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Abstract: BMAP-27 peptide known to exert cytotoxic effects against cancer cells by membrane
integrity disruption. In the current investigation, we aimed to study the role of the BMAP-27 peptide
in reducing colon cancer cell proliferation and inducing apoptosis. This study utilized both primary
and metastatic colon cancer cell lines (SW480 and SW620). Proliferation was measured using CCK-
8, and cellular damage was analyzed by lactate dehydrogenase assay. The study assessed apoptosis,
cell cycle, and proliferation by measuring the expression of CASPASE3, BAX, BCL-2, TP53, CDK-6,
PCNA, Wnt11, AXIN1, and CTNNBI1. Additionally, in-silico studies were conducted to determine
the binding affinities of BMAP-27 with APC and (-catenin proteins. BMAP-27 peptide reduced
colon cancer cell proliferation, upregulated CASPASE3, BAX, TP53, AXIN1 expression, and
downregulated BCL-2, CDK-6, PCNA, WNT11, CTNNBI1 in both colon cancer cell lines, however,
demonstrated higher activity in primary than metastatic colon cancer cells. The molecular dynamic
simulation revealed substantial binding affinity of the peptide to adenomatous polyposis coli and
[3-catenin proteins.BMAP-27 peptide effectively inhibited the proliferation and enhanced apoptosis
in the primary than in metastatic colon cancer cells. In-silico findings suggest that BMAP-27 exhibits
a strong binding affinity with APC and (-catenin, highlighting its potential role as an anti-colon
cancer agent.

Keywords: colon cancer; apoptosis; bmap-27; peptide therapy; molecular docking; md-simulation

1. Introduction

Peptides have emerged as a potent therapeutic candidate for several diseases, including cancer,
because of their small size, facile manufacturing, easy membrane permeability, and enhanced
specificity. Excessive research has supported several small therapeutic peptides, many undergoing
clinical trials [1-3]. These small peptides (20-30 amino acids) are essentially lower immunogenic and
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stable at room temperature than full-length proteins and antibodies [2]. Recent research has been
inclined toward studying the anticancer role of small peptides in several forms of cancer [3]. Colon
cancer (CC) is one of the most frequent malignant tumour around the globe, and in recent years, the
incidence rate has risen globally [4,5]. Epigenetic and genetic alterations within a cell are intrinsic in
CC, activating oncogenes and proliferative signals from the abnormal microenvironment
surrounding the cell [6,7]. Adenomatous polyposis coli (APC), a tumour suppressor gene, is
deregulated at the somatic and germ line levels. In CC, APC gene mutations cause the APC protein
to stabilise and accumulate (3-catenin in the cytoplasm. Cytoplasmic (3-catenin translocates to the
nucleus and upregulates genes that promote uncontrolled cell growth and division [8]. Cellular
activities, including cell adhesion, motility, differentiation, proliferation, and chromosome
separation, are all influenced by APC, which is found to be mutated in about 80% of colon tumours
[9-12]. For 80%—-85% of sporadic CC, changes in the APC gene are an early, if not an initiating, event,
except those that display a CpG island methylator phenotype (CIMP) or hypermutable microsatellite
instability (MSI) phenotype because of a lack of mismatch repair (MMR) [13,14]. Although there are
several strategies for CC treatments, the main issues with the majority of these therapies include a
variety of unfavorable side effects and drug resistance, which negates their efficiency [7].
Developments in the last few decades have shed light on the antimicrobial peptide BMAP-27,
an o-helical cathelicidin peptide with a 27-residue C-terminus that is amidated. BMAP-27
demonstrated an elongated N-terminal a-helix with faces patterned into cationic and aromatic
scaffolds, a central kink, and a small hydrophobic C-terminal helix [15-18]. The peptide's cationic
NHo>-terminal portion (residues 1 to 18) is predicted to create an amphipathic a-helix, followed by a
hydrophobic tail (residues 19 to 27). The hydrophobic tail is discovered to be essential for the peptide
to exert its cytotoxic effect. The N-terminal amphipathic helix carries out the initial binding to the
anionic membrane surface. In contrast, the C-terminal hydrophobic helix is a crucial structural
component for the quick and effective insertion of the peptide into the hydrophobic core of the lipid
bilayer, leading to cytotoxic effects against bacteria and cancer cells [19]. The cytotoxic activity of
BMAP-27 against neoplastic cells was shown that when BMAP-27 peptide was added to different
human leukemia cell lines, the cell membranes opened up, and Ca? penetrated inside the membrane
[18,20]. This was followed by DNA fragmentation, a sign of apoptosis [21]. The current study aimed
to investigate the role of the BMAP-27 in suppressing CC cell proliferation and inducing apoptosis.

2. Materials and methods

2.1. Chemicals

Primary (SW480) and metastatic (SW620) CC cell lines were purchased from NCCS, Pune, India,
where Sixteen short tandem repeat (STR) profiling were done using AmpFISTR® Identifiler® Plus
Amplification Kit and Applied Bio system® 3500 Genetic analyser at NCCS, Pune (Supplementary
material 1). BMAP-27 peptide with the sequence (GRFKRFRKKFKKLFKKLSPVIPLLHL) was
purchased from PRIVEEL PEPTIDES: CHENNAI, India, with >90% purity.

2.2. Cell culture conditions

Primary (SW480) and metastatic (SW620) CC cell lines were cultured in DMEM containing 10%
FBS, 1% glutamine, and 1% penicillin-streptomycin at 37°C in 5% COs.

2.3. Dosage selection and cell proliferation analysis

2.3.1. MTT assay

MTT (3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl tetrazolium bromide) analysis was performed
for dose fixation of BMAP-27 peptide for further experiments. About 2x10° per well of SW480 and
SW620 cells were seeded in a 96-well plate. The MTT assay was performed according to standard
protocol. Absorbance was taken at 546 nm with a microplate reader (Robonik Touch Well Reader,
India).
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2.3.2. Cell proliferation assay

The Cell Counting Kit-8 (CCK-8, Abbkine) was used to determine cell proliferation. About 2x103
cells per well were seeded in a 96-well plate. After 24 hrs, the cells were treated with the selected
doses of BMAP-27 peptide and allowed to proliferate for different intervals (24 hrs, 48 hrs, and 72
hrs). Absorbance was measured at 450 nm with a microplate reader (Robonik Touch Well Reader,
India).

2.4. Lactate Dehydrogenase (LDH) Activity

LDH assay was performed to measure the degree of damaged cells using the EZcount™ lactate
dehydrogenase cell assay kit (Cat. No: CCK036) per the manufacturer’s protocol.

2.5. Catalase activity analysis

Catalase activity was measured using a standard protocol with slight modification [22].
2.6. Assessment of cellular senescence

2.6.1. p-galactosidase activity assay

The [-galactosidase activity is a known biomarker of cell senescence which is measured using
an EZdetect™ cell senescence detection kit (Cat. No- CCK063).

2.7. Gene expression analysis by gPCR:

RNAzol (Cat. No. R4533) was used to isolate RNA from the cells. NanoDrop was used to
measure the concentration of total RNA in each sample at 260 nm and 280 nm. Eurogentec Reverse
Transcriptase PCR kit (Cat. No. RT-RTCK-03) was used for the reverse transcriptase. Using the cDNA
samples, the qPCR was done using the pre-designed primers for the following genes (CASPASES3,
BAX, BCL-2, CDK-6, PCNA, TP53, WNT11, AXIN1, CTNNB1) with Takara Bio's RR420A Syber Green
qPCR master mix (Cat. No: RR420A).

2.8. Assessment of expression of IL-6, IFN-y and CXCL-10, human cytochrome ¢

The evaluation of the inflammatory markers was performed with the help of the proteins that
were isolated from the cell lysate. IL-6, IFN-y, and CXCL-10 and cytochrome c expression were
studied using IL-6 ELISA kit (Cat No. KET6017), IFN- y ELISA kit (Cat No. KET6011), and CXCL-10
ELISA kit (Cat.No-KTE62958), cytochrome c ELISA kit (Cat.No-KTE62179) according to the
manufacturer’s protocol.

2.9. Statistical Analysis

The statistical significance was determined with the help of the unpaired student’s t-test and the
GraphPad V8.4.2 software; a p-value less than 0.05 was taken to indicate a statistically significant
difference. The data are presented as mean * standard error. All the experiments were performed in
triplicates.

2.10. Methodology for molecular docking and simulation analysis

The structure of the BMAP-27 was prepared from the peptide sequence from the Phyre2 server
(http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index). The molecular docking study between
BMAP-27, APC and p-catenin protein was then performed using the patchdock web server
(http://bioinfo3d.cs.tau.ac.il/PatchDock/php.php). Furthermore, to investigate the effect of BMAP-27
on APC-protein and (-catenin, we have performed MD-simulation studies using GROMACS
(Version 2018.5), protein-peptide composite system using the amber99sb force field and TIP3P
solvation model. A periodic boundary condition with a cubical box of 1 nm edge length was
considered. Na* or CI- ions were added to neutralize the system. Energy minimization was carried
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out until the maximum force became <10 kJmol'nm. Then isochoric-isothermal (NVT) followed by
isobaric-isothermal (NPT) ensembles were used to equilibrate the system for 1000 ps at 300 K. For the
NPT ensemble modified Berendsen thermostat was used. NVT and NPT equilibration 1 nm of
electrostatic and van der Waals interaction cut-off was kept. Using the same electrostatic and van der
Waals cut-off with the equilibrated ensembles, MD simulation for 10 ns was performed. A modified
Berendsen thermostat and a Parinello-Rahman barostat were used with reference temperature and
pressure at 300 K and 1 bar, respectively.

2.10.1. Molecular dynamic simulations

To re-center the protein, peptide, and other molecules within the cubical box, the trjconv tool

was used. Xmgrace tool was used to plot RMSD, Radius of gyration, and solvent-accessible surface
area (SASA) plots.

3. Results

3.1. MTT assay

SW480 and SW620 were treated with various concentrations (32.4 pM, 77.4 nM, 154.9 nM, 232.4
nM, 0.309 uM) of BMAP-27 peptide for 72 hrs. BMAP-27 was found to exhibit a strong dose as well
as time-dependent reduction of cell viability, and doses of 154.9 nM and 77.4 nM were chosen for

future investigation as the other higher doses were found to be more lethal for the selected cell lines,
as shown in Figure 1a and 1b.
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Figure 1. Bar diagram representing the viability and cytotoxicity of a) SW480 and BMAP-27 peptide-
treated SW480 cells; b) SW620 and BMAP-27 peptide-treated SW620 cells at 72 hrs.

3.2. CCK-8 assay

The Cell Counting Kit-8 (CCK-8) was used to measure the proliferation of SW480 and SW620
cells. The BMAP-27 peptides (154.9 nM and 77.4 nM) showed a reduction in cell growth compared to
the untreated SW480 and SW620 cells. It was found to decrease cell survival by inhibiting growth,
and statistically significant data is shown in Figure 2a and 2b.
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Figure 2. Bar diagram representing the difference in proliferation of a) SW480 and BMAP-27 peptide-
treated SW480 cells; b) SW620 and BMAP-27 peptide-treated SW620 cells at 24, 48, and 72 hrs.

3.3. Lactate dehydrogenase assay:

The lactate dehydrogenase (LDH) test was used to evaluate the cell-damaging potential of the

BMAP-27 peptide. After 72 hrs of treatment with the peptide, cellular damage was seen as increased
LDH release in peptide-treated SW480 (154.9 nM p-value=0.0171) cells compared to non-treated cells.
However, it did not show any significance in metastatic CC cells Figure 3a and 3b.
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Figure 3. Bar diagram representing the percentage of LDH release by a) SW480 and BMAP-27 peptide-
treated SW480 cells; b) SW620 and BMAP-27 peptide-treated SW620 cells.

3.4. Catalase Activity

The activity of catalase was assessed in both non-treated groups as well as in the peptide-treated

groups. Our findings showed that BMAP-27 peptide, at concentrations of 154.9 nM and 77.4 nM,
respectively, produced a substantial increase in the catalase activity of both primary and metastatic
cells, thus restoring the initial levels of catalase. However, it showed no significant difference in
metastatic CC cells Figure 4a and 4b.
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Figure 4. Bar diagram representing the catalase activity in a) SW480 and BMAP-27 peptide-treated
SW480 cells; b) SW620 and BMAP-27 peptide-treated SW620 cells.

3.5. Cell senescence assay

3.5.1. Senescence-associated-B-galactosidase (SA-3-gal) assay:

Senescence-associated-p-galactosidase staining of SW480 and SW620 cells revealed a low level
of senescence. However, SW480 and SW620 cells supplemented with BMAP-27 (154.9 nM, 77.4 nM)
peptide exhibited more significant number of blue-stained cells indicating significantly higher levels
of senescence (SW480, 154.9 nM p-value=0.0015; 77.4 nM p-value=0.0024; SW620, 154.9 nM p-
value=0.0208, 77.4 nM p-value=0.0036) as shown in Figure 5a and 5b.
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Figure 5. Figure representing the SA-B-Gal staining images of a) SW480 and BMAP-27 peptide-treated
SW480 cells; b) SW620 and BMAP-27 peptide-treated SW620 cells.

3.6. Gene expression analysis using gPCR

The expression of apoptotic markers CASPASE3, BAX, and BCL-2 was analysed because their
expression patterns affect tumour stage, metastasis, and survival. Prognosis is poorer with higher
BCL-2 expression or BAX/BCL-2 ratios. Our present research on the apoptotic panel in primary and
metastatic CC cells showed that BMAP-27 treatment for 72 hrs significantly regulated and directed
apoptosis more effectively in primary CC cells. Further, BMAP-27 decreased CDK6 and PCNA
expression in CC cells, indicating its cell-cycle regulatory effects in both primary and metastatic cells.
Mutations in the TP53 gene have also been associated with poor CC prognosis. However, BMAP-27
treatment for 72 hrs increased p53 expression in primary CC cells. Additionally, BMAP-27 was also
observed to regulate the Wnt signalling-related genes, which revealed a decreased expression of
WNT11 post-treatment of the primary and metastatic CC cells with BMAP-27 peptide. Similarly,
BMAP-27 dramatically increases AXIN1 expression, which may control CTNNB1 and diminish its
expression in peptide-treated CC cells Figure 6.

mm SW480
5 = 154.9nM
= 77.4nM

Fold Expression (2%

CASPASE BAX BCL-2 CDK-6 PCNA TP53 WNT11 AXINT CTNNB1

Figure 6. Expression profile of pro-apoptotic marker CASPASE3 and BAX, anti-apoptotic marker
BCL-2, cell proliferation markers CDK-6 and PCNA, tumour suppressor marker TP53, Wnt signalling
markers WNT11, AXIN1, and CTNNBI in (a) SW480 and BMAP-27 peptide-treated SW480 cells; (b)
SW620 and BMAP-27 peptide treated SW620 cells.

3.7. Modulation of inflammatory markers after the treatment of BMP 27

IL-6 is a cytokine that is involved in both the immune response as well as in inflammation. Our
results suggested that the BMAP-27 peptide (154.9 nM) reduced the IL-6 concentration significantly
in SW480 (p-value=0.0334). However, it could not exert a significant effect on metastatic CC cells.
IFN-v is a cytokine that helps to control immune reactions, primarily by stimulating immune cells
and regulating inflammation. Our results showed that the selected dose of BMAP-27 (154.9 nM) was
able to reduce the IFN-y concentration significantly in both SW480 (p-value=0.0006) and SW620 (p-
value=0.0041) cells indicating that BMAP-27 treatment might regulate the exaggerated immune
response in tumor microenvironment. Additionally, CXCL10 is known to be expressed in monocytes,
fibroblasts, endothelium, and intestinal epithelial cells, and its expression is documented to be
significantly elevated in pathogenic conditions. Our analysis showed that BMAP-27 could
significantly decrease the expression level of CXCL-10 in BMAP-27 treated both primary (SW480,
154.9 nM p-value = 0.0153) and metastatic (SW620, 154.9 nM p-value = 0.0167) CC cells, indicating the
likely induction of anti-tumour properties of BMAP-27 against cancer cells. Lower levels of
cytochrome c¢ expression or changes in its subcellular location have been linked to adverse effects
such as an increased risk of metastasis and decreased lifespan. In the current investigation, we found
that the cytochrome c level was increased significantly in SW480 (154.9 nM p-value=0.0030). Although
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an increased level of cytochrome ¢ was also observed in SW620, it did not show any significant
difference when compared to untreated SW620 CC cells, as shown in Figure 7 (a-h).
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Figure 7. Bar diagram representing the concentration of (a, b) IL-6, (c,d) IFN-v, (e,f) CXCL-10, (g/h)
cytochrome c in SW480, SW620, and BMAP-27 peptide-treated SW480 and SW620 cells.
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3.8. Molecular docking and Molecular simulation study

The PDB files of the crystal structure of APC protein (PDB ID: 1LU]J) and -catenin (PDB ID:
4Y]JL) were retrieved from the protein data bank (https://www.rcsb.org/). Both the structures of the
proteins were cleaned using UCSF-chimers. The molecular docking study of BMAP-27 with APC
protein and (3-catenin was then performed using patchdock server, and the results obtained from the
server were tabulated in Table 1. It is clear from Table 1 that the docking score between BMAP-27
and (3-catenin is higher compared to APC protein. Also, the higher confidence score and lower RMSD
of BMAP-27 prove more selective docking against [3-catenin (4Y]JL).

Table 1. Molecular docking results between BMAP-27 of APC-protein and 3-catenin.

System Docking Score Confidence Score BMAP RMSD (A)
1LUJ-BMAP-27 -249.43 0.8796 29.79
4YJL-BMAP-27 -284.80 0.9368 22.56

Figure 8 represents the docked structure of BMAP-27 with APC protein (1LUJ]) and {3-catenin
(4YJL). Due to the smaller binding cavity of both proteins, BMAP-27 has docked at the surface of the
proteins. The minimum distance between BMAP-27 and 1LUJ was found 2.73A in the docked
structure, while that between BMAP-27 and 4YJL was found 2.68A, which suggests a good binding
affinity between BMAP-27 and 4Y]L.

Figure 8. Docked structure of (a) 1LUJ and BMAP-27 and (b) 4YJL and BMAP-27.

To further investigate the interaction of BMAP-27 with the proteins, MD simulation was
performed for a period of 10ns with the docked and undocked structures. The RMSD plots obtained
from the MD-simulation are shown in Figure 9. It is clear from Figure 9 (a) that the deviation of the
plot is lesser after 8ns with the BMAP-27 bind protein indicating the stabilization of the protein due
to the presence of BMAP-27. While Figure 9 (b) indicates the stabilization of the plot after 4ns due to
the presence of BMAP-27. Again, the deviation is more in the docked 1LUJ compared to 4Y]L,
revealing the more effectiveness of BMAP-27 against (3-catenin (4YJL) compared to APC protein

(LUy).
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Figure 9. RMSD plot of (a) 1LUJ and BMAP-27 and (b) 4YJL and BMAP-27.

Figure 10 represents the radius of gyration (Rg) plot of BMAP-27 with APC protein and f3-
catenin. Rg-plots measure the compactness of the protein during MD-simulation. More the
compactness of the proteins more will be binding with the BMAP-27. It is clear from Figure 10 that
the proteins are more compact in the docked structures compared to undocked structures. Again, the
compactness is more in BMAP-27 docked 4YJL compared to 1LUJ.

3.7 2.6

- 1L.UJ —4YJL
— 1LUJ-BMAP-27 —4YJL-BMAP-27

Rg (nm)

0 2 4 6 8 10 0 2 4 6 8 10
Time (ns) Time (ns)

a b

Figure 10. Radius of gyration plot of (a) 1ILUJ and BMAP-27 and (b) 4YJL and BMAP-27.

Figure 11 represents the solvent accessible surface area (SASA) plot of BMAP-27 docked 1LU]J
and 4YJL which determines the stability and folding of proteins.

280

—4YJL
—4YJL-BMAP-27
270
190
g 260 '”E
= \c—":" 180
;:2 250 é’
170
240
— 1LUJ
— 1LUJ-BMAP-27
0 2 4 6 _ 8 10 “C 2 4 6 _ 8 10
Time (ns) Time (ns)
a

Figure 11. Solvent-accessible surface area of (a) 1LUJ and BMAP-27 and (b) 4YJL and BMAP-27.

In both cases, BMAP-27 docked conformers show less fluctuation (for 1LUJ-BMAP within 250
nm? and for 4YJL-BMAP within 190 nm?) compared to undocked conformation suggesting the
stability of the docked conformation.

4. Discussion

BMAP-27, which belongs to the cathelicidin family of peptides, has been found to kill cancer
cells without toxic hemolytic activity at lower doses [18,23-27]. The C-terminal hydrophobic helix of
the peptide may be inserted into the lipid bilayer, and this contact results in membrane
permeabilization and depolarization, which are crucial processes in its anticancer actions [18,28-30].
SW480 and SW620 cells were treated with various concentrations of BMAP-27 peptides for dose
fixation. The ICs value was determined, and concentrations of BMAP-27 peptide at 154.9 nM and
77.4 nM were chosen for further analysis. We observed a significant reduction in cellular proliferation
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viag CCK-8 analysis in a dose and time-dependent manner (24 hrs, 48 hrs, and 72 hrs) in which the
selected concentrations of the peptides showed significant results in 72 hrs compared to 24 hrs and
48 hrs, confirming that BMAP-27 could reduce the proliferation of the CC cells. However, it is
observed from the results that BMAP-27 showed a more significant impact in primary CC cells than
that in metastatic cells. LDH levels are associated with tumour burden and may reflect tumour
growth and invasive potential, including CC [31-33]. Our results showed that BMAP-27 can induce
cellular damage at a significant rate in primary (154.9 nM p-value=0.0171) CC cells. However, BMAP-
27 could not show a significant difference in metastatic CC cells compared to the untreated SW620
cells. Catalase enzymatic activity is found to be reduced in CC conditions. It has been demonstrated
to be crucial in several different cellular processes where H>O2 acts as a secondary messenger [34].
However, our results showed a significant increase in the levels of catalase activity with the peptide-
treated groups in SW480 (154.9 nM p-value=0.0200; 77.4 nM p-value=0.0390) cells but did not show
any significant difference in the metastatic CC cells. CC reduces cell senescence through several
methods [35,36]. Senescence-associated secretory phenotype (SASP), a group of cytokines and
chemokines generated by senescent cells, may cause inflammation. Thus, in SW480 (154.9 nM p-
value=0.0015; 77.4 nM p-value=0.0024) and SW620 (154.9 nM p-value=0.0208; 77.4 nM p-value=0.0036)
CC cells, BMAP-27 peptide dosages significantly increased the number of blue-stained cells
compared to untreated SW480 and SW620 cells.

CASPASE3, BAX, and BCL-2 expression levels predict CC progression. Expression patterns
determine tumour stage, metastasis, and survival. Increased BCL-2 expression or BAX/BCL-2 ratio
worsens prognosis [37,38]. The apoptotic panel in primary and metastatic CC cells demonstrated that
72 hrs of BMAP-27 treatment greatly regulated apoptosis and caused tumour cells to undergo
apoptosis more significantly in primary cells than in metastatic cells. Proliferating genes comprising
CDK®6, PCNA, and further Wnt-signalling pathway markers Wnt11 were also found to be significantly
downregulated. Earlier studies have markedly reported that TP53 mutations were always 80% in
advanced CC patients with metastases [39—43]. Similar to the prior investigation, CC cells had lower
p53 expression. However, BMAP-27 peptide treatment CC cells showed increased p53 expression
significantly in the primary CC cells. CC development is connected to AXIN1 inactivation. In certain
CC instances, AXIN1 gene mutations increase Wnt/[3-catenin signaling. AXIN1 dysfunction causes f-
catenin nuclear accumulation and stability, upregulating target genes that promote cell proliferation,
survival, and cancer [44]. We found that post-treatment with BMAP-27 dramatically increases the
expression of AXIN1, whereas it lowers the expression of f-catenin, which may indicate that AXIN1
controls the expression of S-catenin and diminish its expression in peptide-treated CC cells.

IL-6 promotes various malignancies, including CC [45]. In agreement with earlier studies, CC
cells had an increased level of IL-6, however, primary CC cells treated with BMAP-27 had
considerably lower levels of IL-6. Moreover, the BMAP-27 treatment decreased the inflammatory
cytokine IFN-y at 154.9 nM in SW480 and SW620 cells, indicating that the peptide may restrict the
spread of cancer. Additionally, CXCL10 promotes CC tumor development. It may promote tumor
growth, migration, and invasion [46]. BMAP-27 decreases CXCL10 expression in primary and
metastatic CC cells, suggesting that CXCL10 may induce anti-tumour capabilities against cancer cells.
Reduced cytochrome c expression or subcellular localization has been linked to worse outcomes,
including advanced tumor stage, higher metastatic risk, and worse survival rates [47]. In our study,
SW480 and SW620 cells have lower cytochrome c levels, but SW480 and SW620 cells treated with
BMAP-27 peptide increased its expression significantly in SW480 cells. However, it did not show any
significant increase in SW620 cells.

The in-silico analyses on the effect of BMAP-27 peptide on APC and B-catenin proteins were
conducted through molecular docking studies followed by molecular dynamics simulation. The
results indicated significant binding between BMAP-27 and the selected proteins with a high binding
affinity, revealing strong interactions. The MD-simulation study for 10ns in an aqueous medium
further supported the effect of BMAP-27 on the conformation of both [-catenin and APC proteins.
The RMSD plot showed less fluctuation in the case of docked proteins during MD-simulation,
indicating their stability and compactness. The radius of the gyration plot also demonstrated
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increased compactness of both proteins after binding with BMAP-27. Additionally, the solvent-
accessible surface area plot showed more scattered conformation in the docked state, suggesting
increased stability and access to solvent molecules like water.

5. Conclusions

BMAP-27 peptide demonstrated the ability to induce cell death, inhibit cell proliferation,
promote tumor suppression, and regulate Wnt signaling-associated genes for reducing CC
proliferation and inducing apoptosis. Moreover, from our results, it was found that BMAP-27
activity was more in primary CC cells as compared to metastatic CC cells. The molecular docking
and MD simulations further shed light on the interactions between BMAP-27 and its target proteins,
APC and p-catenin, providing valuable insights into the mechanisms underlying its anti-cancer
properties. Further research, including in vivo studies and clinical trials, will be necessary to validate
the therapeutic potential of BMAP-27 as an anti-colon cancer agent.
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