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Abstract—In order to combat the growing antibiotic
resistance in Staphylococcus aureus, new antimicrobial agents
have to be found. An extensive variety of bioactive secondary
metabolites with possible antibacterial activity are known to
be produced by cyanobacteria. Through the use of molecular
docking techniques, this work sought to assess the binding
affinity of specific cyanobacterial compounds against
important S. aureus protein targets (1T2P and 2W9S) and
compare their efficacy with widely used synthetic antibiotics
like Penicillin G and Penicillin V.Calothrixin and
Cyanobacterin, are cyanobacterial compounds that were
molecularly docked against the S. aureus protein targets 1T2P
and 2W9S utilizing AutoDock, Cygwin, and Biovia Discovery
Studio Client.. These natural compounds binding affinities
were contrasted with those of Penicillin G and Penicillin V.
Penicillin G (-5.24 kcal/mol) and Penicillin V (-6.25 kcal/mol)
showed weaker binding affinities than Calothrixin (-7.82
kcal/mol) and Cyanobacterin (-7.45 kcal/mol) for the 1T2P
target. In comparison to Penicillin G (-8.59 kcal/mol) and
Penicillin V (-8.26 kcal/mol), Cyanobacterin (-8.64 kcal/mol)
also demonstrated higher binding affinities for the 2W9S
target. According to the docking data, cyanobacterial
bioactive compounds show interesting binding interactions
with important S. aureus proteins, namely Cyanobacterin, and
Calothrixin. These results suggest that they may have
antibacterial properties. To confirm the antibacterial

Volume 13, I ssue 06

Published by, www.ijert.org

effectiveness of these cyanobacterial extracts and investigate
their mode of action, more in vitro research is necessary.

Keywords—Cyanobacteria; Bioactive compounds;
Antimicrobial activity; Staphylococcus aureus; Molecular
docking

. INTRODUCTION

The improvement of human life quality and the reduction of
human diseases are greatly dependent on therapeutics
research. Pathogenic organisms are the cause of a huge
number of diseases. Microorganisms that are detrimental to
the human body are known as pathogens. Pathogens include
bacteria, viruses, fungi, prion, protozoa, and viruses, among
others. Even though the human body can fight off possible
infections, multidrug-resistant microbes cause a significant
increase in microbial illnesses in living things (Laxminarayan,
R. et al, 2016; Sarmah, P. et al, 2018). One of the major issues
facing the contemporary healthcare system is the proliferation
of multidrug-resistant (MDR) bacteria, which has been caused
by the overuse of antibiotics in recent decades. Due to
increased resistance, effective treatment becomes more and
more complicated with the available, common antibiotics.
Therefore, new treatments have to be brought onto the market,
discovering new antibacterial substances, a key factor in the
fight against the widespread of MDR bacteria (Bharadwaj, A
et al, 2022).
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Even though the pharmaceutical industry has made great
advances in synthetic chemistry regarding the development of
new, bioactive substances against a wide variety of pathogens,
this technology still has its limitations: many natural products
have highly complex structures that are too complicated and
too expensive to produce on an industrial scale. In addition,
natural sources offer a high diversity of substances, from
which only a small part has been discovered so far. Therefore,
the screening and isolation of bioactive compounds as new
therapeutic substances remains an important aspect of research
(Ahmad & Agqil, 2020; Lahlou et al., 2013). In terms of

A number of studies addressing isolated chemicals have
been published in recent years due to the promising
potential of cyanobacteria as manufacturers of novel
bioactive compounds (Levasseur&Pozzobon, 2020; Swain
etal., 2017; Xue et al., 2018). This study notably focuses on
screening that results in the identification of antibacterial
chemicals from cyanobacteria. Among these multidrug-
resistant microbes is S. aureus. It is a spherical bacterium
belonging to the Firmicutes family (Ogston A et al., 1984).
This species has strong, amorphous cell walls.
Peptidoglycan makes up 50% of the cell wall's bulk and is
its main constituent. Teichoic acids make up the remaining
40% of the mass of the cell wall, with exoproteins making
up the remaining 10%, surface proteins, and peptidoglycan
hydrolases.

Naturally, this bacterium is found in the nasopharynx of the
human body and on the skin. S. aureus can cause infections
of the nose, skin, vagina, urethra, and gastrointestinal tract
(Kluytmans J, et al.,1997; Cole AM, et al., 2001;Llarrull LI
et al.,2009) . They are non-sporing, non-motile, and few
strains are encapsulated. Nearly 50% of the human
population are carriers of S. aureus. Generally, beta (B)-
lactum antibiotics such as Penicillin, Carbapenems,
Monobactams, and Cephalosporins are used to heal
infections caused by Staphylococcus aureus. These drugs
bind with proteins in the bacteria and thereby inhibit the
bacterial cell wall synthesis (LlarrullLl et al., 2009). But
several studies showed that beta (3)-lactum antibiotics have
a low binding affinity with Penicillin-binding proteins and
are a major cause for less antibiotic activity (Sainsbury S., et
al., 2011; Yoshida H et al, 2012). In silico is an expression
which means a "performed on the computer or via computer
simulation. In silico or computational techniques play an
important role in investigating multi-target directed ligands
(MTDLs) with cost and time benefits. Several In silico
techniques have been evolved, which can be divided into
two major application areas, i.e., ligand-based drug design
and structure- based drug design. Ligand-based drug design
(LBDD) techniques like quantitative structure- activity
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bioactive compounds, cyanobacteria are a promising source of
new, undiscovered  substances.  Cyanobacteria  are
photoautotrophic microorganisms that occur in many different
environments, such as freshwater, seawater, and fields, leading
to a high chemodiversity of secondary metabolites
(Garcia-Pichel et al., 2003; Swain et al., 2017).

They produce a wide variety of bioactive compounds like
proteins, lipids, polysaccharides, fatty acids, alkaloids, and
polyketides, which are considered to have a variety of
properties like antifungal, antiviral, antibacterial, algicidal,
and anti-inflammatory activity (Demay et al., 2019).

relationship (QSAR) rely on knowledge of diverse ligands
that interact with the biological targets of interest. On the
other hand, the structure-based drug design (SBDD)
techniques like molecular docking and molecular dynamics,
etc., rely on three-dimensional (3D) knowledge of the target
protein structure and its binding site to investigate the key
ligand-protein interactions as well as to interpret the binding
energy. Structure-based and ligand-based drug design
techniques together become a powerful tool for screening of
large chemical libraries to identify potential ligands against
panels of biological targets (Manoharan and Ghoshal, 2018).
Thus, virtual screening employing both LBDD and SBDD
techniques is highly effective and can play a vital role to
investigate novel compounds as multi-target directed
ligands (Castro, L. H., &Sant'/Anna, C. M. R. 2022).The
present study aimed to identify the novel naturally-derived
antibacterial compounds from various cyanobacterial
sources to understand the molecular interaction between
associated markers of staphylococcus aureus with bioactive
compounds.

Staphylococcus aureus Sortase-A

Sortases have a great role in the cell wall envelope assembly
and bacterial pathogenicity. The natural habitat of
Staphylococcus aureus in humans is the skin and
nasopharynx. It can cause a wide variety of infections
involving skin and soft tissues, endovascular sites and
internal organs. S. aureus continues to be an important
pathogen in the community and in hospitals, causing high
morbidity and mortality. The organism can be disseminated
from a superficial site via the bloodstream to internal organs
where it can set up a metastatic focus of infection. Major
sites of infection in hospital patients are surgical wounds
and indwelling medical devices. In the latter the bacteria
may colonize the implanted device causing local damage or
it can disseminate. In addition, food poisoning can occur
after ingestion of food contaminated with enterotoxins. S.
aureus also causes the economically important ruminant
mastitis. A major part of this chapter is devoted to reviewing
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the structure and function of potential virulence factors and
the evidence for their involvement in pathogenicity. (Pal, M.
et al, 2021). Staphylococcus aureus is a bacterium
commonly found on the skin and in the nasal passages of
humans. While it is often harmless, it can cause a range of
infections, from minor skin infections to more serious
conditions like pneumonia, endocarditis, and sepsis.
Staphylococcus Aureus is notorious for its ability to develop
antibiotic resistance, posing a significant challenge in
healthcare settings (Fayisa, W. O., &Tuli, N. F., 2023).
Sortase A is an enzyme produced by Staphylococcus aureus
and other gram-positive bacteria. It plays a crucial role in
the anchoring of surface proteins to the bacterial cell wall.
This process is essential for the virulence of Staphylococcus
Aureus, as it allows the bacterium to adhere to host tissues
and evade the host immune response. Research based on the
1T2P structure may focus on elucidating the catalytic
mechanism of sortaseA, identifying potential inhibitors that
disrupt its activity, and exploring the role of sortase-
mediated protein anchoring in Staphylococcus aureus
pathogenesis(Kudryavtsev, K. V. et al, 2021). Such studies
contribute to our understanding of bacterial virulence
mechanisms and facilitate the development of new
therapeutic approaches to combat Staphylococcus Aureus
infections.

Dihydrofolate reductase (DHFR)

Dihydrofolate reductase (DHFR) is an enzyme that catalyses
the formation of tetrahydrofolate (THF) by the reduction of
Dihydrofolate (DHF) in the presence of nicotinamide
adenine dinucleotide phosphate (NADPH). Also, it has a
great role in the synthesis of thymidylate, purines,
methionine, and some other important metabolites
(Sehrawat, R. et al, 2024). These enzymes are required for
cell proliferation. Thus, inhibition of dihydrofolate
reductase will results in the destruction of the intracellular
tetrahydrofolate pool thereby preventing biosynthesis of
RNA, DNA, thymidine, and protein. Due to the wide range
of cellular functions, they are targets for anticancer and
antimicrobial agents Staphylococcus Aureus is a Gram-
positive bacterium known for its ability to cause a wide
range of infections in humans, ranging from mild skin
infections to severe conditions such as pneumonia,
endocarditis, and sepsis. It is a significant public health
concern due to its ability to develop antibiotic resistance,
making treatment challenging. The extracellular adherence
protein (Eap) is a multifunctional virulence factor produced
by Staphylococcus Aureus. It plays a crucial role in the
pathogenesis of Staphylococcus Aureus infections by
promoting bacterial adhesion to host cells, modulating the
host immune response, and facilitating biofilm formation.
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The crystal structure of Eap, represented by PDB entry
2W9S, provides valuable insights into the molecular
architecture and function of this important virulence factor.
Understanding the structure of Eap and its interactions with
host molecules can help elucidate its role in Staphylococcus
Aureus pathogenesis and may inform the development of
new therapeutic strategies to combat Staphylococcus Aureus
infections (Taj, Z., & Chattopadhyay 1., .2024). Research
based on the 2W9S structure may focus on elucidating the
mechanisms by which Eap promotes bacterial adhesion and
modulates host immune responses. Additionally, studies
may explore the potential of targeting Eap as a novel
therapeutic approach to disrupt Staphylococcus Aureus
infections, either by inhibiting its activity or by interfering
with its interactions with host cells and extracellular matrix
components. Overall, the crystal structure of Eap provides a
valuable foundation for further research aimed at
understanding the molecular basis of Staphylococcus
Aureus pathogenesis and developing new strategies for the
prevention and treatment of Staphylococcus Aureus
infections (Linz, M. S. ET AL., (2023).

Il. Material and Methods

InSilicoApproach

"In silico" refers to a process that is "conducted on the
computational approach or via computer simulation.”
Investigating multi-target directed ligands (MTDLs) with
time and cost advantages requires the use of in silico or
computational approaches. Two main application areas of in
silico techniques ligand-based drug design and structure-
based drug design are the result of their evolution.
Understanding the many ligands that interact with the
biological targets of interest is essential for ligand-based
drug design (LBDD) methodologies such as quantitative
structure-activity relationship (QSAR). However, the
structure-based drug design (SBDD) methods, such as
molecular docking and molecular dynamics, depend on
three-dimensional (3D) information on the structure of the
target protein and its binding site in order to explore the
important ligand-protein interactions as well as to interpret
the binding energy. Structure-based and ligand-based drug
design techniques together become a powerful tool for
screening of large chemical libraries to identify potential
ligands against panels of biological targets (Manoharan and
Ghoshal, 2018). Thus, virtual screening employing both
LBDD and SBDD techniques is highly effective and can
play a vital role to investigate novel compounds as multi-
target directed ligands (Passeri et al., 2018). A basic
assumption of any In silico study is the correctness of the
input data extracted from the literature or databases.
However, one should always be concerned about the
possibility of having an inferior qualityof both the chemical
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(i.e., chemical structures) and biological (like experimental
activity) data, especially when the data are extracted from
an online database. Thus, curation of both chemical and
biological data is critical for the success of any in silico
study, especially when we are dealing with ‘big
data’(Fourches, Muratov, &Tropsha, 2010; Fourches,
Muratov, &Tropsha, 2016). In simple terms, the chemical
curation involves both the identification and correction of
the structural errors for a set of chemicals, while the
biological curation is required to verify the accuracy,
consistency, and reproducibility of the reported
experimental data.

DOCKING METHODOLOGY

PREPARATION OF TARGET PROTEIN STRUCTURE AND
LIGANDS

Protein Data Bank (PDB) is a repository of 3-D structural
data of macromolecules. The 3D crystal structure of 1T2P
and 2W9S was retrieved from RCSB PDB. All the water
molecules and crystallographic substructures from the target
protein were eliminated and the necessary hydrogen atoms
were added along with Gasteiger- Marsili charges. The
minimization process was undergone and protein protocol
was automatically generated and the final structure was
visualized in Discovery Studio Visualizer 4.0. A total of 50
bioactive compounds from cyanobacterial strains and 2
synthetic drugs were selected by the literature survey for
docking studies and the bioactive compound structures were
downloaded from PubChem (Ahmad, S.et al., 2024).
Staphylococcus  Aureus(PDB  ID: 1T2P)While not
specifically designed to overcome MDR, their clinical
approval established a crucial precedent and paved the way
for more sophisticated systems.

Staphylococcus Aureus(PDB I1D: 1T2P)

Sortases are extracellular transpeptidases found in gram-
positive bacteria. As the name suggests, sortases are
enzymes that separate proteins into the Gram-positive
bacteriaL cell wall compartment. Sortases are essential for
the formation of the cell wall membrane and the
pathogenicity of bacteria. PDB ID 1T2P, which shows the
3D crystal structure of Staphylococcus AureussortaseA in
association with a peptide substrate, offers important
information about the molecular interactions that underlie
sortase A enzymatic activity. New antibiotic approaches that
target Staphylococcus Aureus infections can be developed
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with the help of an understanding of sortase A structure and
interactions with substrates (Nitulescu, G.. ET AL, 2017).

Dihydrofolate reductase (DHFR) (PDB ID: 2W9S)

An enzyme called dihydrofolate reductase (DHFR)
catalyzes the reduction of dihydrofolate (DHF) in the
presence of nicotinamide adenine dinucleotide phosphate
(NADPH) to produce tetrahydrofolate (THF). Furthermore,

Fig I1: Dihydrofolate reductase (DHFR)
(PDB ID: 2W95S)

it plays a significant part in the production of methionine,
purines, thymidylate, and a few other critical metabolites.
Cell growth requires these enzymes. As a result, blocking
dihydrofolate reductase will deplete the intracellular
tetrahydrofolate pool, which will stop RNA, DNA,
thymidine, and protein synthesis from occurring. Their
diverse spectrum of biological functions makes them
candidates for antibacterial and anticancer drugs
(Polshakov, V. I, 2001)
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Table I. ADMET Profile of cyanobacterial compounds and control compounds
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I11. Result

Table I1. Molecular interaction result of Synthetic compounds along with Cyanobacterial bioactive
compounds against 1T2P.

S.NO. | Ligand BindingEnergy Inhibition constant
kcal/mol (Ki)

Penicillin V 6.1uM

Penicillin G 143.37uM

CalothrixinB 1.86uM

Cyanobacterin 3.45uM

Table 111: Molecular interaction result with interacted amino acid residues of Synthetic compounds
along with Cyanobacterial bioactive compounds against 1T2P

S.No | Compound Binding  |AminoAcid Inhibition
Name Energy constant

kcal/mol (Ki)

1. PenicillinG -5.24 Gly192, Vall193, Ala92, Alal04, 143.37uM

Alall8, Trpl94, Argl97, 11el182,
Cys184,Pro163,11e199,Gly167,
Val168.

2. | Penicillinv -6.25 Glu108,GIn64,Ser109,11e65,Pro63, 26.1uM
LeullO, Lys62, Aspl1l.

3. | Calothrixin B -7.82 Lysl75, GInl172, Vall168, Glyl167,| 1.86uM
Vall66, GInl178, 1le158, Val201, 11e199,
Thr180, 11e182, Serl16,

Arg197,Alal04,Glu105,Cys184.

4. |Cyanobacterin -7.45 Tyrl87,Cys184,Thr93,Alall8, Ala92, 3.45uM
11e182, Alal04, Pro91,
Ser116,Thr180,Val201,Glul05,Trp194,
Argl197, 11e199,
Gly192,Pro163,Vval166,Gly167,Val168,
Leul69,Asnl14.

Volume 13, I'ssue 06 Published by, www.ijert.org I SSN: 2278-0181


www.ijert.org
www.ijert.org

TISECON - 25

Gin172
Lysi75
Val168
Gly167
Val166
Glu105
Gin178 Seri16 Ala104
lle158 Thri80
val201 1le199 Arg197
lle182
CysiBd
Complex Calothrixin B with 1T2P
Ay192
Ala92 Ala104
193
Val168
Alat18
Trp194
Gly167

He182

Cysted
Pro163
Argt97 lie199

Complex of Penicillin G with 1T2P

International Journal of Engineering Research & Technology (IJERT)

Alat18

Thed3 Ala92
Prodt
184
o lle182 Ala104 Ser16
Thri80
Val201
Glu105
Tyrie? Asnitd
Arg197
Trp194

Gly192

Leu169

Complex of Cyanobacterin with 1T2P

Olu108  Aspi12

MWl\ﬂM 19

Asnitd
Gly167

Sort16
oin178 Valt6e

Pro163

Val201

lle199

Arg197

Complex of Penicillin V with 1T2P

Fig 111: Complexes of synthetic and cyanobacterial ligand with 1T2P

Volume 13, Issue 06

Published by, www.ijert.org

ISSN: 2278-0181


www.ijert.org
www.ijert.org

TISECON - 25 International Journal of Engineering Research & Technology (IJERT)

Table 1V: Molecular interaction result of Synthetic compounds along with
Cyanobacterial bioactive compounds against 2W9S

S.No. Ligands Binding Energy kcal/mol Inhibition constant (Ki)

Penicillin G 502.32nM

Penicillin V -8.26 884.95nM

3. Cyanaobacterin -8.64 468.06nM

Table V: Molecular interaction result with interacted amino acid residues of Synthetic
compounds along with Cyanobacterial bioactive compounds against 2W9S

S.No Compound Binding Amino Acid Inhibition
Name Energy constant (Ki)
kcal/mol
1. Penicillin G -8.59 11e31, lle5, Asp27, Val6, Ala7, Leu20, GInl9, Gly15, | 502.32nM

llel4, Thrl21, Asnl8, GIn95, Gly94, Tyr98, Gly93,
Ser49, Thr46, Phe92

2. Penicillin V -8.26 lle31, lle5, Asp27, Ala7, Val6, Leu20, GInl9, Asnl8, | 884.95nM
Gly15, llel4, Thrl21, GIn95, Gly94, Tyr98, Thr46,
Phe92, Ser49, Gly93.

3. Cyanobacterin | -8.64 Leu54, Lys52, 1le31, Leu28, 11e50, Phe92, Ser49, | 468.06nM
Thr46, Lys45, Gly93, Gly94, Tyr98, Asnl8, GInl9,
GIn95, GInl7, Leu20, Glyl5, llel4, Tyrl6, Thril2l,
Aspl20.
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Fig IV: Complexes of synthetic and cyanobacterial ligand with 2W9S
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V. Discussion

The docked ligands of cyanobacterial compounds
displayed acceptable binding energy values for 1T2P i.e.
Calothrixin (-7.82) and Cyanobacterin (-7.45) having
good binding affinity in comparison of synthetic
compound which is Penicillin G (-5.24) and Penicillin V
(-6.25) and also Cyanobacterin (-8.64) showed the good
binding energy in comparison of synthetic compound i.e.
Penicillin G (-8.59) and Penicillin V (-8.26) against the
second one target which is 2W9S. These 2
cyanobacterial compounds out of 50 having more
efficient result. These results suggest that Cyanobacterin
and Calothrixinthese ~ Cyanobacterial Bioactive
compounds could serve as antibacterial compounds for
the inhibition of proteins markers 1T2P and 2W9S in
Staphylococcus aureus.

V. Conclusion

There is a necessity for designing drugs for
Staphylococcus aureus infections caused in human as it
has remained an opportunistic pathogen which causes
significant number of the serious and deadly diseases in
human and has been found resistant against various
antibiotics present in the market. The docked ligands
displayed acceptable binding energy values for 1T2P and
2W9S. These results suggest that Cyanobacterial
Bioactive compounds such as Cyanobacterin, Calothrixin,
could serve as inhibitor for proteins 1T2P and 2W9S in
Staphyllococcus aureus. So these Cyanobacterial
bioactive compounds can act as inhibitors of
Staphyllococcus aureus infections. By further in vitro
studies, that the extract of natural bioactive compounds
from cyanobacterial strains can be examined as a
potential antibacterial agent
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