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Abstract: One of the greatest impacts on the gastrointestinal microbiome is diet because the host and
microbiome share the same food source. In addition, the effect of diet can diverge depending on
the host genotype. Diets supplemented with phytochemicals found in peppers might cause shifts
in the microbiome. Thus, understanding how these interactions occur can reveal potential health
implications associated with such changes. This study aims to explore the gut microbiome of different
Drosophila genetic backgrounds and the effects of dietary pepper treatments on its composition and
structure. We analyzed the gut microbiomes of three Drosophila melanogaster genetic backgrounds
(Canton-S, Oregon-RC, and Berlin-K) reared on control and pepper-containing diets (bell, serrano,
and habanero peppers). Results of 165 rRNA gene sequencing revealed that the variability of Drosophila
gut microbiome can be driven mainly by genetic factors. When the abundance of these communities
is considered, pepper-containing diets also appear to have an effect. The most relevant change in
microbial composition was the increment of Lactobacillaceae and Acetobacteraceae abundance in
the pepper-containing diets in comparison with the controls in Oregon-RC and Berlin-K. Regression
analysis demonstrated that this enhancement was associated with the content of phenolic compounds
and carotenoids of the peppers utilized in this study; specifically, to the concentration of 3-carotene,
[-cryptoxanthin, myricetin, quercetin, and apigenin.
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1. Introduction

Microbial communities found in the gut of animals play important roles in the health of the animal
through the breakdown of food for nutrient and energy extraction, production of essential vitamins,
and protection against pathogen colonization [1]. However, microbiome composition and stability can
differ depending on intrinsic factors of the host, such as age, sex, and genotype and exogenous factors
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including habitat and diet [2]. The addition of specific compounds to the diet may serve to either
favorably alter the gut microbiota by promoting the growth of beneficial bacteria or to counteract the
imbalance of microbial communities, both with the aim of supporting a healthy host [3].

Chili peppers represent an important crop worldwide due to the beneficial properties of their
phytochemicals including carotenoids, capsaicinoids, phenolic compounds, vitamins C and A,
and minerals, such as iron and calcium [4]. These compounds have been associated with the
control of obesity, the reduction in the risk for coronary disorders, diabetes, cancer, osteoporosis,
and neurodegenerative diseases [5-8].

Drosophila melanogaster harbors a simpler gut microbiome as compared to mammals, consisting of
various yeast and few bacterial groups, mainly members of the Acetobacteraceae and Lactobacillales
taxa [9]. The reduced complexity of these microbial associations in the gut of Drosophila has facilitated
the analysis and hypothesis testing of the microbiota—host interactions on the nutritional phenotype of
the host [10]. Nevertheless, bacterial communities can be altered by different parameters, which in
turn shape these microbiota-host interactions [11]. Several studies have found that diet plays a crucial
role in the shifting of bacterial groups of Drosophila [12-14]. In addition, host-genotype specific factors
also have been observed to shape the gut microbiome of D. melanogaster [15,16].

The main objective of this study is to explore the changes in composition and diversity of the gut
microbiota of different Drosophila genetic backgrounds reared on diets supplemented with bell, serrano,
and habanero peppers. Moreover, this study aims to reveal microbial-microbial interactions between
members of the Drosophila microbiome.

2. Results

2.1. Phytochemical Content

We estimated the content of flavonoids, carotenoids, and capsaicinoids in the peppers utilized
to supplement the different diets (Table 1). It was observed that almost all the compounds were
detected in the different peppers, although the concentration varied. Bell pepper contained the highest
concentration of 3-carotene (129.153 pg/g), capsanthin, (52.001 ug/g) and the flavonoid quercetin
(41.355 ng/g) and no capsaicinoid content was detected in this pepper, whereas the highest concentration
of capsaicin (2529.117 ug/g) and dihydrocapsaicin (1524.960 ug/g) was detected in serrano pepper.
In habanero pepper, the highest concentration of the flavonoid apigenin was reported, but in general,
this pepper contained the lowest concentration of carotenoids and flavonoids, although it had a
significant content of capsaicinoids.

Table 1. Content of the main phytochemical compounds in the different peppers utilized in this study.

Bell Serrano Habanero
Carotenoids (ug/g)
Capsanthin 52.001 37.676 11.145
«-carotene 12.88 23.435 1.781
-carotene 129.153 115.670 64.470
-cryptoxanthin 16.845 10.267 8.816
Phenolic compounds (ug/g)
Myricetin 9.672 8.864 4.979
Quercetin 41.355 26.028 21.532
Kaempferol ND ND 0.801
Apigenin 3.177 4.483 12.782
Luteolin 12.140 4.672 8.764
Capsaicinoids (ug/g)
Capsaicin ND 2529.117 2478.723

Dihydrocapsaicin ND 1524.960 746.127
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Pro eobacterla répresented more than 50% of he mlcroblome in Berlin-K flies reared on the
control diet, although this phylum was found in less abundance in flies raised on pepper-containing
diets (29.78-33.37%). In contrast, Firmicutes was found in much greater abundance in these gut
microbiomes (21-32.79%) as compared with microbial populations of flies maintained on control diet
(6.72%). This phenomenon was also observed in gut microbial communities of Oregon-RC flies, where
Firmicutes abundance increased from 6.06% in flies with the control diet to 23.55 to 34.04% in flies
with pepper-containing diets. Conversely, Actinobacteria proportion decreased from 33.58% with the
control diet to 22.05 and 11.36% with serrano- and habanero-containing diets, respectively.
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Figure 3. Relative abundance of different phyla in the Drosophila genetic backgrounds reared on the
different diets.

Irothishatudia dysraxdstelionage ahihesdasmaly thevelicloprsese hadebhsilieqine 30rbH/onamd
Ssetebadierastacdd 8l tHispnengdhamossahundast fapilicd asteskPRRRYaSEI VNI pEsiiets COigtaTa Ry
BeslindO ard 33z RE Eesmeared onibakanerascopiaiaing siathshovved-adpighahicadanerakbeth
mierobishgroepssdnadditienmbactebaciactacovias poputhitisy o Rieabiaidanse droRedinekl and
(Bregw)- R fligsheirssh o] ReppaiscoptBngidiatyat compabes Wit fanme iredeenhhr Conite]
dinkfEigHra bl teacibhndHacean vas skontioates fyog enelavidiin the esdeamlaitaheciiadesttsdioaycus
mlwqw@wﬁbparfewe&fmﬂgwya% nEbMyeiepresentechbldeteiahnptbisdravn (Eigrassdd). thofitess 3885

t gbsyﬁ%%gnoa ovi bekepepReTasRNkRIbANgrdiehAienens dnetregopeRixaips,

K rfliehsedneninn memw@@m&@wéﬁmmtms@qmmf mi

S Lactobacillaceae Acetobacteraceae
b 60%

50%
@) g B
8 40%

(I ‘1'330%
L -:2.‘: 20%
E 10%

0%

Habanero

Habanero
Habanero

Habanero
Habanero

Habanero

Canton-S

Berlin-K Oregon-RC Canton-S Berlin-K Oregon-RC

CC

contigl, iy § ﬁ?&ﬁ ?5?‘5% % than
4
27% QE %ore gun ant across a genetlc “ba groun reared

on thé contro an pepper-containing diets (11.36-32.75%).

Mbsrelty éﬁetobacterafce&ﬁtéﬁmg e B L RSBl e AL AR R aERe
XbikiEh E:’S‘rvbaabsl‘s*@bun‘iaﬁ‘i? FFh% 1 Fedsi GRS B resena{ecf’ Th AP ab LB RERBSTEOBRUNG,
el ersiha ]B(§weere% s ac1 fceé% Ghd RE 085% ear%eceeYé’ ithd fﬁ Sarr{é%méﬁé‘?ﬁ Oc%ﬁ?é‘rtl Phsetsr
Asinbacistin oneef e PRI R PSSR AR L s ey &e&ggfow&f R IR
correlated to the content of phenolic compounds and carotenoids. As these compounds increased in
the pepper diets, the abundance of Lactobacillaceae was also found to be augmented. Furthermore,
Acetobacteraceae abundance showed a positive correlation with the concentration of the phenolic

compound apigenin in these two genetic backgrounds (Figure 6). As habanero peppers contained a
con<iderable concentration of anicenin (Table 1) the oreat abiindance of Acetobacteraceae in Berlin-
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Alphaproteobacteria, Bac1lh, and Flavobacteria were present in Canton-S flies. Moreover, their
abundance strikes as being mediated by the dietary pepper treatments.



The core microbiome in the different genetic backgrounds is represented in Figure 7. In Berlin-
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Figure 7. Venn diagrams showing the number of unique and shared ASVs between the Drosophila

genetic backgrounds under different diets. (A) Berlin-K, (B) Oregon-RC and (C) Canton-S flies.
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these networks revealed more negatlve than positive co-associations. Overall, the most abundant
phyla, including Proteobacteria, Actinobacteria, Firmicutes, and TM7, showed different co-association
patterns across the diets. We identify the hubs of these networks by considering the highly connected
nodes positively or negatively affecting other neighbor nodes (max outdegree).

The identified taxa within these interactions that appeared to be important to the overall structure of
the networks were Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria, TM7, and Verrucomicrobia.
In the control diet, ASVs belonging mainly to Actinomycetales (Actinobacteria), Pseudomonadales
(Gammproteobacteria), and Rhizobiales (Alphaproteobacteria) were the most important nodes in the
network. Whereas in pepper-containing diets, ASVs belonging to Lactobacillales (Bacilli), Bacillales
(Bacilli), Flavobacteriales (Flavobacteriia), Procabacteriales (Betaproteobacteria), and 1025 (TM7-3) had
the highest outdegree. Additionally, in bell-pepper containing diets, the species L. brevis, Bacillus clausii,
and Flavobacterium columnare were the hubs of the network.



VVC UUOSCLVCU UULUL LUTULLULITIILC dllu LUTCALLUOLLIULL dllciacluuilt PaLlCll 1O Ul dil 1ICTLVWUILROS. 111 5C1 w<cial,
these networks revealed more negative than positive co-associations. Overall, the most abundant
phyla, including Proteobacteria, Actinobacteria, Firmicutes, and TM7, showed different co-
association patterns across the diets. We identify the hubs of these networks by considering the highly

ﬁl?%%}?gc Zp%(il&szggigtively or negatively affecting other neighbor nodes (max outdegree). 8 of 14

Type of interaction

Copresence
Mutual exclusion

‘ M Proteobacteria
Control Bell B Planctomycetes

[ Bacteroidetes
Nodes=101 Nodes=81 Il Gemmatimonadetes
Edges=2311 Edges=2744 H Tenericutes
Copresence=1151 Copresence=1365 [ Armatimonadetes
Mutual exclusion=1160 Mutual exclusion=1379

B Firmicutes

B Verrucomicrobia

Il Fusobacteria
Acidobacteria
[Thermi]
Cyanobacteria
Actinobacteria

B Chloroflexi

W T™7

Habanero Serrano
Nodes=119 Nodes=68
Edges=1553 Edges=1912
Copresence=1151 Copresence=933
Mutual exclusion=401 Mutual exclusion=979

Figunre 88 Mificdolalah terrertiotioretwettke rit OotgOrdgonsRderihel difftrend iffeteriV atletsol i depresens
tepraseny ideotifiery ofltneifiérdsaft the pAgitmalethk Phatgmedgas rePrasget edtgueserestpasitioe
progdatepositiegrayreldgiem raptesgraynudued excluséon/mgatiale esetrelatipnegatifultipteckdiges.
duieptinglihe someatidesthedisate sighdéinadie fosimoifecdrae émermuetr th iBrafie Gettic dBasipailaritis
Kisdhaglerhsitien hivetgbislendiveldedosnmtitnelIptormation) S Peamemcardelatiessy. dadiasieads.
Nogediga prsheivaaininghecnedadod gonfeuteegibeds (outdegree).

3. Digqussioftified taxa within these interactions that appeared to be important to the overall
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wapinfludnaeodesiniarithdynetnaivipe Iherdag. ThepepgiteongrdningthdieionoA®Vivide lengiivgiow
dtactplhalldles thieabbint 7Bacidladhe vibaailde) of Mdvalbdatavaten ufiita cobaptssition waseabdbteridlas
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diversity suggests that Oregon-RC and Canton-S had a large number of different ASVs than Berlin-K,
but those were at low abundance.

Pepper-containing diets also appeared to influence gut microbiome composition of the different
Drosophila genetic backgrounds based on PERMANOVA of weighted UniFrac distance, and this
phenomenon was observed on the variability of the relative abundance of the different taxa. At the
phylum level, the microbial populations among all Drosophila genetic backgrounds were principally



Int. J. Mol. Sci. 2020, 21, 945 9of 14

composed by Proteobacteria, Actinobacteria, Firmicutes, and TM7. Except for TM7, these phyla have
also been reported in previous studies of the Drosophila microbiome [18].

Species belonging to Proteobacteria and Firmicutes are important members of Drosophila
microbiota [19]. Studies of laboratory and wild Drosophila have reported that its microbiota
mainly contains families belonging to these phyla, including Lactobacillaceae, Enterococcaceae,
Acetobacteraceae, and Enterobacteriaceae. In addition, microbial groups belonging to Lactobacillus
and Acetobacter genera are the most common [20,21]. Nonetheless, these microbial groups were barely
abundant in the control diets, where it was expected to observe the standard Drosophila microbiome.
In Oregon-RC and Berlin-K genotypes, the most abundant groups in control diets belonged to
unclassified members of Actinomycetales, Rhizobiales, and Proteobacteria (Figure S2). Thus, it is
evident that there was an observable change in the Drosophila microbiome in the diets spiked with
peppers in comparison to the controls in this study. More specifically, pepper-containing diets appeared
to enhance members of Lactobacillaceae and Acetobacteraceae in Drosophila gut microbiome when
compared to the controls. Regression analysis showed the positive correlation between the abundance
of these bacterial families and the content the pepper compounds utilized in this study. While
Lactobacillaceae appeared to be positively correlated with the concentration of phenolic compounds
and carotenoids in Oregon-RC and Berlin-K flies, Acetobacteraceae was positively correlated to the
content of the phenolic compound apigenin.

The abundance of L. brevis belonging to Lactobacillaceae was 4-fold higher in flies reared on
pepper-containing diets than in guts of flies raised on the control diet. In addition, this species was
also greatly abundant in flies fed with bell pepper-containing diets of Berlin-K genotype. As all
peppers contained similar levels of the carotenoids 3-carotene and 3-cryptoxanthin, and of the phenolic
compounds myricetin and quercetin, we hypothesize that these compounds may be involved in the
promotion of L. brevis abundance.

Networks of the Oregon-RC genotype fed with pepper diets showed Rhizobiales, Actinomycetales,
and Pseudomonadales were not hubs of these networks as they were in control diets, indicating the
pepper diets caused a perceptible shift in networking (Figure 8). Furthermore, network structure was
altered under different pepper-containing diets, serrano and bell peppers being the main shapers of
the microbial community.

4. Materials and Methods

4.1. Drosophila Stocks and Cultures

Three classical wild-type strains of Drosophila melanogaster, including Oregon-RC (5), Canton-S
(64349), and Berlin-K (8522), were obtained from the Bloomington Stock Centre (Indiana University,
Bloomington, Indiana). All flies were originally maintained on a standard sugar-yeast agar media.

4.2. Maintenance of Drosophila Strains on Control and Pepper Containing Diets

Populations of all three genetic backgrounds were placed onto four different diets: control
and bell pepper-, habanero-, and serrano-containing diets. The pepper-containing diets consisted
of autoclave-sterilized standard cornmeal medium (Nutri-fly Bloomington formulation, Genesee
Scientific, San Diego, CA, USA) solidified with agar and supplemented with 0.4% propionic acid (v/v)
and 0.3% Tegosept (w/v) as preservatives. In addition, the diets contained 2% (w/w) ground and dried
peppers including habanero, serrano, and bell pepper. The control diet included this formulation except
for pepper supplementation. All experiments and culturing were performed in controlled conditions at
25 °C on a 12 h light/dark photoperiod. Experiments were initiated by placing approximately 10 males
and 10 females of each genotype onto vials containing the different diets. Adults were allowed to lay
eggs for 72 h before being removed. The larvae were fed and once the adult stage was achieved, these
flies were selected for gut dissection. Each of the control and pepper containing lines were maintained
in three independent lines of vial culture.
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4.3. Gut Dissection and DNA Extraction

For DNA extraction, guts were dissected by using a modified protocol described by [22] and [16].
Twenty flies were selected for each sample and were surface sterilized with 5% sodium hypochlorite.
Guts were dissected under a dissecting microscope, with flies placed in sterile Ringer’s solution on
sterile Petri dishes and the use of sterilized forceps. The dissected midguts were placed into a 2-mL
tube for each sample. An approximately equal number of males and females from each treatment were
dissected to limit potential variability based on sex.

The dissected gut tissue was homogenized by grinding with plastic pestles inside 2-mL
microcentrifuge tubes and three freeze/thaw cycles in liquid nitrogen. A 180-pL amount of lysis
buffer (20 mM tris-HCl pH 8.0, 2 mM sodium EDTA, 1.2% Triton-X 100, with 20 mg/mL freshly added
lysozyme) was added and samples were incubated at 37 °C for 90 min, with vortexing at maximum
speed for 3 min after 45 min. A 20 uL amount of extraction buffer (2 M Tris-HC1 pH 8.0, 2.5 M Na(l,
0.25 M EDTA, 5% w/v SDS buffer) and 15 pL proteinase K were added to each sample and samples
were further incubated for 30-60 min at 55 °C. Samples were precipitated by incubation at room
temperature for 30 min in 30 uL of 3 M sodium acetate, inverting the tubes every 10 min. The samples
were centrifuged at 11,000x g for 10 min and the supernatant was mixed with 300 uL of 100% ice-cold
isopropanol and incubated at room temperature for 30 min, followed by centrifuging at 18,000 g for
30 min. The supernatant was discarded, and the pellets were washed in 70% ice-cold EtOH, air dried,
and resuspended in 20 pL of 10 mM Tris-HCl, pH 8.5, for elution.

4.4. PCR Conditions and Product Purification

For amplification of the 165 rRNA gene, bacterial universal primers 341F
(5’-CCTAYGGGRBGCASCAG-3") and 806R (5'-GGACTACNNGGGTATCTAAT-3") were used
to amplify the V3-V4 variable regions. PCR involved a modified PCR protocol from [23]: initial
denaturation at 94 °C for 3 min followed by 45 cycles of 94 °C for 45 sec, 50 °C for 60 sec, and 72 °C for
90 sec, with a final extension at 72 °C for 10 min. Products were checked by 1% gel electrophoresis and
purified by using the Qiagen QiaQuick PCR purification kit (Germantown, MD, USA).

4.5. Library Preparation and Sequencing

Sequencing libraries were generated by using the NEB Next® Ultra™ DNA Library prep kit for
Ilumina (NEB, Ipswich, MA, USA) following the manufacturer’s recommendations. Indexed libraries
were quantified with a Qubit HS DNA kit on a Qubit Fluorometer and the quality was assessed by
using an Agilent Bioanalyzer 2100 system (Santa Clara, CA, USA). After normalization and pooling,
libraries were sequenced on an Illumina NextSeq 500 platform, generating 150 paired-end reads.
Demultiplexing of indexed reads and generation of FASTQ files were performed using Illumina’s
bcl2fastq Conversion software v.1.8.4. Sequences were deposited in the NCBI SRA repository under
BioProject ID: PRINA556953 (accession numbers SAMN12385229-SAMN12385252).

4.6. Data Analysis

The sequence quality of raw reads was first assessed by using FastQC [24]. Trim Galore software
version 0.50 was used for quality and adapter trimming of the raw reads. Clean and demultiplexed
reads were then imported and processed by using QIIME2 software version 2018.8 [25]. DADA2
pipeline was used for quality control and chimera removal. This method allows for correcting Illumina
amplicon errors without the construction of operational taxonomic units. In contrast, DADA?2 infers
amplicon sequence variants (ASVs), which represent real biological sequences at single nucleotide
resolution [26]. ASVs were resolved only from forward reads and were further taxonomically
assigned by using a pre-trained classifier, Greengenes, for 99% of the V3-V4 16S gene region. ASVs
belonging to the endosymbiont Wolbachia, mitochondria and chloroplasts were filtered from the data.
For constructing taxa plots, replicates were merged, which resulted in a total of 12 groups, including 3
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genetic backgrounds subjected to 4 different diets. The output ASV table was exported from QIIME2
and used as input in R for downstream analysis. Shared and unique taxa among the different genetic
backgrounds and diets were identified by using the package VennDiagram v1.6.20 in R [27] to reveal
the core gut microbiome in Drosophila reared on the different diets.

4.7. Diversity Metrics

Alpha and beta diversity metrics were used to estimate the microbial community diversity across
all samples. Alpha diversity was calculated by using the phyloseq package version 1.30.0 [28] according
to metrics, including observed species (richness), expected species (Chaol), the Simpson dominance
index, and Shannon equality index. Alpha diversity metrics among genetic backgrounds and diets
were compared using two-way-analysis of variance (ANOVA) with the Tukey—Kramer post hoc test to
analyze differences between treatments and genetic backgrounds.

Beta diversity was determined by calculating weighted and unweighted UniFrac distance matrices,
which were further visualized by principal coordinates analysis (PCoA). The Adonis function of the
Vegan package version 2.4-4 in R [29,30] was used for permutational multivariate analysis of variance
(PERMANOVA) of both weighted and unweighted UniFrac distance matrices. Pairwise PERMANOVA
comparisons were carried out with the package pairwiseAdonis version 0.3 [31] in R.

4.8. Network Analysis

Co-occurrence networks were constructed to identify the interactions between ASVs by using
the feature table from QIIME. Networks were created by using CoNet [32] according to the following
methodology: All taxa below a minimum occurrence of 20 across the samples were deleted, and the
counts were converted into relative abundance. Thereafter, a distribution of all pairwise scores was
computed for each of five similarity measures including Bray—Curtis dissimilarity, Kullback-Leibler
divergence, mutual information, and Spearman and Pearson correlations. Given these distributions,
initial thresholds were selected for the initial network, which had 1000 positive and 1000 negative edges
supported by all five measures. P-values were computed from method- and edge-specific permutation
and bootstrap score distributions with 1000 iterations each. Measure-specific p-values were merged
by using Brown’s method; Benjamini-Hochberg’s false discovery rate correction was applied and
edges with merged p < 0.5 were retained. Co-occurrence networks were visualized by using Cytoscape
v3.7.1 [33] with the implemented organic layout. The resulting statistically significant interactions
were classified as co-presence, mutual exclusion, or unknown. Because unknown interactions cannot
describe an interaction pattern, they were excluded from the networks. Statistical analyses involved
using Cytoscape with NetworkAnalyzer [34].

4.9. Quantification of Phytochemicals

Flavonoid, carotenoid and capsaicinoid content of the peppers utilized in this study were estimated
by the following methodology: Flavonoid content was quantified as described by Bae et al. [35] with
some modifications. One gram of fresh pepper was homogenized with 10 mL of methanol for 2 min
and extracted on vortex for 15 min at room temperature. Two milliliters of extract solution were treated
with 3 mL of 3 M HCl at 75 °C in a water bath for 1 h. The hydrolyzed sample was cooled to room
temperature and filtered through a Phenomenex 0.2 um PTFE membrane filter (Torrance, CA, USA)
before analysis. The sample was further transferred into pre-labeled HPLC auto sampler vials and
10.0 uL was injected for HPLC analysis. The mobile phases were methanol and 2% orthophosphoric
acid (v/v) at a flow rate of 0.6 mL/min. An X-Bridge C18 column (4.6 X 150 mm; 5 pm) coupled with a
guard column (Waters Corp.) was used. The flavonoid compounds levels were detected at 360 nm.
Stock solutions of flavonoids (Sigma-Aldrich, St. Louis, MO, USA) were prepared in methanol for a
linear standard curve ranging from 0.25 to 12.5 ug/mL.

Carotenoid compounds were estimated as described by Chebrolu et al. [36] and Yoo et al. [37]
with modifications. One gram of fresh pepper was homogenized for 2 min with 10 mL of acetone
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and 0.1% BHT (butylated hydroxytoluene) and extracted on vortex for 15 min at room temperature.
Six milliliters of extract solution were mixed with 10 mL of hexane and 15 mL of water to further
separate the hexane layer from the acetone/water layer. The hexane extract was freeze dried under
nitrogen gas with a Reacti-Vap Evaporator system (Pierce Biotech, Rockford, IL, USA). Then, the sample
was reconstituted with 1 mL of acetone and an aliquot of 10.0 uL of the final solution was injected
for HPLC analysis. The mobile phases were 0.1% BHT MTBE and acetone (v/v) at a flow rate of
0.8 mL/min. An YMC Carotenoid C30 column (4.6 X 250 mm; 3 um) coupled with a guard column
(Waters Corp) was used. The carotenoids compounds levels were detected at 450 nm. Stock solutions
of carotenoids (Sigma-Aldrich) were prepared in acetone for a linear standard curve ranging from
0.5 to 25.0 pg/mL. The pepper sample of capsaicin and dihydrocapsaicin content was performed as
described by Nimmakayala et al. [38]. The HPLC system was equipped with a 1525 binary HPLC
pump, 2707 autosampler, and 2998 photodiode array detector (Waters Corp., Milford, MA, USA).

5. Conclusions

Here, we presented an exploratory analysis of Drosophila gut microbiome and the effects of
pepper-containing diets on its structure, networking, and composition. This study revealed that
Drosophila gut microbiome can be shifted by pepper-containing diets, but the response varied according
to the genotype and pepper type. Restoration or promotion of standard members of the gut microbiome
appeared to be mediated by the pepper diet. This effect might be attributed to the various metabolites
of the peppers, including (3-carotene, 3-cryptoxanthin, myricetin, quercetin, and apigenin, though at
present we do not know the individual effect of these compounds on fly physiology and health. Based
on this information, focused studies involving more diverse individual genetic backgrounds can be
performed using the purified compounds.
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