Proceedings of Anticancer Research, 2023, Volume 7, Issue 3

B Iq - BYWO R D http://ojs.bbwpublisher.com/index.php/PAR

ISSN Online: 2208-3553
ISSN Print: 2208-3545

In Silico Evaluation of Potential Ligands of Cancer
Cells for Surfactin from Bacillus spp.

Mahmuda AKkhter AKkhil, Umme Tamanna Ferdous?, Md. Fakruddin3, Suvamoy Datta!, Md.
Asaduzzaman Shishirl*

1Department of Microbiology, Primeasia University, Banani, Dhaka-1213, Bangladesh

2Aquatic Animal Health and Therapeutics Laboratory (Aqua Health), Institute of Bioscience, Universiti Putra Malaysia,
Serdang 43400, Selangor, Malaysia

3Department of Biochemistry and Microbiology, North South University, Bashundhara, Dhaka-1229, Bangladesh

*Corresponding author: Md. Asaduzzaman Shishir, md.shishir@primeasia.edu.bd

Copyright: © 2023 Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), permitting distribution and reproduction in any medium, provided the original work is cited.

Abstract: Cancer is one of the most prevalent diseases worldwide, which causes significant morbidity and mortality.
Designing and developing a potential anti-cancer drug is an active field of research worldwide. Microorganisms have been
considered a potential source of anti-cancer drugs. One such microbe-derived compound is surfactin, which shows potential
anti-cancer activities. In this study, we evaluated the binding potential of surfactin with several cancer cell ligands via an in-
silico approach. Hence, molecular docking studies were performed to test the binding potential of surfactin against four targets.
The analyses revealed that surfactin from Bacillus sp. can bind with the targeted ligands (coenzyme A, D-leucine, glycerol,
and (R)-3-hydroxytetradecanal) with significant affinity. Surfactin showed the highest binding affinity (-7.7 kcal mol™') to
coenzyme A among the targeted ligands. These results may be useful for developing anti-cancer drugs. Nevertheless, further
experimental studies are needed to investigate the ligand binding capacity and anti-cancer potential of such surfactin-like

molecules.
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1. Introduction
Cancer may develop when cells in one part of the body grow and reproduce uncontrollably. Cancerous cells
can invade healthy tissue, including organs and then wreak havoc. Males are more likely to develop cancer
of the prostate, lung, colon, and urinary bladder, whereas females are more likely to develop cancer of the
breast, lung, colon, uterine corpus, and thyroid gland -3, Cancer treatment with anticancer drugs is costly
and can result in cell mutations, thus making them resistant to anticancer drug therapy 4. Numerous
studies are being conducted to identify potential anticancer drugs with comparable efficacy. Several studies
have suggested that bacteria-derived therapeutic agents are effective in the treatment of cancer [-71,
Certain specific tumor-targeting bacterial bioactive metabolites have demonstrated impressive efficacy
in cancer treatment 8. Surfactin, iturin, bacillomycin D, and fengycin are well known for their potent
anticancer action against various cancer cell lines %, Surfactin, a cyclic lipopeptide that is also a bacteria-
derived biosurfactant, has been demonstrated to elicit cytotoxicity against various malignancies 4. It has
been reported that surfactin has cytotoxic effect on several human cancer cell lines but lower toxicity to
normal human fibroblast cells 2, Other studies have reported similar findings, with surfactin exhibiting a
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greater degree of toxicity toward cancer cells compared to normal cells.

Bacillus subtilis, Bacillus amyloliquefaciens, and Bacillus velezensis are the primary bacterial sources
of lipopeptides, including surfactin 1. These bacteria are safe, renowned for various biological activities,
available in nature, and simple to isolate, cultivate, and manipulate in laboratories *°, In their use as
alternatives for the treatment of various cancers, more research is needed to fully understand the potential
of surfactin and its mode of action.

Surfactin, among other lipopeptides, has a generalized effect and significantly benefits from its ability
to penetrate the cell membranes of both gram-positive and gram-negative bacteria. It has both hydrophilic
(water-loving) and hydrophobic (water-fearing) properties that keep it stable in both conditions and allow
its interaction with cell membranes, which also have hydrophilic and hydrophobic regions. Several
mechanisms have been suggested as the anti-cancer mechanisms of surfactin, including apoptosis induction,
anti-proliferation of cancer cells, inhibition of angiogenesis, immune response modulation, etc. 16171,

The binding mechanism of surfactin with cancer cells has not been fully understood, but it is believed
that the interaction between the lipopeptide and the cell membrane is involved. Studies have suggested that
surfactin can bind to the cell membrane of cancer cell through its hydrophobic tail, which can penetrate the
membrane and interact with the lipid bilayer 8. This would disrupt the structure and function of the
membrane, thus leading to cell death. The specific receptors of cancer cells for surfactin binding have not
been clearly identified or characterized. Additionally, surfactin has been shown to affect the function of
membrane proteins and receptors, including those involved in cell signaling pathways and apoptosis 1281,
For example, surfactin has been found to modulate the activity of epidermal growth factor receptor (EGFR),
which is often overexpressed in cancer cells and involved in tumor growth and survival 291,

In addition, modifications to the structure of surfactin, such as changing the amino acid sequence or
modifying the hydrophobic tail, may also lead to ligands with improved binding affinity for cancer cells 2%
22 Hence, further explorations and investigations are needed to identify the specific ligands of cancer cells
for surfactin binding and modify the structure of surfactin to improve its anti-cancer properties.

The aim of the current study was to visualize the three-dimensional (3D) structure of surfactin; the
processing of surfactin and ligands, coenzyme A (C21H3sN7016P3S), D-leucine (CeH13NOz2), glycerol
(C3Hsg03), and (R)-3-hydroxytetradecanal (C14H2g02); and the molecular docking of surfactin and ligands
to discover the potential binding sites.

2. Methods

2.1. Preparation of surfactin structure

In order to visualize the binding domain and identify the amino acids in the binding pocket, the crystal
structure of surfactin (PDB ID: 2VSQ) was imported into chimera from Protein Data Bank (Figure 1). As
previously reported, an analysis of the amino acid residues in the binding domain of the inhibitor binding
site was conducted 22251, The ionization and tautomeric states of the amino acid residues were altered in
the protein by adding hydrogen atoms. Prior to docking, the water molecules and complexes attached to the
receptor molecules were dislodged. Using a virtual screening application, AutoDock Vina, the modified
protein was saved in PDBQT format and loaded into PyRx for molecular docking 25261,

2.2. Generation of ligand dataset

The three-dimensional structures of different target ligand molecules, namely coenzyme A
(C21H3sN7016P3S), D-leucine (CsH13NO2), glycerol (CsHgOs3), and (R)-3-hydroxytetradecanal (C14H280z2)
were obtained from Protein Data Bank (www.rcsbh.org) with the following PDB ID: 1PGP, 1USK, GOL,
and 2NPV, respectively [272° Before molecular docking studies were carried out, the protein structure as
determined by PDB was modified. The energy of the molecules was reduced, and the water molecules were
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eliminated (Figure 2).

Surfactin

Figure 1. Three-dimensional crystal structure and chemical structure of surfactin

D-leucine Coenzyme A

Glycerol (R)-3-hydroxytetradecanal

Figure 2. Three-dimensional configuration of ligands before docking
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2.3. Docking strategy

The processed PDB files of proteins were loaded into PyRx and converted into macromolecules using the
autodock option. Ligand structures were imported using PyRx, and the energy in ligand structures was
minimized using an off-force field and conjugate gradient optimization algorithm. Post-energy
minimization, ligands were converted into the autodock ligand format. Using Vina Wizard, both the
molecule and the ligands were selected, and autodock was initiated. After docking binding affinity for two-
dimensional (2D) and 3D binding, the root mean square deviation/upper bound (rmsd/ub) and lower bound
(rmsd/Ib) were observed. The visualization of receptor-ligand interaction on BIOVIA Discovery Studio and
the selection of receptor and ligand were performed. Although docking can ensure binding with available
binding sites, knowing the affinity for particular amino acids is desirable.

3. Results and discussions

Drug design is the process of identifying new drugs based on knowledge of their biological targets. Drug
design can be categorized into structure-based drug design and ligand-based drug design %3, In structure-
based drug design, the 3D structure of the receptor or the target protein is known, whereas in ligand-based
drug design, the structure of molecules (ligands) that bind to the target protein of interest is known 2341,
Interaction between ligands and binding sites is simulated in silico drug design and homology modeling. In
silico drug design employs computer simulation to discover and develop new drugs. However, the complex
structures of lipopeptides render this method difficult. When paired with a receptor lipopeptide, particular
ligands must be found for physiological reactions to take place %7, Ligands are particles that form
complexes with biomolecules to serve biological functions. The orientation of the 3D shape is altered when
a ligand binds to a receptor protein, altering the conformation 5-37,

Surfactin has been reported to have anti-proliferative effects on human colon cancer cells, with a
significant increase in apoptosis 221, Six ligands of surfactin have been identified. Among them, D-leucine,
the D-alpha-enantiomer of leucine, is a bacterial metabolite. The non-polymer (R)-3-hydroxytetradecanal
is covalently linked to polymers or other heterogeneous groups 8. Around 4% of cellular enzymes use
coenzyme A as a substrate. It is known for its function in production and oxidation of fatty acids, as well
as the oxidation of pyruvate in the citric acid cycle %, Following the identification of surfactin ligands, the
molecular docking of these ligands with the lipopeptide was performed for in silico drug design with
reference to Parween et al. and Qasaymeh et al. “%411, The aim of the current study was to visualize the 3D
structure of surfactin; the processing of surfactin and ligands (coenzyme A [C21H3sN7016P3S], D-leucine
[CeH13NO2], glycerol [C3HgO3], and (R)-3-hydroxytetradecanal [C14H2802]); and the molecular docking
of surfactin and ligands to discover potential binding sites.

After docking, nine binding sites with varying affinity were found for D-leucine, coenzyme A, glycerol,
and (R)-3-hydroxytetradecanal (Figure 3). As shown in Figure 3, surfactin binds better with D-leucine and
coenzyme A compared to glycerol and (R)-3-hydroxytetradecanal. The binding of surfactin with the
selected ligands is illustrated in Figures 4-5. In the case of D-leucine, surfactin formed van der Waals
bonds (GLY, A: 273, 311; SER, A: 272, 437, 309; VAL, A: 264, 436; GLU, A: 310; ASN, A:792; ILE, A:
312), conventional hydrogen bonds (ARG, A: 268; GLU, A: 793), a carbon-hydrogen bond (SER, A: 267),
and an alkyl bond (LEU, A: 308). In the case of coenzyme A, surfactin formed van der Waals bonds (ILE,
A:612,626,632; ASN, A: 625, 631; THR, A: 628, 759; SER, A: 814; LYS, A:815), conventional hydrogen
bonds (TYR, A: 611; ALA, A: 610), carbon-hydrogen bonds (PRO, A: 609; ASN, A: 631), and covalent
bonds (ILE, A: 626; THR, A: 628). In the case of glycerol, surfactin formed only conventional hydrogen
bonds (LYS, ARG, THR, TYR), carbon-hydrogen bonds (GLU, PRO), and unfavorable donor-donor bonds
(LEU). With (R)-3-hydroxytetradecanal, surfactin formed only unfavorable bonds (ARG, PHE). From
these binding analyses, D-leucine and coenzyme A are predicted to be better and stronger ligands for
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surfactin.

D-leucine

Glycerol

Figure 3. Binding of surfactin with ligands
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Figure 5. Binding affinity of surfactin with ligands

The docking study revealed that surfactin from Bacillus spp. has the highest binding affinity (Ca. -7.5
kcal mol™?) with coenzyme A among the tested ligands but the lowest binding affinity with (R)-3-
Hydroxytetradecanal (Ca. -3.5 kcal mol™). Surfactin was observed to have moderate binding affinity with
D-leucine (approximately -4.4 kcal mol™) and glycerol (approximately -4.1 kcal mol™?). Table 1 shows the
binding affinity of those ligands with surfactin in various conformations, as well as the root mean square

deviation (RMSD) of the interacting molecules (protein and ligand).

Table 1. Binding affinity of surfactin with ligands

Ligand Binding affinity rmsd/ub (root mean square rmsd/Ib (root mean square
(kcal mol?) deviation/upper bound) deviation/lower bound)

D-leucine -4.6 0 0

-4.5 2.577 2.216

-4.4 25.399 24.194

-4.4 29.603 29.158

-4.4 64.989 63.672

-4.3 63.683 62.843

-4.3 31.076 30.266

-4.3 28.558 27.722

-4.3 57.221 56.019

(Continued on next page)
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Ligand Binding affinity rmsd/ub (root mean square rmsd/Ib (root mean square
(kcal mol™?) deviation/upper bound) deviation/lower bound)
Coenzyme A -1.7 0 0
-7.6 43.203 40.274
-7.6 46 42.974
-7.6 44764 41.141
-7.6 11.762 6.135
-7.5 48.812 45,186
-7.5 41.543 38.881
-1.4 10.308 7.804
-1.4 7.879 5.444
Glycerol -4.1 0 0
-4 27.277 26.221
-4 2.324 0.689
-4 27.36 26.286
-3.9 51.725 51.252
-3.8 20.862 20.14
-3.8 24.046 23.339
-3.8 24.179 23.483
-3.7 2.275 1.486
(R)-3-hydroxytetradecanal -3.9 0 0
-3.8 19.391 17.209
-3.8 3.302 1.626
-3.5 15.995 13.512
-3.5 5.453 2.825
-3.5 16.391 13.991
-3.4 18.358 16.644
-3.4 16.969 14.778
-3.3 16.688 14.711

Due to their high availability as metabolites and low binding affinity, D-leucine, and coenzyme A are
highly applicable as binding ligands for surfactin. In order to test the effectiveness of these peptides, in vivo
studies on animal models can be carried out following the completion of drug design.

4. Conclusions

We conducted a computational study to assess the binding potential of surfactin from Bacillus spp. to
identify new potential candidates for the treatment of cancer. Thus, according to our in silico study, surfactin
may act as a potential drug that can be used as a promising anti-cancer agent. Nevertheless, further
experimental studies are needed to investigate the ligand binding and anti-cancer potentials of such
surfactin-like molecules. While these studies are promising, more research is needed to fully understand
the potential of surfactin as an anticancer agent. Additionally, the use of surfactin in cancer treatment would
require further testing and evaluation to determine its safety and efficacy in humans.
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