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ABSTRACT

A preliminary study on the anticancer effects of Pediococcus pentosaceus SR6 against breast cancer has been carried
out. A 28.4kDa protein from this strain was identified as having anticancer properties, as evidenced by morphological
changes observed through double staining with Acridine Orange/Propidium lodide (AO/PI) and DAPI. However, its
quantitative efficacy as an anticancer therapy has not yet been investigated. Therefore, this study was conducted to
further explore its potential. The study began with the cultivation of P. pentosaceus SR6 isolate in a sterile MRS broth
medium. Protein fragments of the isolate were then analyzed using the SDS-PAGE method. A specific protein, predicted
to have biological activity, was subsequently isolated, purified, and electroeluted before being tested on the MCF-7
breast cancer cell line. Its anticancer potential was evaluated by measuring apoptosis and necrosis activity through flow
cytometry. Finally, the data were statistically analyzed using SPSS 25 software. The study results demonstrated that the
28.4kDa protein from P. pentosaceus SR6 exhibited cytotoxicity against MCF-7 cells, with an 1Csp value of 5.42ug/mL.
Its anticancer potential was confirmed by a significant reduction in cancer cell viability from 90.67+0.31% to
14.97+0.85%. Flow cytometry analysis revealed an increase in early apoptosis from 3.77+0.06% in the control group
t0 47.43+0.15% in the treated cells, while late apoptosis rose from 3.03£0.12% to 37.23+1.27%. Similarly, necrotic cell
populations increased from 2.70+0.20% to 3.63+0.31%. In the cell cycle analysis, the number of cells in the G1 phase
decreased from 47.07£1.15% to 43.40+3.84% following treatment with the 28.4kDa protein. A decline was also
observed in the G2-M (division) phase, from 21.83+0.55% to 18.77+£1.01%, and in the S (synthesis) phase, from
15.87+0.49% to 13.80+0.17%, corresponding to reductions of 14.05% and 13.03%, respectively. Conversely, the Sub-
G1 phase, associated with apoptosis, increased by 4.72%, rising from 3.53+£0.21% to 3.70+£0.60%. These findings
provide quantitative evidence that the 28.4kDa protein from P. pentosaceus SR6 exhibits anticancer activity in MCF-7
cells through apoptosis and necrosis. Further research, including preclinical and clinical studies, is necessary before
potential therapeutic application.
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INTRODUCTION

The International Agency for Research on Cancer
(IARC), released the latest estimates of the global burden
of cancer. The new information available on IARC’s
Global Cancer Observatory covers 185 countries and 36
cancers showing female breast cancer ranked second (2.3
million cases, 11.6%) under lung cancer in the first position
(Anonym 2024). Furthermore, WHO data for 2022
recorded that breast cancer sufferers in Indonesia were at
the forefront among other cancers, namely 66,271 cases or

16.2% of the total cases. Breast cancer can occur in both
men and women, but the prevalence in women is much
higher (Anonym 2021).

In animals, cases of mammary tumors are very rarely
reported, and the cases are commonly reported in dogs and
cats. Cases of mammary tumors in various animals show
variations in type and severity. The researchers found that
mammary tumors in eight cat populations of the world
proved associated with the Hspb1 mutation (Saif et al. 2016).
Fibrosarcoma cases have been reported in the mammary
glands of Golden Retriever dogs (Putri and Gorda 2019)
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and Human basal-like breast cancer is proved to be
represented by one of the two mammary tumor subtypes in
dogs (Watson et al. 2023). Furthermore, a case of
mammary tumor in a 13-year-old tigress was found that had
spread to the lungs (Fraser et al. 2024).

Extensive research has been conducted on tumors in
both animals and humans. Several studies have contributed
to this field, including A Comparative Approach of Tumor-
Associated Inflammation in Mammary Cancer Between
Humans and Dogs (Carvalho et al. 2016), Neuroendocrine
Carcinomas of the Canine Mammary Gland:
Histopathological and Immunohistochemical
Characteristics (Nakagaki et al. 2020), and The Expression
Pattern of SMP30 in Mammary Carcinoma in Humans,
Dogs, and Cats as a Pan-Species Diagnostic Marker,
Facilitating Strategies for Diagnosing Mammary
Carcinoma Across Species (Baek et al. 2021).
Additionally, research such as Rapid Visualization of
Mammary Gland Tumor Lesions in Dogs Using the
Enzyme-Activated Fluorogenic Probe Gamma-Glutamyl
Hydroxymethyl Rhodamine Green (Hirose et al. 2022) has
provided valuable diagnostic insights. A recent study also
established a link between breast cancer and the intestinal
microbiome in mice as an animal model, with findings that
serve as important biomarkers for breast cancer diagnosis
(Ji et al. 2023).

Furthermore, the managements of cancer sufferers are
chemotherapy, radiotherapy, surgery, hormone therapy,
immunotherapy and targeted therapy as the recent method
(He and Xu 2021). Principally, cancer therapy is designed
to destroy cancer cells. However, due to the lack of
specificity in targeting only cancerous cells, this therapy
often affects healthy tissues and organs. The general effects
of cancer therapy can vary depending on the treatment
modality and dosage. The effect commonly involves
damage to rapidly dividing normal cells and tissues which
leads to various side effects. Several side effects such as
bone marrow suppression can lead to conditions like
anemia, neutropenia, and thrombocytopenia which
increase the risk of infections, fatigue, bleeding (Crawford
et al. 2010) and kidney damage (nephrotoxicity) (Chen et
al. 2022). This occurs due to drug-induced oxidative stress
and apoptosis in renal tubular cells (Ozkok and Edelstein
2014); oral mucosa damage (oral mucositis) that can
increases the risk of infections and difficulties in eating and
speaking (Villa and Sonis 2015; Al-Dasooqi et al. 2013);
inflammation resulting from cancer therapies can activate
inflammatory pathways. Cytokines, such as TNF-a, IL-6,
and IL-1, are often released, contributing to systemic
inflammation, fatigue and tissue damage (Balkwill and
Mantovani 2012; Bonavita et al. 2015); disruption of
normal metabolism that may lead to hyperglycemia, weight
loss, cachexia, or fatigue due to metabolic stress on the
body (Blum et al. 2014) and secondary lymphedema
resulting from damaged lymphatic vessels. This condition
occurs mainly in breast cancer sufferers. This condition
causes swelling, pain, and restricted movement in the
affected limb (DiSipio et al. 2013).

Ideally, cancer treatment can eliminate tumors and
metastases, but they generally still have shortcomings such
as requiring additional treatment or being less specific to
the target which results in additional side effects (Pucci et
al. 2019). Recently, researchers have focused on
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discovering antitumor agents with minimal side effects,
and one such promising candidate is bacteriocins.
Bacteriocins is a specific protein with a low molecular
weight, produced by lactic acid bacteria (LAB), which have
demonstrated potential in targeting various cancer cells
(Molujin et al. 2022). The cationic peptides of bacteriocin,
synthesized in ribosomes, exhibit selective cytotoxicity
against cancer cells while sparing normal cells. This
selective mechanism makes bacteriocins a strong candidate
for further exploration in cancer therapy and clinical trials
(Wu et al. 2021). Mechanisms of bacteriocin as an
anticancer are selective membrane disruption. In this
action, cancer cell membranes often carry a negative charge
due to high levels of anionic phospholipids, distinguishing
them from normal cells. Bacteriocins, being cationic,
preferentially bind to these negatively charged membranes,
leading to membrane destabilization and cell death (Kaur
and Kaur 2015). Another mechanism is membrane fluidity.
In this theory, the increased fluidity and presence of
microvilli in cancer cell membranes facilitate the binding
and insertion of bacteriocins, enhancing their cytotoxic
effects. (Wang et al. 2024).

The previous study revealed that the LAB strain
Pediococcus pentosaceus SR6 demonstrated anticancer
potential by reducing the viability of T47D cancer cells
from 95.08 to 50.65% (Swacita et al. 2022). Furthermore,
the next study also proved the anticancer effect of the
28.4kDa protein prom P. pentosaceus SR6 in MCF-7 breast
cancer cell line qualitatively by double staining with
acridine orange/propidium iodide and DAPI staining
method. Based on these considerations, the deep study to
evaluate the anticancer potential of this strain is
quantitatively interesting to present.

MATERIALS AND METHODS

Ethical approval
This Ethical approval was not required in this study
because there was no use of live animals.

Cultivation of the SR6 lactic acid bacteria strain isolate

The SR6 lactic acid bacteria strain isolate was
retrieved from a 30% glycerol stock that had been stored at
-20°C. The isolate was thawed at 4°C for 15min and
subsequently cultured at room temperature in a sterile MRS
broth medium. It was then incubated at 37°C for 24 hours.
Once the isolate had grown, it was prepared for further
testing (Suardana et al. 2024; Sukrama et al. 2020).

Protein fragments analysis of lactic acid bacteria SR6
strain

Protein fragments from the isolate were identified and
analyzed using the Sodium Dodecyl Sulfate
Polyacrylamide  Gel Electrophoresis (SDS-PAGE)
technique. The P. pentosaceus SR6 culture suspension was
centrifuged at 3,000 rpm at 4°C for 10min, washed with 0.1
M PBS buffer (pH 7.0) and centrifuged again under the
same conditions. This washing step was repeated three
times to ensure purity. Protein extraction was carried out
through sonication under cooling conditions, with six
cycles of 30-second pulses at 0.7 duty cycle amplitude,
interspersed with 5-second intervals. The resulting cell
mass was then centrifuged at 13,000rpm for 10min, and the



supernatant was collected as the protein sample for further
analysis.

The protein content was quantified using the Bradford
assay, and the concentration of the electrophoresed protein
samples was standardized through dilution. Protein
profiling was performed using SDS-PAGE, employing a
12.5% resolving gel and a 5% stacking gel. A total of 15
uL of protein solution (35 pg/uL) was loaded into each
well, except for the first well, which was loaded with a
protein marker standard (20—220kDa, Invitrogen LC5602)
for ~ molecular  weight  comparison.  Following
electrophoresis, the gel was stained with 1% Coomassie
Brilliant Blue and subsequently destained using a solution
composed of methanol, glacial acetic acid, and distilled
water in a 5:1:4 ratio until distinct protein bands were
observed. The molecular weights of the protein bands were
determined by calculating their retention factors (Rf),
comparing the migration distance of each band to that of
the standard protein marker using the following formula
(Suardana et al. 2013; Suardana et al. 2024):

The distance of the moving protein band from its starting point
Rf =

The distance of the moving tracker color from its starting place

Isolation, purification and electroelution of specific
proteins

The unstained SDS-PAGE gel was sliced along the
specified protein bands. Each gel slice was placed into a
cellophane bag and immersed in 1-2mL of 0.2mM
phosphate buffer (PB). The bags were then positioned in an
electroelution chamber filled with 0.1mM phosphate
buffer. Electroelution was carried out in a cooled chamber
at 220V and 20mA overnight. To confirm protein elution,
the acrylamide gel pieces were stained with Coomassie
Blue for 20min. Destaining was performed to check for the
absence of bands. If no bands remained, it indicated
successful protein elution. The liquid containing the eluted
protein from the cellophane bag was then collected,
precipitated, and purified with a 1:1 ratio of absolute
ethanol. This process yielded protein samples ready for
further testing (Suardana et al. 2024).

Culture preparation of MCF-7 cells

The MCF-7 cells used in this study were obtained from
the Parasitology Laboratory at Gadjah Mada University. A
total of 1mL sample of MCF-7 cell culture, stored in a
frozen state in liquid nitrogen (cryotube), was thawed. The
cells were washed with DMEM medium by centrifugation
at 3,000rpm for 5min at 4°C. The pellet was washed again
under the same conditions and then resuspended in 10mL
of complete medium, consisting of DMEM supplemented
with 10% Newborn Calf Serum (Sigma N4887),
100mg/mL  streptomycin, 1001U/mL penicillin, and
50pg/mL fungizone (Fisher Scientific, BW17-745H). The
cells were incubated at 37°C in a 5% CO: atmosphere.
After 24 hours, the growth medium was replaced and the
monolayer cell formation was observed over 3—7 days (Liu
and Pan 2010; Suardana et al. 2018; Suardana et al. 2024).

Apoptosis and necrosis test
Apoptosis and necrosis tests were performed using
flow cytometrically with a double staining method. A 6-

Int J Vet Sci, 2025, x(X): XXX.

well culture plate (Corning) was coated with 50uL of
MCF-7 monolayer cells with a cell density of 7 x
105cells/well and then incubated overnight at 37°C, with an
atmospheric humidity of 5% CO,. Each well was then
added with 10uL of specific protein pellets from
electroelution. The cells were then incubated for 24h, the
liquid was discarded, and the monolayer cells were washed
2 times with DMEM media. Cells were added with 100uL
of complete growth medium, and incubated for 1 day. Cells
were harvested using 0.25% trypsin and then washed with
PBS. Cells were then treated with 100pL of the Annexin-
V-FLUCOS staining kit. Incubation was performed in the
dark for 10min at a temperature of 25-27°C. Histograms of
apoptotic and necrotic cells were analyzed using a
FACSCalybur flow cytometer (Becton-Dickinson).
Interpretation of Results; if Annexin V-positive, PI-
negative (Q3): Early apoptosis (phosphatidylserine
externalization but intact membrane), if Annexin V-
positive, Pl-positive (Q2): Late apoptosis or secondary
necrosis  (phosphatidylserine  externalization  with
membrane damage), if Annexin V-negative, Pl-positive
(Q1): Necrosis ~ (membrane ~ damage  without
phosphatidylserine externalization), and if Annexin V-
negative, Pl-negative (Q4): Viable cells (intact membrane
and no phosphatidylserine externalization) (Crowley et al.
2016; Vermes et al. 1995).

Data Analysis

Research data were presented descriptively in the form
of average and deviation standards. The average value was
then analyzed using the General Linear Model and further
tested with the Duncan test in the SPSS version 25 program
(Santoso 2018).

RESULTS

Protein fragments analysis of lactic acid bacteria SR6

The stock culture of lactic acid bacteria SR6 was
propagated in an MRS broth medium. After the bacteria
had grown, they were subcultured in a larger volume to
prepare for protein analysis. The protein analysis results are
presented in Fig. 1.
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Fig. 1: The SDS-PAGE results of LAB SR6 isolate-protein with
5% stacking gel and 12% resolving gel. M: Marker (PM5100).
No: 1- 3 isolate SR6 15uL.



In Fig. 1, there are several protein bands visible, but
the one of interest in this study is the protein band with a
MW of 28.4kDa of P. pentosaceus SR6 because showing
thick and distinct bands. The protein bands were then
excised and collected to obtain sufficient amounts. The
collected proteins were electroeluted and continue to be
tested as a treatment on MCF-7 cancer cells based on the
ICsp previously of 5.42ppm (Suardana et al. 2024).

Apoptosis and necrosis test

The results of the apoptosis and necrosis test of the
28.4kDa protein of P. pentosaceus SR6 using the
Flowcytometry method based on the 1Csp as in Fig. 2.

The data in Fig. 2 shows the difference in cell
morphology between the control and MCF7 cells that were
hybridized with 24.8kDa protein from the P. pentosaceus
SR6 isolate. The number of living cells in the control was
very high with an average of 90.67+0.31%, while in the
treatment with 24.8kDa protein, it decreased to
14.97+0.85%. Cells entering the early apoptosis stage for
the control were 3.77+0.06% and entering the late
apoptosis stage were 3.03+0.12%. On the other hand, the
cells that received the treatment increased to 47.43+0.15
and 37.23+1.27%, respectively.  Likewise, cells
experiencing necrosis increased from 2.70+0.20 to
3.63+0.31%. The research data in Fig. 2 are in line with the
research results found by previous study which found that
a specific protein of 24.8kDa from the LAB SR6 isolate
with Acridine Orange/Propidium lodide (AO/PI) staining
pushed cells into the necrosis phase by only 1.33 and 10%
respectively at protein concentrations of 12.5 and 25ppm
(Suardana et al. 2022).

Cell cycle test
Cell cycle test is very important to be done as a
confirmation of the results of apoptosis and necrosis tests.
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This test is not only a complement, but also an important
step to further understand how an anticancer agent works
in inhibiting the growth and development of cancer cells.
The results of the cell cycle test from the effect of treatment
compared to the control as in Fig. 3.

The cell cycle analysis presented in Fig. 3
demonstrates that MCF-7 cells treated with the 24.8kDa
protein from P. pentosaceus SR6 exhibited a reduction in
the G1 phase (resting phase), decreasing from
47.07+1.15% to 43.40+3.84%, corresponding to a 7.79-
fold decline. Similarly, the proportion of cells in the G2-M
(division) phase and S (synthesis) phase also decreased
following hybridization treatment, from 21.83+0.55% to
18.77+1.01% and from 15.87+0.49 to 13.80+0.17%,
representing 14.05-fold and 13.03-fold reductions,
respectively. In contrast, the number of cells in the Sub-G1
phase (apoptotic phase) increased 4.72-fold, rising from
3.53+0.21% to 3.70+0.60%.

DISCUSSION

This study demonstrates the anticancer activity of
the 28.4kDa protein from P. pentosaceus SR6. The protein
exhibits cytotoxic effects on MCF-7 cancer cells in a
quantitative manner. Its mechanism of action involves
inducing apoptosis and necrosis by reducing the proportion
of cells in the G1 (resting), G2-M (division) and S
(synthesis) phases, while simultaneously increasing the
population of cells in the Sub-G1 (apoptotic) phase. The
research results obtained also strengthen the evidence of
the anticancer effect of the 28.4kDa protein from the LAB
SRé6 isolate, as well as strengthening the results of previous
research which found that the 28.4kDa protein from P.
pentosaceus SR6 has the potential as an anticancer
compound (Suardana et al. 2024). The ability to inhibit
cancer growth of the LAB SR6 isolate was in line with the
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Fig. 3: MCF-7 cell cycle
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previous founding that proved the anticancer effect of lactic
acid bacteria is known through several mechanisms such as
antiproliferative activity, encouraging cancer cells to enter
the resting phase (cell cycle arrest), antimutagenic
mechanisms, antiangiogenic effects, anti-inflammatory
effects, and apoptosis induction (Garbacz 2022). The
results also proved the previous study, which used nisin as
an anticancer, as a bacteriocin produced by Lactococcus
lactis. Following treatment with nisin at various doses,
cancer cells exhibited an increase in their apoptotic index,
the cell cycle stopped, and suppressed the expression of
genes that are involved in cell migration and proliferation
(Ahmadi et al. 2017).

Bacteriocins promising candidates as anticancer
agents, offering potential benefits over conventional
therapies. 1) Selective Cytotoxicity: Bacteriocins,
particularly cationic and amphiphilic ones, have a high
affinity for the negatively charged membranes of cancer
cells. This allows them to selectively target and destroy
cancer cells without harming healthy cells (Molujin et al.
2022); 2) Induction of Apoptosis: Certain bacteriocins can
induce programmed cell death (apoptosis) in cancer cells,
leading to their elimination. For instance, the bacteriocin
LS10 has been shown to cause apoptotic and necrotic death
of cancer cells at varying concentrations (Baindara et al.
2017); 3) Minimal Side Effects: Unlike traditional cancer
therapies, bacteriocins have demonstrated the ability to
selectively destroy cancer cells without affecting
neighboring normal cells, potentially reducing side effects
associated with treatment (Wang et al. 2024); 4) Broad-
Spectrum Anticancer Activity: Bacteriocins have shown
activity against various human cancer cell lines, including
breast cancer cells, indicating their potential as versatile
anticancer agents (Sharma et al. 2021) and Reduced Risk

of Drug Resistance: Bacteriocins can exert rapid tumor-
killing effects without the need to interact with specific
receptors, decreasing the likelihood of cancer cells
developing resistance (Wang et al. 2024).

Bacteriocins, produced by bacteria, have demonstrated
potential as anticancer agents by inducing cell death in
cancer cells through apoptosis and necrosis pathways. The
mechanisms by which bacteriocins exert these effects
include: 1) Membrane Disruption: Bacteriocins can interact
with cancer cell membranes, leading to depolarization and
increased permeability. This disruption can cause cell death
through necrosis or initiate apoptotic pathways (Kaur and
Kaur 2015); 2) Mitochondrial Pathway Activation: Some
bacteriocins increase mitochondrial membrane
permeability by altering the Bax/Bcl-2 ratio and promoting
reactive oxygen species (ROS) production. This leads to
cytochrome ¢ release into the cytoplasm, forming
apoptosomes that activate caspase-9, initiating apoptosis
(Wang et al. 2024); 3). Death Receptor Pathway
Activation: Bacteriocins can promote apoptosis through the
death receptor pathway by inhibiting the expression of c-
FLIP, an inhibitor of caspase-8. This inhibition allows for
the activation of caspase-8, further propagating the
apoptotic signal (Wang et al. 2024) and 5). Concentration-
Dependent Effects: The effect of bacteriocins on cancer
cells can be concentration-dependent. For instance, the
bacteriocin LS10 induces apoptotic death at lower
concentrations and necrotic death at higher concentrations
(Baindara et al. 2017).

Conclusion

Based on these results of the study, the specific protein
from the Pediococcus pentosaceus SR6 with a molecular
weight (MW) of 28.4kDa is proven to have anticancer



activity in MCF-7 cells through apoptosis and necrosis
pathways. Its activity is also strengthened by the results of
cell cycle analysis which increases the cell entering the
Sub-G1 phase as the apoptosis phase compared with the
control. It is needed to continue studies focusing on pre-
clinical and clinical studies to complete its effect in vivo
before application.
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