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Abstract

Wound infections are considered significant health care problems, leading to high
Volume 6, Issue 16, Dec 2024 morbidity and mortality globally. Because wound infections are becoming a threat
due to the acquisition of antimicrobial resistance by liable pathogens. The current

Received: 15 Oct 2024 study aimed to analyze the effect of iron oxide nanoparticles (IONP) such
pathogens to overcome the issue. IONP is chemically synthesized from ferric

Accepted: 25 Nov 2024 chloride and ferrous sulphate as raw materials and co-precipitated to ferrous oxide.
Production of IONP confirmed by UV-VIS spectrophotometry at 370nm and

Published: 09 Dec 2024 stability determined by zeta potential. Obtained dark brown color, fine powder of

IONP appeared as flakes like thin discs, with a size range of 20.41 - 36.86nm in
diameter under FESEM analysis. Presence of strong Fe-O stretch documented by
d0i:10.48047/AFJBS.6.16.2024.3574-3598 the FTIR analysis and confirmed the formation of IONP. Synthesized
nanoparticles showed high antimicrobial activity against methicillin-resistant
Staphylococcus aureus. MIC was identified as 31.25 pg/ml and MBC was
determined as 62.5 pg/ml. Antioxidant activity of synthesized nanoparticles was
identified by DPPH scavenging assay as 61.4 pg/ml. SWISS ADME and
ADMETSAR studies revealed favorable pharmacological properties with non-
toxicity, high blood-brain barrier (BBB) penetration, and easy absorption ability.
Interaction of iron oxide nanoparticles against Staphylococcus aureus surface
protein 3TIP and 3TIQ showed a high binding affinity of -3.4 kcal/mol. Thus this
study revealed the drug candidacy of iron oxide nanoparticles against methicillin-
resistant Staphylococcus aureus.

Keywords- Iron oxide nanoparticles, Co-precipitation method, Methicillin resistant
Staphylococcus aureus, Molecular docking, Surface protein G
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Introduction

In the clinical sector, antimicrobial resistance (AMR) is recognized as a major global threat
to public health and development. Clinical data of 2021 reported that bacterial AMR was
responsible for 4.71 million deaths globally, and most of the deaths connected with methicillin-
resistant Staphylococcus aureus accounted for 1.46 million deaths in 2021. Followed by,
carbapenem-resistant pathogens caused mortality of 1.3 million in 2021, and global AMR-related
deaths may be expected to increase to 8.22 million in 2050 (Naghavi et al., 2024). AMR is
attributed by the genetic changes in pathogens, gradually affects the genetic make-up of the
organisms, and resistant genes are developed and inherited over time through inappropriate and
overuse of antibiotics in humans and animals. Commonly recommended antibiotics has various
side effects, including Lack of specificity, inhibition of native organisms, and reduced efficacy in
patients undergoing chemotherapeutic treatments, probiotic therapies, or taking anti-diabetic
medicines (Jaha et al., 2024).
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Wound infections are a significant healthcare problem, leading to high morbidity and
mortality worldwide. It is estimated that the prevalence of diabetic foot ulcers is 2.21 per 1000
population globally, with chronic wounds affecting approximately 4.5 per 1000 population, as
reported by Ding et al., in 2022. However, there is a lack of studies on the epidemiology of wound
infections in India, and a literature review reveals no recent data on their prevalence or the exact
impact on quality of life in the Indian context (Sharma et al., 2024). Wound infections classified
into acute and chronic wound infections. Acute wounds like cuts, burns, abrasions, and surgical
wounds heal within 14 days, depending on size, type, wounded site, as well as the patient’s age.
In contrast, chronic wounds are more complicated than acute ones and take longer to heal. Chronic
wounds are most often life threatening in elderly people, diabetic patients, obese and malnourished
persons, and persons with vascular disease (Ding et al., 2022). In chronic wounds, several bacteria
play significant roles in complicating wound healing, such as Staphylococcus epidermis,
Staphylococcus pseudintermedius, Staphylococcus aureus, coagulase-negative Staphylococcus
aureus, Pseudomonas olevorans, Pseudomonas aeruginosa, Enterococcus faecalis, Klebsiella
pneumonia, Streptococcus agalacteae, Streptococcus pyogenes, Escherichia coli, Morganella
morganii, Providencia retgerii, Serratia rubidaea, Enterobacter aerogens and Enterobacter
cloaceae (Rajalakshmy et al., 2024).Compared to other pathogens, S. aureus is a versatile
pathogen that causes a wide range of infections, including acute and chronic infections that can
lead to life-threatening systemic diseases. The methicillin-resistant organism poses a global public
health risk because of poor containment and treatment choices that result in higher global mortality
rates. To combat these diseases, we need to develop an alternative to antibiotics (Almuhayawi et
al., 2023).

Nanomedicine is one of the important applications of nanoparticles (10-100 nm in size) or
their derivatives used for infection control, medical diagnosis, and drug delivery. Various
nanoparticles were explored over the last two decades due to their wide applications to mitigate
issues in human society by target specificity. Intense nanoparticle applications have significant
breakthroughs and novel paradigms in the control of emerging pathogens. Hence the demand for
nanoparticles is increasing in various fields, especially in biomedical applications. Iron oxide
nanoparticles (IONP) were the first kind of metal nanoparticles authorized by the US Food and

Drug Administration and the European Medicines Agency for clinical or preclinical studies. IONP
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is used extensively in the biomedical disciplines for targeted drug delivery, cancer immunotherapy,
and magnetic resonance imaging (MRI) because of their strong magnetism, lower toxicity, and
good biocompatibility (Meng et al., 2024). Hence this study aimed to use IONP to treat drug-
resistant pathogens.

Recently, molecular docking has gained more attention due to the computational capacity
to forecast the binding energies and interactions between proteins and drugs. The mechanism of
inhibition by iron oxide nanoparticles against MDR pathogens was evaluated by in silico docking
analysis. Various studies published previously to determine the interaction of nanoparticles with
respective proteins (EI-Sayed et al., 2024) (Chibber & Ahmad, 2016). Various researchers reported
that due to nanosized nanoparticles being able to penetrate into bacterial cells through cell walls,
it leads to leakage of bacterial organelles to explore the interaction of IONP with bacterial surfaces
or cell wall surface proteins selected. This study aims to develop IONP based nanomedicine to

combat multidrug-resistant wound infections caused by S. aureus.

Materials and methods

Synthesize of IONP by co precipitation method

About 50 ml of 2M Ferrous sulfate (FeSO4.7H20) and 1M Ferric chloride (FeCI3.6H20)
solutions were prepared and mixed with continuous stirring at 35°C. After complete dissolution,
0.2M NaOH was added dropwise into the mixture at 45°C with vigorous stirring until it reached
alkaline pH. To identify the optimum pH for maximizing the IONP production, the pH of the
solution was set to 8, 9, 10, and 11. Precipitated content was stirred for 2 hours at 60°C and allowed
to stand for 50 minutes and centrifugation at 1000 rpm for 10 minutes. Collected material washed
repeatedly until it reaches neutral pH, air-dried, and stored in an air-tight container (Abbad et al.,
2022).

Characterization of IONP

UV-Visible spectrophotometry
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Nanoparticles dispersed in deionized water at a concentration of 1mg/ml. The UV-visible
spectra of the sample were recorded at the 200-800nm range using a JASCO UV-Visible V-730
spectrophotometer (Andrade-Zavaleta et al., 2022).

Stability determination - Zeta potential analysis

Stability and surface charge of IONP determined by Zeta sizer version 6.32 (Malvern
instruments). A clear disposable zeta cell electrode was introduced into the IONP sample at
1mg/ml concentration to create an electric field. The mean value of 24 consecutive zeta potential

measurements runs at 25°C expressed as the zeta potential of IONP (Singh et al., 2020).
Field Emission Scanning Electron Microscopy (FESEM)

The size and shape of IONP characterized using MIRA3 TESCAN. FESEM analysis was
used with high-resolution imaging to provide detailed insights into the morphology of the IONP
(Hui and Salimi, 2020).

Fourier transform infrared spectrophotometry

Functional groups and molecular bonds of synthesized IONP identified using JASCO FT/IR-
4600. About 10ug of IONP placed on ATR plate, pressure clamp was adjusted to make contact
with the sample and measured at a wavelength of 600-4000 cm-1 at a resolution of 4 cm- 1
(Karpagavinayagam and Vedhi, 2018).

Culture collection and preparation of inoculum

Wound infection-causing pathogens of S. aureus, E. faecalis, E. coli, K. pneumonia and P.
aeruginosa procured from United Laboratories, Tirupur, India. Before antimicrobial activity
determination, collected pathogens were subcultured in nutrient broth and incubated overnight at
37°C (Abolarinwa et al., 2024).

Preparation of nanoparticles suspension

Suspension of IONP prepared by adding 1000ug of IONP/ml of dimethyl sulfoxide
(DMSO) and sonicated for 30 minutes to achieve a homogenous solution (Abolarinwa et al.,
2024).

Antibacterial activity of IONP against pyogenic pathogens
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The antibacterial activity of IONP was determined against collected pathogens, including
S. aureus, P. aeruginosa, E. coli, K. pneumoniae, and E. faecalis by well diffusion method.
Overnight cultures of pathogens were swabbed on Mueller-Hinton agar plates using sterile cotton
swabs. Plates were left for 10 minutes for culture absorption followed by 6 wells formed into which
10, 20, 30, 40, and 50ug/ml of IONP loaded with sterile micropipettes. Vancomycin 30mcg and
Imipenem 10mcg served as positive controls, while DMSO used as negative control, inoculated
plates incubated at 37°C for 24 hours. Following incubation, the zone of inhibition was measured
in millimeters. Antibacterial activity of IONP by well diffusion method was performed thrice to

ensure accuracy (Klink et al., 2022).
Minimum inhibitory Concentration (MIC)

MIC of IONP determined by broth dilution assay against pyogenic pathogens. About 1ml
of sterile nutrient broth was taken in sterile test tubes and 1ml of IONP at 1mg/ml added into the
tubes and serial dilution was carried out to prepare 500, 250, 125, 62.5, 31.25, 15.62, 7.81 and
3.75ug concentrations. Tubes inoculated with 10ul of culture inoculum, and nutrient broth along
with 10ul of test cultures were used as positive control whereas; nutrient broth itself was used as
negative control. Tubes were incubated at 37°C for 24 hours and observed for turbidity after
incubation (Mubaraki et al., 2024).

Minimum bactericidal concentration (MBC)

MBC was performed to determine the minimum concentration of IONP required to kill the
pathogens. MBC was determined followed by MIC experiment, 10ul of broth was taken from each
MIC tube and streaked on nutrient agar plates. Plates incubated at 37°C for 24 hours and observed.
Minimum concentration of IONP with the absence of bacterial growth is considered as MBC
(Mubaraki et al., 2024).

Antioxidant Assay (2, 2-Diphenyl-1-Picrylhydrazyl (DPPH))

Antioxidant activity of IONP evaluated by slightly modified method of Kunjan et al.,
proposed technique in 2024. About 0.1mM DPPH solution prepared using methanol and 100! of
IONP solution prepared using distilled water. About 3ml of DPPH and nanoparticles solution
mixed and incubated at dark for 30 minutes. Color change from purple to yellow recorded after 30

minutes. Absorbance recorded at 517nm using UV Visible spectrophotometry. Concentrations
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ranging 10-100pug of ascorbic acid used as positive control and standard curve drawn accordingly
(Tabassum et al., 2023).

ADMET properties determination

Swiss ADME and ADMET SAR online tools used to forecast the pharmaceutical and
toxicological features, such as adsorption, distribution, metabolism, excretion, and toxicity. The
pharmaceutical properties, such as the molecular formula, molecular weight, number of heavy
atoms, number of aromatic heavy atoms, number of rotatable bonds, number of H-bond acceptors,
number of H-bond donors, MR, TPSA, Consensus log P, and Ali class, determined using Swiss
ADME in conjunction with Lipinski's rule of five. The blood-brain barrier, human intestinal
adsorption, CaCO2 permeability, carcinogenicity, and acute oral, fish, honey bee, and rat toxicity
were evaluated using the ADMETSAR online tool. The characteristics of ADMET predicted by
the SMILES of ligands obtained from Pubchem database (Mohammed et al., 2023).

Preparation of protein and ligand

Interaction of IONP with surface protein G of S. aureus determined by molecular docking.
The 3D structure of the S. aureus surface protein G (target protein) 3TIP and 3TIQ obtained in
PDB format from the RCSB PDB database and subsequently prepared using Discovery Studio
v24.1.0.23298. During protein preparation, water molecules and hetero atoms were removed, and
polar hydrogens merged. Ligand (Fe304) structure drawn by Chemsketch (Freeware) 2023.2.4
converted into 3D and its energy minimized using Open Babel (available within PyRx) and then
converted to PDBQT format (Umar et al., 2021).
Molecular docking

Molecular docking a computational technique used for various purposes, including drug
design and discovery, the identification of biomolecule interactions etc. Molecular interaction
between IONP and S. aureus surface protein G 3TIP and 3 TIQ analyzed using PyRx 0.8 software.
Once the protein and ligand prepared, loaded into PyRx for docking analysis. Grid box configured
to cover the entire protein before proceeding with the docking. Followed by docking, results
recorded in a CSV format using Microsoft Excel, and the interactions between the target protein
and ligand visualized in Discovery Studio (Mohammadjani et al., 2023)

RESULT AND DISCUSSION
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Synthesis of iron nanoparticles

Compared to other methods of nanoparticle synthesis, the co-precipitation method was
easy and efficient, and the size and form of the nanoparticles were regulated by pH, salt type, and
ionic strength (A et al., 2016). ). From 10.7g of ferrous sulfate and ferric chloride about 7.5g IONP
obtained which accounts for 70% yield. IONP synthesized under pH 10 resulted in small, black-
colored, fine particles whereas; other pH resulted in comparatively large, coarse and aggregated
particles (Fig. 1.). In comparison with physical and green synthesis methods, the co-precipitation
method resulted in a higher yield of nanoparticles (Besenhard et al., 2020). Following the
sequential chemical reaction summarized by Ba-Abbad et al., 2022,Fe?* + 20H"— Fe(OH):

4 Fe(OH), + O — 4 FeOOH + 2H,0
Fe(OH), + 2FeOOH — Fez04 + 2H,0
Fe3* + 30H — Fe(OH)s
Fe(OH), + 2Fe(OH)3 — Fe30aq+ 4H,0

Fe304 might further oxidize into 3Fe (OH) 3+ hence, IONP usually coated with polymers
or by any organic/inorganic molecules.
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Fig. 1 Synthesized IONP
Characterization of nanoparticles
UV-Visible spectroscopy

Formation of IONP primarily confirmed by UV-visible spectroscopic analysis. IONP synthesized
under different pH showed a prominent peak at 370 nm (Graph. 1.). Highest absorbance of 0.309
was recorded for IONP synthesized at pH 10. Hence, the nanoparticles synthesized under pH 10
taken for further analysis. Mubaraki et al in 2024 reported IONP showed an intense peak at 320nm
due to surface plasmon excitation. Similar to our results recorded by Faisal et al., 2023.
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Graph. 1 UV-Vis Spectra of IONP
Zeta potential analysis

Electric charge on the surface of nanoparticles determined by the Zeta potential, which
directly correlated with the stability of the nanoparticles. Substances with a zeta potential of more
than 30mV considered to be highly stable, while those with a potential of less than 30mV tend to
clump together or flocculate because of the attraction by Van der Waals interactions between
particles (Demirezen et al., 2022). Zeta potential of the synthesized IONP calculated as -5.758mV

(Graph. 2) revealed the lower stability of synthesized IONP in aqueous medium. High oxidation
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tendency of IONP might be the factor for unstable nature. Singh et al in 2020 also reported IONP
with low stability with -19.5mV zeta potential.
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Graph. 2 Zeta potential spectra of IONP
FESEM ANALYSIS

FESEM analysis was further performed to determine the size and morphology of
synthesized nanoparticles shown in Fig. 2. Under FESEM, co-precipitated nanoparticles observed
as thin flakes-like structures 20.41 - 36.86nm in length and breadth. Similar structural spectrum of
IONP interpreted by Faisal and co-workers in 2023. Similarly, the Spherical structure of IONP

previously reported by Abolarinwa et al. 2024 discussed its oxidative nature under aerobic
conditions.
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Fig. 2 FESEM observation of IONP
FTIR ANALYSIS

Obtained FTIR spectrum and its corresponding groups for IONP represented in Graph. 3.
and table. 1. A weak peak at 3749.9 cm™ indicated the presence of -OH groups. Broad peak at
3279.36 cm represented the presence of Fe-O stretch which formerly reported by Jaha et al., 2024.
Stretches at 1626.66 and 1541.81 cm™ indicated the incidence of water molecules absorbed during
synthesis. A weak peak at 1466.82 cm™ represented O-H bend due to hydroxyl group (Ali et al.
2016). A Stretches of O-H and H-O-H suitable to hydroxyl groups at the surface of nanoparticles
absorbed during the synthesis at aqueous environment which commonly found in IONP
(Demirezen et al., 2022).
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Table 1 Functional groups of IONP

Peaks in cm?! Functional groups

3749.9 -OH stretch

3279.36 Fe-O Stretch

1626.66 H-O-H bend

1541.81 O-H stretch

1466.82 O-H bend
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Graph. 3 FTIR spectrum of IONP
Antimicrobial activity of IONP.

Antimicrobial efficiency of IONP detected by well diffusion assay. About 50ug/ml IONP
showed higher inhibition activities towards S. aureus with 20 + 2 mm of zone of inhibition and
lowest activity observed against E. faecalis with 12 £ 2 mm zone of inhibition (Fig. 3). IONP at
50 pg/mL showed more or less similar antibacterial activity against E. coli, K pneumonia and P.
aeruginosa with 12 + 2.08, 13 + 2, and 13.33 £ 2.08 mm respectively (Table 2). The IONP
exhibited concentration dependent result, with increasing concentrations leads to larger zones of

inhibition (Graph. 4). IONP showed higher inhibitory towards S. aureus than other organisms
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though it slightly lower than the inhibitory effect of standard antibiotic vancomycin 21 + 2.
Inhibitory activity of DMSO was negative. Results of this study revealed the potential of IONP as
antimicrobial agents, as alternate to antibiotics particularly against Gram-positive pathogen as
similar to the results obtained by Jaha et al., in 2024. However, to control MDR pathogens of
Gram-negative bacteria the need further research to optimize IONP formulations and explore
combination therapies to enhance their effectiveness against the resistant strains (Faisal et al.,
2023). Due to nanoscale size of the particles, permeability of IONP into the bacterial cells are very
high, which leads to structural damage of bacteria, by intracellular leakage, DNA damage or
protein damage (Kunjan et al., 2024). Therefore antimicrobial effect of IONP could be integrated
to membrane disruption or protein damage but, still research going on to elucidate the mode of
action of IONP (Ezealigo et al., 2021).

Fig. 3 Antimicrobial activity of IONP by well diffusion assay a) E. coli b) K. pneumoniae c) P.

aeruginosa d) S. aureus e) E. faecalis
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Table 2 Antimicrobial activity of IONP against pyogenic pathogens expressed as zone of

inhibition + SD

Concentration

of nanoparticles

Zone of inhibition (mm in diameter)

in pg/mi E.coli K. pneumoniae P.aeruginosa S.aureus E. faecalis
10 5+0.57 0+0 0+0 6.33+£2 0x0
20 6.3 +2.08 6.3+15 566+115 11415 0o
30 8+1 8.33+2.08 61 15+£2.08 0x0
40 101 10.33£1.52 8+152 18+2 8+1.52
50 12 +2.08 13+2 13.33 +£2.08 202 12+2
Positive control
(Vancomycin/ 17+ 1.15 21 1 23+2 21 +2 19+05
Imipenem)
30 -
c 25 -
1S mE.coli
£ 20
5 m K.pneumoniae
% 15 T I u P.aeruginosa
5 10 - I I m S aureus
g E faecalis
N5 I
0 4
10 20 30 40 50 PC
Concentration of nanoparticles in pg/ml

Graph. 4 Antimicrobial activity of IONP
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MIC and MBC

Observed minimum concentration of IONP against pathogens shown in table 3.
IONP showed inhibitory action at the minimum concentration of 31.25 pg/ml for S. aureus and E.
coli, 62.5 pg/ml for K. pneumonia and P. aeruginosa, and 125 pg/ml for E. faecalis. Compared to
Gram negative pathogens, Gram positive pathogens more susceptible at least (31.25 pg/ml)
concentration of IONP and similar result obtained by Abolarinwa et al., in 2024 and Khatami et
al., 2017. Bactericidal activity of IONP showed in table 3. At 62.5 pg/ml concentration, E. coli
has shown no viable cells after 24 hours of incubation whereas 125 pg/ml for K. pneumoniae, 250
pg/ml for P. aeruginosa and E. faecalis, and 62.5 pg/ml for S. aureus. The outcomes were
associated with studies of Jaha et al in 2024 reported double the concentration of MIC able to Kill
the pathogens effectively and MBC higher than MIC. Graphical representation OF MIC and MBC
given in graph. 5.

Table 3 MIC and MBC results of IONP against bacterial pathogens

Organisms MIC MBC
(ng/ml)  (ng/mi)

E. coli 31.25 62.5

K. pneumoniae 62.5 125

P. aeruginosa 62.5 250

S. aureus 31.25 62.5

E. faecalis 125 250




Abiyoga M /Afr.J.Bio.Sc. 6(16) (2024) Page 3589

300 -

250 250
250

200

150

#@MIC (pg/ml)
#MBC (ug/ml)

100

50

Concentration of IONP in pg/ml

0\\ X 0@ . ‘\0%0' (Q/\@ g 0&\5
W& & o
@ .

Graph. 5 MIC and MBC of IONP
Antioxidant activity (2, 2 -Diphenyl-1-Picrylhydrazyl (DPPH) Assay)

The DPPH (1,1-diphenyl-2-picrylhydrazyl) assay widely used method for evaluating the
antioxidant activity. About 200 pl of IONP showed 61.4 pg of antioxidants. IONP showed
significant color change from purple to yellow which indicated the presence of considerable
antioxidants (Tabassum et al., 2023). When antioxidants in IONP, donates an electron or hydrogen
atom to the DPPH radical, which results in color change from purple to yellow. The extent of this
change was directly proportional to the antioxidant capacity of the IONP (Kunjan et al., 2024).

ADMET properties

Various pharmaceutical properties of IONP presented in Table. 4. From these properties,
concluded that IONP adhere to Lipinski's Rule of Five, indicated favorable pharmacological
characteristics as drug candidate. FesO4 molecular weight 231.53 g/mol, with 7 heavy atoms, has
no hydrogen bond acceptors or donors and insoluble in water (A et al., 2016). Toxicological
activity of FesO4 by ADMET SAR was shown in table. 5. FezO4 predicted to exhibit good blood-
brain barrier (BBB) penetration, with a probability of 0.9354. It was also identified to have good
absorption in the human intestine, with a probability of 0.7258. The CaCO. permeability results

indicated moderate permeability, reflected in a probability of 0.5655. Furthermore, it has
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probability of 0.5882 for low acute oral toxicity. Similar ADMET properties interpreted previously

by Shah et al in 2022.

Table 4 ADMET characteristics of Iron oxide using SWISS ADME

Properties Iron Oxide
Molecular formula Fe3O4
Molecular weight 231.53 g/mol
Number of heavy atoms 7
Number of aromatic heavy atoms 0
Number of rotatable bonds 0
Number of H-bond acceptors -
Number of H-bond donors -
Molar refractivity 2.75
TPSA 0.00 A2

Consensus log P

Ali class

Table 5 Toxicological activity of Fes0s by ADMET SAR

Model Result Probability
Blood-Brain barrier BBB+ 0.9354
Human intestinal Absorption HIA+ 0.7258

Cacoz Permeability Caco2+ 0.5655
AMES toxicity Non AMES toxic  0.8735
Carcinogens Carcinogens 0.5403

Fish toxicity Low FHMT 0.8522
Honey bee toxicity High HBT 0.7841

Acute oral toxicity Il 0.5882
Carcinogenicity Non required 0.6246

Rat Acute toxicity 1.9047 LD50, mol/kg
Fish toxicity 1.2647 PLC50, mg/L
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Molecular docking

Binding affinity between FezO4 and surface protein G 3TIP and 3TIQ (Fig. 3) calculated
as -3.4 and -1.2 kcal/mol (Table 6.). This indicated higher affinity of IONP towards S. aureus
surface protein G 3TIP. Iron oxide interacts with surface protein G 3 TIP through conventional H-
bond with Glutamine A: 509, Arginine A: 507 and Valine A: 522, Carbon-Hydrogen bond with
Histidine A: 506 and Aspartic acid A: 508, covalent bond with Lysine A: 546 (Fig. 4.). Iron oxide
interacts with surface protein G 3 TIQ through threonine: 545 and Glutamine: 521 with
Conventional H- Bond (Fig. 5). Among this two surface proteins, IONP showed high affinity
towards S. aureus surface protein G 3TIP, confirmed by high binding affinity towards protein.
Binding of IONP with surface protein and reducing its virulence by preventing adhesion to the
host cell, preventing invasion in host, and evasion from host immune system could be the mode
for its antimicrobial activity. From the predicted results it is possible to conclude that IONP as
potential antimicrobial drug. Mohammed and co researchers in 2023 published binding affinity of
-2.93 kcal/ mol has the potential to bind with the active site of the protein and inhibition. The
current study revealed better binding affinity of -3.4 kcal/ mol, thus concluded its more
antimicrobial efficacy.

Table 6 Results of molecular docking

) Bindig affinity Interacting amino
Protein name PDB ID ) Bond length
kcal/mol acid
Glutamine A: 509 191
Arginine A: 507 5.10
S. aureus surface Valine A: 522 1.93
_ 3TIP -3.4 N
protein G Histidine A: 506 3.09
Aspartic acid A: 508 3.42
Lysine A: 546 5.16
S. aureus surface Threonine 545 1.87
3TIQ -1.2

protein G Glutamine 521 2.39
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Fig. 4 Structure of target proteins and ligand a) S. aureus surface protein G 3TIP b) S. aureus

surface protein G 3TIQ c) Chemical structure of FezO4 ligand
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Fig. 5 Interaction of 3TIP with FesO4 ligand a) Protein ligand interaction in 3D b) Protein ligand

interaction in ball and stick model c) Ligand protein interaction with H bond
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Fig. 6 Interaction of 3TIQ with FesO4 a) Protein ligand interaction in 3D b) Protein ligand

interaction in ball and stick model c) ligand protein interaction with H bond
Conclusion

From the above-detailed research work, concluded that 70% IONP yield was achieved by
the co-precipitation method at pH 10. IONP showed high absorbance at 370 nm. Zeta potential
revealed, low stability due to the presence of negative charge in IONP. FESEM analysis exposed
thin flakes-like structure of co-precipitated IONP and FTIR analysis indicated the presence of
several functional groups with strong Fe-O stretch. In vitro, antimicrobial activity of IONP
revealed high inhibition activity against methicillin-resistant S. aureus with 31.25 pg/ml MIC and
62.5 pg/ml MBC. A molecular docking study confirmed the high binding affinity of IONP with
surface proteins of S. aureus, such as surface protein G3TIP. The study recommends the use of
IONP at a lower concentration to target specific interactions and inhibit virulence of S. aureus as
will be a good additive/substitute to commercially available antibiotics to overcome the infection
caused by MRSA. By investigating the cytotoxic effect of synthesized IONP on S. aureus could

suggest its promising role as nanomedicine against MDR pathogens.
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