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ABSTRACT

Taxonomic characterization of bacterial 16S rRNA gene has become an accepted norm for inference of
complex microbial communities and ecological shifts in gut. Recently, 16S rRNA gene sequences has
emerged as a taxonomic marker to investigate crosstalk between gut bacteria and host via variations
in feed. Here, broiler chickens (n = 240) were subjected to dietary modulation approach to substitute
antibiotics with natural plant-derived products. Five experimental groups were control, antibiotic growth
promoter, organic acids, phytogenic feed additives and combination (organic acids + phytogenic feed
additives). Bacterial DNA was extracted and 16S rRNA gene was amplified through polymerase chain
reaction using universal primers followed by observation through gel electrophoresis and then, confirma-
tion by direct DNA sequencing. The sequence data was analyzed for homology search, multiple sequence
alignment, and construction of phylogenetic clades using software BLASTn, CLUSTAL W and MEGA 7.0.
respectively. Based on the phenetic relationship, bacterial phylotypes from organic acid and phytogenic
feed additive groups belongs to Enterococcus faecium and Enterococcus faecalis in both cecum and ileum.
The bacterial isolate obtained from antibiotic feeding group characterized as Escherichia coli.
Furthermore, sequences of probiotic bacteria (Enterococcus faecalis) were retrieved from online reposito-
ries (GenBank and RDP) and aligned with indigenously isolated strains of this study. Comparative phylo-
genetic analysis revealed high sequence similarities (99%) of Enterococcus faecalis KIBGE AB-6 and
Enterococcus faecalis KIBGE AB5 with Enterococcus faecalis ATCC 19433, and Enterococcus faecalis DD28
respectively. Hence, under the appropriate conditions of current investigation, these bacterial strains
might serve as potential candidates for probiotics in animals. To the best of our knowledge, this is the
first study in Pakistan depicting taxonomic classification of chicken gut bacterial diversity from cecal
and ileal samples linked with dietary modulation.
© 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

it from single isolate or environmental samples (Rivoire and
Leibler, 2014). Variation in hereditary material, common choices,

Bacterial 16S rRNA gene is a gold standard taxonomic marker and adaptive behaviors broadens the grouping of organisms into
used for bacterial species identification and characterization, be different kinds based on speciation occasion process
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(Shcherbakov, 2010; Sarma et al., 2019). With the initiation of phy-
logenetic framework for bacterial classification together with the
recombinant DNA and sequencing, 16S rRNA gene sequences had
sidestep the need of culturing organisms for identification of envi-
ronmental microbes (Khan et al., 2016). The 16S rRNA gene can
easily amplified directly from environmental DNA as PCR product
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or recombinant DNA clones and subsequently sequenced to iden-
tify and genotype environmental microbes. These sequences serve
as incisive identifiers for bacteria and thus, facilitate the under-
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standing of correlation between microbial ecosystem and host
(Peck et al., 2019; Peters et al., 2018). The sequences of conserved
regions in 16S rRNA gene are nearly similar in all bacterial species
whereas, presence of hypervariable regions allow species differen-
tiation (Karlsholm, 2017; D’Amore et al., 2016). The accurate infer-
ence of 16S rRNA gene sequences as a tool for identification of
microbial world rely on two key components: complete unambigu-
ous nucleotide sequences deposition in online databases and
assigning the right “label” to each deposited sequence. In addition,
purity of isolate, methods of DNA extraction and presence of chi-
mera molecule formations can affect final identification of bacteria
(De Vrieze et al., 2018; Fouhy et al., 2016).

The gastrointestinal tract harbors an intricated microbial com-
munity which includes yeasts, bacteria, bacteriophages, ciliate pro-
tozoans, archaea and anaerobic fungi (Yoon et al., 2017; Morovic
et al., 2016). A highly dynamic intestinal microbiota composition
exists in chicken gut with spatial shifts in different regions of GI
tract linked with the variation in environmental conditions in each
compartment (Celi et al., 2017). Bacteria are predominant organ-
isms in gut and outnumber the host cells by ten to one (Torok
et al., 2011). After the ban on in-feed antimicrobials by European
Union (2006), a substantial interest has generated in exploring
gut flora composition in livestock production. Extensive antibiotics
usage in poultry industry has linked with the dissemination of
infectious agents (Salmonella, Campylobacter, antimicrobial resis-
tance Escherichia coli (EXPEC)) through contaminated eggs and
meat. This alarming situation triggered public health concerns to
focus on poultry as potential reservoir of antimicrobial resistance
(AMR) (Allerberger, 2016).

Biotechnology poses a significantly important impact in poultry
nutrition and plays a vital role in feed industry. In this regard, a
continuous effort is put forward by nutritionists for production of
better and economical feed. However, utilization of feed in host
is equally important. For this, various feed additives (enzymes,
phytogenic feed additives, prebiotics, probiotics and organic acids)
have been used widely in poultry production (Kabir, 2009). These
additives has been recognized as potential substitutes to antibi-
otics for improvement of animal growth and increasing beneficial
bacterial population through modification of gut environment
and associated bacteria (Ahsan et al., 2018; Attia et al., 2017). Eco-
logical studies on chicken gut bacteria revealed positive relation-
ship between probiotic bacteria and increased host health
(Wakita et al., 2018). The currently used probiotic bacterial genera
in animal diet are Lactobacillus, Enterococcus and Bifidobacterium.
The gut bacterial mode of action mainly includes stabilizing host
gut ecosystem through antagonism and competitive exclusion,
improving feed intake through increasing digestive enzymes activ-
ities and enhancing immunity.

The current study is designed for identification and taxonomic
characterization of chicken gut bacteria in cecum and ileum
regions using 16S rRNA marker through dietary variations. Also,
comparative genetic and phylogenetic analysis of indigenously iso-
lated probiotic bacterial sequences were performed for inference of
probiotic strains. These phylogenetic implications will help to sub-
stitute in-feed antibiotics to combat cross-contamination of poul-
try pathogens.

2. Materials and methods
2.1. Ethics statement
This research was approved by The Karachi Institute of Biotech-

nology and Genetic Engineering (KIBGE), University of Karachi eth-
ical review board (DG/AA-089).

2.2. Chickens, study groups and sampling

Two-hundred-fifty-day-old broiler chicks (hubbard strain) were
procured from commercial hatchery. Chicks were weighed and
inspected upon receive for any signs of deformity and disease.
The study was conducted on healthy chicks. Standard operating
procedures of animal housing management (broiler) were followed
during the trial according to “Care and use of agricultural animals
in research” (McGlone, 2010). Before the experiment, disinfection
and cleaning of chicken cages, feed trough, drinkers, and feeders
were executed.

Healthy birds were allocated five experimental groups with five
replicates having ten birds/replicates. To every replicate a clean
cage (250 cm x 250 cm) was assigned with rice hulls as litter and
self-feeder and waterer was provided. The provision of lightning
was 100 W bulb per cage for 7 days. The chickens fed commercial
starter (1-21 days) and finisher (21-42 days) diets ad libitum
(Table 1).

Study groups received commercial corn-soybean basal diet pre-
pared with following variations:

A: Control (CON): basal diet (no feed additives)

B: Antibiotic growth promoter (AB): basal diet+enramycin
(125 mg/kg of diet)

C: Organic acids (ORG): basal diet + organic acids (Citric, formic,
lactic acid, MCFA, mono-, di-&triglycerides MCFA, 2 gm/kg of
feed)

D: Phytogenic feed additives (PFA): basal diet + blend of Allium
sativa (10%), Mentha piperita (10%), Cinnamomum verum (10%),
Cuminum cyminum (10%), Camellia sinensis (10%), 2 gm/kg of
feed)

E: Combination (COM): basal diet + combination (organic acids
& phytogenic feed additives, 2 gm/kg of feed)

At day 42, two birds were selected randomly from each group
for scarification through throat cutting with a knife. Gut samples
were scrapped from ileum and cecum region aseptically and
immediately stored in —80 °C for future analysis.

2.3. Bacterial culture isolation

Bacterial isolates were cultured on plat count agar plates (Oxoid
UK) for isolation of bacterial strains from each treatment. Isolates
were grown after serial dilution of 1gm sample (cecal and ileal con-
tents) in phosphate buffer saline and plated on agar media using
spread plate technique (for yielding single colonies) followed by
aerobic and anaerobic incubation at 37 and 42 °C for 24 h respec-
tively. The bacterial growth colonies were examined on media
plates after incubation. Bacterial strains were purified by culturing
morphologically different colonies on growth media plates. Ini-
tially twenty (20) strains were isolated but among them 10 were
completely characterized and sequenced.

Table 1
Ingredients and composition of broiler diet.
Nutrient composition Starter diet Finisher diet
0-21 days 22-42 days
Metabolize Energy (Kcal /kg) 2900.5 2989.3
Calcium (%) 1.02 0.89
Crude Protein (%) 21.59 19.13
Available Phosphorous (%) 0.45 0.39
Dig. Methionine (%) 0.55 0.45
Dig. Lysine (%) 1.20 1.06
Dig. Cysteine + Methionine (%) 0.90 0.74
Dig. Tryptophan (%) 0.28 0.19
Dig. L-Threonine (%) 0.84 0.72
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2.4. DNA extraction

Bacterial DNA was extracted from pure culture through stan-
dard phenol-chloroform method with some modifications
(Wilson, 2001). The additional step of RNase A (20 mg/ml) was per-
formed prior to phenol/chloroform/isoamyl (25:24:1) step to
remove RNA contamination from the samples. The extraction and
purification of genomic DNA was performed, and DNA concentra-
tion was quantified on Nanophotometer followed by re-
suspension of DNA in tris-EDTA buffer and stored in —20 °C.

2.5. 16S rRNA genotyping

The 16S rRNA gene was genotyped through polymerase chain
reaction using two sets of primers for amplification. The sequences
of primers are: F, 5~ AGAGTTTGATCCTGGCTCAG-3’ (20 bp) and R,
5'-GGTTACCTTGTTACGACTT-3' (19 bp) covers full length 16S rRNA
gene (1541 bp) (Chen et al., 2015). The reaction mixture used was
50 ul encompassing 25 ng/ul of gDNA with 1.5 mM Mg*?, 0.2 mM
dNTPs, 0.2 uM primers, and 1U/ul Taq polymerase (MOLEQULEON,
Auckland, New Zealand). The PCR reaction conditions included first
temperature hold for 5min at 95 °C, subsequently denaturing
gDNA for 1 min at 95 °C. The annealing and elongation of primers
were done for 45 s and 1 min at 55 and 72 °C at each step respec-
tively. The complete cycle was repeated for 35 times prior to final
extension for 10 min at 72 °C. The amplified product (approxi-
mately 1542 bp) was observed on 2.0% agarose gel with DNA stain-
ing dye SYBR® Safe under ultraviolet light of gel documentation
instrument (Gel Doc 2000, BioRad, USA).

2.6. DNA sequencing of 16S rRNA gene

The bands were excised separately from agarose gel and each
band was purified through AccuPrep® PCR purification kit (Bioneer,
Korea) as per protocol described in kit. The purified PCR products
were sequenced by Bioneer Corporation, Korea.

2.7. Bioinformatics analysis

The amplicon data AB1 files after sequencing was loaded in
associated software which generates chromatogram and data in
FASTA format. DNA sequences obtained were trimmed manually
before loading in online software basic local alignment tool
(BLASTn). The sequences were searched for similarity with the
already available sequences in GenBank using BLASTn. The
sequences with similarity index <97% were retained for further
analysis. For construction of phylogenetic tree to study taxonomic
clustering of bacterial isolates, sequences were subjected to multi-
ple sequence alignment (MSA) using online tool CLUSTAL W. After
alignment of sequences, phylogenetic clades were reconstructed
employing molecular evolutionary genetic analysis (MEGA 7.0.)
software. The reconstructed phylogenetic trees by neighbor-
joining method depicted confidence percentages of each opera-
tional taxonomic units (OTUs) position within tree. To validate
the taxonomic tree, 1000 bootstrap clades were built which
resulted in a consensus tree depicting estimated bootstrap value.
The bootstrap of each placement was provided with the percentage
value on each branch point. Furthermore, sequences of probiotic
bacteria Enterococcus faecalis were retrieved from online databases
(GenBank and RDP) (Al Atya et al., 2015). The sequences of isolated
strains along with the retrieved sequences were aligned and phy-
logenetic tree was reconstructed estimating genetic similarity of
novel potential probiotic strains of current study.

3. Results
3.1. Bacterial strains isolation

In total, ten bacterial isolates were used from five treatment
groups for studying bacterial phylogenetic analysis. Two out of
ten strains showed low similarity during homology search so,
these sequences were not considered for phylogenetic tree recon-
struction and thus were not assigned any operational taxonomic
unit (OTU)) (Table 2).

3.2. 16S rRNA genotypic analysis

For 16S rRNA gene amplification standard PCR was performed
on bacterial DNA samples from all five treatment groups, followed
by agarose gel electrophoresis. The PCR amplicons were repre-
sented as distinct fragments of DNA for each group. A negative con-
trol for PCR is used for validation of experiment. The amplicons of
~1542 bp signifies full length 16S rRNA gene. Fig. 1 represents suc-
cessful bacterial 16S rRNA gene amplification in chicken gut sam-
ples (lane 1-10).

3.3. Phylogenetic analysis of bacterial isolates from study groups

Phylogenetic studies on bacterial isolates from cecum and
ileum regions were carried out to infer taxonomic relatedness
among bacterial strains inhabiting chicken gut based on dietary
modulation. Sequence data were subjected to multiple sequence
alignment for reconstruction of phylogenetic trees by Neighbor-
joining (NJ) method and substitution model based on maximum
composite likelihood with a bootstrap value of 1000.

Phylogenetic tree of each bacterial isolate was created based on
minimum evolutionary distance to give a well resolved tree. It was
found that isolate I (KIBGE-AB1) was under the group of Enterococ-
cus spp. and closely related to identified organism Enterococcus fae-
cium 7039809-1 with a strong similarity of 99% branch value
(Fig. 2). The isolate II (KIBGE-AB3) from AB group is under Enter-
obacteriaceae family and closely related to Escherichia coli with high
similarity index (91%) with already identified organisms (Fig. 3).

The phylogenetic tree of bacterial isolates from organic acids
and combination groups showed that isolate III (KIBGE-AB8) and
isolate V (KIBGE-AB4) both are identified as Escherichia coli under
the family Enterobacteriaceae. The isolate V (KIBGE-AB4) from com-
bination group is closely related to Escherichia coli BEE25 with 90%
similarity index. Against the outgroup Streptococcus pneumoniae,
isolate III (KIBGE-ABS8) forms distinct branch with 99% similarity
to other Escherichia coli strains in the phylogenetic tree. The two
indigenously isolated strains KIBGE-AB4 and KIBGE-AB8 from
chicken cecum were placed in different branches depicting
sequence variations between the two strains (Fig. 4). The isolate
IV (KIBGE-AB6) from phytogenic feed additive group was under
the group of Enterococcus spp. and closely related to identified
organism Enterococcus faecalis CMFRI_FNO1 with a strong similar-
ity of 99% branch value (Fig. 5).

From chicken ileum, isolate VI and isolate VII of control and
antibiotic growth promoter group were sequenced respectively.
The DNA sequences of both the isolates were searched in BLASTn
against already submitted sequences. Due to low query coverage
these sequences were not considered in phylogenetic tree con-
struction for inference of novel strains. On the basis of maximum
likelihood, phylogenetic trees of ileal bacterial isolates from
organic acid and phytogenic feed additives groups were recon-
structed. The ileal bacterial isolate VIII (KIBGE-AB5) and isolate
IX (KIBGE-AB7) were identified as Enterococcus faecalis under the
family Enterococcaceae. Fig. 6 shows division of phylogenetic tree
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Table 2

Bacterial isolates identification after culturing and sequencing.
Strain ID Study Group' Medium? Isolation Source Strain ID Taxonomic Assignment
Isolate | CON PCA Cecum KIBGE-AB1 Enterococcus faecium
Isolate II AB PCA Cecum KIBGE-AB3 Escherichia coli
Isolate III ORG PCA Cecum KIBGE-AB8 Escherichia coli
Isolate IV PFA PCA Cecum KIBGE-AB6 Enterococcus faecalis
Isolate V COM PCA Cecum KIBGE-AB4 Escherichia coli
Isolate VI CON PCA [leum Low Similarity Low Similarity
Isolate VII AB PCA [leum Low Similarity Low Similarity
Isolate VIII ORG PCA lleum KIBGE-AB5 Enterococcus faecalis
Isolate IX PFA PCA lleum KIBGE-AB7 Enterococcus faecalis
Isolate X COM PCA [leum KIBGE-AB2 Enterococcus faecium

Study groups': CON = Control, AB = Antibiotic growth promoter, ORG = organic acids, PHY = phytogenic feed additives, COM = combination; PCA? = plate count agar.

Cecum
|

lleum
|

[ : Nc CON AB ORG PHY COM CON AB ORG PHY COM
; fom— ‘__Wmmm”ﬂ_‘__, L—

2,000 bp|
1,500 bp

1,000 bp.

Fig. 1. PCR analysis of full length 16S rRNA gene (~1542 bp). Lane M: 1 kb DNA ladder. Lane 1-10: Amplified PCR product of bacterial isolates. NC refers to negative/reagent
control in the reaction. Study groups: CON = Control, AB = Antibiotic growth promoter, ORG = organic acids, PHY = phytogenic feed additives, COM = combination.

33% | —— Enterococcus faecium NM213 [CP034949]

32% L Ehierococcus sp. SMBR 34 [MK480139]

95%

74%

Enterococcus faecium 13-009 [CP025389]

69%

Enterococcus faecium QU 50 [AP019394]

Enterococcus sp. H-VRE-27 [KT153210]

Enterococcus faecium ISMMS VRE 10 [CP012471]

Enterococcus faecium NWAF U6012 [MG551256]

79%

Enterococcus sp. B43 [KY746352]

89% | Enterococcus faecium KIBGE-AB1 [MK850406]
99% L Enterococcus faecium 7039809-1 [MH385356]

0.02

Escherichia fergusonii JCM 5899 [LC462163]

Fig. 2. Phylogenetic relationship of Enterococcus faecium KIBGE-AB1 with related genus and species of Enterococcus.

in two clades with an outgroup (Streptococcus pneumoniae NCTC
7465). The ileal isolate X (KIBGE-AB2) from combination
group was classified as Enterococcus faecium and closely related
to Enterococcus faecium E8407 with 87% branch similarity value
(Fig. 7).

3.4. Inference of phylogenetic relationships of indigenously isolated
probiotic bacteria

The sequences of indigenously isolated Enterococcus faecalis
strains from organic acids and phytogenic feed additive (PFAs)

groups were phylogenetically characterized based on 16S rRNA
gene to decipher their probiotic potential. Sequences were aligned
(Fig. 8) with already submitted probiotic bacterial sequences and
phylogenetic tree was reconstructed.

The phylogenetic tree (Fig. 9) depicts high similarity indices of
genetic relatedness on the basis of 16S rRNA gene sequences. The
highly branched clade revealed 100% similarity between Enterococ-
cus faecalis KIBGE-AB6 and Enterococcus faecalis ATCC 19433.
Another isolate Enterococcus faecalis KIBGE-AB5 is also 100% simi-
lar to Enterococcus faecalis DD28. The third isolate Enterococcus fae-
calis KIBGE-AB?7 is placed in a separate branch with similarity value
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16% Escherichia coli FWSECO0003 [CP031916]
45% _|: Escherichia coli 219 [CP020514]
79% '——— Escherichia coli FWSEC0005 [CP031912]
91% Escherichia coli 720632 [CP025842]
83% Escherichia coli KIBGE-AB3 [MK855427]
Escherichia fergusonii JCM 5899 [LC462163]
73% Shigella sonnei AR5-10 [MH828356]
31% Shigella flexneri AUSMDUO00008332 [LR213455]
m{: Shigella flexneri UCC 157 [MH196341]
Escherichia coli PAK/SA8 [MK778503]
86% L Escherichia coli 144 [MH671464]
Streptococcus pneumoniae NCTC 7465 [NR118939]
ooz 1

Fig. 3. Phylogenetic relationship of Escherichia coli KIBGE-AB3 with related genus and species of Enterobacteriaceae.

20% Escherichia coli FWSEC0003 [CP031916]
ﬁlr: Escherichia coli 219 [CP020514]
99% Escherichia coli FWSEC0005 [CP031912]

40% Escherichia coli 720632 [CP025842]

Escherichia coli t3.3 [MK878421]

40% Escherichia coli NRRL B-1109 [CP039753]

[—— Escherichia coli KIBGE-AB4 [MK855428]

87% 90% L Escherichia coli BEE25 [EF560792]

Shigella sonnei AR5-10 [MH828356]

94% 69% Escherichia fergusonii JCM 5899 [LC462163]
54% Shigella flexneri AUSMDU00008332 [LR213455]
_INT: Shigella flexneri UCC 157 [MH196341]

[—— Escherichia coli PAK/SA8 [MK778503]
80% b Escherichia coli 144 [MH671464]
Escherichia coli IPG [KC893337]

Escherichia coli KIBGE-AB8 [MK956192]
Streptococcus pneumoniae NCTC 7465 [NR118939]

32%

99%

0.02

Fig. 4. Phylogenetic relationship of Escherichia coli KIBGE-AB4 and Escherichia coli KIBGE-AB8 with related genus and species of Enterobacteriaceae.

99% Enterococcus faecalis KIBGE-AB6 [MK855420]
89% _|: Enterococcus faecalis CMFRI_FNO1 [MK795516]

63% L Fnterococcus sp. Bt 48 [AJ971926]

38%

Enterococcus faecalis DENG1 [CP004081]

0,
76% Enterococcus faecalis CE_3_5 [MK791590]

0,
85% Enterococcus faecalis FC [CP028835]

Enterococcus faecalis 110 [CP039752]

Weissella cibaria KU302758 [MH346259]
77% _|: Enterococcus faecalis ST5 [MK894863]
68% Escherichia fergusonii JCM 5899 [LC462163]

Bacterium GIm16 [MH569446]

0.02

Fig. 5. Phylogenetic relationship of Enterococcus faecalis KIBGE-AB6 with related genus and species of Enterococcus.

of 99% to the different probiotic strains. Notably, the reference 3.5. Accession numbers

sequences used for comparison, alignment and phylogenetic dis-

tance estimation are already tested and confirmed as probiotic The bacterial sequences were deposited in GenBank with the
bacteria (Al Atya et al., 2015). accession numbers as MK850406 (Enterococcus faecium KIBGE-



Z. Rashid et al. /Journal of King Saud University - Science 32 (2020) 1034-1041 1039

Enter: f:

is KIBGE-AB5 [MK955538]

92% !
L%I_|— Enterococcus faecalis e [MG188318]
91% i

89%
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0.02
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Fig. 6. Phylogenetic relationship of Enterococcus faecalis KIBGE-AB5 and Enterococcus faecalis KIBGE-AB7 with related genus and species of Enterococcus.

ﬂ: Enterococcus faecium KIBGE-AB2 [MK850407]
88% Enterococcus faecium E8407 [LR536658]

Lactobacillus sp. UVAS:RY7 [MG938651]

Enterococcus faecium E6020 [LR536640]

Enterococcus faecium E7160 [LR536662]

Enterococcus sp. BACD [MH211416]
Enterococcus faecium BPB31 [MK748264]

77% _: Enterococcus faecium QU 50 [AP019394]
89% Enterococcus faecium NM213 [CP034949]

78%
58%

66%
0.02

Escherichia fergusonii JCM 5899 [LC462163]

Fig. 7. Phylogenetic relationship of Enterococcus faecium KIBGE-AB2 with related genus and species of Enterococcus.

Species/Abbry
1. Enterococcus faecais KIBGE-ABT IK855421
2. Enterococcus faecais KBGE-ABG IK855420
3. Enterococeus faecalis KIBGE-ABS MK955533
4. Enterococcus faecalis DD97 KPOS7875

5. Enterococeus faecalis DD90 KPOS7873

6. Enterococcus faecalis D28 KP057872

7. Enterococcus faecais DD14 KPOS7871

8. Enterococcus faecalis DD101 KP0S7876

9. Enterococcus faecals ATCC 19433 NR_115765)G A G

R R R KR G

talH|’tt:’t‘ettt’HH:::'::‘:::H

Cop B By B> )
G G G G i

Fig. 8. Sequence alignment of Enterococcus faecalis KIBGE-AB5, Enterococcus faecalis KIBGE-AB6 and Enterococcus faecalis KIBGE-AB7 with probiotic bacterial strains.

AB1), MK850407 (Enterococcus faecium KIBGE-AB2), MK855427
(Escherichia coli KIBGE-AB3), MK855428 (Escherichia coli KIBGE-
AB4), MK955538 (Enterococcus faecalis KIBGE-AB5), MK855420
(Enterococcus faecalis KIBGE-AB6), MK855421 (Enterococcus faecalis
KIBGE-AB7) and MK956192 (Escherichia coli KIBGE-ABS).

4. Discussion

In the current study, on the basis of 16S rRNA gene variation
unknown bacterial cultures were isolated, sequenced and analyzed
by bioinformatics tools to decipher their taxonomic assignment.

The data from all study groups in cecum and ileum region showed
that the bacterial isolates mainly belonged to Enterococcus faecium,
Enterococcus faecalis and Escherichia coli.

Recently, gut microbiota emerged as an animal performance
biomarker for estimation of animal health. In the light of various
challenges (strain selection, use of antibiotics, raised costs, and
environmental changes) faced by poultry industry the supply of
disease free, healthy, and economically stable poultry is
quintessential (Ahsan et al., 2018; Tindall et al., 2010). Phytogenic
feed additives (PFA) consist of variety of bioactive compounds
which proliferates the growth of beneficial bacteria thus, aiding
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80%

100% Enterococcus faecalis ATCC 19433 [NR_115765]
73% Enterococcus faecalis KIBGE-AB6 [MK855420]

99%

Enterococcus faecalis DD97 [KP057875]

100%

Enterococcus faecalis DD101 [KP057876]

Enterococcus faecalis DD90 [KP057873]

Enterococcus faecalis KIBGE-AB7 [MK855421]

Enterococcus faecalis DD14 [KP057871]

| —— Enterococcus faecalis DD28 [KP057872]

100% L Enterococcus faecalis KIBGE-AB5 [MK955538]

0.02

Fig. 9. Phylogenetic relationship of Enterococcus faecium KIBGE-AB2 with related genus and species of Enterococcus.

the host in proper utilization of energy from diet. Similarly, organic
acids are also used in chicken feed because of their ability to lower
gut pH which is unfavorable for most pathogenic bacteria (Dittoe
et al., 2018; Khan and Igbal, 2016; Suresh et al., 2018). Bacterial
cultures isolated from phytogenic feed additive (PFAs) and organic
acid groups predominantly belong to E. faecalis and E. faecium. Both
are bacteriocin producing strains of Enterococci. Their presence in
natural growth promoter groups depicted that these feed additives
promote the growth of probiotic bacteria in chicken gut which
enhances animal health and efficiency.

The lactic acid bacteria, Enterococci includes a variety of benefi-
cial and pathogenic microorganisms found ubiquitously in envi-
ronment mostly as gut symbionts. Enterococci have the ability to
tolerate change in pH, temperature and salt concentrations which
makes them highly adaptive to several food systems (Hanchi et al.,
2018). Some strains of Enterococci produce bacteriocins, which is
applied for food products preservation and currently being consid-
ered as a probiotic trait. Besides, to combat emerging antimicrobial
resistance bacteriocins are being recognized as promising alterna-
tives (Gupta and Tiwari, 2015; Hammami et al.,, 2013; Henning
et al., 2015).

Among Enterococci, discrete strains of E. faecalis and E. faecium
are being used as probiotics or feed additives because of bacteri-
ocin production. The produced bacteriocin of Enterococci is com-
monly known as enterocins. The main producers of enterocins in
genus Enterococcus are E. faecium and E. faecalis and to a minor
extent E. hirae, E. durans and E. avium (Aguayo et al., 2018; Fisher
and Phillips, 2009). Enterocins shows anti-microbial activity
against both gram-negative and gram-positive bacteria. E. faecium
produces enterocin AS-48 which inhibits growth of Listeria and is
also active against methicillin-resistant Staphylococcus aureus
(MRSA) and prevents film formation. Notably, E. faecium ST5Ha
produces bacteriocin ST5Ha which exhibits antiviral activity
against Herpes simplex virus HSV1 and HSV2 (Al Atya et al,
2015; Khan et al.,, 2010; Todorov et al., 2010). The main factor to
distinguish between pathogenic Enterococcus and probiotic Entero-
coccus strains is ampicillin sensitivity. Probiotic Enterococcus
strains which can be supplied in animal feed should be susceptible
to ampicillin (MIC < 2 mg/L) with the absence of these genetic ele-
ments hylEfm, IS16, and esp (Brodmann et al., 2017).

Chicken gut bacteria have historically been studied mainly
using classical culture-based methods which rely on highly selec-
tivity in culturing bacteria under specific conditions as a result
large proportion of uncultured bacteria remain unidentified.
Culture-independent analysis of chicken gut microbiota revealed
a great diversity in bacterial population across various sections of

gastrointestinal tract. Phylogenetic studies of chicken gut bacteria
based on 16S rRNA gene using molecular and biotechnological
approaches showed dynamic shifts in taxonomic community of
cecal flora from Bacteroides, Firmicutes, and Proteobacteria, to nearly
complete Firmicutes at 21 days. It has been reported that cecal pop-
ulation mainly comprises of anaerobes such as: Clostridium and
Campylobacter spp. contrastingly, the microbial community in
ileum is less diverse and predominantly comprises of Lactobacilli
(Choi et al., 2015; Shang et al., 2018a). The composition of chicken
ileal gut flora using 16S rDNA primers described the abundance of
three major genera of bacteria in ileum including Lactobacilli, Ente-
rococcus, and Butyrate-producing bacteria (Shang et al., 2018b).
Overall, the exploration of diversity and succession of stable gut
flora depends on dietary composition/treatments, breed, environ-
mental factors, sequencing approach, primers and geographical
distribution.

5. Conclusions

The current work illustrates that dietary inclusion of phytogenic
feed additives (PFAs) and organic acids successfully modulates gut
flora and proliferates growth of probiotic bacteria. The indige-
nously isolated probiotic bacteria of this study might serve as
potential probiotic bacteria for animal feed. By using the strategy
of 16S rRNA gene profiling unidentified bacteria can be genotyped
and characterized. These findings are potentially significant for
better understanding and designing nutritional strategies for deci-
phering chicken gut bacteria. However, these findings are still con-
sidered insufficient and require further validation in future using
high-through put sequencing approach for extensive analysis of
probiotic bacterial strains along with in-depth investigation of
other gut performance biomarkers.
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