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Abstract

A total of 22 Lactobacillus strains, which were isolated from infant feces were evaluated for
their probiotic potential along with resistance to low pH and bile salts. Eight isolates (L. reu-
teri3MO02 and 3MO03, L. gasseri4M13, 4R22, 5R01, 5R02, and 5R13, and L. rhamnosus
4B15) with high tolerance to acid and bile salts, and ability to adhere to the intestine were
screened from 22 strains. Further, functional properties of 8 Lactobacillus strains, such

as anti-oxidation, inhibition of a-glucosidase activity, cholesterol-lowering, and anti-inflam-
mation were evaluated. The properties were strain-specific. Particularly, two strains of L.
rhamnosus, 4B15 (4B15) and L. gasseri 4M13 (4M13) showed considerably higher anti-oxi-
dation, inhibition of a-glucosidase activity, and cholesterol-lowering, and greater inhibition of
nitric oxide production than other strains. Moreover, the two selected strains substantially
inhibited the release of inflammatory mediators such as TNF-q, IL-6, IL-13, and IL-10 stimu-
lated the treatment of RAW 264.7 macrophages with LPS. In addition, whole genome
sequencing and comparative genomic analysis of 4B15 and 4M13 indicated them as novel
genomic strains. These results suggested that 4B15 and 4M13 showed the highest probiotic
potential and have an impact on immune health by modulating pro-inflammatory cytokines.

Introduction

Lactic acid bacteria, especially the species belonging to the genus Lactobacillus, such as L. aci-
dophilus, L. rhamnosus, L. gasseri, L. fermentum, and L. plantarum act as important probiotic
because of their strain-specific properties that are beneficial to health [1]. To function as probi-
otics, bacterial strains should meet certain requirements including resistance to high acid and
bile concentrations [2]. Other functional properties for characterizing probiotics are bacterial
adherence to intestinal epithelial cells, the production of antimicrobial compounds, and the
ability to modulate immune responses [2,3,4] for instance. Probiotic strains should be able to
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survive in the gastrointestinal tract in sufficient numbers, and have metabolic activities that are
beneficial to the host [5,6]. Previously, L. gasseri has been reported to produce a number of
bacteriocins, with the most well-characterized being gassericin A from L. gasseri LA39, which
was isolated from infant feces [7]. Verdenelli et al [8] isolated L. rhamnosus IMC 501 from
feces of elderly Italians, and the strain showed high adhesive ability and inhibitory activities
against pathogens, particularly Candida albicans. L. casei Zhang, which was isolated from kou-
miss, was also a potential probiotic with high acid resistance, bile salt resistance, gastrointesti-
nal persistence, and cholesterol-reducing and antimicrobial activities [9]. Lactobacillus strains
are found naturally in the human intestine, and for this reason, such strains are preferentially
developed for commercial use as probiotics. Some researchers reported that bacteria isolated
especially from the feces of infants or elderly humans possess potential probiotic properties
[8,10]. Currently, sufficient numbers of well-characterized probiotic strains are available for
commercial use around the world [11,12]. Recently, probiotics have emerged as potential,
novel, and natural therapeutic drugs [4]. Thus, the isolation and characterization of new
strains are still needed.

In this study, we isolated 22 Lactobacillus strains from infant feces, and evaluated their pro-
biotic potential along with resistance to high acid and bile concentrations; further, the various
functional properties of the selected isolates, such as adhesion to the intestine, anti-oxidation,
inhibition of a-glucosidase activity, cholesterol lowering, and anti-inflammation were investi-
gated. Additionally, whole-genome sequencing and comparative genomic analysis of the
selected probiotic strains were carried out to present complete genome sequence and genetic
properties.

Materials and methods

Isolation and identification of the Lactobacillus strains

A total of five healthy, exclusively new-born infants, aged under 2 weeks, were selected for the
study. The present study was conducted according to the guidelines laid down in the bioethics
and safety act of ministry of health and welfare (South Korea) and written informed consent
was obtained from the parents after a careful explanation of the research. The fecal samples
from breast-fed babies (under recruitment of the volunteers and rewritten informed parental
consent) were obtained directly from diapers. This study was approved by institutional review
board of Samsung Medical Center (IRB No. 2017-08-040). The samples (10 g) were weighed
aseptically, and homogenized for 2 min in a stomacher (Stomacher 80 Biomaster, Seward)
containing 90 ml of peptone water. Briefly, the homogenized samples were serially diluted
with 0.85% NaCl, and spread or streaked on the surface of MRS (de Man, Rogosa and Sharpe)
agar plates (Difco, Detroit, MI, USA), and the plates were incubated at 37°C for 48 h. A total of
8 Lactobacillus strains were isolated, and each strain was identified using MALDI-TOF mass
spectrometry to the species level (S1 Table). The pure cultures of the isolates were preserved in
MRS broth containing 50% (v/v) glycerol as a cryoprotectant at 80°C. The cultures were sub-
cultured thrice in MRS broth prior to use.

Determination of the probiotic properties in the gastrointestinal tract
model

Determination of resistance to acid and bile salts. The tolerance of the Lactobacillus
strains to acid and bile salts was tested as described previously by Zielinska et al. [2] with slight
modifications. Lactobacillus strains were cultured for 18 h in MRS medium, and then, 1% of

the cultures were transferred into 50 mM PBS (pH 3.0) with 1 N HCI, and 50 mM PBS (pH
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7.0) supplemented with 1% oxgall for testing the resistance to acid and bile salts, respectively.
Resistance was assessed in terms of viable colony counts, and viable colonies were enumerated
using the pour-plating method on MRS agar after incubation at 37°C for 2 h with PBS (pH
3.0) and for 6 h with oxgall medium.

Ability of adhesion to the intestine in HT-29 intestinal cells. The ability of Lactobacillus
strains to adhere to the intestine was determined using HT-29 cells by using a method that was
described by Kim et al. [13]. The adhesion ability was assessed in terms of viable colony counts,
and the number of viable cells of the Lactobacillus strains was counted by using the spread
plate method on MRS agar.

In vitro study of the functional properties of the Lactobacillus strains

Determination of the antioxidant activity. The antioxidant activities of Lactobacillus
strains were determined by estimating the reducing power and radical-scavenging ability
using the ferric-reducing antioxidant power (FRAP) assay, the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay, the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay, and
the oxygen radical absorbance capacity (ORAC) assay. The FRAP, DPPH, and ABTS assays
were performed by following the method described by Oh et al. [14], and the ORAC assay was
conducted using the procedures described by Roy et al. [15].

Determination of the inhibition of a-glucosidase activity. The estimation of the inhibi-
tion of a-glucosidase activity was carried out as described in a previous report [16] with slight
modifications. The supernatant, which was obtained through the sonication and centrifuga-
tion of rat intestinal acetone powder, was used as the source of crude intestinal o-glucosidase.
The crude enzyme was mixed and incubated with the samples and the substrate (p-nitrophe-
nyl-o-D-glucopyranoside) at 37 °C for 30 min. The reaction mixture was further incubated for
another 5 min at 100 °C in order to inactivate the enzyme and the release of nitrophenol was
read spectrophotometrically at 405 nm. Then, the inhibition of a-glucosidase activity was cal-
culated as (1- A/B) x 100, where A was the absorbance of the reactants with test samples, and B
was the absorbance of the reactants without the samples. Acarbose was used as the standard
reference.

Determination of the cholesterol-reducing activity. A quantitative assay for assessing
the cholesterol-reducing activity was conducted as described by Lee et al. [17] with minor
modifications. The amount of residual cholesterol in the cholesterol medium was measured
using the Total Cholesterol Assay Kit (Cell Biolabs, Inc., San Diego, CA, USA). The cholesterol
in the non-inoculated sterile broth was also analyzed in order to serve as a negative control.

Determination of the anti-inflammatory activity in RAW 264.7 macrophage cells.

RAW 264.7 macrophage cells were purchased from ATCC, and cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) (GE healthcare Life Sciences, Logan, UT, USA), supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin at 37°C in a humidified
atmosphere containing 5% CO,. To determine the anti-inflammatory activity, the macrophage
cells (1 x 10° cells/mL) were treated with 10° CFU/mL to 10* CFU/mL of selected Lactobacillus
strains in DMEM medium without antibiotics for 12 h before exposure to 100 ng/mL LPS for
18 h. The bacterial samples were dissolved in the medium lacking antibiotics, and added
directly to the cell culture medium. Each treatment was performed in six replicates in a single
experiment. The production of nitric oxide (NO) was measured using the Griess reaction [18].
Evaluation of the concentration of the cytokines released (TNF-c, IL-18, IL-6, and IL-10) in
the supernatants of the RAW 264.7 cell culture was carried out with enzyme-linked immuno-
sorbent assay kits (ELISA MAX Deluxe Set) (Biolegend Inc., San Diego, CA, USA) according
to the manufacturer’s instructions. Additionally, mRNA expressions of above four genes were
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determined with quantitative real-time PCR by following the method described by Lee et al.
[19].

Whole genome sequencing

Genomic DNA extraction and whole genome sequencing of L. rhamnosus 4B15 and L. gasseri
4M13 were performed as the method described by Oh et al. [20] with slight modifications. The
complete genomes of L. rhamnosus 4B15 and L. gasseri 4M13 were constructed de novo using
Pacific Biosciences (PacBio)_20K sequencing data and the sequencing analysis was performed
in Chunlab, Inc. (Seoul, Korea). The resulting contigs were scaffolded using PacBio SMRT
Analysis version 2.3.0 (Pacific Biosciences, Menlo Park, CA, USA). The raw PacBio sequencing
data of L. rhamnosus 4B15 and L. gasseri 4M13 were deposited at NCBI with accession num-
bers CP021426 and CP021427, respectively.

Comparative genomics

A total of four reference strains for each of the selected Lactobacillus strains 4B15 and 4M13
were obtained from the EzGenome database (http://ezgenome.ezbiocloud.net) as the closest
neighbors based on the average nucleotide identity (ANI) values, and these genomes were
used for comparative genomic analysis. The phylogenetic tree was constructed based on the
OrthoANTI algorithm in order to access overall similarity of genome sequences of the selected
Lactobacillus strains and the other four strains using CLgenomics™ software (ChunLab Inc.
Korea). The dendrogram and Venn diagram were constructed using CLgenomics™ software
based on the gene content (presence or absence) and pan-genome orthologous groups
(POGs), respectively [21].

Statistical analysis

All data are expressed as means + standard deviation (S.D.). The statistical significance of the
differences among the groups was assessed using an independent sample t-test or Duncan’s
multiple-range tests. SPSS software (version 22.0, IBM, Chicago, IL, USA) was used to perform
all statistical tests.

Results

Probiotic properties of the Lactobacillus strains in the gastrointestinal tract
model

Probiotics are required to survive the gastrointestinal (GI) tract and colonize the intestine in
order to confer health benefits. The first step in determining the probiotic properties of the
Lactobacillus strains was the estimation of the resistance to conditions of low pH and high con-
centration of bile salts. 8 among total 101 isolates of Lactobacillus showed high tolerance to a
pH of 3.0 with their survival rate exceeding 97% (Table 1). At 1% concentration of bile salts, 8
isolates were capable of growth with their survival rate ranging from 97.5% to 103.4% after
incubation for 6 h. The 8 isolates were tested for their ability to adhere to HT-29 cells. All of
the tested strains except 5R01 showed significantly higher adhesive abilities than the reference
strain L. rhamnosus GG (65.7%) with adhesive ability exceeding 67.3%. Additionally, the
assessment of the safety of the isolates was performed using urease and gelatinase tests, and
urease negativity and gelatinase negativity were observed in all strains (S2 Table).
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Table 1. Acid and bile tolerance and intestinal adhesion activity of selected Lactobacillus strains.

3M02 3M03 4M13 4R22 5R01 5R02 5R13 4B15

Acid tolerance 0Oh (Log CFU/mL) 7.08 7.32 6.62 6.17 6.82 6.63 6.64 7.12
2h (Log CFU/mL) 6.88 7.29 6.44 6.22 6.72 6.56 6.64 7.18

Survival rate (%) 97.2 99.5 97.2 100.9 98.5 98.9 100.0 100.8

Bile tolerance 0h (Log CFU/mL) 7.08 7.32 6.62 6.17 6.82 6.63 6.64 7.12
6h (Log CFU/mL) 6.98 7.14 6.45 6.18 7.05 6.65 6.79 7.08
Survival rate (%) 98.6% 97.6F 97.5f 100.3° 103.4° 100.3° 102.3° 994

Intestinal adhesion activity 0h (Log CFU/mL) 8.29 8.40 8.58 8.91 8.27 8.06 8.94 8.89
2h (Log CFU/mL) 6.44 6.37 6.55 7.07 5.57 6.18 6.92 7.05

Adhesion activity (%) 77.7% 75.8° 76.4%° 79.4% 67.3° 76.8% 77.4° 79.3%

Data followed by a different lower case letter within a column were significantly different (P < 0.05)

https://doi.org/10.1371/journal.pone.0192021.t001

Anti-oxidation, inhibition of a-glucosidase activity, and cholesterol-
lowering by the Lactobacillus strains

The antioxidant capacity of the isolates is shown in Fig 1A-1D, which was determined by mea-
suring their reducing power and radical-scavenging activities. Specifically, two strains, namely,
4M13 and 4B15 exhibited considerably higher activities than the other Lactobacillus strains in
the FRAP and DPPH assays, with values exceeding 1,734.3 uM and 37.0% respectively. Follow-
ing 4B15 and 4M13, 5R13 showed high antioxidant activity in the ABTS and ORAC assays.
Particularly, 4B15 demonstrated the highest antioxidant activity in all assays, with the
markedly high value of 2.4 mM in the ORAC assay. Moreover, the eight isolates were able to
inhibit the activity of a-glucosidase and reduce cholesterol concentration as shown in Fig 1E
and 1F, with the values exceeding 48.9% and 36.3%, respectively. The activities of 4B15 were
substantially higher than those of 4M13.

Anti-inflammatory activities of the Lactobacillus strains

To determine the anti-inflammatory activities using RAW 264.7 macrophages, the cytotoxicity
of the Lactobacillus strains was evaluated, and no effect on cell viability was observed at the
concentrations of the bacterial isolates used in the study, as determined by the MTT assay (S1
Fig). Therefore, the production of NO and pro-inflammatory cytokines and the expression of
mRNA in the LPS-stimulated cells at the three concentrations of isolates was investigated
using ELISA and qRT-PCR. As shown in Fig 2, the addition of LPS had increased NO produc-
tion remarkably. However, 10” and 10° CFU/mL of bacterial isolates considerably inhibited
the production of NO in a concentration-dependent manner. Particularly, 4M13 and 4B15
showed the greatest inhibitory effect on NO production. Moreover, the two strains substan-
tially inhibited the release of inflammatory mediators such as TNF-q, IL-6, IL-1f, and IL-10
stimulated by the LPS treatment in a concentration-dependent manner in the further experi-
ments using ELISA and qRT-PCR (Fig 3).

Study of the genome properties and comparative analysis of the selected
Lactobacillus strains

To obtain functional information, whole genome sequencing and comparative genomic analy-
sis of two selected strains, 4B15 and 4M13 were performed. The general genomic features of
the strains are shown in Table 2, and circular genome maps of the strains are shown in Fig 4A.
A total 0of 91,317 reads with an average length of 3,040,074 bp (G + C content of 46.68%) was
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https://doi.org/10.1371/journal.pone.0192021.g001
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obtained from 4B15, while the genome sequence of 4M13 was 2,114,362 bp (G + C content of
34.94%) in length with a total of 95,521 reads. The genome sequences of 4B15 and 4M13 con-
sisted of two contigs for each strain with N50 values of 3,016,126 bp and 2,060,681 bp, respec-
tively. Moreover, the genomes of 4B15 and 4M13 contained 2,863 and 2,089 coding DNA
sequences (CDS), 15 and 12 rRNA genes, and 59 and 60 tRNA genes, respectively. The
distribution of the COGs is illustrated in Fig 4B. The most abundant COG categories were G
(carbohydrate transport and metabolism), L (replication, recombination, and repair), K (tran-
scription), ] (translation, ribosomal structure, and biogenesis), and E (amino acid transport
and metabolism). The S category (unknown function) was also abundant. The subsystems of
“Carbohydrates”, “Phages, Prophages, Transposable elements, Plasmids”, “Cell Wall and Cap-
sule”, “DNA Metabolism”, “Membrane Transport”, “Clustering-based subsystem”, and
“Amino Acids and Derivatives” based on the SEED database for both strains.

Whole-genome comparison of the selected strains, 4B15 and 4M13 with four different ref-
erence strains is shown in Fig 5. The reference strains were highly homologous with 4B15 or
4M13 based on the analysis of gene presence or absence using a heat map, though the strains
of 4B15 and 4M13 possessed POGs that were different from those of the reference strains (Fig
5A). In the dendrogram that was constructed based on the presence of POGs, the strain 4B15
was located close to the other strains. Moreover, the phylogenetic tree, which was constructed
based on orthoANI values indicated that the two strains 4B15 and 4M13 were closely related
to the reference strains (Fig 5B). The values of orthoANI of 4B15 and 4M13 with the reference
strains exceeded 94% and 79%, respectively. As shown in Fig 5C, the strain 4B15 and other
strains shared 2,063 POGs, while 4M 13 shared 1,497 POGs with the reference strains. The
genomes of 4B15 and 4M13 contained only 7 and 22 singletons, respectively. Only 2 POGs
among 7 singletons in the genome of 4B15 were identified as part of the “Protein metabolism”
and “Clustering-based subsystems” in the SEED database. The genome of 4M13 also consisted
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https://doi.org/10.1371/journal.pone.0192021.9003

PLOS ONE | https://doi.org/10.1371/journal.pone.0192021

February 14,2018

8/15


https://doi.org/10.1371/journal.pone.0192021.g003
https://doi.org/10.1371/journal.pone.0192021

@° PLOS | ONE

Anti-inflammatory activity of probiotics

Table 2. General genomic information of the selected Lactobacillus strains.

L. rhamnosus 4B15 L. gassei 4M13
Sequencing platforms Pacbio_20K
Assembler Pacbio SMRT Analysis 2.3.0
methods reads 91,317 95,521
Methods coverage 421.71 573.42
Genome size (bp) 3,040,074 2,114,362
G+C content (%) 46.68 34.94
Predicted CDS 2,863 2,089
Number of contigs 2 2
Number of rRNA genes 15 12
Number of tRNA genes 59 60
N50 (bp) 3,016,126 2,060,681

https://doi.org/10.1371/journal.pone.0192021.t1002

of 2 singleton POGs, which belonged to the “Clustering-based subsystem” and “Phage, pro-
phage, transposable elements” in the SEED database. The four genes indicate the functions of
protein biosynthesis, cell division, ATP-binding, and DNA integration, respectively.

Discussion

Probiotic lactic acid bacterial strains should be able to survive the passage through the GI tract,
preferably colonize the small intestine and colon for a sufficiently long period, and provide
specific health benefits to the host [22]. The isolated Lactobacillus strains, especially 4B15 and
4M13 exhibited high tolerance to acid and bile and significantly higher adhesion activities to
HT-29 cells. Lactobacillus species that are isolated from harsh environments are mainly acid-
tolerant [23]. Previously, Jin et al. [24] and Guo et al. [25] reported that the Lactobacillus
strains isolated from chicken caecum or koumiss showed only 60% ~ 85% survival after incu-
bation for 3 h at pH 2-2.5, while the strains analyzed in this study had a survival rate of over
97.2%. Acid-tolerant strains are able to survive and resist the process of digestion in the stom-
ach, where gastric juice and hydrochloric acid are secreted. Bile tolerance is considered an
important characteristic of Lactobacillus strains, by which they grow and survive in the upper
small intestine, since bile salts disorganize the structure of the cell membrane [3]. It has been
shown that some probiotic strains overcome this problem through the production of bile salt
hydrolase (BSH), which can break down conjugated bile salts, and decrease their toxicity [25].
The ability to adhere to intestinal epithelial cells is another important requirement for probi-
otic strains for their colonization, competition with pathogens and conferment of benefits to
the host [26,27]. Moreover, the isolated Lactobacillus strains were observed to be urease- and
gelatinase-negative in the assessment of safety. Based on the probiotic test, the eight strains, of
which especially 4B15 and 4M13, exhibited the ability to survive the GI tract and colonize the
human intestine, making potential probiotic candidates.

However, the functional properties of the isolates, such as anti-oxidation, inhibition of o-
glucosidase activity, cholesterol-lowering, and anti-inflammation varied from strain to strain.
Among the 8 strains, 4B15 and 4M13 exhibited the highest activities in the tests for all the
functional properties. The highest antioxidant potential was observed in 4B15 and 4M13, par-
ticularly, 4B15, which showed a markedly high ORAC value, which indicated that both strains
had a great ability to scavenge the peroxyl radical in both water- and lipid-soluble substances
and high reducing power. Probiotic strains that have a high antioxidant potential may be use-
ful in reducing oxidative damage and maintaining human health. Furthermore, 4B15 and
4M13 inhibited o-glucosidase activity, which could be attributed to the production of
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exopolysaccharides (EPS) by the Lactobacillus strains [28]. Lacroix and Li-Chan [29] reported
that the inhibition of a-glucosidase activity is greatly affected by the origin of the enzyme
because of structural differences in different enzymes. Mammalian (rat) intestinal o-glucosi-
dase was used in this study, and thus, 4B15 and 4M13 could act as potential antidiabetic probi-
otics in the human body by reducing the intestinal absorption of carbohydrates. Both strains
exhibited substantially higher cholesterol-lowering activity than the other tested strains. The
cholesterol-lowering ability of the Lactobacillus strains could be due in part to the deconjuga-
tion of bile salts by BSH, which is produced by the strains [30]. The possible mechanism
underlying the cholesterol-lowering ability of the Lactobacillus strains is the decrease of the sol-
ubility of cholesterol and thus, reduction of cholesterol uptake from the gut. NO is generated
by phagocytes as part of the immune response. The inhibition of NO production in LPS-stim-
ulated RAW 264.7 macrophages increased linearly with increasing concentrations of the Lacto-
bacillus strains. In particular, 4B15 and 4M13 exhibited substantially higher inhibitory effects
than other stains. Moreover, the levels of mRNA and proteins of TNF-o,, IL-6, IL-18, and IL-
10 from RAW 264.7 had decreased proportionately with increasing concentration of 4B15 and
4M13, which could induce phagocytosis. Activated macrophages through phagocytosis regu-
late the immune system. These results suggest both strains exhibits elevated inhibition of the
inflammatory cytokine expression in transcriptional level. Many reports have demonstrated
the use of probiotics to ameliorate inflammation. L. plantarum 10hk2 has been shown to
increase the production of pro-inflammatory mediators, such as IL-1f, IL-6, and TNF-o in
RAW 264.7 cells [31]. Moreover another probiotics, Bifidobacterium lactis, has been shown to
ameliorate experimental colitis as well as to exhibit in vitro anti-inflammatory activities [32].
In summary, the results of the analysis of the probiotic and functional properties of the Lacto-
bacillus strains isolated from infant feces showed that the two strains, 4B15 and 4M13 in
particular, are able to survive the GI tract and adhere to the intestinal mucosa to exert their
beneficial effects such as anti-oxidation, inhibition of a-glucosidase activity, cholesterol-reduc-
ing and anti-inflammation, which were determined based on in vitro experiments. Therefore,
the strains could be used as potential probiotics in the food and dairy industry.

In addition, whole genome sequencing of the two potential probiotic strains was per-
formed, and comparative genome analysis of the isolated strains and four other publicly avail-
able Lactobacillus strains for each potential probiotic strain was conducted. Based on 16S
rRNA phylogeny and genome sequence comparison including presence or absence of POGs
and ANI values, 4B15 and 4M13, which were isolated from infant feces, were concluded to be
novel genomic strains. However, the strain 4B15 shared a considerable number of POGs with
L. rhamnosus GG (ATCC 53103). The two L. rhamnosus strains are some of the best character-
ized probiotic bacteria, and the genomes of the strains are well established [33,34]. There
might be the evidence that the strain 4B15 provides important health benefits. Interestingly,
the genome sequence of 4B15 contained 101 genes encoding putative proteases including
oppA (LC4B15_01504), dtpT (LC4B15_02406), and dppC, dppE, and dppF, while oppA,
oppF, and dtpT were also encoded in the 4M13 genome. These genes encode the peptidases
involved in the processing of bioactive peptides. Moreover, the genomic analysis of both the
4B15 and 4M13 strains revealed the presence of oxidative stress response genes such as gshA,
tpx, and ahpC and immune related genes (LC4B15_02082 through 02084 and LG4M13_01743
through 01745). Furthermore, strain-specific genes and gene clusters in 4B15 and 4M13
including those encoding various putative amino acid ABC transporters, glucosidases, and
enzymes involved in bacteriocin synthesis were suspected to encode some of the unique fea-
tures related to their probiotic and functional properties. In particular, the programmed ability
to use fermentable proteins and sugars and produce beneficial substances involved in the anti-
oxidant and anti-inflammatory properties of 4B15 was proved in a previous study by Oh et al.
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[35]. The genomic information of the novel Lactobacillus isolates 4B15 and 4M13 has enabled
us to elucidate the genomic basis of their probiotic properties, and has provided us with funda-
mental knowledge for future applications in the food and dairy industry.
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