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Abstract
Conventional antimicrobial and anti-cancer treatments, including chemotherapy, surgery, radiation
therapy, etc., have all been associated with antimicrobial resistance (AMR) and side effects on healthy
cell damage. Recently, bacteriocins have emerged as a promising option in antimicrobial and anticancer
therapies.In this study, EntA-PynR-Lac gene sequence was obtained using bioinformatics software. The
designed fusion gene was synthesized and cloned into the pET22b expression vector and transferred to
the engineered E. coli BL21 bacterium for expression of the recombinant protein. The three-dimensional
structures and stability of the designed recombinant protein were evaluated. Con�rmation and
puri�cation of the recombinant protein was performed by Western blotting and nickel column
chromatography and determination of cell lethality of different concentrations of the recombinant protein
against AGS cell line by MTT technique was conducted. Treatment of cells with different concentrations
of protein to evaluate the apoptosis of AGS cells was performed by �ow cytometry. The results showed
that the percentage of cells treated with recombinant protein at a concentration of 80µg/ml with total
apoptosis was 46.91% and increased by 36.25% compared to untreated cells. Due to the anti-apoptotic
properties of fusion protein, it can be used to inhibit cancer cells as a therapeutic supplement and
prevention.

Introduction
Despite much progress in the diagnosis and treatment of cancer, they constitute as the main reasons of
deaths worldwide. Side effects related to chemotherapy and drug resistance are also current treatment
problems. Hence, the search for new anti-cancer agents is very important. Bacterial proteins and peptides
are among the promising active compounds in the potential treatment of cancer.1

However, many anticancer agents do not typically have speci�c properties for transformed cells. As a
result, they also kill healthy cells that are rapidly proliferating resulting in toxic side effects. Another
limitation of chemotherapy is the development of resistance by cancer cells.2

Therefore, a more effective option may be other drug groups that target cancer cells without toxicity to
normal cells. Another necessity is to develop less resistance to such agents, compared to conventional
chemotherapy protocols.3

Resistance to antimicrobial agents is also a problem that has recently caused concern around the world.
Extensive and inappropriate use of antibiotics in the treatment of infectious diseases has led to the
emergence of multidrug-resistant bacteria.4 To overcome this problem, innovative antimicrobial agents
must be developed.5

In order to reduce therapeutic doses, a combination of antimicrobial agents may also reduce the
emergence of resistant strains in nosocomial infections.6
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Bacteria produce a wide range of bacteriocins and antimicrobial peptides (AMPs) that prevent other
bacterial strains from invading their own site. The bacterial peptides can also prevent tumor cell growth.
Due to cationic charge and amphiphilic nature, bacteriocins have an anti-cancer effect.This feature
enables bacteriocin to act as an "active membrane" by interacting with a negatively charged cell
membrane. The electrostatic interaction between cationic bacteriocins and cancer cells plays an
important role in cytotoxicity. Cancer cells also have low cholesterol levels, and as the cancer progresses,
the membrane �uidity increases, making the cancer cells more prone to AMPs.7

Bacteriocins can disrupt membrane integrity and cause apoptosis among cancer cells. Another
mechanism involves inhibiting angiogenesis and then preventing cancer from progressing.8

Bacteriocins are substances ribosomally synthesized by bacteria. They exhibit antimicrobial activity
towards other bacterial species.9 Majority of bacteriocins are extremely potent compared with most of
their eukaryotic counterparts, exhibiting antimicrobial activity at nanomolar (nM) concentrations.10 The
selectivity and safety pro�le of bacteriocins have been highlighted as superior advantages over
traditional antibiotics.11

Many bacteriocins substances that are synthesized ribosomally by bacteria, show antimicrobial activity
against other bacterial species.9 Most of them are very strong compared to most of their eukaryotic
counterparts and show antimicrobial activity even at the level of nanomolar (nM) concentrations.10 The
selective and safe action of bacteriocins is one of their advantages over traditional antibiotics.11

The mechanical action of bacteriocins includes bactericidal and bacteriostatic effects with or without cell
lysis. Inhibition of cell growth and consequent lack of cell wall synthesis, changes in membrane
permeability or pore formation cause the death of target cells.12 Another potential effect of bacteriocins
is their effect on cancer therapy by inhibiting the synthesis of DNA and membrane proteins that cause
apoptosis or cytotoxicity in tumor cells.13

By increasing the amount of tumor necrosis factor alpha (TNFα) secreted by macrophages and T cells, it
binds to cell surface receptors, and by trimer zing them, intracellular caspases are activated. With the
relative change of pro-apoptotic mediators (such as Bax) and anti-apoptotic mediators (like Bcl-2), the
permeability of the mitochondrial membrane to cytochrome C increases, and when released, the
apoptosis forms and activates caspase.14

The results of a study by Yousefy et al. also showed that protein fusion caused the highest level of
apoptosis in AGS cells. The AGS cell line treated with concentrations of nisin - enterocin-epidermicin
protein fusion showed high levels of apoptosis.15

In order to design the recombinant fusion gene construct, we used a peptide sequence with anticancer
activity and a speci�c ligand of AGS cell line. Because the anti-cancer activity of bacteriocins such as
lactocin, R-type pyocin and enterocin has been studied separately in different cell lines in the past,
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induction of apoptosis was observed. In this study, we sought to induce apoptosis by designing a
recombinant fusion gene construct against gastric cancer cell line (AGS) to be used to inhibit pathogens
and cancer cells.

The aim of this study was to evaluate the apoptotic and antibacterial activity of anti-cancer protein
fusion, enterocin A, R-type pyocin, lactocin containing speci�c ligand in gastric cancer cells.

Results
The results of �ow cytometry are reported as follows (Figure 1):

1. Annexin V- / PI- region: In this region, living cells were located.

2. Annexin V + / PI- region: Primary apoptotic cells were located in this region.

3. Annexin V + / PI + region: In this region, dead cells were located by secondary necrosis and
apoptosis. 

4. Annexin V- / PI + region: In this region, damaged cells were present during the preparation process
(considered as necrosis and no apoptosis occurred in them). 

The percentage of cells treated with recombinant protein with primary apoptosis (Q4 region), secondary
apoptosis (Q3 region) and necrosis increased compared to untreated cells (Figure 2). The number of
healthy cells (Q1 region) in the untreated cell group was signi�cantly higher than the treated cells. These
results indicate that treatment of gastric cancer cells with recombinant protein at a concentration of
80μg/ml induces apoptosis in this cell line.

Discussion
In a study in 2014, the anti-cancer effects of bacterioicin isolated from Enterococcus Mundtii strain
C4L10 was evaluated. It was showed that this bacteriocin has anti-proliferative activities against different
human cancer cell lines. 16

In a study conducted by Ankaiah et al. the bacteriocin enterocin-B produced by E.faecium exhibited anti-
cancer activity against HeLa, HT-29, AGS cancer cells and it was observed that the anti-cancer activity
was dramatically increased when cancer cells treated with the heterodimer of the bacteriocins enterocin-
A+B. 17

Nami et al. evaluated the therapeutic effects and probiotic properties of proteins secreted by Ent. faecalis.
In this experiment, the anti-cancer effect of enterocin on four human cancer cell lines (AGS, HeLa, MCF-7
and HT-29) as well as a normal cell line (HUVEC) was investigated. Their �ndings revealed that the
metabolites produced by this vaginal  Ent. faecalis strain can induce the apoptosis of cancer cells.18

In a study by Abdi-Ali et al., the cytotoxic effect of pyocin S2, derived from Pseudomonas aeruginosa,
on the human tumor cell lines HepG2 and Im9 and the normal human cell line HFFF was surveyed. Indeed
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the results indicated that pyocin S2 exhibit an inhibitory effect on tumor cell lines.19 In another similar
study, the cytotoxicity of pyocin S2 was evaluated against human malignant cells and normal cells in the
same species. According to the results, the inhibitory effects on the cells increased with an increase of
pyocin S2 activity. 20 

Kim and colleagues examined the anticancer effect of cytoplasmic fraction from Lactococcus lactis ssp.
lactis. The results of these researchers indicated the proliferation of human colon cancer cell line was
inhibited by the treatment with cytoplasmic fraction of Lc. lactis.21

In another study in 2020, PI staining was performed and revealed apoptosis in Colicin N-treated cells, but
no detectable �uorescent red was associated with necrosis.22

In a study by Chumchalova et al., considered colicin E1, A and U stopped the cell cycle in �ve tumor cell
lines. Colicin E1 and A, induced apoptosis in three cancer cell lines by 7 to 58%.23

Ankaiah et.al studied the anti-cancer activity of enterocin-A against human colon, gastric (HT-29, Caco-2
and AGS) and cervical (HeLa) cancer cell lines and they found out that ent-A was able to induce
apoptosis in HeLa cell line at a concentration of 120μg/ml, so that 53.93% of the cells had delayed
apoptosis and 5.8% showed a primary apoptosis.24

Fathizadeh et al. in a review study investigated the role of bacteriocins as new potential therapeutic
candidates in cancer therapy. They �nd out that Evidence suggests that bacteriocins such as colcins,
nisins, pediocins, pyocins, and bovocins are able to inhibit tumor growth at various stages by activating
or inhibiting various cellular and molecular signaling pathways.25 They also showed that enterocin A-
colicin E1 fusion peptide can be used as an effective antibacterial compound to treat or prevent bacterial
infections.26

Jalalvand et al. were investigated cloning and expression of the fusion gene construct of enterosin A,
pyocin R, and lactocin, along with the anticancer peptide and speci�c ligand of the AGS cell line in a
bacterial host. When this recombinant protein was exposed to AGS cell line, it resulted in a signi�cant
increase in the expression of Bax and caspase 3 genes and a signi�cant decrease in Bcl2 gene
expression compared to the GAPDH reference gene.27

In our study, the anticancer effect of peptide fusion, bacteriocins and speci�c ligand of AGS cell line were
investigated. In general, the recombinant protein induced apoptosis in the AGS cell line, and it can be
suggest that this recombinant protein activated apoptosis internally, leading to cell death.

Flow cytometry results showed that the frequency of cancer cells treated with recombinant protein that
had apoptosis was signi�cantly higher than untreated cells. This indicates that treatment of AGS cell line
with recombinant protein at a concentration of 80μg/ml induces apoptosis.
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Under certain conditions, this recombinant protein may be used as adjuvants in chemotherapeutic drug
combinations or as a tool to manipulate the expression of genes induced in apoptosis and ultimately
control the growth and proliferation of cancer cells.

Through the present study, the following �ndings were speci�cally obtained:

1. Tests to measure the ability to inhibit cell proliferation and induce apoptosis in the cancer cell line
showed that recombinant protein at a concentration of 80μg/ml can induce apoptosis and death in
the gastric cancer cell line.

2. In general, recombinant protein may be introduced as a candidate to control microbial infections as
well as cancer, and further attention and research.

These results can be the basis for more extensive studies to comprehensively study the effects of this
recombinant protein for use in the treatment of cancer. In vitro results show that this protein has the
necessary properties for in vivo studies.

Materials And Methods
Initially, a recombinant gene cassette containing anticancer sequences, lactocin-enterocin, pyocin and
speci�c ligand genes was designed and their sequences were prepared for synthesis and cloning in
pET22b expression vector from Biomatik Corporation.27 Transformation of the generated vector into
susceptible cells was performed by heat shock method.

In IPTG-induced pET systems, T7 RNA polymerase was produced, and �nally this RNA polymerase was
transcribed from the target gene located on this vector. Then, the transcribed RNA was translated into the
target protein. Induction of recombinant plasmid and production of recombinant fusion protein in E.coli
BL21 was performed as follows:

At a time interval of one hour after induction (1-5 hours), 1ml of the sample was collected from the
culture medium and collected in a clean microtube. An induced sample was also prepared around the
clock. After centrifugation, the precipitates were placed at -20°C until the start of SDS-PAGE
process. Then, the expression of recombinant protein was assessed by SDS-PAGE.

Western blot (immunoblot) also was used to speci�cally detect the produced fusion protein and evaluate
its antigenicity. The cleaved protein bands in SDS-PAGE were �rst electrically transferred to a membrane
of nitrocellulose or polyvinylidene di�uoride (PVDF) with porosity (0.45μm). The presence of recombinant
protein was then evaluated using polyclonal antibodies.27

Cell treatment and study of apoptosis

In each cavity of the 96-well plate, 100,000 AGS cells from the cell bank of the Genetic and Biological
Resources Center of Iran (IBRC C10071) were poured and incubated for 24 hours in a CO2-containing
incubator at 37°C to allow the cells to adhere to the bottom of the plate. Then, the proliferation and



Page 7/11

adhesion of cells to the bottom of the cavities were examined, and cases where the cell size was much
lower or much higher were removed. Different concentrations of recombinant protein were prepared at
intervals of 10 (10-100 µg/ml). The incubation period was 24 hours and after MTT test, the results were
determined as Optical Density (OD) using ELISA plate reader. By detecting the values of OD, control OD
(C) and OD of each concentration (T) were also calculated and the lethal percentage of each
concentration was determined.

With the onset of apoptosis, phosphatidylserine, which is normally present on the inner surface of the cell
membrane, was transferred to the outside. Annexin V can bind speci�cally to phosphatidylserine in the
presence of calcium. Under these conditions, annexin V was conjugated to the Fluorescein isothiocyanate
(FITC).

Propidium iodide solution (PI) was used for staining. The compound only penetrates cells whose plasma
membrane structure has been destroyed and then attaches to DNA. Thus, cells that are in the early stages
of apoptosis are identi�ed from those that are in the �nal stages, and the frequency of cancer cell death
is determined in terms of necrosis, primary and secondary apoptosis.

To evaluate apoptosis, a cell culture plate of 24 cells was used and after 24 hours, the cells adhered to
the bottom of the plates. To all three wells of the plates (as triplicates) was added 80μg/ml of freshly
prepared recombinant protein, and a few wells were used as controls that were not treated with
recombinant protein.

Then, the �nal volume was increased to one cc by culture medium. To treat the cells, the plate was placed
in a CO2 incubator at 37°C for 24 hours.

After removing the supernatant �uid and washing with PBS, trypsin was added to remove the cells from
the bottom of the plates. An inverted microscope was used to examine the cell separation. Then, the
treated and untreated cells with recombinant protein at a concentration of 80μg/ml were poured into a
centrifuge tube and centrifuged at 1500 rpm for 5 minutes. Then cell sediments were isolated for �ow
cytometry. 
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Figures

Figure 1

Two-parameter histogram. Section A: untreated cells. Section B: treated cells with recombinant protein
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Figure 2

Comparison of apoptosis rates in treated and untreated cells by recombinant protein.


