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1 | INTRODUCTION Rome IV criteria. It is characterized by abdominal pain and changes

in stool consistency and frequency, along with other common symp-
Irritable bowel syndrome (IBS) is one of the most common functional toms such as abdominal distension and bloating. According to pre-
gastrointestinal disorder (FGID) affecting about 11% of adult popu- dominant bowel habit, patients are classified into four subgroups:
lation worldwide. Due to the lack of specific and sensitive diagnos- IBS with predominant constipation (IBS-C), IBS with predominant

tic biomarkers, IBS is still diagnosed by symptomatic criteria, that is, diarrhea (IBS-D), mixed IBS (IBS-M), and IBS without type (IBS-U)
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(where the stool pattern cannot accurately include the patient in one
of the other three groups).

Although the origin of IBS has remained unresolved, growing
evidence suggests that factors including food, bile acids, antibiot-
ics and infections, gender, and psychosocial events are involved.
In genetically and epigenetically predisposed individuals, these
factors may increase intestinal permeability by causing changes in
the function of the intestinal epithelial barrier. As a result, through
the activation of local and brain immune responses as well as the
neuroendocrine ones and changes in the microbiota, it can cause
abnormal secretion and sensory-motor output in the gut, which
is related to the duration and severity of the disease symptoms
(Rodifio-Janeiro et al., 2018).

Gut microbiota refers to the microorganisms that reside in var-
ious parts of the human body from birth, including skin, oral cavity,
vagina, and gastrointestinal tract (GIT). The gastrointestinal tract
hosts between 500 and 1000 various species of bacteria, with the
exact composition varying from person to person. In adults, the mi-
crobiota composition is influenced by factors such as diet, region,
and consumption of oral antibiotics. It is also believed that more sig-
nificant alterations occur in old age. Dysbiosis (also known as dys-
bacteriosis) refers to microbial imbalance on or in the body and is
usually reported in terms of changes in the digestive tract. Many
factors can negatively affect the commensal gut microbiota and
strengthen dysbiosis, including antibiotic consumption, mental and
physical stress, radiation, alteration in peristalsis (intestinal move-
ments), and changes in diet (Moraes-Filho & Quigley, 2015).

Overall, the data suggest that in IBS, there is a relative in-
crease in proinflammatory bacterial species like Enterobacteriaceae,
while Lactobacillus and Bifidobacterium decrease. The ability of
Lactobacillus and Bifidobacterium genera to interact with other bac-
terial species or the host can lead to modulate the microbiota and
immune system (Rodifio-Janeiro et al., 2018).

LAB are mostly denoted as a nontaxonomic heterogeneous
group of Gram-positive, nonspore-forming, facultative anaero-
bic bacteria with low guanine-cytosine (GC) content. They are
classified into seven phylogenetic groups, including Lactobacillus,
Leuconostoc, Enterococcus, Lactococcus, Pediococcus, Streptococcus,
and Oenococcus. Accurate identification of LAB is crucial for their
technological, ecological, and safety applications (Ali Baradaran
etal., 2012).

In recent years, advances in microbial biodiversity and under-
standing of microbial interactions with the host cells have led to the
identification of molecules and systems that can impact health or
disease (Pelinescu et al., 2011). LAB and Bifidobacteria are the most
frequent types of microbes used as probiotics (Zhu et al., 2011).
These bacteria are typically found in carbohydrate-rich media such
as plants, fermented foods, and mammalian mucosal surfaces like
mouth, gut, and vagina (Dallal et al., 2017). LAB isolated from human
gut are particularly advantageous owing to their adaptation to the
GIT environment and ability to colonize the gut for long periods.
When consumed in adequate amounts, LAB can provide health ben-
efits to the host (Wang et al., 2021).

Traditional physicochemical and biochemical identification meth-
ods are often unreliable because of the similar morphological and nu-
tritional requirements of different species. Genotype-based methods,
such as 16S rDNA sequencing, are independent of growth conditions
and robust alternatives to the phenotypic ones. The use of 16S rDNA
sequencing can be linked to databases that provide up to 100,000 se-
quences for the phylogenetic framework (Ali Baradaran et al., 2012).

On the other hand, we still lack effective approaches to alter the
natural history of the disease. Targeting the microbiome could be
one of these approaches, as IBS patients show several qualitative
and quantitative changes in fecal microbiota. Therefore, the role of
intestinal microbiota appears to be a fundamental feature in creating
future therapeutic approaches for IBS (Rodifio-Janeiro et al., 2018).

This work aimed to isolate indigenous LAB from the feces of
people with IBS and healthy people (control), as well as identifying
and characterizing their biochemical properties such as resistance
to variations in temperature and sodium chloride concentration,
acidifying capacity, gas production, Gram staining, and catalase test.
Subsequently, a number of bacteria with the best LAB biochemical
properties were selected. Finally, alterations in the commensal mi-
crobiota were examined using polymerase chain reaction (PCR) and
16S rRNA gene sequencing by comparing the selected LAB isolated
from the IBS and healthy individuals under laboratory conditions.

2 | MATERIALS AND METHODS
2.1 | Participants

All procedures were performed in accordance with the standard
guidelines for the care and use of human subjects and the study con-
ducted at the Department of Food Science and Technology, Faculty
of Agriculture, Ferdowsi University of Mashhad and the Department
of Laboratory Sciences, School of Paramedical Sciences, Mashhad
University of Medical Sciences, both located in Mashhad, Iran.

All the participants were provided with written information, and
their written consent to participate was obtained. Stool samples were
collected from 15 adults with confirmed IBS and 13 healthy individuals.

The presence of gastrointestinal symptoms, suggestive of IBS
according to Rome |V criteria (Lacy & Patel, 2017), was assessed by
experienced gastroenterologists and fecal calprotectin level test.
In order to obtain the necessary information about the amount and
severity of each patient's pain and existing symptoms, a question-
naire was prepared based on the study previously conducted by
Kosako et al. (2018). The participants with metabolic and infectious
diseases, lactose intolerance, earlier abdominal surgeries, celiac
disease, pregnancy, or structural abnormalities of the GIT were ex-
cluded. The participants had not taken any probiotics or antibiot-
ics within the 3months before providing their samples. The mean
age of the IBS participants was (mean=+SD) 28.46 +6.98years old,
while the adult and infant healthy participants were 52.40+6.18 and
1.66+0.57 years old, respectively, with a male to female ratio of 7:8
in the IBS and 6:7 in the healthy ones (Table 1a).
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TABLE 1 Characteristics of the (a) participants and (b) 15
irritable bowel syndrome (IBS) patients.

(a)

Healthy group  Healthy group

Characteristics IBS group (adult) (infants)

No. of participants 15 10 3

Age (years) 28.46+6.98 52.40+6.18 1.66+0.57

Sex (M:F) 7:8 3.7 3:0

(b)

IBS characteristics n=15 (%)
Subtype

Diarrhea 5(33.33)
Constipation 8(53.33)
Mixed 2(13.33)
Abdominal pain

0 2(13.33)
1 2(13.33)
2 3(20.00)
3 7 (46.66)
4 1(6.66)
Feeling pain (day/week)

0D/W 3(20.00)
1D/W 1(6.66)
2-3D/W 4(26.66)
4-5D/W 4 (26.66)
>5 D/W 3(20.00)
Abdominal bloating

0 0

1 3(20.00)
2 6 (40.00)
8 5(33.33)
4 1(6.66)
Bowel movements

0 1(6.66)
1 4 (26.66)
2 7 (46.66)
3 2(13.33)
4 1(6.66)

Note: Data are mean+standard deviation.
Results are presented as number (percentage).
0: None, 1: Mild, 2: Moderate, 3: Severe, 4: Critical.

2.2 | Sampling, isolation, and purification of LAB

Human fecal samples from the intended individuals were collected
in sterile containers, kept in an ice box (at 4+1°C), and transported
to laboratory within an hour for immediate processing (Gomathi
etal., 2014). To isolate LAB, 1g of each fecal sample was homogenized
in 9mL of 1% peptone water buffered (0.85% NaCl, 0.1% peptone,

and 0.01% cysteine at pH7.0). An enriched culture of 1mL was se-
rially diluted (10-fold) in peptone water buffered, and each serial di-
lution was spread onto De Man, Rogosa, and Sharp (MRS) agar for
LAB isolation and MRS supplemented with 0.5% L-cysteine.HCI for
LAB isolation and bifidobacteria growth. The plates were incubated
under aerobic and anaerobic conditions at 37°C for 24-48h using the
conventional pour plate or spread method for microbe enumeration
(Khalil et al., 2007). The well-isolated colonies were randomly picked
from the MRS plates with 30-300 colonies based on the colony mor-
phology and/or color (Ni et al., 2015). They were then inoculated into
MRS broth under the same conditions. The selected colonies were pu-
rified by repeated streaking on the corresponding isolation medium
plates. Finally, the overnight cultures of all the isolated colonies (Gram-
positive and catalase-negative) in MRS broth containing 30% glycerol
were stored at -80°C as stock cultures. Before being used, the iso-
lated strains were refreshed in MRS broth at 37°C for 24h under an-
aerobic conditions and subcultured on MRS agar (Tinrat et al., 2011).

2.3 | Identification and examination of phenotypic
characteristics

2.3.1 | Confirmation tests

Catalase activity

The overnight cultures of the isolates were grown on MRS agar at
37°C for 24h under anaerobic conditions. The catalase test was
conducted by dripping two drops of hydrogen peroxide (3%) on the
24-h-old cultures on a glass slide. The catalase test showed positive
reaction characterized by the formation of oxygen bubbles indicat-
ing the production of catalase by the tested bacterium. Therefore,
the isolates which did not produce gas bubbles were selected for

subsequent activities (Kumar et al., 2017).

2.3.2 | Morphological, physiological, and
biochemical tests of LAB isolates

The LAB isolates were identified according to their morphological,
physiological, and biochemical characteristics. In this in vitro study, a
basic MRS medium was utilized, and an overnight culture of every in-
dividual isolate was employed as an inoculum (Menconi et al., 2014).

Cell morphology

The wet mounts of the overnight cultures were prepared on micro-
scopic slides and evaluated under a light microscope with oil im-
mersion objectives. Cellular morphology, including cell shape and
arrangements, was taken into consideration during the examination
(Mulaw et al., 2019).

Acidifying capacity
To test the acidification capacity, vials containing 10mL of MRS
broth (pH 7.0) were used. After incubation at 32°C for 24 h, the pH

85U8017 SUOWILLOD BATE81D 3ded!|dde ayy Aq pausenob s saoiie O ‘88N JO Sa|ni 1o} Afed 18Ul UO 8|1 UO (SUORIPUOD-PUR-SUIBIALI0D" A 1M"ALeIq | Bul [UO//:SdNY) SUORIPUOD Pue SWe | 8U188S " [7202/60/0€] Uo AriqiTauluo A8|iMm * (-ouleAnge ) sqnopesy - UseuewieAe A PRose|N Ad /.t €US}/Z00T OT/I0p/wod A8 i Afelq i jeul|uoy//sdny wolj pepeojumod ‘0 ‘2LT/8702



ﬂ—Wl LEY-

AZIMI ET AL.

value was determined using an AZ86502 pH meter (AZ instruments)
(Greco et al., 2005).

Gas production from LAB isolates

In order to determine the homofermentative and heterofermenta-
tive characteristics of the LAB isolates, CO, production from glu-
cose was measured in modified MRS broth containing 1% glucose
with inverted Durham tubes. The culture medium was prepared in a
glass test tube with Durham tubes immersed in the broth. An over-
night culture of the LAB isolates (5% v/v) was inoculated into the
broth and covered with sterile oil to prevent oxidation before being
incubated at 30°C for 48h under anaerobic conditions. If CO, was
produced from the fermented glucose, the result was declared posi-
tive (Ali Baradaran et al., 2012).

Growth at different temperatures

Tubes containing MRS broth were inoculated with the pure colo-
nies grown on MRS agar and incubated in anaerobic jars at differ-
ent temperatures (15°C, 30°C, 37°C, and 45°C) for 72h. If turbidity
was observed after 72h, positive results would be reported (Dallal
etal., 2017).

Growth at different NaCl concentrations

To assess the resistance of the LAB isolates to varying NaCl concen-
trations, 4% and 6.5% (w/v) NaCl concentrations were selected for
testing. Test tubes containing 5mL of MRS broth and the respective
NaCl concentrations were prepared and inoculated with 50 uL of 1%
overnight culture of each LAB isolate. Next, the tubes were incu-
bated at 37°C for 7days, and growth was observed visually by the
appearance of turbidity (Mulaw et al., 2019).

Growth at different pH values

The pH resistance test was performed to select the LAB isolates
which could still grow in MRS broth with acidic environment at
pH values of 3, 4, and in neutral conditions, that is, pH7. For this
purpose, 5-mL tubes of acidified MRS broth were inoculated with
1% overnight culture of the LAB isolates and further incubated at
30°C for 7days. Growth was marked by turbidity in the media (Ni
etal., 2015).

2.4 | Genotypic characterization

241 | Genomic DNA preparation for PCR and
sequencing

The overnight culture of each strain was streak plated on MRS agar
(Sigma-Aldrich) and incubated at 37°C under anaerobic conditions
for 48h. Genomic DNA was extracted from a single colony of each
strain using the SinaPure™ DNA extraction kit (Sinaclon) based on
the manufacturer's instructions. The DNA concentration was de-

termined using a microplate reader (Biotek-Epoch7) at 260nm, and

its quality was assessed by the ratio of the absorbance readings at
260 and 280nm. Furthermore, electrophoresis was performed on
1% agarose gel in TBE 1X buffer and photographed under UV light.
DNA was stored at -20°C and used for all the PCRs mentioned in
this study (Adimpong et al., 2012).

2.4.2 | 16SrRNA Gene sequencing

All the isolated strains were identified by genetic analysis
through PCR and 16S rRNA sequencing. The universal PCR
primers 27F (5-AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5'-GGTTACCTTGTTACGACTT-3’) (Macrogen) were employed to
amplify the 16S rRNA gene (Wang et al., 2021). PCR was carried
out in a thermocycler (Sens Quest-labcycler) in a total volume of
25 L containing 12.5 pL 2X PCR master mix (SinaClon), 1 pL of each
of the forward and reverse primers (10 pmol/pL), 6.5 pL of sterile
nuclease-free deionized water, and 4 pL of template DNA, running
under the following temperature program: initial denaturation of
DNA at 95°C for 5min, 35 amplification cycles of 30-s denatura-
tion at 94°C, annealing at 55°C for 45 sec, plus 2-min elongation at
72°C, and a final 10-min extension step at 72°C. The tubes were
cooled to 4°C (Emerenini et al., 2013). Five-microliter aliquots of
the PCR products in combination with 1L of loading buffer were
analyzed by electrophoresis using a 1% (w/v) agarose gel in Tris
boric acid EDTA (TBE 1X) buffer, stained with ethidium bromide
(0.5png mL™), at 75V for 75-90 min. Afterward, the gel was placed
in Gel doc (Biomedical sab2-image pad M1) to detect the presence
of a band of 1500bp. The size of the DNA fragments was esti-
mated using a GeneRuler 100 bp Plus DNA Ladder (SinaClon). The
PCR products were sent to Pishgam Laboratories for sequencing.
Single-pass sequencing was conducted on each template using
primer 1492R.

2.4.3 | Phylogenetic analysis

An average of 1000bp nucleotides were read for each sequence
from one side, and the sequence homologies were examined by
comparing the obtained sequences with the 16S rRNA ones avail-
able in the National Center of Biotechnology Information (NCBI)
GenBank gene database website (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) using the Basic Local Alignment Search Tool (BLAST)
program (Lacy & Patel, 2017). The isolates with a minimum of
98% similarity in sequences were considered the same species.
Multiple sequence alighments were analyzed using BioEdit soft-
ware version 7.0.0. To construct a phylogenetic tree and to com-
pare similarities among the sequences by the neighbor-joining
method, MEGA software version 11 was applied (https://www.
megasoftware.net/) (Tamura et al., 2021). The stability of the
tree was evaluated by bootstrap method using 1000 replications
(Sulistiani et al., 2014).
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2.5 | Statistical analysis

The data were analyzed using descriptive statistics, mean, standard
deviation, and graphs. Microbial counts were expressed as log10
colony-forming units (CFU) per gram feces, and the results were
presented as mean +standard deviation. Statistical analysis was per-
formed using GraphPad Prism 9.5.1, while the correlation diagrams
were generated using Python software version 3.8. BioEdit and
Megall were utilized for sequence editing and phylogenetic tree

design, respectively.

3 | RESULTS

3.1 | IBS diagnosis and symptoms

Irritable bowel syndrome (IBS) was diagnosed by a gastroenter-
ologist and differentiated by calprotectin test from healthy peo-
ple and those with inflammatory bowel disease (IBD). The results

showed that calprotectin levels in individuals with IBS were higher

TABLE 2 Viable cell count of lactic acid bacteria (LAB) in stool.

Participant's code (healthy) LAB count
MH.H 8.678766618
MA.H 7.735308499
AG.H 5.354806662
ME.H 5.827839035
ME.H.L 5.943134628
SM.H 6.401870302
AG.H.L 5.447862483
SM.H.L 7.913332106
FAH 7.768503561
FA.H.L 6.649688807
FG.H 5.231608587
FG.H.L 5.736758565
MA.H.L 5.402652111
AV.H 6.41039375
FF.H 6.520900179
FF.H.L 6.722035308
AV.H.L 5.96933118
FN.H.L 7.429899026
MJ.H.L 6.729459326
FN.H 7.335184272
MJ.H 6.648803395
BA.H 9.841416356
NG.H.L 5.934039123
NG.H 5.702508865

Note: Unit: Log,, colony-forming unit (CFU)/g sample.

than in healthy individuals, but lower than in those with IBD. The
IBS symptom scores and subtypes are shown in Table 1b according
to the questionnaire answered by the participants. The individu-
als with IBS-C constituted almost half of the patients' population,
while the ones with IBS-D and IBS-M, respectively, accounted
for 33.33% and 13.33% of the studied patients. Of the ones with
IBS, 46.66% experienced severe pain lasting for 2-5days a week
in almost half of the population. Abdominal bloating and bowel
movements were also reported to be moderate in most of the

participants.

3.2 | Enumeration of isolates and phenotypic
properties

The viable counts of the LAB present in the samples are summarized
in Table 2. The total counts of the LAB varied from 4.07 to 7.78 and
5.23 to 9.84 log CFU mL™ in 15 IBS and 13 healthy fecal samples,
respectively. The average LAB counts in the samples of the IBS and

healthy individuals were 5.91 and 6.63 log CFUmML™, respectively

Participant's code (IBS) LAB count
ME.S 4.072550667
ME.S.L 4.072550667
PG.S 5.119975317
PG.S.L 4.674610658
MH.S 7.592580471
MH.S.L 7.78142896
AM.S.L 6.534948665
SM.S.L 4.685334524
JVS.L 5.861697302
JV.S 5.915255894
MJ.S.L 7.168122329
MJ.S 6.746775686
ZP.S 5.861697302
ZP.S.L 6.847909017
MA.S 6.409625767
MA.S.L 5.28082661
BA.S 5.59207577
BA.S.L 5.677109004
FF.S 5.806796432
FF.S.L 6.144715695
PGH.S.L 7.520900179
PGH.S 7.581856605
MEJ.S.L 6.052029
MEJ.S 5.994037053
FS.S 4.455536963
FS.S.L 4.450668919
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FIGURE 1 The number (mean+standard deviation) of lactic acid
bacteria (LAB) in the feces of IBS-suffering and healthy individuals.

(Figure 1). The Gram-positive and catalase-negative bacteria grow-
ing on MRS agar were considered presumptive LAB. In total, 50
presumptive LAB were selected from 82 isolates given their Gram
staining and catalase activity.

On MRS agar, the strains of both the IBS and healthy groups
produced round milky white colonies of 1-2mm in diameter, with
regular edges, a slightly raised center, and an opaque smooth
surface. The majority of the isolated strains were cocci (65.38%
in the IBS participants and 75% in the healthy ones), and the re-
mainders were rod shaped (34.61% in the IBS group and 25% in
the healthy one). The cells of the isolates in the coccus type were
arranged either in pairs or single, while the rod-shaped cells were
almost single, except the MA.H.L one (Table 3a,b). The morphol-
ogy of the two strain groups was assessed using scanning electron
microscopy.

3.3 | Biochemical and physiological
characterization

The results of the biochemical and physiological measurements of
the isolates (Table 3a,b) indicated that all the 50 Gram-positive and
catalase-negative isolates had the ability to produce lactic acid but
not CO, from glucose, except for the FA.H.L strain from the group
of healthy people, which showed the presence of gas in the Durham
tube.

Regarding the resistance characteristics (Table 3a,b), all the iso-
lates recorded maximum growth at 37°C and 30°C with compara-
tively weaker growth at 15°C for two isolates of both the IBS and
healthy groups. However, four isolates of the IBS and one isolate of
the healthy groups did not grow at 15°C. In addition, four isolates of
both the IBS and healthy individuals exhibited no growth at 45°C.
Likewise, there were many variations among the tested isolates
when grown in media with low (4%) or high (6.5%) NaCl concentra-
tion such that weak growth was observed for four isolates of the IBS
and six isolates of the healthy groups at low NaCl concentration and
for eight isolates of the IBS and five isolates of the healthy groups at
high NaCl concentration. At 6.5% NaCl, five isolates grew from nei-
ther the IBS nor the healthy groups. The pH resistance test revealed

that 22 (84.61%) isolates of the IBS and 22 (91.66%) isolates of the
healthy groups could grow at pH4.5, of which three isolates from
the IBS group and four isolates from healthy one had weak growth,
whereas 4 (15.38%) isolates of the IBS individuals and 2 (8.33%) iso-
lates of the healthies could not grow at that pH. At the same time, at
higher pH values (4 and 7), all of the isolates grew well except BA.S.L

from the IBS group, which showed weak growth.

3.4 | Genotypic characterization
3.4.1 | DNA genome of LAB

The DNA band formation in agarose gels showed the migration
pathway of the DNA with varying band thicknesses (Figure 2a). As a
result of measuring the absorbance ratio of 260-280nm in the mi-
croplate reader, all the samples showed a good quality with a ratio
between 1.7 and 2.

3.4.2 | 16SrRNA gene of LAB

Based on the amplification results, the DNA bands of the isolates
are presented in Figure 2b demonstrating parallel DNA bands on the
marker at ~1500bp. Using 27F and 1492R primers, all the 50 LAB
isolates had successfully amplified 16S rRNA genes with expected
DNA fragment sizes of ~1500bp.

3.4.3 | 16S rRNA sequences and phylogenetic
analysis

The PCR products of the 50 strains were sequenced. After that,
their 16S rRNA gene sequences were deposited in GeneBank and
assigned to the accession numbers indicated in Table 4. The species
were initially determined by the BLAST program on NCBI with more
than 95% similarity for all the isolates except for seven of them,
which showed a similarity percentage above 90% (Table 4). Next, the
phylogenetic analysis of the representative strains of each IBS and
healthy group was performed to reveal the species and distribution
of the various LAB. The isolated strains were used to construct the
phylogenetic trees (Figure 3a,b).

In the IBS group, 26 isolates were categorized into five species
and subspecies. Enterococcus faecium included 14 strains occupy-
ing 53.84% of the entire isolates. Ligilactobacillus subsp. salivarius
had five isolates, which was the second big group with 19.23%.
Three isolates of Lactiplantibacillus plantarum and Enterococcus
avium were the third group with about 11.53%. The lowest per-
centage of the isolated strains was related to Lacticaseibacillus
rhamnosus which accounted for 3.84%. In the healthy group, 24
isolates were classified into seven species and subspecies. Among
them, half of the isolates were identified as E. faecium. Enterococcus
avium was the second group with three isolates (12.5%). Two
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TABLE 3 Physiological, morphological, and biochemical properties as well as comparative growth of the lactic acid bacteria (LAB) isolates
upon exposure to different conditions of pH, temperature, and salt (NaCl) concentration in (a) irritable bowel syndrome (IBS) and (b) healthy
individuals.

Cell Cell Gram Growth at temperature Growth in
Isolates shape arrangement staining Catalase  Production (°C) NaCl (%) Growth in pH
Gas  Acid 'S 30 37 45 4 65 3 4 7
(@
ME.S Cocci Single + - - + + + + + + + + + +
ME.S.L Cocci Single + - - + + + + + + + + + +
PG.S Cocci Single, Pairs + - - + + + + + + + + + +
PG.S.L Cocci Single + - - + W + + + + + + + +
MH.S Cocci Single + - - + + + + - + + + + +
MH.S.L Cocci Single + - - + + + + - + + + + +
AM.S.L Cocci Single + - - + W + + + + + + +
SM.S.L Rod Single + - - + + + + + - W + +
JVS.L Cocci Single + - - + + + + - W - - + +
JV.S Cocci Single + - - + + + + - + - + + +
MJ.S.L Cocci Single + - - + + + + + + W + + +
MJ.S Rod Single + - - + + + + + + + - + +
ZP.S Cocci Single + - - + + + + + + W + + +
ZPS.L Cocci Pairs, Chains + - - + + + + + + W + + +
MA.S Rod Single + - - + - + + + + + + + +
MA.S.L Rod Single + - - + + + + + + + + + +
BA.S Rod Single + - - + + + + + w W - + +
BA.S.L Rod Single + - - + + + + + w - w w +
FF.S Cocci Pairs, Chains + - - + + + + + + + + + +
FES.L Rod Single + - - + + + + + + + + + +
PGH.S.L Cocci Pairs, Chains + - - + - + + + + W + + +
PGH.S Cocci Pairs, Chains + - - + - + + + w - w + +
MEJ.S.L Cocci Single + - - w - + + + + W - + +
MEJ.S Cocci Single + - - + + + + + + W + + +
FS.S Rod Single + - - + + + + + w + + +
FS.S.L Rod Single + - - + + + + + + + + +
(b)
MH.H Cocci Single A = = aF = aF + = + + W + +
MA.H Cocci Single s = = A s AF AF i i i i + +
AG.H Cocci Pairs, Chains + - - + b 5 a5 + + + + + +
ME.H Cocci Single W = = 4 W 4 4 + + + w + +
ME.H.L Cocci Single A = = aF A aF + + + + + + +
SM.H Cocci Single F = - + + + + 4 4 oL + + +
AG.H.L Cocci Pairs, Chains A = = + + + + + + + 4= 4 o
SM.H.L Cocci Single F = = I W aF I I + + = + +
FA.H Rod Single aF = = 4 aF aF 4F + + + + + +
FAH.L Rod Single 4 = 4 + + + + + + + - Ee i
FG.H Rod Single aF = = + + + 4L 4 4 W + + +
FG.H.L Rod Single 4 = - + + + + 4 4 o + + +
MA.H.L Rod Single, Chains  + = = aF W + + + + + + L L
AV.H Cocci Single aF = = 3k aF + + = W - W 4x E

(Continues)
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TABLE 3  (Continued)

Cell Cell Gram Growth at temperature ~ Growth in
Isolates shape arrangement staining Catalase Production (°C) NaCl (%) Growth in pH
Gas  Acid 15 30 37 45 4 65 3 4 7

FF.H Cocci Single I = - + + + + ax aE W oL + +
FF.H.L Cocci Single 4 = = ar 4 aF + = "W - + + +
AV.H.L Rod Single I = - W + + x = W W = + +
FN.H.L Cocci Pairs, Chains 4 = - + + + aE L W = W + +
MJ.H.L Cocci Single & = - + + + + o W = Ee + +
FN.H Cocci Single A = = 4 A aF + + W = + + +
MJ.H Cocci Pairs 3 = - + + + + 4 4 W o + +
BA.H Cocci Single + - - 4+ + 4 4 4 4 W + + +
NG.H.L Cocci Pairs, Chains 3F = - + + + + ue 4 oL o + +
NG.H Cocci Pairs, Chains A = = w + + + + 4 + 4= ar 4

Note: Growth criteria: +, positive; w, weakly positive; -, negative.

Abbreviations: The first letter of each sample, the first letter of each sample's first name; the second letter of each sample, the first letter of each
sample's second name; S, the first letter of sick; H, the first letter of healthy; L, use of L-cysteine. HCl in the culture for growing of isolated bacteria.

isolates of each Enterococcus faecalis, Li. salivarius, and La. rhamno-
sus belonged to the third group with about 8.33%, and the lowest
percentage (4.16%) was associated with Limosilactobacillus fermen-
tum, Lacticaseibacillus paracasei, and Enterococcus mundtii with one
isolate for each.

From the results before, it can be concluded that E. faecium was
the predominant LAB species present in the feces of both the IBS
and healthy participants.

3.5 | Correlation of variables
This study focused on several variables including the identified bac-
terial strains, the health status of the community (whether they are
healthy or IBS suffering), the type of IBS if present, as well as the age
and gender of the participants. The correlation between these vari-
ables is depicted in Figure 4a,b in detail.

Notably, the age group of 21-30 had the highest correlation with
the IBS-None and health status, as most of the samples were in this
age group which was free of healthy samples. Moreover, over 50%
of this group (7 of 13 samples) had IBS-C, making it highly correlated
with this IBS type compared with IBS-D and IBS-M. Similar correla-
tions were observed for the other age groups and IBS types such as:

1. IBS-None and age group 0-10 (100% of the samples).
2. IBS-D and age group 31-40 (71.5% of the samples).
3. IBS-None (healthy) and age group 51-60 (83.3% of the samples).

Compared with the other age groups, 11-20years old demon-
strated the lowest correlation with health status and IBS-None, be-
cause there were only four samples in this category, none of which
had IBS-None.

Considering that 50% of the patients had IBS-C, this group had
the highest correlation with health status and IBS-None. IBS-D, with

a share of about 35% of the patient population, ranked second in
terms of correlation with health status and IBS-None.

Given that all the six samples identified as E. avium were isolated
from the male participants, three of which were in the age group of
0-10, there was a correlation between this species and the partici-
pants' gender as well as the age group. This conclusion is also true for
La. rhamnosus species and the female gender.

Enterococcus faecium had a high frequency; nevertheless, sym-
metrical gender distribution reduced its correlation with gender.
In addition, considering that five of seven strains of Lactobacillus
salivarius were isolated from the age group of 21-30, there was a
strong correlation between this species and the age group. IBS-M
patients all had Enterococcus faecium species, indicating a correlation
between this species and IBS-M.

The relationships between all the variables are illustrated in
Figure 4c using the swarm plot diagram.

4 | DISCUSSION

Gut microbiota is crucial for the preservation and performance of
this ecosystem. Dysbiosis has been linked to IBD like Crohn's disease
and ulcerative colitis. There is growing evidence suggesting that IBS
has an inflammatory basis, making it necessary to investigate micro-
bial dysbiosis in IBS (Codling et al., 2010).

The composition of gut microbiota in individuals with IBS com-
pared to healthy individuals has garnered significant attention in
recent research (Codling et al., 2010; Kassinen et al., 2007; Noor
et al.,, 2010). While these investigations have successfully high-
lighted various differences between these populations, there
remains a notable gap in the specific examination of lactic acid
bacteria (LAB) within the gut microbiota. Most existing studies
have concentrated on the broader role of microbiota in IBS and
healthy individuals (Chassard et al., 2012; Tap et al., 2017), or have
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FIGURE 2 DNA band formation (a) in agarose gel and (b) PCR
product bands on the marker at ~1500bp, using 27F and 1492R
primers.

explored therapeutic interventions such as probiotics for manag-
ing IBS symptoms (Ford et al., 2018; Harris & Baffy, 2017; Herndon
et al., 2020). Consequently, the biodiversity of LAB has not been
thoroughly investigated, leaving a critical area of exploration

underrepresented. This study aims to fill that void by examining
the biodiversity of intestinal LAB microbiota in both healthy and
IBS-affected subjects. Additionally, it seeks to elucidate the re-
lationship between this microbiota and other influencing factors,
such as age and gender, through the isolation and identification of
these microorganisms using advanced biochemical and molecular
techniques.

As reported by Ballou and Keefer (2017) and Fadgyas-Stanculete
et al. (2014), IBS pain can significantly impact daily life. In this re-
search, based on patient questionnaires, 46.66% of the patients
experienced pain for 5-6days a week, which can affect various as-
pects of life, including work, housework, and social activities (Ballou
& Keefer, 2017).

Probiotics and antibiotics can alter the intestinal microbiota
(Ford et al., 2018; Harris & Baffy, 2017; Herndon et al., 2020). To
prevent probiotic medicine or foods from interfering with our target
bacteria, we excluded patients from our study, who had been con-
suming these items based on their questionnaire responses.

Camilleri (2021) and Codling et al. (2010) evaluated intestinal
microbiota through feces and mucus with the aim of obtaining its
diversity and composition in the guts of IBS patients. However,
to avoid possible damage to the microbiota, we accessed the
gut microbiota through feces, in addition to the fact that this is
a more accessible method (Tap et al., 2017), similar to Kassinen
et al. (2007).

Our stool culture results revealed that the population of LAB in
the IBS patients is different from healthy individuals, with an aver-
age number of 5.91 in the sick people and 6.63 in the healthy ones
(p=.029). Chassard et al. (2012) also concluded that the number of
important LAB, Lactobacillus and Enterococcus, was higher in healthy
people than in sick ones (p=.0175).

Furthermore, MRS and MRS + L-cysteine.HClI culture media were
employed for the growth of the bacteria to investigate the aerobic
and anaerobic populations of the LAB. The ability of LAB to grow
in both aerobic and anaerobic conditions can suggest the faculta-
tive anaerobic nature of some LAB strains such as Enterococci and
Lactobacilli. On the other hand, our study found no significant dif-
ference in the number of facultative anaerobic LAB between the
healthy and IBS groups, which is consistent with the results reported
by Mitt6 et al. (2005).

One of the characteristics of LAB is their glucose consumption
method. The first group produces only lactic acid by consuming glu-
cose (homofermentative), but the second one produces gas in addi-
tion to lactic acid (heterofermentative) (Wood, 1992). According to
the research conducted by Wang et al. (2021) on LAB isolated from
infant feces, 16 bacteria were isolated, all of which were identified
as homofermentative. In this study, except for one isolate from the
group of healthy people, none of the LAB isolates were gas produc-
ing. Based on Mikelsaar et al. (2016) studies on the biodiversity of
intestinal LAB in a healthy population, LAB can be a group of fac-
ultative heterofermentatives, including L. casei, L. paracasei, L. plan-
tarum, and L. rhamnosus, which do not produce gas after glucose
consumption.
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TABLE 4 Identities of lactic acid bacteria (LAB) isolates through sequencing and GeneBank.
Gene bank Gene bank
Sample Scientific name Identity (%) accession no. Sample Scientific name Identity (%)  accession no.
MJ.S.L Enterococcus faecium 98.80 MN833007.1 FN.H.L Enterococcus 99.67 CP118955.1
faecium
MH.S.L Enterococcus faecium 96.68 MT545043.1 MA.H Enterococcus 98.95 MT378135.1
faecium
ZP.S Enterococcus faecium 99.35 MH976720.1 AG.H Enterococcus 99.89 KR265158.1
faecium
MA.S Ligilactobacillus salivarius 100 CP123971.1 AV.H Enterococcus avium 99.89 AP019814.1
AM.S.L Enterococcus avium 99.89 AP019814.1 FA.H Ligilactobacillus 99.78 CP123971.1
salivarius
JV.S.L Enterococcus avium 99.89 AP019814.1 FA.H.L Limosilactobacillus 99.89 CP124737.1
fermentum
MA.S.L Ligilactobacillus salivarius 99.35 CP123971.1 FG.H Lacticaseibacillus 97.45 MT611887.1
rhamnosus
MEJ.S.L Enterococcus faecium 99.44 AP027294.1 FG.H.L Lacticaseibacillus 97.45 0Q346358.1
rhamnosus
ME.S Enterococcus faecium 100 CP118955.1 ME.H Enterococcus 99.67 CP118548.1
faecium
ME.S.L Enterococcus faecium 99.56 CP118955.1 ME.H.L Enterococcus 99.35 CP118548.1
faecium
PGH.S.L Enterococcus faecium 98.91 MT545041.1 MJ.H.L Enterococcus 99.56 CP118955.1
faecium
PG.S Enterococcus faecium 99.35 MT378124.1 SM.H Enterococcus 99.46 CP118548.1
faecium
PG.S.L Enterococcus faecium 100 KR265158.1 AG.H.L Enterococcus 100 CP118955.1
faecium
SM.S.L Lacticaseibacillus rhamnosus 99.89 MT613492.1 FF.H Enterococcus avium 99.78 AP019814.1
BA.S Ligilactobacillus salivarius 97.18 CP123986.1 FF.H.L Enterococcus avium 100 AP019814.1
FF.S Enterococcus faecium 91.91 KX364714.1 FN.H Enterococcus 99.56 CP118955.1
faecium
FF.S.L Lactiplantibacillus plantarum 97.93 MF424544.1 MH.H Enterococcus 99.34 CP124778.1
faecalis
FS.S Ligilactobacillus salivarius 99.23 CP123971.1 MJ.H Enterococcus 91.53 MF369932.1
faecium
FS.S.L Ligilactobacillus salivarius 99.89 CP123971.1 NG.H.L Enterococcus 99.34 CP124778.1
faecalis
JV.S Enterococcus avium 99.89 AP019814.1 BA.H Enterococcus 93.66 MT597571.1
faecium
MEJ.S Enterococcus faecium 99.56 CP064279.1 MA.H.L Ligilactobacillus 99.45 CP123971.1
salivarius
MH.S Enterococcus faecium 99.89 CP066205.1 NG.H Enterococcus 91.83 KX267889.1
faecium
PGH.S Enterococcus faecium 95.10 MT597553.1 SM.H.L Enterococcus 91.56 MW135234.1
mundtii
BA.S.L Lactobacillus plantarum 91.99 JQ301796.1 AV.H.L Lacticaseibacillus 91.98 0OL469074.1
paracasei
MJ.S Lactiplantibacillus plantarum 98.05 0Q193027.1
ZP.S.L Enterococcus faecium 97.03 MT378113.1
Recent research has revealed that individuals with IBS accuracy (Liu et al., 2017), are not effective enough in studying
have a distinct gut microbiota, compared with healthy people the intestinal microbiota as they are resistant to these methods
(Camilleri, 2021; Carroll et al., 2011; Codling et al., 2010). Traditional (Codling et al., 2010). Therefore, we employed molecular methods
culture-based techniques, which lack complete precision and to identify the isolates.
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(a) 96 — Enterococcus avium (JV.S.L) (b) Ligilactobacillus salivarius (FA.H)
% | L Enterococcus avium (JV.S) Ligilactobacillus salivarius (MA.H.L)
% Enterococcus avium (AM.S.L) Limosilactobacillus fermentum (FA.H.L)
2 Enterococcus faecium (MH.S) Lacticaseibacillus paracasei (AV.H.L)
31 Enterococcus faecium (ME.S.L) Lacticaseibacillus rhamnosus (FG.H)
Enterococcus faecium (ME.S) Lacticaseibacillus rhamnosus (FG.H.L)
% Enterococcus faecium (PG.S.L) Enterococcus faecalis (MH.H)
= 34 Enterococcus faecium (ZP.S) Enterococcus faecalis (NG.H.L)
Enterococcus faecium (MEJ.S.L) Enterococcus avium (FF.H)
39 Enterococcus faecium (MJ.S.L) Enterococcus avium (AV.H)
Enterococcus faecium (PG.S) Enterococcus avium (FF.H.L)
30 48 L Enterococcus faecium (MEJ.S) 98 - Enterococcus faecium (FN.H.L)
L Enterococcus faecium (PGH.S.L) Enterococcus faecium (ME.H)
Enterococcus faecium (MH.S.L) ol = 67 — Enterococcus faecium (ME.H.L)
Enterococcus faecium (PGH.S) M Enterococcus faecium (FN.H)
Enterococcus faecium (FF.S) 40 Enterococcus faecium (AG.H)
Enterococcus faecium (ZP.S.L) 100 28 Enterococcus faecium (MJ.H.L)
Lactiplantibacillus plantarum (FF.S.L) 80 ™ Enterococcus faecium (AG.H.L)

Lactobacillus plantarum (BA.S.L)

Lactiplantibacillus plantarum (MJ.S)

= Ligilactobacillus salivarius (BA.S)
Ligilactobacillus salivarius (FS.S.L)
Ligilactobacillus salivarius (MA.S)
Ligilactobacillus salivarius (MA.S.L)

84
63 ’ |
87
55
62
99 ’ I
96 Lacticaseibacillus rhamnosus (SM.S.L)
99
84
27
48

Ligilactobacillus salivarius (FS.S)

Enterococcus faecium (SM.H)

Enterococcus faecium (MA.H)

Enterococcus faecium (BA.H)

Enterococcus faecium (NG.H)

o0 | [~ Enterococcus faecium (MJ.H)
53 - Enterococcus mundtii (SM.H.L)

FIGURE 3 Phylogenetic analysis of the representative strains of the (a) irritable bowel syndrome (IBS) and (b) healthy group.

Bacteroidetes and Firmicutes are the dominant populations of in-
testinal microbiota (Herndon et al., 2020; Zhuang et al., 2018). Since
the population in this research had the LAB belonging to the order
of Firmicutes, and Enterococcus is also classified as LAB (Mikelsaar
et al.,, 2016; Razickova et al., 2020), the species of this genus ac-
counted for the largest number in both the healthy and IBS-suffering
individuals using the identification method of 16S rRNA gene se-
quencing. However, the order Firmicutes was less prevalent in the
IBS patients compared with the healthy individuals. These findings
are aligned with the studies carried out by Zhuang et al. (2018) who
examined the microbial population in stool samples associated with
IBS-D.

Camilleri (2021) demonstrated that microbial population in IBS
patients differs in terms of diversity, compared with healthy indi-
viduals, and that the microbial diversity decreases with a change in
health status from healthy individuals to IBS patients and further to
individuals with acute IBD. In contrast, our study did not find a signif-
icant difference in microbial diversity between the sick and healthy
individuals. The only difference observed was in their resistance to

harsh conditions such as pH, temperature, and salt, which can be
attributed to the type of strain, that is, specific strain of LAB used
(Ljungh & Wadstrom, 2006).

Studies performed by Fadgyas-Stanculete et al. (2014), Kim and
Kim (2018), and El-Salhy et al. (2014) suggest that IBS is more preva-
lent in women, particularly those under 50years old. Gender-related
differences in IBS incidence become apparent around puberty, with
women experiencing a higher incidence than men. However, as in-
dividuals age, the incidence of IBS decreases in women but remains
constant in men between the ages of 20 and 70. Our research found
out that IBS was most prevalent among individuals aged 20-40,
with no significant difference observed between genders. This lack
of gender difference may be attributed to various factors including
clinical environment in terms of race, geography, the number of men
and women available to participate, or data collection methods (Kim
& Kim, 2018).

Regarding the subgroups of IBS, it has been realized that IBS
with predominant constipation is more common in women com-

pared with men. In a recent study, it was observed that women took
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Bacterial Species: Enterococcus faecalis 0 0 0 0 0 0 0 0
Racterial Species: Enterococens faceium 0 0 0 013 0 0 015 0

Bacterial Species: Enterococcus mundtii

Bacterial Species: Lacticascibacillus paracasei
Bacterial Species: Lacticaseibacillus rhamnosus

Bacterial Species: Lactiplantibacillus plantarum

Bacterial Species: Lactobacillus plantarum 0 0 0 0 0 0 0 0
Bacterial Species: Ligilactobacillus salivarius 0.33 0 0 0 0 0 0 0
Bacterial Species. Limosilactobacillus fermentum 0 0 0 0 0 0 0 0
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Gender 0 0 0.3
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Bactesial Species: Enterococcus avium
Bacterial Species: Enteroccccus faecalis
Bacterial Species: Enterococcus faecium
Bacterial Species: Enieroceecus muadii

Bacrerial Species: Lactebacillus plantarum

Bacterial Species: Lacticaseibacillus paracasei
Bacterial Species: Ligilactobacillus saivarius

Bacterial Species: Lactiplentibacillus plantorum

Bacterial Species: Lacticasei
Bacterial Species: Limosilactobacillus fermentum

FIGURE 4 (a) General and (b) detailed correlation, as well as (c) the relationships between all the variables including the identified
bacterial strains, the health status of the community [whether they are healthy or irritable bowel syndrome (IBS) suffering], the type of IBS if
present, the age and gender of the participants.
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FIGURE 4 (Continued)

up 30.76% of the IBS-C patient population, while only 19.23% were
men. This difference in prevalence could potentially be influenced
by sex hormones and their associated levels of stress experienced
by individuals (Kim & Kim, 2018).

5 | CONCLUSIONS

To summarize, our sequencing results found no significant differ-
ence in LAB strain diversity between healthy and IBS-suffering in-
dividuals, with E. faecium being the most prevalent strain in both
groups. However, resistance characteristics varied depending on
the strain and environmental conditions, with healthy stool iso-
lates exhibiting higher resistance. Gender and age were also found
to impact IBS, with a higher prevalence among individuals aged
20-40 and IBS-C more common in women, while IBS-D in men.
Understanding these differences can lead to improved clinical out-
comes. Further investigation into fecal LAB microbiota in terms
of probiotic and immunomodulatory properties in IBS patients
compared with healthy controls is necessary to develop optimal
personalized therapeutic strategies and clarify the underlying
pathophysiology of IBS. Overall, our study suggests that a reduc-
tion in the number of LAB in IBS patients may indicate a loss of
protective function rather than a specific organism contributing to
the development of IBS.
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