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Introduction

further development of antibiotics are arguably
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Abstract

Lactobacillus species are particularly noteworthy due to their ability to synthesize a variety of
antimicrobial substances, including organic acids and bacteriocins. Lactiplantibacillus plantarum SU-
KC1a, a member of the genus of Lactobacillus, had been previously isolated from human breast milk
by our group. A preliminary in silico investigation had identified that Lpb. plantarum SU-KCla
possessed genes responsible for plantaricin, which is a type of bacteriocin produced by Lpb. plantarum
strains. This study therefore aimed to assess the antibacterial activity of Lpb. plantarum SU-KCla
against pathogenic Listeria monocytogenes ATCC-7644 and to induce the biosynthesis of plantaricin
by Lpb. plantarum SU-KCla through co-culture with L. monocytogenes ATCC-7644 as the inducer
strain. Our results showed that the cell-free supernatants from both co-culture and monoculture of
Lpb. plantarum SU-KCla exhibited a modest antibacterial activity against L. monocytogenes ATCC-
7644. However, it was further determined that the inhibitory effect was not due to the production of
plantaricin. Instead, it was primary attributed to the production of organic acids, which decreased
the pH and inhibited the growth of L. monocytogenes ATCC-7644. In conclusion, our study
demonstrated that Lpb. plantarum SU-KCla could exert a modest antibacterial activity towards L.
monocytogenes ATCC-7644, but not through the induction of plantaricin.
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rates (Michael et al, 2014). Thus, a novel
invention is urgently required to adequately
treat bacterial infections and to control
antibiotic resistance.

A promising approach involves

The discovery of penicillin and the

one of the biggest scientific accomplishments of
the 20™ century in terms of impact on human
wellbeing (Palmer & Foster, 2022). However,
the misuse and overuse of antibiotics coupled
with the lack of novel antibiotic discoveries
have caused a widespread antimicrobial
resistance, which in return creating a major
public health crisis. As a result, antibiotic-
resistant infections require prolonged and/or
costly treatments, extended hospitalization,
necessitate additional healthcare visits and
consequently higher mortality and morbidity

extracting antibacterial compounds produced
by specific bacterial species. Lactobacillus
species are of interest as they are known to
produce several antimicrobial molecules,
including (i) lactic acid and other organic acids;
(i) phenolic compounds; (iii) metabolic by-
products, such as hydrogen peroxide; and (iv)
synthesized  peptides, i.e., bacteriocins
(Rocchetti et al., 2021). Bacteriocins are a class
of peptides with antimicrobial properties
naturally synthesized by bacteria. As a part of
their inherent defense system, bacteriocins are
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released extracellularly with bactericidal or
bacteriostatic effects to closely related (narrow
inhibitory spectra) or non-related (broad
inhibitory spectra) microbiota (Selegard et al.,
2019; Palmer & Foster, 2022). A particular
member of the Lactobacillus species,
Lactiplantibacillus plantarum, a lactic acid
bacterium natively found in the human gut, has
been reported to improve the gastrointestinal
health especially for people with irritable bowel
syndrome. Interestingly, various strains of Lpb.
plantarum strains were capable of producing
bacteriocins, known as plantaricin (Echegaray
et al., 2023). Therefore, the antimicrobial
activities by Lpb. plantarum, mediated by
various bioactive molecules, will be of great
importance to adequately treat bacterial
infections.

Listeria monocytogenes, a facultative
intracellular pathogen that contaminates foods
like dairy, poultry, meat, fruits, and vegetables,
is responsible for causing listeriosis, an
intermittent but severe disease, with symptoms
ranging from meningitis and septicemia to
stillbirths and abortion (Jibo et al., 2022). The
most recent listeriosis outbreak happened in
South Africa in 2018, infecting 1,060
individuals and resulting in 216 fatalities. This
is particularly concerning as a recent survey
reported the presence of L. monocytogenes in
15% of foods sampled (Jibo et al, 2022).
Moreover, the pathogen has developed
resistance to several antibiotics, including
fluoroquinolones, cephalosporins and
fosfomycin (Olaimat et al., 2018).

Lactiplantibacillus  plantarum  SU-
KCla, had been isolated from human breast
milk sample at the Department of Biology of
Universitas Pelita Harapan (Rachmah, 2020;
Sugata et al., 2024). The whole-genome
analysis of the isolate had also shown a
presence of the genes encoding plantaricin
(Timotius, 2021). However, the antimicrobial
activity of Lpb. plantarum SU-KCla has not
been fully elucidated (Widjaja et al., 2022),
including whether it was capable to generate
plantaricin. In this study, the antimicrobial
activity of Lpb. plantarum SU-KCla towards
pathogenic L. monocytogenes ATCC-7644 and
the induction of plantaricin expression through
co-culture method were evaluated.
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Methods and Materials

Bacterial strains

Lactiplantibacillus  plantarum strain
SU-KCl1a had been isolated from human breast
milk from a consenting donor at Rumah Sakit
Anak dan Bunda Harapan Kita, Jakarta
(PP.04.03/XX1.2/922/2020) and stored in an
80% glycerol solution at -20°C (Rachmah,
2020; Sugata et al., 2024). The strain was re-
cultured in deMan Rogosa Sharpe/MRS
(Himedia, India) agar and incubated for 24
hours at 37°C under microaerophilic condition.
Listeria monocytogenes strain ATCC-7644 was
purchased from PT. Intralab Ekatama (Bogor).
The bacterium was sub-cultured in tryptic soy
(TS) agar (Himedia, India) for 24 hours at 37°C
under aerobic condition.

Preparation of cell-free supernatant

Co-cultures were prepared based on
Liu et al. (2022) with modifications. Lpb.
plantarum SU-KCla and L. monocytogenes
ATCC-7644 were co-inoculated into MRS
broth for 48 hours at 37°C in microaerophilic
condition with an inoculum ratio of 1:1 (at final
concentrations of 1x107:1x10” CFU/mL).
Aliquots of the culture were collected every 12
hours. Cell-free supernatant/CFS was obtained
through centrifugation at 5,000 x g at 4°C for
15 minutes. In addition, monoculture of Lpb.
plantarum SU-KCla and L. monocytogenes
ATCC-7644 were grown separately in MRS
broth for 48 hours at 37°C in microaerophilic
condition with final concentration of 1x10’
CFU/mL. The CFS from each monoculture was
obtained as described above. The pH of each
culture was also measured using a pH indicator
strip (Merck, Germany).

Antibacterial cell-free

supernatant

activity of

The antibacterial activity of CFS
samples against the growth of L.
monocytogenes ATCC-7644 were assessed
using the well-diffusion method (Afrin et al.,
2021). One mL of L. monocytogenes ATCC-
7644 were sub-cultured into 10 mL of TS agar
by using pour-plate method. Subsequently,
wells with diameter of 5 mm were created on
the agar plate and filled with 100 pL aliquots of
(1) co-culture between Lpb. plantarum SU-
KCla and L. monocytogenes ATCC-7644
(1x107:1x107 CFU/mL); (ii) monoculture Lpb.
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plantarum SU-KCla (1x107 CFU/mL); (iii)
monoculture L. monocytogenes ATCC-7644
(1x107 CFU/mL); (iv) sterile MRS as negative
control; and (v) amoxicillin (Capri, Indonesia)
in sterile MRS with concentration of 2.5 mg/mL
as positive control. Upon incubation of varying
periods (0, 12, 24, 36 and 48 hours) at 37 °C
under aerobic condition, the inhibition zones
were measured. The results were subsequently
subtracted from 5 mm (i.e., the diameter of
well). Tests were performed in three replicates.

Attenuation of the antibacterial activity
through an adjustment of pH or temperature

The antibacterial activity of the
collected CFS from all tested conditions were
subsequently assessed upon adjustment of pH
or temperature. The pH of each sample was
adjusted to 7 and 9 by using 1 Molar of Tris
solution. Any difference in volume upon pH
adjustment was normalized by adding sterile
water into the solution, hence the volumes
across samples would be consistent. With
regard to the adjustment of temperature, sample
from each tested condition was aliquoted into
three parts, in which the samples would be
heated at 50°C, 75°C or 100°C for 30 minutes.
One-hundred pL. of treated samples were
transferred into wells in TS agar plate that had
been inoculated with L. monocytogenes ATCC-
7644. A negative control of sterile MRS and a
positive control of 2.5 mg/mL amoxicillin in
MRS were included into the agar plate as well.
Inhibition zones were observed upon incubation
at 37°C for 24 hours under aerobic condition.
Inhibition zones were measured and the results
were subtracted from 5 mm (i.e., the diameter
of well). Tests were performed in three
replicates.

Evaluation of a co-culture method to induce
plantaricin

The co-culture method between Lpb.
plantarum SU-KCla and L. monocytogenes
ATCC-7644 (for 48 hours at 37°Cin
microaerophilic condition with an inoculum
ratio of 1x107:1x107 CFU/mL) was evaluated to
detect any production of plantaricin.
Monoculture of Lpb. plantarum SU-KCla
(1x107 CFU/mL) was used as a control. The
cell-free supernatant was harvested from both
conditions.  Secreted proteins by Lpb.
plantarum SU-KCla were precipitated through
acetone based on Liu et al. (2022) with
modifications. Three mL of each sample were

precipitated with 12 mL of cold acetone
(Mallinckrodt Chemicals, U.S.A) and incubated
overnight at -30°C. The resulting precipitates
were collected via centrifugation at 10,000 x g
for 15 minutes and subsequently solubilized in
200 pL of phosphate-buffered saline/PBS.
Next, quantification of proteins was based on
Katharopoulos et al. (2016) with modification.
A standard curve showing the correlation
between ODsos and protein concentration was
prepared. This was achieved by diluting a
protein standard (i.e., bovine serum albumin)
with PBS to concentrations of 1.0, 0.8, 0.6 and
0.2 mg/mL. Five uL of extracted protein from
each condition were transferred into a 96-well
plate and were inoculated with 250 pL of
Bradford reagent (Himedia, India). Upon
incubation for 10 minutes at room temperature,
the ODsos of each sample was measured. The
protein concentration of each condition was
calculated based of the standard curve. Finally,
the antibacterial activity of extracted protein
was assessed using the well diffusion method
based on Aftin ef al. (2021) with modifications.
One-hundred pL of each condition were
transferred into the wells of tryptic soy agar
plate that had been inoculated with L.
monocytogenes ATCC-7644. An amoxicillin in
MRS with concentration of 2.5 mg/mL was
used as the positive control, while sterile MRS
broth was used as the negative control. Upon
incubation of 24 hours at 37 °C under aerobic
condition, the inhibition zones were measured.
The results were subsequently subtracted from
5 mm (i.e., the diameter of well). Tests were
performed in three replicates.

Results and Discussion

Antibacterial activity of Lactiplantibacillus
plantarum strain SU-KCla

The antibacterial activity of Lpb.
plantarum SU-KCla was analyzed in this study
by using the well-diffusion assay. Specifically,
cell-free supernatant/CFS harvested from the
co-culture between Lpb. plantarum SU-KCla
and L. monocytogenes ATCC-7644 was
compared with CFS collected from
monoculture of Lpb. plantarum SU-KCla or L.
monocytogenes ATCC-7644 in inhibiting the
growth of L. monocytogenes ATCC-7644. The
inhibition zones were measured upon
incubation at 0, 12, 24, 36 and 48 hours (Table

1.
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The CFS extracted from various starting period to 4.0 after 24 hours of
conditions containing Lpb. plantarum SU- incubation. The pH remained at 4.0 until 48
KCla upon incubation of 24 hours or beyond hours of incubation. Interestingly, this
would exhibit a modest antibacterial activity. coincided with the observed antimicrobial
There was no substantial difference between the activity from 24 hours onward (Table 1). This
antibacterial activity of co-culture and suggested that the antibacterial activity could be
monoculture of Lpb. plantarum SU-KCla, attributed to the reduction of pH, as L.
suggesting that the observed antibacterial monocytogenes ATCC-7644 was reported to be
activity is not dependent on the addition of L. sensitive to pH levels of 4 or lower as well as
monocytogenes ATCC-7644 in the co-culture. above 9.6 (Maggio et al., 2022; Suphandi et al.,

As shown in Table 2, the culture 2023).

conditions of Lpb. plantarum SU-KCla
experienced a pH reduction from 5.5 at the

Table 1. The antibacterial activity against pathogenic L. monocytogenes ATCC-7644 using well-diffusion assay
Inhibition Zone (cm)
0 hour 12 hours 24 hours 36 hours 48 hours

Condition Concentration

Co-culture of
Lpb. plantarum SU-

7. 7
KCla and 10210 0 0 040010 043%0.06 0.43+0.06
CFU/mL
L. monocytogenes
ATCC-7644
Monoculture of Lpb. -
plantarum SU-KCla 10" CFU/mL 0 0 0.40+0.10 0.40+0.17 0.47+0.12
Monoculture of L.
monocytogenes 107 CFU/mL 0 0 0 0 0
ATCC-7644 "
Amoxicillin ¢ 2.5 mg/mL 1.70+0.27 1.70+0.17 1.73+0.12 1.87+0.12 1.93+0.15
MRS © - 0 0 0 0 0

Data are shown as mean of triplicates + standard deviation. Amoxicillin resuspended in deMan Rogosa Sharpe/MRS was used
as the positive control, while MRS was used as the negative control.

Table 2. The pH of cell-free supernatant from various cultures

pH
Condition Concentration
0 hour 12 hours 24 hours 36 hours 48 hours
Co-culture of
Lpb. plantarum SU- 107107
KClaand ‘ 55 5.0 4.0 4.0 4.0
CFU/mL
L. monocytogenes
ATCC-7644
Monoculture of Lpb. 7
plantarum SU-KCla 10’ CFU/mL 55 5.0 4.0 4.0 4.0
Monoculture of L.
monocytogenes 107 CFU/mL 5.5 5.5 5.5 5.5 5.5
ATCC-7644
Amoxicillin 2.5 mg/mL 55 55 5.5 55 55
MRS - 55 55 5.5 55 55

Data are shown as mean of triplicates. Amoxicillin resuspended in deMan Rogosa Sharpe/MRS was used as the positive control,
while MRS was used as the negative control.
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Table 3. The antibacterial activity upon pH adjustment against pathogenic L. monocytogenes ATCC-7644

Inhibition Zone (cm)

Condition Concentration
pH of 7 pH of 9
Co-culture of
Lpb. plantarum SU-KC1a and 107107 CFU/mL 0 0
L. monocytogenes
ATCC-7644
Monoculture of Lpb. plantarum SU-KC1la 10 CFU/mL 0 0
Monoculture of L. monocytogenes ATCC- 10’CFU/mL 0 0
7644
Amoxicillin 2.5 mg/mL 1.83+0.15 1.80+0.00
MRS Broth - 0 0

Data are shown as mean of triplicates + standard deviation. Amoxicillin resuspended in deMan Rogosa Sharpe/MRS was used
as the positive control, while MRS was used as the negative control.

Table 4. The antibacterial activity upon temperature adjustment against pathogenic L. monocytogenes ATCC-7644

Inhibition Zone (cm)

Isolate Concentration
50°C 75°C 100°C
Co-culture of
Lpb. plantarum SU-KC1a and 10%:10" CFU/mML  0.3740.06 0.4£0.00 0.47+0.6
L. monocytogenes
ATCC-7644
Manoculture OfIégfép'a“tar”m SU- 10 CFU/mL 0.4+0.00 0.47+0.06 0.47+0.6
Monoculture of L. monocytogenes 7
ATCC-7644 10’'CFU/mL 0 0 0
Amoxicillin 2.5 mg/mL 1.77+0.15 1.9£10.17 1.83+0.06
MRS - 0 0 0

Data are shown as mean of triplicates = standard deviation. Amoxicillin resuspended in deMan Rogosa Sharpe/MRS was used
as the positive control, while MRS was used as the negative control.

This observation was further tested by
adjusting the pH of collected CFS to 7 and 9

should not be affected by temperature, but the
inhibitory activity of antimicrobial peptides,
(Table 3). As expected, no antibacterial activity such as plantaricin, might be susceptible to high
was observed at pH 7 and 9. The study by temperatures (Oesterreicher et al., 2019). Table
Arr'ioj.a-B@tén et ql: (2020) reported that the 4 shows that despite the heating, the
antimicrobial activity of .Lp b.  plantarum antibacterial activity of CFS did not change.
weakened once the pH value is near neutral or Taken together, this suggested that the observed

base. This was also in line with a study by Peh . . .
et al. (2020), which stated that the inhibitory modest antimicrobial activity of Lpb. plantarum
; SU-KCla in this study was contributed by

activity of lactic acid, the most common form of ) o
molecule(s) that is pH-sensitive but

organic acid produced by Lpb. plantarum, was : P
most effective at pH of less than 4.2. temperature-resistant (Widjaja et al., 2022).

Of note, the collected CFS samples
from various conditions were heated to analyze
whether the antibacterial activity against L.
monocytogenes ~ ATCC-7644  would be
attenuated. The inhibitory activity of
antibacterial compounds, such as lactic acid,

Evaluation of plantaricin production by
Lactiplantibacillus plantarum strain SU-
KCla

Antibacterial  activity of  Lpb.
plantarum  has  been associated with

Biota : Jurnal Ilmiah IImu-Ilmu Hayati, 10(1), Februari 2025
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biosynthesis of  plantaricin  or  other
proteinaceous compounds (Rocchetti et al.,
2021; Wiman et al., 2023). Therefore, a co-
culture method with an inducer/pathogenic
bacterium was designed to induce production of
plantaricin by Lpb. plantarum SU-KCla. The
inducer strain in this co-culture method was L.
monocytogenes ATCC-7644. First, the proteins
were precipitated from the CFS harvested from
the co-culture between by Lpb. plantarum SU-
KCla and L. monocytogenes ATCC-7644 at a
ratio of 1:1. As a control, the CFS was harvested
from monoculture of Lpb. plantarum SU-KCla.
The quantification of precipitated proteins is
shown in Table 5. There was a gradual increase
in protein concentration every 12 hours for both
co-culture and monoculture, in which the

Table 5. The protein concentration from various cultures.

highest concentration was 0.89 mg/mL after 48
hours of incubation. Intriguingly, the presence
of L. monocytogenes ATCC-7644 as an
inducing strain did not increase the protein
production by Lpb. plantarum SU-KCla.

The antibacterial activity of the
precipitated proteins was subsequently tested
via well-diffusion assay in an agar plate
previously inoculated with L. monocytogenes
ATCC-7644. As shown in Table 6, there was no
inhibition zone from both co-culture and
monoculture of Lpb. plantarum SU-KC1la. This
finding suggested that despite the presence of
genes encoding plantaricin within the genome
of Lpb. plantarum SU-KC1a (Timotius, 2021),
our experimental method was not able yet to
activate the production of plantaricin.

Protein Concentration (mg/mL)

Condition Concentration

0 hour

12 hours

24 hours 36 hours 48 hours

Co-culture of
Lpb. plantarum SU-

KC1la and 107:107 CFU/mL  0.08+0.04
L. monocytogenes
ATCC-7644
Monoculture of Lpb. 7
plantarum SU-KCla 10’ CFU/mL 0.01+0.02
PBS - 0

0.55+0.17  0.53+0.01

0.54+0.08  0.79+0.13

0.67+0.06  0.89+0.10

0.80+0.00  0.89+0.02

0 0 0 0

Data are shown as mean + standard deviation (n=3). Phosphate-buffered saline/PBS was used as the negative control.

Table 6. The antibacterial activity of precipitated protein samples against L. monocytogenes ATCC-7644.

Inhibition Zone (cm)

Condition Concentration
0 hour 12 hours 24 hours 36 hours 48 hours
Co-culture of
Lpb. plantarum SU-
KClaand 107:10” CFU/mL 0 0 0 0 0
L. monocytogenes
ATCC-7644
Monoculture of Lpb. 7
plantarum SU-KCla 107CFU/mL 0 0 0 0 0
Amoxicillin 2.5 mg/mL 1.70+£0.10  1.73+£0.17 1.73+£0.12  1.83£0.06  1.83+0.06
MRS - 0 0 0 0 0

Data shown as mean of triplicates + standard deviation. Amoxicillin resuspended in deMan Rogosa Sharpe/MRS was used as

the positive control, while MRS was used as the negative control.

Various studies had shown that
microbial co-culture was indeed a favorable

method for bacteriocin production and had been
extensively used in Lpb. plantarum strains (Lei

Biota : Jurnal Ilmiah Ilmu-Ilmu Hayati, 10(1), Februari 2025 6
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et al., 2020). Co-culturing Lpb. plantarum with
a specific bacterial strain(s) as its environmental
stimuli indeed offers a potential mechanism to
exploit the protein-synthesis pathways of Lpb.
plantarum strains (Liu et al., 2021).

Plantaricin biosynthesis is regulated by
multiple quorum-sensing (QS) regulatory
system. QS is an intercellular communication
system within and between species that
regulates gene expression in a concerted
manner, in response to changes in the
surrounding environment. The QS system of
Lpb. plantarum is mediated by two classes of
signaling molecules, i.e., autoinducer-2/Al-2
and autoinducing peptide/AIP of PlnA. In
general, the plantaricin operons usually consist
of three main components: (i) the induction
factors (AI-2 and AIP) (Gutiérrez-Cortés et al.,
2018); (ii) genes encoding histidine protein
kinase (HPK); and (iii) two response regulator
(RR) genes. When concentration of AI-2 or AIP
reaches a detectable level by extracellular HPK
receptors, it will bind and activate the signaling
cascade that triggers autophosphorylation of a
histidine residue within the cytoplasmic domain
of HPK. Upon the phosphorylation, the HPK
will act as a kinase and phosphorylate RR,
which in return activates their roles as
transcriptional factors that bind to gene
encoding for bacteriocin (Meng et al., 2021). In
addition, the AIP of plnA is a density-dependent
signaling molecule produced when the cells are
growing. When plnA reaches a detectable level
by extracellular HPK (presumably during the
stationary phase of bacterial growth), the
plantaricin’s production can be initiated
(Rizzello et al., 2014).

In a study conducted by Man & Xiang
(2021), only five strains out of 300 tested
bacterial strains that were able to induce the
production of plantaricin when co-cultured with
Lpb. plantarum NMD-17. All five strains were
lactic acid bacteria and belong to the genera of
Lactobacillus, Lactococcus, or Enterococcus.
This study showed that inducing strains were
able to act as environmental stimulus
(presumably through Al-2) for Lpb. plantarum
NMD-17 to produce plantaricin. The molecule
Al-2 is synthesized through the activity of /uxS
Al enzyme, which is encoded by the /uxS gene.
The widespread presence of /uxS gene among
bacterial species might suggest that AI-2 is a
“universal  language”  of  interspecies
communication (Raut et al., 2013). However,
the exact role of AI-2 in plantaricin biosynthesis

in Lpb. plantarum and the reason of only
specific strains of bacteria that can induce
plantaricin production are elusive yet. Thus,
there was a possibility that the inability to
induce plantaricin in our co-culture method
could be due to a fact that L. monocytogenes
ATCC-7644 was not a suitable inducer.

Conclusion

Our study demonstrated that Lpb.
plantarum SU-KCla exhibited a modest ability
to inhibit the growth of L. monocytogenes
ATCC-7644. This inhibitory activity was
presumably contributed to the production of
organic acids, which reduced the pH of cell
culture’s medium. The low pH indeed inhibited
the growth of of L. monocytogenes ATCC-7644.
Detectable expression of plantaricin via a co-
culture of Lpb. plantarum SU-KCla and L.
monocytogenes ATCC-7644, however, was not
successfully achieved. This could be attributed
to the incorrect usage of L. momnocytogenes
ATCC-7644 as an inducing strain. Subsequent
studies will attempt to use bacterial strains that
are closely related or both belonging to the
lactic acid bacterial group. Co-culture of Lpb.
plantarum SU-KCla with related species,
hopefully, will increase the likelihood of
achieving cross-talk QS interspecies, which
results in successful production of plantaricin.

Acknowledgement

This work was supported by the
Institute of Research and Community Service of
Universitas Pelita Harapan (P-14-
FaST/VIII/2022 and P-01-FaST/XI1/2021).

References

Afrin, S., Hoque, M. A., Sarker, A. K., Satter, M. A.,
& Bhuiyan, M. N. (2021). Characterization
and profiling of bacteriocin-like substances
produced by lactic acid bacteria from cheese
samples. Access Microbiology 3(6):000234.

Arrioja-Breton, D., Mani-Lopez, E., Bach, H., &
Loépez-Malo, A. (2020). Antimicrobial
activity of protein-containing fractions
isolated from lactobacillus plantarum NRRL
B-4496 culture. Brazilian Journal of
Microbiology 51(3): 1289-1296.

Biota : Jurnal Ilmiah IImu-Ilmu Hayati, 10(1), Februari 2025



Assessment on the Antimicrobial Activity

Echegaray, N., Yilmaz, B., Sharma, H., Kumar, M.,
Pateiro, M., Ozogul, F., & Lorenzo, J. M.
(2023). A novel approach to
Lactiplantibacillus Plantarum: From
probiotic properties to the omics insights.
Microbiological Research 268(1):127289.

Gutiérrez-Cortés, C., Suarez, H., Buitrago, G., Nero,
L. A., Todorov, S. D. (2018). Enhanced
bacteriocin  production by Pediococcus
pentosaceus 147 in  co-culture with
lactobacillus plantarum le27 on cheese whey
broth. Frontiers in Microbiology 9(1):2952.

Jibo, G. G., Raji, Y. E., Salawudeen, A., Amin-
Nordin, S., Mansor, R., & Jamaluddin, T. Z.
(2022). A systematic review and meta-
analysis of the prevalence of listeria
monocytogenes in south-east Asia; a one-
health approach of human-animal-food-
environment. One Health 15(1):100417.

Katharopoulos, E., Touloupi, K., & Touraki, M.
(2016). Monitoring of multiple bacteriocins
through a developed dual extraction protocol
and comparison of HPLC-dad with
turbidometry as their quantification system.
Journal of Microbiological Methods, 127:
123-131.

Lei, S., Zhao, R., Sun, J.,, Ran, J., Ruan, X., & Zhu,
Y. (2020). Partial purification and
characterization of a  broad-spectrum
bacteriocin produced by a lactobacillus
plantarum zrx03 isolated from an infant's
feces. Food Science and Nutrition 8(5):
2214-2222.

Liu, G., Nie, R,, Liu, Y., Li, X., Duan, J., Hao, X.,
Shan, Y., & Zhang, J. (2022). Bacillus subtilis
BS-15 effectively improves plantaricin
production and the regulatory biosynthesis in
Lactiplantibacillus Plantarum RX-8.
Frontiers in Microbiology, 12(1): 772546.

Maggio, F., Rossi, C., Chaves-Lopez, C., Valbonetti,
L., Desideri, G., Paparella, A., & Serio, A.
(2022). A single exposure to a sublethal
concentration of Origanum vulgare essential
oil initiates response against food stressors
and restoration of antibiotic susceptibility in
listeria monocytogenes. Food Control
132(1):108562.

Man, L.-L., & Xiang, D.-J. (2021). LuxS-mediated
quorum sensing system in lactobacillus
plantarum  NMD-17 from  Koumiss:
Induction of plantaricin MX in co-cultivation
with certain lactic acid bacteria. Folia
Microbiologica 66(5):855-871.

Meng, F., Ly, F., Du, H., Nie, T., Zhu, X., Connerton,
L. F,, Zhao, H., Bie, X., Zhang, C., Lu, Z., &
Lu, Y. (2021). Acetate and auto-inducing

Biota : Jurnal Ilmiah Ilmu-Ilmu Hayati, 10(1), Februari 2025

peptide are independent triggers of quorum
sensing in lactobacillus plantarum. Molecular
Microbiology 116(1): 298-310.

Michael, C. A., Dominey-Howes, D., & Labbate, M.
(2014). The antimicrobial resistance crisis:
Causes, consequences, and
management. Frontiers in Public Health.
Frontiers 2(1):145.

Oesterreicher, Z., Eberl, S., Nussbaumer-Proell, A.,
Peilensteiner, T., & Zeitlinger, M. (2019).
Impact of different pathophysiological
conditions on antimicrobial activity of
glycopeptides in vitro. Clinical Microbiology
and Infection, 25(6):759.e1-759.¢7.

Olaimat, A. N., Al-Holy, M. A., Shahbaz, H. M., Al-
Nabulsi, A. A., Abu Ghoush, M. H., Osaili,
T. M., Ayyash, M. M., & Holley, R. A.
(2018). Emergence of antibiotic resistance
inlisteria monocytogenesisolated from food
products: A comprehensive  review.
Comprehensive Reviews in Food Science and
Food Safety 17(5):1277-1292.

Palmer, J. D., & Foster, K. R. (2022). The evolution
of spectrum in antibiotics and bacteriocins.
Proceedings of the National Academy of
Sciences 119(38):€2205407119.

Peh, E., Kittler, S., Reich, F., & Kehrenberg, C.
(2020). Antimicrobial activity of organic
acids against campylobacter spp. and
development of combinations—a synergistic
effect? PLoS One 15(9):¢0239312.

Rachmah, A. F. (2020). Isolasi dan Identifikasi
Bifidobacterium sp. dari Air Susu Ibu.
(Bachelor's  thesis). Universitas Pelita
Harapan, Jakarta.

Raut, N., Pasini, P., & Daunert, S. (2013).
Deciphering bacterial universal language by
detecting the Quorum Sensing Signal,
autoinducer-2, with a whole-cell sensing
system. Analytical Chemistry 85(20):9604—
96009.

C. G., Filannino, P., Di Cagno, R., Calasso, M., &
Gobbetti, M. (2014). Quorum-sensing
regulation of constitutive plantaricin by
lactobacillus plantarum strains under a model
system for vegetables and fruits. Applied and
Environmental Microbiology 80(2):777-787.

Rocchetti, M. T., Russo, P., Capozzi, V., Drider, D.,
Spano, G., & Fiocco, D. (2021).
Bioprospecting antimicrobials from
Lactiplantibacillus plantarum: Key factors
underlying its probiotic action. International
Journal of Molecular Sciences 22(21):
12076.



Michael Timothy et al.

Selegard, R., Musa, A., Nystrom, P, Aili, D.,
Bengtsson, T., & Khalaf, H. (2019).
Plantaricins markedly enhance the effects of
traditional antibiotics against staphylococcus
epidermidis. The Cost and Benefit of Quorum
Sensing-Controlled Bacteriocin Production
in Lactobacillus Plantarum 14(3):195-205.

Sugata, M., Kim, YC., Rachmah, A. F., Qei, J.,
Purnama, E. T., Nitbani, A. C. J., Victor, H.,
Jo, J.,, & Tan, T. J. (2024). Assessment of
probiotic characteristics of
Lactiplantibacillus  plantarum SU-KCla
isolated from human breast milk in Indonesia.
Applied Food Biotechnology 11(1):e31.

Suphandi, M., Sugata, M., & Tan, T. J. (2023).
Aktivitas antimikroba Bakteri Asam Laktat
Yang Diisolasi Dari Susu Sapi di Indonesia.
Biota: Jurnal Ilmiah Illmu-limu Hayati
8(2):1-9.

Timotius, Vania Austine Callista (2021) Analisis
Motif Imunoregulator DNA CpG, Gen
Plantarisin, dan Gen Resistensi Mupirocin
pada Genom Lactiplantibacillus plantarum
SU-KCla = Analysis of Immunoregulatory
CpG DNA Motifs, Plantaricin Genes, and
Mupirocin Resistance Genes in
Lactiplantibacillus  plantarum SU-KCla.
[Bachelor  thesis].  Universitas  Pelita
Harapan.

Widjaja, A. N., Sugata, M., & Jo, J. (2022). Aktivitas
antimikrobial Lactiplantibacillus Plantarum
F75 Dan Su-KCIA terhadap Pertumbuhan
Bakteri patogen antimicrobial activities of
Lactiplantibacillus Plantarum F75 and Su-
KCI1A against the growth of pathogenic
bacteria]. FaST - Jurnal Sains Dan Teknologi
(Journal of Science and Technology) 6(2):
175.

Wiman, E., Zattarin, E., Aili, D., Bengtsson, T.,
Selegard, R., & Khalaf, H. (2023).
Development of Novel Broad-spectrum
antimicrobial lipopeptides derived from
plantaricin NC8 [. Scientific Reports
13(1):4104.

Biota : Jurnal Ilmiah IImu-Ilmu Hayati, 10(1), Februari 2025



