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ABSTRACT
KEYWORDS

Staphylococcus aureus is a facultative anaerobe and catalase-positive bacterium responsible for various
Enterotoxin skin infections and life-threatening problems, including bacteremia and pneumonia. This bacterium
produces a bunch of superantigens in the blood called enterotoxin. This toxin is responsible for food
poisoning and toxic shock syndrome. Moreover, Bovine mastitis is also associated with S. aureus.
Phytochemicals Further, S. aureus related to drug resistance makes the infection more dreadful. Now a day, various
natural compounds such as phytochemicals are gaining importance as they are effective against many
diseases, including S. aureus infections. The present study used molecular docking of three ligands, i.e.,
Kaempferol, Apigenin, and Quercetin, with enterotoxin A from S. aureus. The docking study revealed
that the binding energy of ligands with receptors was -6.6 to -6.9 Kcal/mol. Kaempferol had the highest
binding affinity of -6.9 Kcal/mol, suggesting it has a potential against S. aureus. Therefore, in the
current research, we have tried to identify occurring compounds that might be used to develop an
effective anti-S.aureus agent. The findings are encouraging and will aid researchers in creating new
mastitis-fighting medications based on natural phytochemicals.
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In silico targeting enterotoxin from Staphylococcus aureus with selected flavonoids

1 Introduction

Gram-positive Staphylococcus aureus (S. aureus) bacteria can
cause a superficial skin infection to severe illnesses like
necrotizing pneumonia and bacteremia (Cheung et al. 2021). This
bacterium can be detected in the normal skin microbiota of humans
and animals, and healthy individuals carry it at 20-30% (Guo et al.
2020). S. aureus-caused bovine mastitis has cost the cattle
breeding industry money due to decreased milk production and
quality, higher culling and mortality rates, and other factors (Deb
et al. 2013; Chakraborty et al. 2019). 30% of bovine mastitis is
subclinical mastitis driven by S. aureus (Halasa et al. 2007; Sharun
et al. 2021). According to studies, S. aureus infections resulted in
the loss of 380 tonnes of milk annually worldwide (Loiselle et al.
2009; Zhou et al. 2018). Because of the high morbidity and
antibiotic resistance prevalence, S. aureus infection is one of the
most concerning infections for researchers and physicians.
Antibiotic-resistant infections have been projected to have topped
10 million annual deaths, and by 2050, they will outnumber cancer
deaths (Ahmad-Mansour et al. 2021). They showed high resistance
to the majority of protein-degrading enzymes and hence continue
to operate in the digestive tract after consumption. Developing an
impressive list of protein toxins is crucial to S. aureus
pathogenicity (Cassat and Thomsen 2021). These can function
alone or in combination to induce various human disorders. Short-
secreted proteins soluble in saline solutions and water are known
as enterotoxins (Hennekinne et al. 2012). These enterotoxins share
structural and biochemical characteristics and are heat resistant.
Pneumonia, toxic shock syndrome, sepsis-related infections, and
food poisoning are only a few of the most common disorders
linked to enterotoxins (Lin and Peterson 2010). Many recent
studies have suggested that staphylococcal enterotoxins (SEs)
showed an important role in the presentation of other human
diseases, such as respiratory tract diseases (Huvenne et al. 2013)
and autoimmune disorders (Li et al. 2015). The enterotoxins of S.
aureus are potent non-specific T-cell stimulators (superantigens)
that lead to an uncontrolled immunological response (Lin et al.
2010). A large cytokine load produces toxic shock syndrome,
characterized by fever, organ dysfunction, and significant mortality
(Goda et al. 2021). Compared to other S. aureus toxins,
enterotoxins require only a small amount to be dangerous to
humans. As a result, this enterotoxin could be used to identify new
therapeutic candidates to treat S. aureus infections (Goda et al.
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2021). Methicillin-resistant ~ Staphylococcus aureus (MRSA)
strains, which have become epidemic in several countries, are
representative of these challenges (Harkins et al. 2017). S. aureus
is the most common cause of nosocomial and community-acquired
bacterial infection of the blood, skin, soft tissue, and other
locations in the United States, with MRSA strains accounting for
the vast majority in many areas (Rose et al., 2021). Treatment
includes antibiotics such as daptomycin, linezolid, nafcillin, and
oxacillin. In previous literature, researchers have done insilico
studies and showed that enterotoxin A, TSST-1, exfoliative toxin
A, and y-hemolysin can interact with many drugs and proved that
these toxins can be drug target (Mohana and Venugopal 2017).
Selvaraj (2020) showed that nafcillin analogues interact with
enterotoxin | inhibits S. aureus growth by using docking analysis
(Selvaraj 2020). As a result, molecular docking research is being
used to investigate the molecular interactions of Apigenin,
quercetin and kaempferolwith enterotoxin I. The study's objective is
to conduct molecular docking to assess the effectiveness of natural
flavonoids against the enterotoxin | receptor on S. aureus in mastitis.

2 Materials and Methods
2.1 Preparation of Enterotoxin 3-D structure for docking

An online resource, RCSB-PDB, was used to acquire the three-
dimensional structure of the receptor protein enterotoxin A from S.
aureus with PDB ID IESF and a resolution of 1.9 A. Water
molecules and heteroatoms from receptor proteins were disallowed
during docking.

2.2 Ligand library preparation and analysis of physiochemical
properties

Apigenin, quercetin, and kaempferol, three phytochemicals chosen
for docking experiments, had their three-dimensional structures
retrieved in sdf format from PubChem (Figure 1). An online tool
examined ligand absorption, distribution, metabolism, and
elimination at a pH of 7 (Jayaram et al., 2012). Lipinski's rule of
five was used to determine whether a chemical compound
possesses the chemical and physical properties that would make it
likely to be an orally active medication in humans (Lipinski, 2004).
Physiochemical properties, which include LogP (<5), molecular
weight (m.w.) (<500 Da), H-bond donor (5), molar refractivity, H-
bond acceptor (<10), and drug likeliness were listed in Table 1.

Table 1 Physiochemical Properties of ligands

ADME Properties Apigenin Quercetin Kaempferol
Molecular weight (<500 Da) 270 302 286
LogP (<5) 24 2.01 2.3
H-bond donor (5) 3 4
H-bond acceptor (<10) 5 7 6
Molar Refractivity 70.8 74.0 72.3
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Figure 1 3-D structure of receptor and ligands; Enterotoxin A (A), Kaempferol (B), Apigenin (C) and Quercetin (D)

2.3 Computational Docking of ligands with Enterotoxin A from
Staphylococcus aureus

PyRx v0.8 (utilizes Auto Dock vina) was used for molecular
docking studies. Energy minimization of selected ligands was done
by applying Universal Force Field (UFF), and ligand structure
format was converted to pdbqt format via OpenBabel (O’Boyle et
al., 2011). Docking studies were done as blind docking with an

GV
Figure 2 Binding of enterotoxin A from S. aureus and_Kaempferol. Best interaction position in the receptor protein's pocket (A);
2-D image of interacting residues of receptor protein with ligand (B)

exhaustiveness value of 10. Discovery Studio Visualizer studied
molecules that have a high binding affinity.

3 Results and Discussion

Recently, computational docking has gained popularity as a tool
for drug creation (Tuli et al., 2021a; Tuli et al., 2021b; Tuli et al.
2022). In silico docking is cost-effective and relatively takes less
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time for drug designing. In virtual screening by PyRX, the
binding affinity score of the receptor-ligand complex was
calculated, and it was reported that the higher the binding affinity
of a molecule, have higher the stability of the molecule. In the
present study, docking of enterotoxin and ligands (Kaempferol,
Apigenin, and Quercetin) was done. According to docking
research, the binding affinities of kaempferol, apigenin, and
quercetin to the receptor molecule were between -6.9 and -6.6
Kcal/mol. With enterotoxin, kaempferol had the most binding

AN
(A)
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affinity, measuring -6.9 Kcal/mol. Kaempferol forms hydrogen
bonds via Asn195 (two H-bonds), serl, and Asp227 residues
with receptor molecules (Figure 2).Further, enterotoxin interacts
with apigenin with a binding affinity of -6.7 Kcal/mol via two
hydrogen bonds with Lys37 and Tyr88 residues (Figure 3). In
silico studies revealed that Quercetin forms one hydrogen bond
via Leul13 with receptor molecule having a binding affinity of -
6.6 Kcal/mol. Binding affinity with different RMSD value are
mentioned in Table 2 and figure 4.
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Figure 3 Binding of enterotoxin A from S. aureus and_Apigenin. Best interaction position in the receptor protein's pocket (A);
2-D image of interacting residues of receptor protein with ligand (B).

™)
Figure 4 Binding of enterotoxin A from S. aureus and Quercetin. Best interaction position in the receptor protein's pocket (A);
2-D image of interacting residues of receptor protein with ligand (B).
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Table 2 Binding affinity of Kaempferol, Apigenin, Quercetin, and RMSD value in 10 different modes

Binding Affinity (AG Kcal/mol) rmsd/ub rmsd/Ib
Kaempferol
Kaempferol_5280863_uff E=362.50 -6.9 0 0
Kaempferol_5280863_uff E=362.51 -6.6 23.183 21.137
Kaempferol_5280863_uff_E=362.52 -6.5 27.186 24.641
Kaempferol_5280863_uff_E=362.53 -6.3 32.493 31.336
Kaempferol_5280863_uff_E=362.54 -6.3 36.575 34.532
Kaempferol_5280863_uff_E=362.55 -6.3 33.563 31.742
Kaempferol_5280863_uff E=362.56 -6.3 26.532 24.765
Kaempferol_5280863_uff_E=362.57 -6.2 32.737 30.996
Kaempferol_5280863_uff E=362.58 -6.2 23.749 21.029
Apigenin
Apigenin_5280443_uff_E=233.26 -6.7 0 0
Apigenin_5280443_uff_E=233.27 -6.6 20.623 18.599
Apigenin_5280443_uff_E=233.28 -6.5 21.293 17.805
Apigenin_5280443_uff_E=233.29 -6.4 27.244 24,783
Apigenin_5280443 uff E=233.30 -6.2 15.229 13.34
Apigenin_ 5280443 uff E=233.31 -6.2 19.845 18.173
Apigenin_5280443 uff E=233.32 -6.2 25.921 23.913
Apigenin_ 5280443 uff E=233.33 -6.1 20.391 17.962
Apigenin_5280443_uff_E=233.34 -6 6.63 1.642
Quercetin
Quercetin_5280343_uff_E=380.43 -6.6 0 0
Quercetin_5280343_uff_E=380.44 -6.6 21.064 18.067
Quercetin_5280343_uff_E=380.45 -6.5 7.014 2.239
Quercetin_5280343_uff_E=380.46 -6.5 29.101 27.426
Quercetin_5280343_uff_E=380.47 -6.4 28.757 28.019
Quercetin_5280343_uff_E=380.48 -6.3 7.126 2.313
Quercetin_5280343_uff_E=380.49 -6.3 20.823 18.296
Quercetin_5280343_uff_E=380.50 -6.3 28.672 27.76
Quercetin_5280343_uff_E=380.51 -6.1 26.008 23.263

Previous studies reported docking of nafcillin analogues with
enterotoxin | from S. aureus. It was shown that Thr74 and Asnl15
residues of enterotoxin interacted to form hydrogen bonding
(Selvaraj 2020). Kurjog et al. (2018) reported that natural antitoxin
compounds such as 28-Norolean-12-en-3-one and Betulin might
give an effective treatment against S.aureus (Kurjogi et al. 2018).
Moreover, phytochemicals extracted from medicinal plants might

act as potential drugs against diseases like Covid-19 and typhoid
(Bansal et al. 2022; Tuli et al. 2022). Somehow, our results agree
with the previous study of Emran et al. (2015) those who reported
luteolin from Bacopa monnier had the highest binding score for
penicillin-binding protein from S.aureus (Emran et al. 2015).
Protohypericin, Berbamine, Hypericin, Galangin, and Berberine
were the best active compounds against S. aureus (Dorcheh et al.
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2022). shidiki and Vyas (2022) reported that taxifolin compounds
and diferulic acid were potential inhibitors against S. aureus
(Shidiki and Vyas 2022). It has been in silico proven that chrysin
and luteolin have the highest efficiency for receptors of enterotoxin
A of S. aureus (Kumar et al. 2022).

Conclusion

Staphylococcus aureus is a facultative anaerobe causing pus-
foaming skin infections in humans. In the current study, natural
phytochemicals were docked in-silico with enterotoxin A S.
aureus. The binding affinity of studied ligands, i.e., Kaempferol,
Apigenin, and Quercetin were found to be in the -6.6 to -6.9
Kcal/mol range. Ligands used in the current study follow
Lipinsik’s rule of five and may be used as anti-staphylococcus
aureus agents. Before using these drugs as anti-Staphylococcus
aureus agents, in-vitro and in-vivo studies are suggested to carry
out against S.aureus infection. If it is proven that the
phytochemicals mentioned above can be effective against S.
aureus, they can be used to treat diseases caused by S. aureus.
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