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Abstract

The formation of extracellular polysaccharide polymers (EPS) is catalyzed by the enzyme
Fructosyltransferase (ftf), derived from lactic acid bacteria (LAB). These enzymes produce various
homopolymers, including fructans, levans, inulin, and fructooligosaccharides (FOS), which are beneficial
as prebiotics, emulsifiers, stabilizers, and gelling or water-binding agents in food products. In the health
sector, they also exhibit potential antitumor, antiulcer, and immunomodulatory properties and help
lower cholesterol levels. This study aims to identify lactic acid bacteria as probiotic candidates encoding
the fructosyltransferase gene (ftf) from Pakoba fruit (Syzygium sp.). The methods used in this study
included reculturing six isolates of probiotic candidate LAB-EPS, DNA isolation, amplification of the
16S rRNA gene using universal primers (27F and 1492R), and amplification of the ftf gene using specific
primers (5FTF and 6FTF). The amplification of the 16S rRNA gene produced amplicons of approximately
1400 bp, while the amplification of the ftf gene yielded amplicons of approximately 800 bp. Two of
the six probiotic LAB-EPS isolates were found to harbor the ftf gene: the PM6.4 and PM5.3 isolates.
Identification based on the 16S rRNA gene sequence revealed that the PM6.4 and PM5.3 isolates belong
to the species Lactiplantibacillus plantarum. This study concludes that the two LAB-EPS probiotic isolates
from Pakoba fruit (Syzygium sp.) contain the FTF gene, identified as Lactiplantibacillus plantarum.
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INTRODUCTION

Lactic acid bacteria (LAB) are recognized
as food-grade bacteria and are widely utilized
in the health and food industries as probiotics.*
Many studies have shown that LABs are
capable of producing biopolymers, known as
exopolysaccharides (EPS),%® which are essential for
health due to their antitumor, anti-inflammatory,
and anti-ulcer activities, as well as their ability
to enhance the immune system.” Several genera
of LAB are known to synthesize various EPS,
including Fructilactobacillus, Lacticaseibacillus,
Lactiplantibacillus, Lactobacillus, Lactococcus,
Lactilactobacillus, Lentilactobacillus, Leuconostoc,
Limosilactobacillus, Pediococcus, Streptococcus,
and Weissella.®®

Recently, EPS-producing LAB has been
explored, with one successful source being the
Pakoba fruit (Syzygium sp.), an endemic species
from Minahasa, North Sulawesi.’® Pakoba fruit
provides an ideal habitat for LAB due to its sour
taste. EPS plays a crucial role in enhancing bacterial
adhesion to the digestive tract, protecting bacterial
cells from toxic compounds, improving resistance
to antibiotics and bacteriophages (viruses),** and
increasing the viscosity of food products.

Fructans, homopolymers of fructose, are
synthesized by the enzyme fructosyltransferase
(FTF), which is classified under the sucrose enzyme
family. This enzyme cleaves sucrose and uses the
released energy to incorporate fructose units into
the growing fructan chain. Fructosyltransferase is
found in both plants and bacteria.” Fructans may
contain B-(2-1), B-(2-6), and B-(2-1-6) branching
bonds. Fructans with B-(2-6) bonds are called
levans, while those with B-(2-1) bonds are called
inulins. FTF enzymes producing levan are known
as levansucrases, and those producing inulin are
known as inulosucrases. Microorganisms such as
Streptococcus, Bacillus, and Lactobacillus produce
fructans.®*?

Characterizing the ftf gene enables more
effective strain selection for probiotic applications.
Polymorphisms in the ftf gene may lead to
variations in enzymes involved in EPS synthesis,
contributing to the diversity of EPS structure and
function, which in turn can offer various health
benefits.® Each gene regulates the corresponding
enzyme’s formation, function, and activity. The

FTF enzyme plays a key role in EPS biosynthesis,
making the identification of LAB that produce FTF
essential for evaluating their probiotic potential.

Probiotic LAB-EPS can be identified
through PCR amplification, gene sequencing, or
conventional methods. Conventional methods rely
on the phenotypic characteristics of bacteria, such
as Gram staining, colony morphology, and enzyme
activity. However, these traditional methods
are often limited. In contrast, PCR and gene
sequencing offer more accuracy, objectivity, and
speed and do not require optimal bacterial growth
or media, making them preferred techniques.'
The target gene for bacterial identification in
PCR is the 16S rRNA gene, which encodes the
30S ribosomal subunit and spans 1500 base pairs.
The 16S rRNA gene is a reliable parameter for
determining phylogenetic relationships at the
species level.’

Research on probiotic bacterial candidates
from Pakoba fruit (Syzygium sp.) that can produce
EPS by detecting the ftf gene encoding the
fructosyltransferase enzyme is limited. Therefore,
this study was conducted to detect the presence
of the fructosyltransferase (ftf) gene and identify
LAB-EPS probiotic candidates from Pakoba fruit
(Syzygium sp.) that encode this gene.

MATERIALS AND METHODS

The sample used in this study was lactic
acid bacteria (LAB) from Pakoba fruit (Syzygium
sp.), which had previously been tested for its
ability to produce EPS and evaluated as a probiotic
candidate. Before use, the LAB-EPS probiotic
samples were recultured following a dormancy
period during which they were stored at freezing
temperatures. The bacterial isolates were cultured
twice until sufficient bacterial cell biomass was
formed.

Method
Reculture of LAB-EPS probiotics

The reculture process of bacterial isolates
was conducted using a modified method.? The
process began with preparing MRS liquid medium,
which was poured into test tubes containing 5 mL
of MRS liquid medium. The composition for 75
mL of MRS broth included 3.93 g of MRS broth
and 0.112 g of bile salt. The medium was placed
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in an Erlenmeyer flask, and 75 mL of aquades
was added. The medium was then heated using
a hotplate until fully dissolved. Once the medium
cooled to room temperature, 5 mL was poured into
each test tube. The media was sterilized using an
autoclave at 121 °C for 15 minutes. Six bacterial
isolates were inoculated into the growth medium
and incubated at 37 °Cfor 24 hours. The reculture
process was carried out twice.

Molecular identification with amplification of the
ftf (Fructosyltransferase) gene
DNA extraction

Probiotic candidate LAB-EPS were grown
on MRS broth medium for 24 hours at 37 °C
under anaerobic conditions. 1.5 mL of culture
was centrifuged using an Eppendorf Mini Spin
Plus (Hamburg, Germany) at 10,000 rpm for 5
minutes to obtain the cell pellets. The pellets were
resuspended in 750 uL of lysis buffer, and 20 pL
of Proteinase K was added, followed by shaking
for 10 minutes. Next, 40 pL of Lysozyme solution
was added, and the mixture was incubated for 30
minutes at 55 °C. The sample was centrifuged at
13,000 rpm for 5 minutes, and the supernatant
was transferred to a new microcentrifuge tube.
750 pL of phenol was added, and the sample
was centrifuged at 13,000 rpm for 10 minutes.
The upper layer was separated and transferred
to a new microcentrifuge tube, followed by
the addition of 1:1 (v/v) cold chloroform. The
mixture was gently shaken for 10 minutes, then
centrifuged for another 10 minutes. The top
layer was separated and transferred to a new
microcentrifuge tube, and 1:1 (v/v) cold absolute
ethanol was added and incubated at -80 °C for 2
hours. Afterward, the sample was centrifuged at
13,000 rpm for 10 minutes. The supernatant was
discarded, and the pellet was washed with 0.5 mL
of 70% ethanol and centrifuged for 10 minutes.
The pellet was dried, and 50 pL of TE buffer was
added. The DNA of the bacterial genome was ready
for use.””

Amplification of 16S rRNA gene using universal
primers

The primers 27F (5'-AGAGTTT
AGTCCTGGCTCAG-3"') and 1492R
(5'-GNTACCTTGTTACGACTT-3') (Integrated DNA

Technologies, Singapore) were used to amplify
the 16S rRNA gene with a target sequence of
approximately 1500 bp. The amplification of the
16S rRNA gene was visualized using a 1% agarose
gel and a 1 kb DNA ladder molecular marker. A
modified method was used for amplification.
The reaction mix included aquabides (NFW) and
MyTag HS Red Mix (Bioline), which contains Taq
DNA polymerase, dNTPs, MgCl,, and PCR buffer.
The following PCR program was used: initial
denaturation at 95 °C for 3 minutes, denaturation
at 95 °C for 30 seconds, annealing at 54 °C for
30 seconds, extension at 72 °C for 2 minutes (35
cycles), and final extension at 72 °C for 2 minutes,
and hold at 4 °C.%®

Amplification of the ftf gene using specific primers

DNA fragments were amplified using a
PCR technique with specific primers for the ftf
gene, which targets gram-positive bacteria.'®*® The
primers used for the amplification of the ftf gene
were 5FTF (5'-GAYGTNTGGGAYWSNTGGGCC-'3)
and 6FTF (5'-GATTGAACCTGCATTGCG-'3)
(Integrated DNA Technologies, Singapore). The
PCR program was as follows: initial denaturation
at 95 °C for 5 minutes, denaturation at 95 °C for
30 seconds, annealing at 52 °C for 30 seconds,
extension at 72 °C for 45 seconds (35 cycles),
final extension at 72 °C for 3 minutes, and
hold at 4 °C. The reaction mix for the ftf gene
amplification consisted of aquabides (NFW) and
MyTaq HS Red Mix (Bioline), containing Taq DNA
polymerase, dNTPs, MgCl,, and PCR buffer. The
PCR products were analyzed using 1% agarose
gel electrophoresis. The primary attachment
temperature variations, ranging from 48 °C to
55 °C, were tested to determine the optimal
annealing temperature.

Sequencing of the 16S rRNA gene and phylogenetic
analysis

An automated DNA sequencer (ABI
PRISM 3130 Genetic Analyzer, Applied Biosystems)
was used to sequence the amplified DNA with
primers 27F and 1492R. The sequencing data were
processed using Chromas Pro software. Reference
sequences were retrieved from GenBank/DDBJ/
EMBL, and the closest identity was determined
by searching the EzTaxon website (http://www.
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ezbiocloud.net/).*® The phylogenetic tree was
constructed using the UPGMA method in the
MEGA 6.0 program.?®

RESULTS AND DISCUSSION

Reculture of LAB-EPS probiotic candidate

The reculture process was based on
probiotic LAB-EPS isolates from a previous study.
The six probiotic LAB-EPS isolates used in this study
were: PM7.2, PM6.4, PM6.10, PM5.1, PM5.3,
and PM5.2 (Note: PM refers to Ripe Pakoba). The
purpose of the reculture was to revive bacteria
that had undergone a dormancy period due to
storage at freezing temperatures. The process
involved inoculating the isolates in MRS broth
growth medium supplemented with 0.15% bile salt

8¢ 'Y "%

L

a
1 'i’

LT

Figure 1. Reculture results of the second probiotic LAB-
EPS isolate; (1) PM7.2 isolate; (2) PM6.4 isolate; (3)
PM6.10; (4) PMS5.1; (5) PMS5.3; (6) PMS5.2

to ensure that the cultured isolates were indeed
probiotic. The reculture was performed twice to
allow the bacteria to regenerate, as indicated by
the appearance of white deposits in the test tubes,
referred to as bacterial biomass (Figure 1). The
isolates were incubated at 37 °C for 24 hours, with
the formation of white deposits signaling that the
bacteria were still capable of replication.

On the first day of reculture, no bacterial
biomass deposits were formed. This is because the
freezing storage had caused a reduction in isolate
activity, as the absence of encapsulation led to
decreased membrane permeability and potential
damage to the bacterial cells.?* Adding bile salts to
the MRS broth affects the activity of the dormant
cells. Bacterial cells with reduced permeability,
which do not yet have regular activity, cannot
tolerate the toxic properties of the bile salts.
Furthermore,? bacteria that have undergone a
dormancy phase require time to adapt to the new
growth medium.

In the second reculture, biomass was
observed, indicating that the bacteria had regained
the ability to replicate. The increase in biomass
demonstrated that the bacterial isolates could
adapt to the new growth medium, enabling a more
rapid and stable replication process.

Molecular identification
Extraction of genomic DNA

Following the reculture process, the
ftf and gtf genes were molecularly detected.
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Figure 2. Genomic DNA visualization of six probiotic LAB-EPS isolates treated with RNase and non-RNase enzymes;
(1) PM7.2 isolate; (2) PM6.4 isolate; (3) PM6.10 isolate; (4) PM5.1 isolate; (5) PM5.3 isolate; (6) PM5.2 isolate
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The first step in this detection process is DNA
isolation, which separates DNA from other cellular
components to obtain pure DNA. The principle of
DNA isolation is to isolate DNA from other cellular
components.?

Based on the reculture results, DNA
isolation was successfully performed for the
six probiotic LAB-EPS isolates. Subsequently,
qualitative analysis was conducted using
electrophoresis on a 1% agarose gel, with
visualization through a UV transilluminator.
During the DNA isolation procedure, the bacteria
used were from the second stage of reculture.
This is because bacterial biomass had not yet

M 1 2 3

1500bp
1400bp

formed during the initial phase of reculture.
Following their dormant phase, the bacteria
resumed metabolic activity, as evidenced by
the emergence of white deposits (Figure 2). A
qualitative visualization was performed to assess
the effectiveness of DNA isolation from the six LAB
isolates. The electrophoregram in Figure 3 shows
the bacterial DNA.

Based on the electropherogram from the
1% agarose gel with a 3 Kb marker, it is evident that
DNA was successfully extracted from all probiotic
LAB-EPS isolates. Electrophoresis enabled the
isolation of DNA fragments larger than 1000
base pairs. These results align with previous

4 5 6

Figure 3. Amplification of 16S rRNA genes from six isolates of LAB-EPS Probiotic; (M) DNA Ladder; (1) PM7.2 isolate;
(2) PM6.4 isolate; (3) PM6.10 isolate; (4) PM5.1 isolate; (5) PM5.3 isolate; (6) PM5.2 isolate

2

M

1000 bp
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Figure 4. Gel electrophoresis of PCR amplification results using SFTF and 6FTF primers. (M) DNA Ladder; (2) PM6.4

isolate; (5) PM5.3 isolate
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research,?* which achieved electrophoresis results
for DNA fragments exceeding 10,000 bp. The
electrophoresis results in Figure 2 also show the
presence of RNase and non-RNase impurities.
Additionally, there is variation in the thickness
of the DNA bands, which is likely due to the
insufficient concentration of DNA obtained during
the isolation process.?®

Amplification of the 16S rRNA gene using specific
primers

The success of the genomic DNA isolation
process is confirmed by amplifying the 16S rDNA
gene. Electrophoresis results showed that the
amplification of the 16S rRNA gene achieved a
base length of 1400 bp using the universal primers
27F and 1492R (refer to Figure 3). These findings
are consistent with the research conducted by
Lawalata et al,’” which utilized primers 27F and
1492R to amplify the 16S rRNA gene, resultingina

PM 53

1500 bp product.? Additionally, universal primers,
specifically Bact-Fl and Uni-B1, have been reported
to amplify the 16S rRNA gene, producing a 1400
bp product. The application of universal primers in
amplifying the 16S rRNA gene is critical in protein
synthesis. The 16S rRNA gene contains a conserved
region.

Due to its essential role in cellular
function, the 16S rRNA gene contains a conserved
region. This significantly reduces mutations,
particularly in genes encoding enzymes critical for
lactose metabolism. Using the 16S rRNA gene for
identification offers several advantages.?” Besides
its conserved region, this gene is ubiquitous, with
its function identical across all organisms. The gene
can evolve according to evolutionary distance,
making it an effective evolutionary chronometer.
Moreover, the gene has a hypervariable region,
which aids in identifying bacterial types.?®

99 Kc422316.1 Lactobacillus plantarum strain KCC-1
9] MT464064.1 Lactiplantibacillus plantarum strain 7017

100

AB911471.1 Lactobacillus pentosus strain: JCM 7725
9 PM 6.4
NR 044704.2 Lactobacillus brevis strain ATCC 14869
74 AB024300.1 Lactobacillus kefiri strain:NRIC 1693
NR 042443.1 Lactobacillus sakei subsp. sakei strain DSM 20017
o 7‘|_T: NR 044706.2 Camobacterium divergens strain DSM 20623
100 L— NR 044710.2 Carnobacterium maltaromaticum strain DSM 20342

M AB690243.1 Lactobacillus fermentum strain: JCM 1074

35

86
46

100

N

100

040 030 020 010 0.00

79 NR 040813.1 Weissella viridescens strain NRIC 1536
DI1095028.1 Weisella koreensis
100 NR 104568.1 Weissella paramesenteroides strain NRIC 1542
NR 040816.1 Weissella confusa strain JCM 1093
NR 074540.1 Bacillus cereus ATCC 14579
NR 025273.1 Lactobacillus johnsonii strain ATCC 33200
NR 041800.1 Lactobacillus crispatus strain ATCC 33820
100 | | NR 042439.1 Lactobacillus helveticus DSM 20075 CGMCC 1.1877
100 ! AB008210.1 Lactobacillus helveticus strain: YIT 0083
AB572030.1 Leuconostoc lactis strain: CAG6
MK796053.1 Leuconostoc gelidum subsp. gasicomitatum strain AM13
69| AB572039.1 Leuconostoc pseudomesenteroides strain: CAG16b
99 L AB596937.1 Leuconostoc mesenteroides subsp. mesenteroides strain: JCM 1564
NZ JNCM01000023.1 Bacillus subtilis subsp. subtilis str. 168

Figure 5. The phylogenetic tree, reconstructed using the UPGMA method, shows the kinship relationships between
the LAB-EPS probiotic test isolates and reference strains from the genera Lactobacillus, Leuconostoc, Weissella,
and Carnobacterium, based on the 16S rRNA gene sequence. The arrow (—) indicates the approximate position
of the roots of the phylogenetic tree, established using Bacillus subtilis strain 168 as the outgroup. The scale bar
represents one substitution per 100 nucleotides in the 16S rRNA gene sequence
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Table 1. Genetic distance matrix (lower diagonal) and genetic similarity (%) (upper diagonal)

Sequent/Isolate Name

PM_5.3 PM_6.4 Lb. plantarum

Lb. pentossus Lactiplantibacillus

strain KCC-1 strain JCM 7725 plantarum strain 7017
PM_5.3 - 99.93 99.93 99.86 99.93
PM_6.4 0.001 - 100 99.93 100
KC422316.1_Lactobacillus_ 0.001 0.000 - 99.93 100
plantarum_strain_KCC-1
AB911471.1_Lactobacillus_ 0.001 0.001 0.001 - 99.93
pentosus strain_JCM_7725
MT464064.1_Lactiplantibacillus_ ~ 0.001  0.000 0.000 0.001 -
plantarum_strain_7017
Table 2. Nucleotide number difference matrix
Sequent/Isolate Name PM_5.3 PM_6.4 Lb. plantarum  Lb. pentossus Lactiplantibacillus

strain KCC-1  strain JCM 7725 plantarum strain 7017

PM_5.3 - - - - -

PM_6.4 1 - - -
KC422316.1_Lactobacillus_ 1 0 - - -
plantarum_strain_KCC-1

AB911471.1_Lactobacillus_ 2 1 1 - -

pentosus strain_JCM_7725

MT464064.1_Lactiplantibacillus_ 1 0 0 1 -

plantarum_strain_7017

The 16SrRNAgeneis widely usedinvarious
research fields, particularly for identification. Its
specificity, stability,?® and universal presence in
all living organisms make it a valuable molecular
marker for identification.3°

Amplification of the Fructosyltransferase (ftf)
encoding gene using specific primers

The next stage involves amplifying
the ftf gene from six genomic DNA probiotic
LAB-EPS isolates using PCR with degenerate
primers, specifically 5FTF and 6FTF, under the PCR
conditions described by Falih et al.** The confirmed
use of the LAB genus to detect the presence of
the ftf gene is supported by Sabbathini et al,*
which states that certain strains of lactic acid
bacteria (LAB) possess the ability to synthesize
exopolysaccharides (EPS) through the action
of prominent extracellular enzymes, notably
fructosyltransferase, which is encoded by the ftf
gene.

The PCR conditions currently in use
are as follows: Pre-denaturation: 95 °C for 2
minutes; denaturation: 95 °C for 30 seconds;

primary attachment (annealing): 50 °C for 30
seconds; polymerization: 72 °C for 30 seconds; end
elongation: 72 °Cfor 1 minute; 35 cycles. The results
of amplicon analysis through electrophoresis did
not show the presence of bands.

To optimize the results, the annealing
temperature was adjusted to 52 °C. Electrophoresis
results indicated that the DNA band was faint,
and non-specific bands were observed in two
isolates: PM6.4 and PM5.3 (Figure 4). Based on
the observation of the amplification results using
1% agarose, the size of the ftf gene amplification
product was approximately 800 bp, which is
smaller than the ftf gene sequence confirmed
in GeneBank. This discrepancy is likely due to
modifications applied to the primers used.

The DNA bands obtained in the 800 bp
region did not show vigorous intensity (Figure
4), likely due to the low concentration of the
product. This low concentration may be attributed
to factors such as the number of cycles used, the
concentration of primers, the DNA template, and
the specificity of the degenerate primer. The 35
cycles used were optimized for the reaction. The
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amplicon size observed in this study (800 bp)
differs from the study by Guerin et al.,’® where the
amplicon was 58 bp. The variation in size may be
influenced by environmental factors, differences
in origin, strains, and substrates, all of which could
resultin variations in the genomic structure of the
bacteria.

The variability in amplicon sizes, even
from a single strain, could also be caused
by degenerate primers. Degenerate primers
consist of a mixture of oligonucleotides with
varying nucleotide sequences. These primers
amplify genes with unknown nucleotide base
arrangements but belong to the same family.
Another contributing factor is the concentration
of magnesium chloride (MgCl,), a cofactor for
Taq polymerase, which influences the efficiency
and accuracy of the polymerization process. The
concentration of the DNA template used can also
affect the PCR results. Accurate DNA quantification
should be conducted to determine the appropriate
amount of DNA required for the PCR reaction.?

The discovery of the ftf gene will
contribute to the diversity of enzymes involved
in EPS synthesis. EPS's varied structure and
characteristics will enrich the types of polymers
produced and enhance their applications in the
pharmaceutical, health, and food industries.

DNA sequencing and phylogenetic analysis of
LAB-EPS probiotic

Two probiotic EPS-producing LAB isolates
were subsequently identified molecularly by
analyzing partial sequences of the 16S rRNA gene.
The results of BLAST-NCBI analysis show that two
isolates contain fructosyltransferase (ftf) encoding
genes, namely PM6.4 and PM5.3. Based on the
16S rRNA gene sequence analysis, the PM6.4
isolate shows 100% similarity with Lactobacillus
plantarum strain KLB/Lactiplantibacillus
plantarum. Meanwhile, the PM5.3 isolate
shares 99.93% similarity with Lactiplantibacillus
plantarum strain GB386. According to DNA
sequencing tests, both the PM6.4 isolate (100%)
and PM5.3 isolate (99.93%) are identified as
Lactiplantibacillus plantarum (Lb. plantarum),
indicating that these isolates belong to the
same species. This finding is consistent with the
identification made in previous studies based on
physiological and biochemical characterization and

API tests. Previous research has shown that all six
LAB-EPS probiotic candidate isolates belong to the
genus Lactobacillus plantarum (93.5%-98.6%).1°

Lactiplantibacillus plantarum, previously
classified as Lactobacillus plantarum, is a versatile
microorganism found in various ecological
environments, including the human gastrointestinal
(Gl) tract and numerous fermented foods.?! In
commercial applications, L. plantarum is a key
starter culture for food fermentations and is a
beneficial probiotic. The L. plantarum strain has
been reported to possess various functional
properties within the food industry, enhancing
nutritional quality, flavor profile, antioxidant
capacity, antimicrobial properties, and food
preservation while mitigating the presence of
undesirable compounds.®? L. plantarum is one of
the most significant members of the lactobacilli
group and is commonly used as a probiotic due
to its exceptional probiotic qualities (e.g., good Gl
tolerance, adhesion, antioxidant, and antibacterial
properties).?

L. plantarum exhibits remarkable
antioxidant and antimicrobial properties, notable
resilience to acidic pH, gastrointestinal resistance,
and a strong ability to adhere to the intestinal
mucosa.?* These attributes may confer health
benefits to the host. Furthermore, previous
research has shown that certain strains of L.
plantarum can alter the composition of the gut
microbiota.® Indeed, exploring the interaction
between L. plantarum strains and the native gut
microbiome has become a prominent area of
contemporary research.

The phylogenetic tree shown in Figure 5
illustrates that the two probiotic LAB-EPS isolates
containing the ftf gene from Pakoba fruit (Syzygium
sp.), namely PM6.4 and PM5.3, have the closest
kinship relationship with Lactobacillus plantarum
(Lactiplantibacillus plantarum) compared to
other species within the genera Lactobacillus,
Leuconostoc, Weissella, and Carnobacterium.

The similarity indices and varying
nucleotide differences observed among the 16S
rRNA gene sequences compared support the
kinship relationship between the two probiotic
LAB-EPS isolates and the reference strain of
Lactobacillus plantarum (Lactiplantibacillus
plantarum). Tables 1 and 2 present the similarity
values and nucleotide differences for the 16S rRNA
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gene sequences of bacterial strains within the
genera Lactobacillus plantarum, Lactiplantibacillus
plantarum, and Lactobacillus pentosus.

Tables 1 and 2 present the similarity
values and nucleotide differences in the 16S
rRNA gene sequences between the two probiotic
LAB-EPS isolates and strains of Lb. plantarum
strain KCC-1, Lactiplantibacillus plantarum strain
7017, and Lactobacillus pentosus strain JCM 7725.
The PM6.4 isolate, which belongs to the genus
Lactobacillus or Lactiplantibacillus, shows the
highest similarity (100%) with L. plantarum strain
7017, while the PM5.3 isolate shows 99.93%
similarity with L. plantarum strain 7017 and Lb.
plantarum strain KCC-1, and 99.86% similarity
with Lb. pentosus strain JCM 7725. Based on the
16S rRNA gene sequence analysis, both the PM6.4
and PM5.3 isolates, which contain the ftf gene
and were isolated from Pakoba fruit (Syzygium
sp.), exhibit high nucleotide similarity and a
close kinship relationship with Lactiplantibacillus
plantarum strain 7017 and Lb. plantarum strain
KCC-1.

Examining the 16S rRNA gene sequence
is widely used for elucidating the phylogenetic
relationships among bacterial strains. 16S rRNA
gene sequence analysis provides a more precise
and objective method for identifying bacterial
strains and differentiating them within a single
species.’® Research by 15 demonstrates the
advantage of using the 16S rRNA gene, which
recognizes bacterial species with over 99%
similarity. The similarities obtained can be
categorized into two groups: relatively high
similarities and more distant (low) similarities.

Thus, molecular phylogenetic analysis
based on the 16S rRNA gene sequence can confirm
the novelty status of the two probiotic LAB-EPS
isolates containing the ftf gene. However, further
research is necessary to conclusively determine
that these two isolates in the Pakoba fruit
(Syzygium sp.) represent novel species and strains.

CONCLUSION

The ftfgene was amplified in two probiotic
LAB-EPS isolates, PM6.4 and PM5.3. Both isolates
possess the ftf gene, as indicated by a DNA band
at approximately 800 bp, although the intensity
was not vigorous. Molecular identification through

16S rRNA gene analysis confirmed that the PM6.4
and PM5.3 isolates belong to Lactiplantibacillus
plantarum (formerly Lactobacillus plantarum).
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