, contributing to intestinal microbi-
ota dysbiosis. Antibiotics selectively promote the growth of
certain bacteria, including potential pathogens, leading to a
significant reduction in species and increased instability in
treated groups. This shift in richness and evenness of intes-
tinal microbiota, as seen in honeybees exposed to antibiotics
(Raymann et al. 2017), highlights concern about the impact
of antibiotic exposure on gut microbiota and overall health.

Impact of antibiotic on microbial functional capacity

The study revealed an increased microbiome functional
capacity in treated samples for the biosynthesis of guano-
sine deoxyribonucleotides (de novo biosynthesis II) and
adenosine deoxyribonucleotides (de novo biosynthesis II).
Additionally, heightened activity in adenosine nucleotides
de novo biosynthesis-II and superpathways of adenosine
nucleotides de novo biosynthesis-I was noted. Adenosine
and guanosine are essential components of purine nucleo-
tide metabolism which is crucial for cellular processes
(Antonioli et al. 2013). Elevated levels may have physi-
ological implications, influencing the body’s response
to conditions (Jimmerson et al. 2017; Antonioli et al.
2013). Guanosine derivatives, like 8-hydroxydeoxyguano-
sine, act as endogenous ligands for Toll-like receptor 7
(TLR7), suggesting potential immunomodulatory effects
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Fig.11 A, B, C AMP gene expression in D. melanogaster was ana-
lyzed using quantitative RT-PCR in both control and ampicillin-
treated samples. The induction of seven anti-microbial peptides was

and immune response triggering (Shibata et al. 2016).
Moreover, 8-hydroxydeoxyguanosine, a marker of oxida-
tive DNA damage, associated with strong cytokine pro-
duction, indicates the microbiome’s production of guano-
sine derivatives, including 8-OHdG, could impact DNA
integrity and immune responses (Shibata et al. 2016).

Impact of antibiotic on enzymatic activities

The treated samples exhibited higher cytochrome-C-oxi-
dase (CCO) activities, a crucial regulator of the intrin-
sic apoptotic pathway and a defense mechanism against
pathogens (Schultz-Cherry et al. 2001). Ampicillin treat-
ment increased L-threonine and RNA-directed DNA poly-
merase activity, similar to observations with antibiotic
treatments (Li et al. 1977). L-Threonine, a precursor for
carbohydrate synthesis, increased in treated samples,
impacting infection strategies for Enteric pathogens (Kato
and Ishiwa 2015). Dysbiosis of gut microbiomes affects
gut transcriptome, immunity, and metabolism, increasing
infection risk (Elya et al. 2016). Enhanced production of
microbial metabolites from dietary nutrients benefits host
cells, impacting host disease and health, and maintaining
gastrointestinal homeostasis. These microbial metabolites
also signal to various organs, including the brain (Elya
et al. 2016).

Fold Change
e
@

LLaLhLL

Attacin Cecropin Defensin  Metchnikowin Drosomycin  Drosodn Diptericin

® Control female ~ ® Treated female

estimated by normalizing AMP mRNA levels to the coamplified
housekeeping gene rp49

Impact of antibiotic on host’s fertility

The broad antimicrobial activity of ampicillin may contrib-
ute to a significant reduction in host fertility, evident in the
diminished population in the treated group and the preva-
lence of Wolbachia sp. This association suggests a potential
link between the two phenomena. Wolbachia, commonly
found in insects and arthropods, plays roles in partheno-
genesis, feminization, and cytoplasmic incompatibility
(Stouthamer et al. 1993; Rousset et al. 1992; Hoffmann et al.
1990). Infections by various Wolbachia strains can lead to
reproductive failure, where uninfected individuals are unable
to successfully reproduce with infected males or females
(Werren et al. 2008; Serbus et al. 2008). Wolbachia-induced
cytoplasmic incompatibility disrupts sperm function dur-
ing and after egg penetration, potentially decreasing overall
population fertility (Snook et al. 2000). Additionally, Wol-
bachia infection induces oxidative stress, creating an imbal-
ance between host antioxidant defenses and reactive oxygen
species production, which can negatively impact cellular
function and fertility (Serbus et al. 2008).

The presence of Wolbachia may also influence dopa-
mine production, a neurotransmitter involved in various
biological functions, including the regulation of juvenile
hormone in female flies (Hanna et al. 2015; Ueno et al.
2012). Alterations in dopamine production induced by Wol-
bachia may disrupt hormonal balance, potentially affecting

Springer
Ca mfca nner



International Microbiology

the reproductive biology of female flies (Gruntenko and
Rauschenbach 2008; Argue et al. 2013). In summary, the
presence of Wolbachia in treated samples appears to have
multifaceted effects on the host population, including poten-
tial negative impacts on sperm and male fertility, induction
of oxidative stress, and alterations in dopamine production
influencing juvenile hormone levels in female flies (Serbus
et al. 2008; Werren et al. 2008).

Impact of antibiotic on host’s antimicrobial peptide
gene regulation

The present study reveals a reduction in the regulation of
antimicrobial peptide genes across male, female, and larval
Drosophila, with the exception of defensin and drosomycin
in female individuals. This decline in antimicrobial peptides
(AMPs) coupled with a decrease in gut microbial diversity
establishes a correlation between these two phenomena. The
gut dysbiosis can compromise the host’s defense mecha-
nism, rendering it more susceptible to infections or altering
the dynamics of pathogenic interactions. Insect gut studies
emphasize the pivotal role of microbes in mediating interac-
tions between the host and potential pathogens (Broderick
et al. 2006). While Kaufman and Klug (1991) suggested that
the presence of gut microbiota may not be imperative for the
basic survival of insects, in Drosophila, these microbes play
a significant role in the production of AMPs and microbial
reactive oxygen species (ROS), thereby activating the host’s
antimicrobial defense (Ha et al. 2005; Ryu et al. 2006). In
our study, the disruption of gut microbiota seems to influ-
ence host immune systems and may be through diverse
mechanisms, including the modulation of inflammatory
signaling via microbial metabolites, alteration of Toll-like
receptor signaling, and degradation of secretory IgA (sIgA)
(Levy et al. 2017). While the anomaly in females may be due
to the robust production of antimicrobial peptides, i.e., the
expression of defensin and drosomycin remains unaffected
even under certain conditions. This phenomenon aligns
with the parallel outcome observed when the production of
defensin and drosomycin did not significantly decrease upon
infection with specific pathogenic bacteria in female Dros-
ophila (Buchon et al. 2009). These findings underscore the
critical role played by antimicrobial peptides in the innate
immune response of female Drosophila, enabling them to
effectively combat microbial invaders.

Conclusion

The present study presented a detailed findings on the impact
of ampicillin on Drosophila GM, host fertility, and AMP
gene regulation. Ampicillin caused a longitudinal decrease
in the overall gut microbial diversity in the D. melanogaster

@ Springer

model and enrichment of specific taxa. The antibiotic used
in the present study resulted into microbial imbalance,
disturbance in bacterial community networking, reduction
in host fertility, and downregulation of AMP genes. The
complex host-microbiome interaction and the current usage
of antibiotics need careful stewardship, with an emphasis
on the application of antibiotic alternatives while limiting
collateral damage.
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