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ABSTRACT 

 

INHIBITORY ACTIVITY OF SILVER NANOPARTICLES ON 

STAPHYLOCOCCUS AUREUSGROWTH AND α-HEMOLYSIN GENE 

EXPRESSION 

 

AI-Hasan Ali Yousif AL-ABAYECHI 

Master of Science in Biology 

Advisor: Asst. Prof. Dr. Zehra CAN KARAHAN 

Co-Advisor: Asst. Prof. Dr. Meethaq Sattar ABOOD 

December 2023 

 

This study aimed to isolate S. aureus from clinical samples, synthesize silver 

nanoparticles, and evaluate their antibacterial activity against S. aureus, as well as their 

ability to inhibit the expression of the α-hemolysin virulence gene. A total of 250 clinical 

samples were collected, including urine, burns, and sputum samples. Culturing, 

biochemical tests, the API20 assay, the Vitek2 system, and PCR were used to identify S. 

aureus isolates. Silver nanoparticles (AgNPs) were synthesized by the chemical reduction 

method and characterized by UV-vis spectroscopy, scanning electron microscopy (SEM), 

X-ray diffraction analysis (XRD), and Fourier transform infrared spectroscopy (FT-IR). 

Antibacterial activity was measured by minimum inhibitory concentration (MIC), 

minimum bactericidal concentration (MBC), and agar-well diffusion assay. Real-time 

PCR was used to evaluate the effect of AgNPs on α-hemolysin gene expression. Out of 

250 samples, 44 (17.6%) were positive for S. aureus. There was no significant difference 

in isolation rates between sample types, genders, or age groups. AgNPs showed good 

antibacterial activity with inhibition zones up to 14.41 mm and MIC and minimum 

bactericidal concentration values of 8 and 64 μg/mL, respectively. Exposure to AgNPs 

significantly downregulated S. aureus α-hemolysin gene expression compared to 

untreated controls. To find out how AgNPs affected the production of virulence factors, 

real-time PCR was used to measure the levels of expression of the HLA gene that codes 

for α-hemolysin before and after being exposed to nanoparticles. The results showed that 

AgNPs significantly decreased HLA expression in S. aureus isolates compared to controls 
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that were not treated. This indicates the ability of AgNPs to suppress virulence in addition 

to their antibacterial effects. Finally, chemically synthesized AgNPs showed strong 

antibacterial and antivirulence properties against clinical S. aureus isolates, which shows 

how useful they could be as a medicine. The results warrant further studies into the exact 

mechanisms of AgNP antibacterial and antivirulence action. Overall, this study 

demonstrates the promise of AgNPs as a treatment approach for S. aureus infections. 

 

2023, 90 pages 

 

Keywords: Silver nanoparticles, α-Hemolysin gene, Staphylococcus aureus  
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ÖZET 

 

GÜMÜŞ NANOPARTİKÜLLERİN STAPHYLOCOCCUS AUREUS 

BÜYÜMESİ VE α-HEMOLİSİN GEN EKSPRESYONU ÜZERİNDEKİ 

İNHİBİTÖR AKTİVİTESİ 

 

AI-Hasan Ali Yousif AL-ABAYECHI 

Biyoloji, Yüksek Lisans  

Tez Danışmanı: Dr. Öğr. Üyesi Zehra CAN KARAHAN 

Eş Danışman:  Dr. Öğr. Üyesi Meethaq Sattar ABOOD 

Aralık 2023 

 

Bu çalışmanın amacı klinik örneklerden S. aureus izole etmek, gümüş nanopartiküller 

sentezlemek ve bunların S. aureus'a karşı antibakteriyel aktivitesinin yanı sıra α-

hemolizin virülans geninin ekspresyonunu inhibe etme kabiliyetlerini değerlendirmektir. 

İdrar, yanık ve balgam örnekleri olmak üzere toplam 250 klinik örnek toplandı. S. aureus 

izolatlarını tanımlamak için kültürleme, biyokimyasal testler, API20 testi, Vitek2 sistemi 

ve PCR kullanıldı. Gümüş nanopartiküller kimyasal indirgeme yöntemiyle sentezlenmiş 

ve UV-vis spektroskopisi, taramalı elektron mikroskobu (SEM), X-ışını kırınım analizi 

(XRD) ve Fourier dönüşümlü kızılötesi spektroskopisi (FT-IR) ile karakterize edildi. 

Antibakteriyel aktivite minimum inhibitör konsantrasyon (MIC), minimum bakterisidal 

konsantrasyon (MBC) ve agar-kuyu difüzyon deneyi ile ölçüldü. AgNP'lerin α-hemolizin 

gen ekspresyonu üzerindeki etkisini değerlendirmek için gerçek zamanlı PCR kullanıldı. 

250 örnekten 44'ünde (%17,6) S. aureus pozitif bulundu. Örnek türleri, cinsiyetler veya 

yaş grupları arasında izolasyon oranlarında anlamlı bir fark yoktu. AgNP'ler, 14,41 

mm'ye kadar inhibisyon zonları ve sırasıyla 8 ve 64 μg/mL MIC ve minimum bakterisidal 

konsantrasyon değerleri ile iyi antibakteriyel aktivite gösterdi. AgNP'lere maruz kalma, 

tedavi edilmemiş kontrollere kıyasla S. aureus α-hemolizin gen ekspresyonunu önemli 

ölçüde azaltmıştır. AgNP'lerin virülans faktörlerinin üretimini nasıl etkilediğini bulmak 

için, nanopartiküllere maruz kalmadan önce ve sonra α-hemolizini kodlayan HLA geninin 

ekspresyon seviyelerini ölçmek için gerçek zamanlı PCR kullanıldı. Sonuçlar, AgNP'lerin 

S. aureus izolatlarında HLA ekspresyonunu, işlem görmeyen kontrollere kıyasla önemli 

ölçüde azalttığını gösterdi.Bu da AgNP'lerin antibakteriyel etkilerinin yanı sıra virülansı 

baskılama kabiliyetine de işaret etmektedir.Son olarak, kimyasal olarak sentezlenen 
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AgNP'ler klinik S. aureus izolatlarına karşı güçlü antibakteriyel ve antivirülans özellikler 

göstermiştir, bu da ilaç olarak faydalı olabileceklerini göstermektedir. AgNP 

antibakteriyel ve antivirülans etkisinin kesin mekanizmaları hakkında daha fazla çalışma 

yapılmasını gerektirmektedir. Genel olarak, bu çalışma AgNP'lerin S. aureus 

enfeksiyonları için bir tedavi yaklaşımı olarak umut vaat ettiğini göstermektedir. 

 

2023, 90 sayfa 

 

Anahtar Kelimeler: Gümüş nanopartiküller, α-Hemolisin geni, Staphylococcus aureus  
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1. INTRODUCTION 

Numerous species of Staphylococcusare both physiologically and pathologically harmful 

to humans (Gonzalez et al. 2020, Fernandes et al. 2020). Staphylococcus aureus is the 

most notable and prevalent species. Among the many deadly diseases it may cause is 

Staphylococcus aureus, which is responsible for 18.9 percent of surgical site infections 

(Sowik et al. 2020).  

Furthermore, it stands out due to its capacity to produce resistance mechanisms, which 

might provide challenges to treatment (Cordeiro et al. 2020). According to this, the rate 

of methicillin-resistant Staphylococcus aureus (MRSA) that is acquired in hospitals in 

China is already at 50.4% (Guo et al. 2020). After S. aureus, S. epidermidisis the species 

of Staphylococcus that is found to be isolated the second most commonly (Caballero et 

al. 2021). This bacterium, known as Coagulase-Negative Staphylococci (CoNS), is said 

to contribute to the microbiota of human skin, mucous membranes, and the respiratory 

system, as stated by Caballero et al. (2021) and Fournière et al. (2020).  

It accounts for 65–90% of the bacteria found on skin and mucosal membranes, and it 

causes nosocomial infections such as bacteremia, perioperative infections, and UTIs 

(Wang et al. 2016). Both of these species of staphylococci have been associated with 

periprosthetic joint infections in patients who have undergone surgical procedures. This 

is due to the fact that these pathogenic microorganisms have the ability to create biofilm, 

which is a trait that makes them more resistant to the antibiotic treatment that is currently 

in use (Koch et al. 2020). 

To stop S. aureus from growing, silver nanoparticles (AgNPs) and a number of 

antimicrobial drugs have been used. Typically, AgNPs with MIC values of 0.25, 6.25, 

12.5 and 50 mM are used for this function. Commonly used are spherical silver 

nanoparticles (Ag NPs) with a size range of 12–16 nm (Bindhu and Umadevi 2014, Ajitha 

et al. 2014, Lara et al. 2010). The next generation of antimicrobials is Ag-NPs. Gram-

positive and Gram-negative bacteria, such as Escherichia coli, Staphylococcus aureus, 

Bacillussubtilis, Streptococcus mutans, and Staphylococcus epidermidis are all destroyed 
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by the antibacterial action of Ag-NPs, which has a very broad spectrum (Lee et al. 2008, 

Jung et al. 2008, Yamanaka et al. 2005, Espinosa-Cristo´bal et al. 2009, Cho et al. 2005, 

Sondi and Salopek-Sondi 2004, Yoon et al. 2007, Kim et al. 2007). Ag-NPs also strongly 

stop the growth of Candida albicans, Candida glabrata, Candida parapsilosis, Candida 

krusei, and Trichophyton mentagrophytes (Kim et al. 2008), as well as human 

immunodeficiency virus-1 (HIV-1) (Lara et al. 2010), hepatitis B virus (Lu et al. 2008), 

herpes simplex (Baram-Pinto et al. 2009), and monkeypox (Rogers et al. 2008). 

Respiratory syncytial viruses are other viruses that Ag-NPs have antiviral efficacy against 

(Sun et al. 2005). Ag-NPs appear to have a notable amount of antibacterial action. In the 

order shown below, silver is more harmful to microbes than several other metals: Ag, Hg, 

Cu, Cd, Cr, Pb, Co, Au, Zn, Fe, Mn, Mo, and Sn (Zhao and Stevens 1998). Additionally, 

compared to silver ions and other silver salts, Ag-NPs are more effective at mediating 

their antibacterial activity (Lok et al. 2006, Rai et al. 2009). And compared to many other 

antibacterial materials, silver has a reduced tendency to cause microbial resistance (Kim 

et al. 2007, Silver 2003, Silver et al. 2006, Frankeet al. 2001). The wide range of 

applications for Ag-NPs is mostly due to their antibacterial properties, which help to 

avoid infections in many settings. Wound bandages for burns and trauma, diabetic ulcers, 

dental therapies, dental scaffolds, and medical equipment are all part of this category (Rai 

et al. 2009, Law et al. 2008, Silver et al. 2006, Kim et al. 2007, Thomas et al. 2007, Kim 

and Kim 2006).  

Additionally, sanitary products, including toilet seats, washing machines, dishwashers, 

and water filtration systems, use Ag-NPs (Silver et al. 2006, Rai et al. 2009). It is still 

unclear how Ag-NPs work as antimicrobials, despite their extensive usage as microbial 

agents in several goods. The function of gram-positive bacteria, however, is poorly 

understood. It is plausible that Ag-NPs do not function similarly on Gram-negative and 

positive bacteria due to the fact that the cell architectures of these two types of bacteria 

are so different (Silver et al. 2006). In this study, we looked at the action mode of Ag-

NPs on bacteria using the Gram-positive bacterium S. aureus. 
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Aims of this study 

This study aimed to isolate S. aureus from clinical samples, synthesize silver 

nanoparticles, and evaluate their antibacterial activity against S. aureus, as well as their 

ability to inhibit the expression of the α-hemolysin virulence gene. 
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2. LITERATURE REVIEW 

2.1 Pathogenicity and Antimicrobial Resistance of Staphylococcus aureus  

The biochemical properties of Staphylococcus aureus include being catalase and 

coagulase positive, in addition to being a non-motile, spore-forming, gram-positive, 

facultative anaerobe. It may be seen growing in pairs or as an unusual cluster resembling 

grapes; its colonies are often smooth and elevated, and their colour can vary from yellow 

to golden yellow. The presence of 5% sheep or horse blood in the blood agar causes these 

colonies to be hemolytic (Turnidge et al. 2008, Plata et al. 2009). Up to now, scientists 

have identified over 40 different species of Staphylococcus; nine of these species have 

two subspecies, and one has three. Staphylococci are still in the process of being 

categorized, and new species that are now going through the validation process are 

constantly being reported (Doskar et al. 2010). 

S. aureus is a pathogen that can colonize the skin as well as the mucous membranes of 

the throat, anterior nasal passages, gastrointestinal tracts, perineum, and genitourinary 

tracts. It is exceedingly contagious, in addition to being broad and adaptable (den Heijer 

et al. 2013). It is the leading cause of a range of diseases both in humans and animals, and 

as a result, it has a substantial effect on the state of public health (Luzzago et al. 2014). 

The potential for zoonotic transmission, host specialisation, and the acquisition and loss 

of virulence and resistance genes have all had major impacts on public health (Holden et 

al. 2004, Saleha and Zunita 2010, Luzzago et al. 2014).  

From a medical perspective, staff staph is the most dangerous staphylococci genus 

member. Septicaemia, newborn necrotic pneumonia, endocarditis, and superficial skin 

abscesses are just a few of the many ailments it may cause. It can also cause food 

poisoning. The majority of food poisoning cases in the US are caused by Staphylococcus 

aureus (Shaw et al. 2004). The disease is made worse by genes that make antibiotics less 

effective. These genes include mecA, vanA, staphylococcal exotoxins, and others. They 

help the disease start, send signals, and damage host tissue. Additional contributors to the 

severity of the disease are: (Holden et al. 2004, Shaw et al. 2004). It wasn't until a strain 
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of Staphylococcus aureus developed penicillinase, a hydrolyzing enzyme that made it 

resistant to penicillin, that antimicrobial resistance in S. aureus was first noticed in the 

mid-1940s. Antibiotic resistance in Staphylococcus aureus has never been shown before 

(Basset et al. 2011).  

Since then, penicillin-resistant S. aureus strains have been frequently identified in 

bacteremia cases in both the United Kingdom and the United States. Due to the fact that 

these antibiotic-resistant strains were first discovered in hospitals, the definition 

"nosocomial associated penicillin resistance S. aureus" was used to describe them. Later, 

it was discovered that a portion of the population carried antibiotic-resistant bacteria that 

were unrelated to the strains found in hospitals by any obvious risk factors (Chuang and 

Huang 2013). From the late 1940s to the early 1960s, penicillin resistance increased as a 

direct result of this. Methicillin, a semisynthetic homologue of amoxicillin, was 

subsequently introduced as a preferred treatment for S. aureus infection. Methicillin was 

first created in the 1940s (Jevons 1961).  

Resistance to methicillin was observed in S. aureus less than a year after the drug was 

introduced as an appropriate strategic treatment for the treatment of bacteraemia. Due to 

the formation of a genomic island containing the mecA methicillin resistance 

determinant, methicillin-resistant S. aureus (MRSA) has emerged. Since its discovery in 

the United Kingdom in the early 1960s, multidrug-resistant S. aureus has become the 

leading cause of infections in humans, communities, and livestock worldwide. As a result, 

the therapeutic efficacy of a substantial number of vitally important antibiotics is 

diminished, and patients spend more time in the hospital (Purrello et al. 2011). Possible 

explanations for the evolution of MRSA include the maintenance of existing clones and 

the transformation of methicillin-susceptible S. aureus (MSSA) into the current strain. 

This is a contribution to the discovery of a genotype that confers methicillin resistance. 

This gene encodes a penicillin-binding enzyme that is resistant to all classes of beta-

lactamese antibiotics. The mechanism by which S. aureus acquires antibiotic resistance 

was the primary focus of this review (Noto et al. 2008). 
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2.2 S. aureus Virulence Factors 

The wide variety of disorders caused by S. aureus is associated with its many virulence 

factors, which allow the bacteria to stick to surfaces, enter or escape the immune response, 

and cause harm to the host (Lowy 1998, Holmes et al. 2005). 

2.2.1 Adherence factors (Adhesins) 

The colonisation process begins when S. aureus attaches to the surface of the host cell via 

a variety of adhesins. The threonine residue in the sortation signal motif at the C-terminus 

allows members of one notable family of S. aureus adhesins to form a covalent bond with 

cell lipopolysaccharides, and these adhesins attach selectively to components of the 

plasma or extracellular matrix. One name for this adhesin is ECM, or type I adhesin 

(Foster and Hook et al. 1998, Speziale et al. 2009, Maresso et al. 2008, Maresso et al. 

2008). As a group, these proteins are referred to as the microbial surface elements that 

recognize sticky molecules (MSCRAMMs). These molecules may be used to identify the 

key components of the extracellular matrix or blood plasma, including fibrinogen, 

fibronectin, and collagens (Lowy 1998, Flock et al. 1987, Cheung et al. 2002). 

Plumbing factor (Clf) A and B proteomes, lectin proteins, Staphylococcal Protein A 

(SpA), and fibroblast proteins A and B (FnbpA and FnbpB) are all members of the 

MSCRAMM protein family (Lowy 1998, Foster Hook et al. 1998). 

2.2.2 Exoproteins of S. aureus 

Enzymes such nucleases, proteases, lipases, hydrolases, and collagenases are among the 

many exoproteins that most S. aureus strains are able to secrete. A small number of these 

exotoxins are also present. These proteins likely play a function in converting surrounding 

tissue into nutrients that bacteria need for development (Dinges et al. 2000). 
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The cytolytic effects of S. aureus exotoxins are well-documented. By opening up barrel 

holes in the plasma membrane, cytolytic toxins induce their target cells to lyse and release 

their contents (Foster 2005). S. aureus is capable of producing a number of cytolytic 

toxins, including leukocidin, Panton-Valentine leukocidin, α-hemolysin, β-

hemolysin, and γ-hemolysin. These toxins are classified as PVL (Kaneko et al. 2004). 

Osmotic cytolysis is brought on by a protein called α-hemolysin, which was introduced 

into the eukaryotic membrane. This protein subsequently forms a β-barrel, which 

generates a pore in the membrane. Platelets and monocytes are the two human cell types 

most vulnerable to its cytotoxicity (Menestrina et al. 2001). As a bicomponent cytolysin 

composed of LukF-PV and LukS-PV, PVL has the potential to traverse the host plasma 

membrane and puncture it by hetero-oligomerization. However, PVL has a marked bias 

towards leukocytes, in contrast to other bicomponent poisons such as γ-hemolysin and 

leukocidin, which are toxic to both types of blood cells (Kaneko et al. 2004). 

Many different kinds of exotoxins can be made by S. aureus. These include enterotoxins 

(SEA, SEB, SECn, SED, SEE, SEG, SEH, and SEI), toxic shock syndrome toxin-1 

(TSST-1), and erythema toxins (ETA and ETB). One of them, known as TSST-1, is a 

member of the class of toxins known as proinflammatory toxin super antigens, which also 

includes the staphylococcal endotoxins (PTSAgs) (Lina et al. 2004, Holtfreter and Broker 

2005).  

Staphylococcal bacteria are responsible for producing these toxins. This toxin's ability to 

make T-lymphocytes multiply is called its superantigenicity, and it is this property that 

has been studied the most in depth. These toxins are responsible for causing food 

poisoning in addition to toxic shock syndrome. The staphylococcal toxins ETA and ETB 

are what because the staphylococcal scalded skin syndrome (SSSS) (Melish and Glasgow 

1970). Even though it has been known for a long time that exfoliative toxins have the 

ability to activate oncogenic activity in T cells (Morlock et al. 1980). The question of 

whether or not they may be termed superantigens is still open for debate. 
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It has been shown that other S. aureus proteins may significantly impact the innate and 

adaptive immune systems. In this class of proteins you'll find, among other things, Efb, 

Eap, staphylokinase, CHIPS, and formyl peptide receptor-like-1 antagonist protein. An 

inhibitor known as SCIN blocks the C3 convertase enzyme, preventing the bacteria from 

producing C3b on their surface. This prevents S. aureus from being consumed by human 

neutrophils (Rooijakkers et al. 2005). Epa prevents neutrophil migration from blood 

arteries into tissue, whereas CHIPS and FLIPr block neutrophil receptors for 

chemoattractants (Chavakis et al. 2002). SAK binding to defensins eliminates their 

bactericidal properties (Bokarewa et al. 2006), and CHIPS and FLIPr block neutrophil 

receptors for chemoattractants (De Haas et al. 2004, Prat et al. 2006) and at the same time 

Efb (Lee et al. 2004). 

It is generally accepted that virulence is complex as well as the consequence of the 

interaction of a large number of different virulence factors. The presence of the toxin that 

causes toxic shock syndrome, as well as exfoliative toxins A and B, as well as various 

staphylococcal enterotoxins, is an exception. These toxins are responsible for SSSS, toxin 

shock syndrome, as well as staphylococcal food poisoning, respectively (Lowy 1998). 

S. aureus-induced ventilator-associated pneumonia is associated with a wide variety of 

virulence variables. S. aureus may adhere to the respiratory epithelium, break the project 

barrier, and draw in PMN due to the actions of LTA, PepG, MSCRAMMs (namely Fnbp 

and SpA), and toxin. All of these things might happen at the same time (Ferry et al. 2008). 

The cell-damaging SpA, -toxin, and -toxin are also linked to necrotizing pneumonia; they 

irritate and eventually kill the respiratory epithelium. Death may result from necrotizing 

pneumonia. It is unclear whether or not PVL has a role in the development of necrotizing 

pneumonia (Bartlett et al. 2008). 

2.2.2.1 α-Toxin (α-Hemolysin)  

S. aureus is responsible for the release of -toxin, which is the principal cytotoxic agent. 

S. aureus was the organism that was responsible for the production of this exotoxin, which 

was the first of its kind to be identified as a pore creator. Membrane permeabilization 
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causes changes in ion gradients, membrane depletion, activation of stress signalling 

pathways, and, finally, cell death in vulnerable host cells (Husmann et al. 2006). 

It is known that S. aureus α-toxin is a major factor in the development of staphylococcal 

diseases because mutants of S. aureus that lack HLA have lower virulence in invasive 

disease models (Wardenburg et al. 2008). It's interesting to note that the toxin might 

operate in two different ways, depending on the dosage. Low amounts create a heptameric 

pore by binding to particular cell surface receptors. By allowing the interchange of 

monovalent ions, this hole causes DNA breakage and ultimately apoptosis (Bantel et al. 

2001). The toxin absorbs non-specifically into the lipid bilayer at high concentrations 

(Hildebrand et al. 1991). And developing significant Ca2+-permissive pores. As a result, 

there is severe necrosis and other cellular responses that are brought on by the unchecked 

Ca2+ influx (Bantel et al. 2001). 

It is released from host membranes as a water-soluble monomer that changes shape 

several times to make a β-barrel structure with six heptamers. The interaction of HLA 

with a proteinaceous receptor that has not been identified before is essential for structural 

maturation (Wilke et al. 2010). 

2.2.3 Regulation of virulence factors in S. aureus 

Colonisation, avoiding host defence, cell division, and bacterial dispersion are only a few 

of the many steps in the intricate process of S. aureus infection that requires the 

coordinated expression of several extracellular and cell wall components (Torres et al. 

2010). 

There may be global regulators at work when viruses respond to environmental signals 

by coordinating the expression of various virulence factors; for instance, producing toxins 

later in the infection to aid the virus's spread through the tissue vs early expression of 

adhesins during colonisation. In these regulators, the expression of several unrelated 

target genes is controlled by a single regulatory component (Cheung et al. 2004). These 
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regulators help bacteria adapt to a harsh environment by making components that let them 

survive and then cause infection at the right moment. 

Most likely to influence the expression of virulence factors are changes in the availability 

of nutrients, temperature, pH, osmolarity, and oxygen tension, among other 

environmental cues (Torres et al. 2010). Production Several global regulatory loci, such 

as the accessory gene regulator (AGR), control the factors that determine s. aureus 

pathogenicity (Peng et al. 1988), the staphylococcal accessory regulator (sarA) (Cheung 

et al.2001), the sae (Giraudo et al. 1994), the sigB (Bischoff et al. 2001), and the arl 

(Fournier Arvidson et al. 2001). These regulators are crucial nodes in the network that 

controls how Staphylococcus aureus expresses its pathogenicity genes. Several regulators 

"cross talk" with each other to regulate the expression of a target virulence gene only 

when conditions are suitable. The spa gene encodes SpA, and in vitro experiments have 

shown that agr suppresses its expression, but SarS binds to its promoter and increases spa 

synthesis (Tegmark et al. 2000). It's interesting to note that agr reduces sarS expression 

(Cheung et al. 2001, Tegmark et al. 2000). Therefore, it has been postulated that agr 

inhibits the expression of spa's activator, sarS, in order to lower spa expression. Thus, 

virulence gene regulators may regulate the expression of their target genes either directly 

or indirectly by binding to their promoters (Tegmark et al. 2000). 

2.3 Silver Nanoparticles 

Of all the metallic nanoparticles, AgNPs have the highest potential for use in 

nanotechnology. Modern nanotechnology research is heavily focused on developing 

dependable methods for producing AgNPs. The optical, electrical, and magnetic features 

of AgNPs make them particularly useful for a variety of applications, including 

antibacterial, antiviral, and antifungal ones. They can also be used in composite fibers, 

biosensor materials, cosmetic items, the food sector, and electronic components (Senapati 

et al. 2005, Klaus-Joerger et al. 2001).  

Shampoos, detergents, soaps, toothpaste, and cosmetics are some of the products that 

have reportedly contained AgNPs as medical and pharmaceutical substances that have 
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come into direct contact with a human system (Banerjee et al. 2014). AgNPs are applied 

as antibacterial (Sondi et al. 2004), antifungal (Kuppusamy et al. 2016), anti-

inflammatory (Gurunathan et al. 2009, Narayanan et al. 2014), antiviral (Suriyakalaa et 

al. 2016), anti-inflammatory (Kuppusamy et al. 2016), and anti-diabetic medicines in the 

biomedicine (Olaleye et al. 2010). Recent studies have also revealed the use of AgNPs 

for cancer diagnosis, therapy, and drug delivery using either active or passive processes 

(Akhtar et al. 2013). It has been known that silver possesses antibacterial qualities since 

ancient times. Nowadays, silver is used to prevent the transmission of germs in several 

locations, including dental procedures, catheters, and burn sites. It is well known that 

silver ions and compounds containing silver are very poisonous to bacteria and exhibit 

potent biocidal properties (Sanghi et al. 2009).  

AgNPs are mostly used in molecular diagnostics and photonic devices because of their 

optical characteristics. The usage of AgNPs as antimicrobial coatings is on the rise. It has 

been known that silver possesses antibacterial qualities since ancient times. Dental 

procedures, catheters, and burn sites are just a few of the modern situations where silver 

is utilised to prevent the transmission of germs. The significant biocidal effects of Ag ions 

and Ag-based compounds on microorganisms are well-known (Sanghi et al. 2009). 

AgNPs are mostly used in molecular diagnostics and photonic devices because of their 

optical characteristics. AgNPs are being used more and more for antimicrobial coatings 

(Al-Thabaiti et al. 2016). 

2.4 AgNPs Synthesis 

To create metallic nanoparticles, many techniques classified as bottom-up or top-down 

procedures are applied (Silva et al. 2017). Upper-level approaches produce stable AgNPs 

via nanoscale synthesis of nanoparticles from solid or aerosolized metallic silver. This 

class includes physical procedures such as sputtering, laser ablation, and ball milling 

(Kulkarni et al. 2014, Nakamura et al. 2011, Jara et al. 2015). To make nanoparticles, 

bottom-up processes include stabilising and nanostructuring silver atoms using several 

methods. To make nanoparticles, bottom-up methods are used in the chemical and 

biological sciences (Silva et al. 2017, Tran et al. 2013).  
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It is common practice to use physical procedures to create vast quantities of nanoparticles; 

the level of purity of these particles might vary from process to process. However, the 

majority of the time, these techniques require expensive equipment, high pressure, and 

high temperatures (Yaqoob et al. 2020, Zhang et al. 2016). Chemical methods for 

producing AgNPs include electrochemical, sol-gel, and chemical reduction procedures. 

They allow for the production of nanoparticles with a certain spherical shape and are 

believed to be affordable (Yaqoob et al. 2020, Elsupikhe et al. 2015, Dang et al. 2012).  

With only three simple ingredients—a metallic precursor, a reducing agent, and a 

stabilising agent—these processes are thought of as simple and scalable. Toxic reagents 

or solvents are often a part of these chemicals, therefore mandating their usage may lead 

to the production of harmful or polluting waste (Tran et al. 2013, Krutyakov et al. 2008). 

The third way of biologically synthesizing nanoparticles comprises all processes utilizing 

biologically derived materials or living organisms, whether through bacterial or fungal 

mediation or through the use of natural extracts as reagents (Nam et al. 2008, Balaji et al. 

2009). AgNPs produced biologically have been shown to be highly soluble, yielding, and 

stable (Chung et al. 2016).  

The introduction of organisms or reagents of biological origin, however, makes this 

synthesis more complex and necessitates the use of substances with high stabilizing and 

reducing agent capacities. However, given its low cost and the range of natural resources 

that can be employed to reduce the potential toxicity of nanoparticles, this is thought to 

be one of the most promising technologies (Zhang et al. 2016). The methodologies, 

equipment, and conditions needed for each approach vary, which determines their 

challenges and comparative advantages. Figure 2.1 lists the synthesis techniques in brief. 

The size, stability, and biological effects of the nanoparticles, which define their chemical 

surface and ion release capability, will all be influenced by the synthesis process used. 

Because of this, the synthesis will determine their biological activity and potential 

toxicity (Krutyakov et al. 2008, Korshed et al. 2019).  
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Figure 2.1 Different types of methods used for the synthesis of nanoparticles 

(Krutyakov et al. 2008) 

2.5 Nanobiotechnology Related Applications 

In order to create metal nanoparticles, scientists use a variety of physical and chemical 

approaches. These methods for different synthesized chemicals are pricey, though. They 

could lead to the development of poisonous chemical organism nanoparticles on the 

surface, which could have negative effects on a variety of biological and medicinal 

applications (Mittal et al. 2014). The demand to create "green synthesis" processes for 

synthesizing nanoparticles in the environment is growing. 

Since AgNPs are one of the most thoroughly studied nanomaterials and the most popular 

target of the aforementioned "green" approaches, scientists are enamored with them. 

Research areas and the creation of nanoparticles using plant extract are developing. Metal 
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nanoparticles can be synthesized inside and outside cells using plant structures 

(Renugadevi et al. 2012). When it comes to processing nanoparticles, hydroponic 

solutions like metal-rich soils and seed plants grown in high-metal mediums are just two 

examples. Extract leaves are made from nanoparticles extracted from the leaves by 

heating or shaping them in water or alcohol (Parashar et al. 2009). It was Medicago sativa, 

the first plant known to have been used to synthesize extracellular nanoparticles, which 

was used to create silver and gold nanoparticles (Gardea et al. 2003).  

As a result, the utilization of plants as substrates for the production of nanoparticles has 

received considerable interest. When it comes to treating wounds and burns and creating 

nano-containing components for bone replacement and dental materials, AgNPs have 

been found to be effective antibacterials, antifungals, antiviruses (including HIV), anti-

protozoans, anti-arthropods (including bedbugs), anti-larvicidals, and anti-cancer agents. 

AgNO3 was an important antibacterial agent in medicine prior to the introduction of 

AgNPs (Anjum et al. 2016). The use of nanoscale materials in nanotechnology has 

skyrocketed in the last few years. It will be used in the future to diagnose and stop 

numerous illnesses in biomedical applications. Titanium or titanium alloys can be used 

to coat AgNP-coated dental titanium implants (Anjum et al. 2016). 

2.5.1 Antimicrobial applications 

The development of nanotechnology has heightened interest in and understanding of the 

antibacterial effectiveness of AgNPs. According to a comparison of AgNPs, AgNO3, and 

AgCl (Choi et al. 2008), AgNPs are more effective at killing bacteria than free silver ions. 

There are a lot of very harmful bacterial species that the AgNPs bactericide has been 

shown to effectively kill, as well as Gram-positive and Gram-negative bacteria (Anjum 

et al. 2016). In 2007, Kim and his colleagues did an experiment to see how antibacterial 

AgNPs are. They used Staphylococcus aureus and Escherichia coli as examples of gram-

positive and gram-negative bacteria. The smallest amount of AgNPs needed to stop S. 

aureus from growing is ten times higher than the lowest amount needed to stop E. coli 

from growing (3.3 to 33 nM). Another study found that AgNPs (10–15 nm) were highly 

effective antibacterial agents and had increased stability when used against various drug-
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resistant bacterial strains. Multiple reports indicate that gram-negative bacteria are more 

susceptible to the dose-dependent antibacterial effect of AgNPs compared to gram-

positive bacteria (Kumar et al. 2014). The AgNPs also showed promise as an antibacterial 

agent against gram-positive bacteria like S. aureus, which is found in human infections, 

and gram-negative bacteria like E. coli and Klebsiella pneumonia, which are resistant to 

many drugs. Target microorganisms, compound forms, and silver concentration all affect 

AgNPs' antibacterial behavior (Sadeghi et al. 2012, Guzman et al. 2011). 

A high concentration of silver reagent (AgNO3, AgCl) is required to prevent bacterial 

cell development. Preventing infections brought on by viruses, bacteria, fungi, and 

parasites was one of the biggest issues in aquaculture. Antimicrobials have historically 

been employed in aquaculture to eradicate bacterial illnesses. The therapies are now less 

effective due to resistant strains brought on by the overuse of these chemicals. 

Tetracycline was the antibiotic most frequently used, according to a prior study (Tuevljak 

et al. 2016) that examined resistant strains in fish producers across 25 nations. 

Tetracycline, erythromycin, and streptomycin are just a few of the antibiotics for which 

the isolated tilapia bacteria exhibit resistance. Listeria sp., Vibrio sp., Pseudomonas sp., 

Edwardsiella sp., Photobacterium damselae, Yersinia ruckeri, and Aeromonas 

salmonicida were among the resistant strains. To eliminate Vibrio harveyi-infected 

Feneropenaeus indicus organisms, Camellia sinensis generates AgNPs. In vivo studies 

showed a 70% reduction in bacterial growth at a concentration of 10 g mL-1 (Vaseeharan 

et al. 2010).  

Bacillus subtilis is a non-pathogenic organism used to make nanoparticles. Its ability to 

kill V. parahaemolyticus and V. harveyi bacteria was tested on Litopenaeus vannamei that 

had been infected with them. The results showed that Bacillus subtilis inhibited the 

growth of both of these pathogens. Nanocompounds had a survival rate of ninety percent, 

which was significantly higher than the control group, which only had a one percent 

success rate (Sivaramasamy et al. 2016). The parasites Ichthyophthirius multifiliis and 

Aphanomyces were susceptible to the anti-parasitic and antifungal effects of AgNPs that 

were coated with starch and then applied in immersion baths (20 minutes) at 

concentrations of 10 ng of nanoparticles. After three days, the findings demonstrated that 
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the use of AgNPs did not have any negative impacts on the recovery of the fish. Extensive 

research has been conducted on the potential for silver nanoparticles to be effective in the 

prevention and treatment of diseases in aquaculture  (Barakat et al. 2016). 

2.6 Mechanism of the Antibacterial Activity of Silver Nanoparticles 

Although the exact mechanism behind the antibacterial properties of AgNPs is not 

completely known, Figure 2.2 suggests a number of potential antibacterial activities. A 

key component of AgNPs' efficacy is their capacity to continuously release silver ions, 

which may be thought of as the mechanism via which bacteria are eliminated (Bapat et 

al. 2018). The cell wall and cell membranes may be attached to by silver ions via 

electrostatic attraction and affinity for sulphur proteins. The bacterial cell wall might burst 

in this case because the ions that have attached to the cell wall make the cytoplasmic 

membrane more permeable (Khorrami et al. 2018). Absorption of free metallic ions into 

cells inhibits adenosine diphosphate (ADP) synthesis, which in turn halts ADP production 

and may cause reactive oxygen species formation (Ramkumar et al. 2017). Responsive 

oxygen species can be the primary cause of cell membrane breakdown and DNA 

alteration. Silver ions can interfere with DNA replication, impede cell growth, and even 

kill microbes if they come into touch with phosphorus and sulfur, which are essential to 

DNA. As Durán and colleagues (2016) have stated, silver ions have been shown to be 

effective in blocking the creation of proteins in the cytoplasm by denaturing proteins. 

Silver nanoparticles' antimicrobial properties (AgNPs): 

1. The Ag+ ions released by AgNPs bind to or diffuse across cell membranes and 

cytoplasmic vesicles, causing damage to both. 

2. The destruction of ribosomes silver ions destroy ribosomes, which halts the process of 

protein synthesis. 

3. The presence of silver ions renders the respiratory enzymes on the cytoplasmic 

membrane inactive, which stops the generation of adenosine triphosphate (ATP). 

4. Membrane disruption may occur due to reactive oxygen species. The formation of 

reactive oxygen species is a byproduct of electron flow breakdown. 
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5. Damages DNA replication by attaching to it and stopping cell division. Silver and 

reactive oxygen species also have this effect. This condition is known as a replication 

block. 

6. Once AgNPs build up in the cell wall's fissures, it causes the membrane to denaturate. 

7. Perforation of the cell membrane: AgNPs quickly penetrate the cytoplasmic 

membrane, allowing the liberation of cellular organelles. 

 

Figure 2.2 Mechanism of silver nanoparticles (AgNPs) antibacterial activity  

In addition to releasing silver ions, (AgNPs) may destroy pathogens on their own. Silver 

nanoparticles (AgNPs) may assemble in cell wall pits after they have attached to the 

surface of the cell (Liao et al. 2019). Cell membrane denaturation may occur if AgNPs 

were to accumulate. The very small size of silver nanoparticles makes it possible for them 

to alter the structure of bacterial cell membranes and even enter their cell walls (Liao et 

al. 2019). Organelles might be torn apart and cell lysis could result from cytoplasmic 

membrane denaturation. Bacterial signal transmission may also include silver 

nanoparticles. Tyrosine residues on peptide substrates may be dephosphorylated by 

nanoparticles, and bacterial signalling is affected by protein substrate phosphorylation. 

Damage to signal transduction pathways may cause cells to die off and stop dividing (Li 

et al. 2019). 
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How effective silver nanoparticles are against bacteria depends critically on how much 

of them have dissolved in the exposure medium. The efficiency with which silver 

nanoparticles dissolve is influenced by both their inherent qualities and the solution in 

which they are disseminated (Noronha et al. 2017). Particle shape and size impact the 

amount of silver ions released, and the Ostwald-Freundlich equation provides a 

theoretical explanation for this. Silver nanoparticles with a smaller, more spherical or 

quasi-spherical shape have a higher surface area and so release more silver 

(Shanmuganathan et al. 2018).  

This is also the reason why, according to Noronha et al. (2017), aggregated nanoparticles 

do not emit as much silver as isolated nanoparticles. The solubility of silver nanoparticles 

may be changed by adding capping agents to their surfaces (Khorrami et al. 2018). The 

release of silver ions is influenced by both the nanoparticles' intrinsic properties and the 

surrounding environment. Silver nanoparticles' solubility may be affected by organic or 

inorganic substances in the medium, either by aggregating with them or by complexing 

with silver ions. Furthermore, research has shown that acidic solutions accelerate the 

release of silver ions from silver nanoparticles compared to neutral ones (Jacob et al. 

2019). 

Meikle et al. (2020) found that silver nanoparticles work better against gram-negative 

bacteria. Bacteria that are gram-negative have much thinner cell walls than bacteria that 

are gram-positive. One possible barrier that nanoparticles face while trying to enter cells 

is the robust cellular membrane. Bacteria need to take up silver nanoparticles for them to 

kill gram-positive and gram-negative bacteria in distinct ways (Noronha et al. 2017). 

Research has shown that pathogenic bacteria may be infected by silver nanoparticles as 

small as 10 nm, which can directly affect cell permeability and induce cell damage. 

Rapid biofilm formation in the mouth protects bacteria against silver ions and 

nanoparticles by blocking their mobility. Scientists found that biofilm bacteria did not die 

off entirely when exposed to silver nanoparticles, even though the same dosage killed all 

planktonic bacteria (Saravanan et al. 2020). Because of its complex structure, the biofilm 

may tolerate the presence of silver nanoparticles. Size and physicochemical qualities are 
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common predictors of diffusion coefficients, which in turn affect the mobility and 

bioavailability of silver nanoparticles in biofilm. It becomes more challenging for larger 

silver nanoparticles to enter biofilm due to the fact that these parameters diminish with 

increasing molar mass (Yin et al. 2019). Any particle bigger than 50 nm has the potential 

to greatly impede biofilm movement. Second, nanoparticles' chemical composition may 

make them adsorb to biofilm, where they would then concentrate and reduce diffusion. 

Furthermore, the ability of charged nanoparticles to penetrate biofilm may be affected by 

the electrostatic interaction between bacteria and silver nanoparticles (Pugazhendhi et al. 

2018). 

2.7 Properties of Nanoparticles 

Numerous factors affecting the various efficacies of the applied preparations influence 

the antibacterial activity of nanosilver. Without a doubt, the form of the nanoparticles 

used has a major impact. According to a substantial amount of study, the form of silver 

nanoparticles determines their activity. Research has shown that nanoparticles of silver 

with sharp peaks and edges, which are around 20 nm in size, are more effective in killing 

bacteria than their spherical counterparts of the same dimension (Tanvir et al. 2017). 

Additional evidence for this result came from a research conducted by Pal et al. (2007). 

The authors also asserted that compared to spherical particles, prismatic ones exhibit 

higher reactivity. Prisms with a greater atomic density were postulated by both groups as 

a possible explanation for this diversity. Additionally, it is contended that the prismatic 

shapes' planes can experience reduced surface tension. The results demonstrated that 

compared to spherical or rod-shaped nanoparticles, truncated ones exhibited a higher 

level of reactivity (Pal et al. 2007). 

Alshareef et al. (2017) found that the effectiveness of nanosilver against bacteria was 

modified by its shape. Scientific evidence suggests that truncated octahedral 

nanoparticles may kill E. coli bacteria. Bacteriostatic activity was shown by the 

nanosilver spheres. Geometrically structured nanoparticles with a higher surface area and 

surface energy may have been more effective in killing bacteria than spherical 
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nanoparticles (Alshareef et al. 2017, Jeevanandam et al. 2022). El Zahry et al. (2015) 

found that hexagonal silver nanoparticles were more dangerous than their spherical and 

triangular counterparts with rounded edges (Table 2.1). The assertions state that this 

occurred because of its potent penetrating capabilities, which led to cell death in the 

bacterium (Alshareef et al. 2017). 

Table 2.1 Different AgNP forms have antibacterial action (El Zahry et al. 2015) 

AgNPs PEG 

AgNPs 

Citrate 

AgNPs 

Borohydride 

AgNPs 

Deionized H2O 

(Negative 

Control) 

form hexagonal spheral triple / 

Inhibition 

zone size 

(cm) ±SD 

2.45 ± 0.24 2.02 ± 

0.55 

0.08 ± 0.14 0.00 ± 0.00 

PEG (Polyethylene Glycol) 

Furthermore, the antibacterial effectiveness was concentration dependent for the silver 

nanoparticles. Platania et al. (2021) discovered more nanosilver with a specific particle 

size, but less S. aureus and S. epidermidis. Further research has shown that silver 

nanoparticles, when mixed with other chemicals like tryptophan, might have an even 

greater antibacterial effect than when used alone (Leng et al. 2020; Courrol et al. 2019). 

Leng et al. (2020) found that compared to using the nanoparticles alone, combining them 

with zinc yielded better results. Coating silver nanoparticles with poly-L-arginine 

improved their cell-cell interaction in a separate research (Tanvir et al. 2017). The 

combination of tobramycin with silver nanoparticles ranging in size from 10 to 60 nm 

was also shown to be more effective (Habash et al. 2017). This is in line with the findings, 

which demonstrate that sulfonamides have a negative effect on the effectiveness of silver 

nanoparticles when used with quorum sensing inhibitors (Haiyan et al. 2019). These 

results lend credence to the theory that antibiotics combined with AgNPs increase their 

effectiveness (Haiyan et al. 2019).  
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3. MATERIALS AND METHOD 

3.1 Instruments and Equipments 

Table 3.1 displays the tools and equipments that were used throughout the research. 

Table 3.1 Instrument and equipments used throughout the study 

Country Company (Origin) Equipments and tools No 

England Gallenkamp Autoclave 1 

England Gallenkamp Distillator 2 

USA CBS,scientific Electrophoresis 3 

Germeny Sartorius Electric balance 4 

USA Tech.net 500 Gradient PCR 5 

England Gallenkamp Hot air oven 6 

Japan LKB Hot plate 7 

England Gallenkamp Incubator 8 

Germeny Mettler Sensitive balance 9 

Japan Hetachi Spectrophotometer 10 

USA UVP UV-Transiluminator 11 

USA LKB Transport swab 12 

India Elite-Medichem Centrifuge 13 

Korae Hirayama Digital autoclave 14 

Japan Sony Digital camera 15 

Japan Labcoo Vortex Mixer 16 

Japan Gallenkamp Water bath 17 

Egypt Qean Refrigerater 18 

Germany Biosan UV.transmission 19 

Japan Gallenkamp Micropipate 20 

Himedia India Loop srander 21 

Japan Olympus Light microscope 22 

Korea K and K Scientific Supplier Laminar airflow cabinet 23 

India Naugra Bansen burner 24 

India Labsays Petri-dish 25 

Germany Binder Electric oven 26 

Spain BD Emerald Syringe 1ml, 5ml, 10ml 27 

USA GFI Shaker water bath 28 

China Samix Disposable micropipette tip 29 

China Samix Disposable Pasteur pipette 30 

Korea Bioneer Eppendrof centrifuge 31 

Lativa Biosan Microspin 32 

France Bio merieux Vitek 2compact 33 

USA Fisher Scientific Mini vortex 34 

USA Thermo PCR thermal cycle system 35 

Italy Italy AURA TM PCR Cabinet 36 

Germany Bioan Microspin 12,High-speed Mini-centrifuge 37 

Germany Digsystem V-1plu,personal Vortex for tubes 38 

Germany Biosan Bio TDB-100, Dry block thermostatbuilt 39 

Chain Gosonic Mini-Power Supply 300V, 2200V 40 

Chain Gosonic Multigene Optimax Gradient Thermal Cycler 41 
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3.2 Chemical and Biological Materials 

Chemicals, reagents, solutions and dyes used throughout the study is shown in Table 3.2. 

Table 3.2 Chemicals, reagents, solutions and dyes used in the laboratory experiment 

Country Company Chemicals NO 

England BDH Silver nitrate 1 

Chain Protective No.1 Antiseptic,Disinfectant 2 

England BDH Catalase reagent 3 

India Himedia Bromothymol Blue 4 

France Fluka Glycerol 6 

UK BDH Hydrogen Peroxide 8 

BDH BDH Gram stain 10 

France Bio-merieux McFarland tubes 11 

Switzerland Fluka Methanol 13 

UK BDH NaCl2 14 

Saudi PSI Normal Saline (Sterile) 15 

USA Conda Agarose 16 

Korea Intron Red safe staining souluion 17 

Korea Intron 6X Loading dye 18 

Korea Intron Ladder 100 bp 19 

Korea Intron Ladder 50 plus 20 

Korea Intron Premix pcr 21 

USA Conda TBE buffer 10 X 22 

USA Integrated DNA technologies Primer 23 

USA ZYMO Bacterial DNA MiniPrep 24 

 

Cultures Media used throughout the (In-vitro) study is shown in Table 3.3. 

Table 3.3 Cultures Media used in the (In-vitro) Study 

Country Company Name NO 

Italy Biolife  Blood agar base 1 

England Mast diagnostic Brain heart infusion agar 2 

India Hi-Medi Brain-heart infusion broth (BHIB) 3 

India Himedia Motility Test Medium  4 

USA Biolife Nutrient agar (NA)  5 

Italy Hi-Media Muller-Hinton agar  6 

England Difco Nutrient broth (NB)  7 

India Himedia nutrient broth  8 

India Himedia Urea agar base  9 

India Himedia Transporte media 10 
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3.3 Preparation of Chemical Solutions 

3.3.1 Phosphate buffer saline (PBS, pH: 7.2) 

PBS was prepared according to the supplier's instructions by dissolving 8.5 g of NaCl, 

1.15 g of 𝑁𝑎2𝐻𝑃𝑂4, 0.2 g of KH2𝐻𝑃𝑂4 and 0.2 g of KCl in 1 liter of distilled 

water  (Markey et al. 2015). 

3.3.2 Normal saline 

Storing the sterile combination of 8.5 g of NaCl and 1000 ml of distilled water at 4 °C 

until required, it was autoclaved at 121°C (15 pounds/inch2) for 15 minutes (Markeyet 

al. 2015). 

3.3.3 McFarland turbidity standards tubes 

The turbidity standard [McFarland solution (No. 0.5)] was a ready-to-use solution 

manufactured by the Bio-Merieux company. Before being transferred to sterile Petri 

plates or tubes, all media were autoclaved at 121°C (15 pounds/inch2) for 15 minutes 

after being prepared according to the manufacturer's instructions. After that, they were 

allowed to harden at room temperature. Sterilisation was achieved by incubating the petri 

dishes at 37°C for 24 hours. Certain mediums need unique ingredients. In the subsequent 

steps, they were prepared for bacterial isolation or stored at 4 °C. 

3.4 Preparation of Agar Medium 

3.4.1 MacConkey agar medium 

Following the manufacturer's directions, 51.53 grammes of agar powder were dissolved 

in 1000 millilitres of distilled water to make it. After dissolving the powder, the mixture 

was autoclaved and cooled to 50 °C. It was then pipetted onto sterile petri dishes and 
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placed in the refrigerator at 4 °C. The capacity to detect gram-negative bacteria's 

fermentation of lactose and to isolate and identify them were its most important uses.   

3.4.2 Blood agar medium 

Autoclaving was the last step in the preparation process after liquifying 40 g of blood 

agar foundation powder in 1 litre of distilled water. The mixture was then heated to 

boiling while stirring frequently to dissolve the medium. After the medium was chilled to 

50 °C, 7% sterile sheep blood was aseptically added to it. After making sure the mixture 

was consistent, the next step was to pour it into sterile petri dishes and stir well. After 

that, it was allowed to cool to room temperature. After being incubated at 37°C for 24 

hours, the petri dishes were deemed sterile. After sterilisation, they were either utilised 

right away or kept at 4°C until further use in bacterial isolation. 

3.4.3 Nutrient agar medium 

A litre of distilled water was used to dissolve 28 grammes of nourishing agar powder. 

After that, the mixture was autoclaved and heated to 50 °C by boiling with frequent 

stirring. It was then let to settle to room temperature until solid after being placed into 

sterilised petri dishes. The petri dishes were incubated at 37°C for 24 hours to achieve 

sterilisation. Either utilise them right away for bacterial isolation or keep them at 4 °C for 

later.   

3.4.4 Brain- heart infusion broth (BHIB) 

The recipe called for 37 grammes of BHIB powder to be dissolved in 1 litre of distilled 

water after being let to sit for about 10 minutes. The medium was dissolved by heating it 

to boiling and stirring it frequently. After that, the mixture was transferred to autoclaved 

sterile test tubes. To guarantee sterilisation, the tubes were kept in an incubator at 37°C 

for 24 hours. 
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3.4.5 Nutrient broth 

Autoclaving was the last step in preparing it after dissolving 13 grammes of nutritional 

broth in 1000 millilitres of distilled water and adjusting the pH to 7.2. 

3.4.6 Mueller-hinton agar 

The preparation included combining 1 litre of distilled water with 38 grammes of Muller-

Hinton agar powder, heating the mixture to boiling while stirring frequently, and then 

autoclaving it. After cooling to 50 °C, it was placed onto sterile petri dishes and allowed 

to settle at room temperature. Before being used for assessing bacteria's sensitivity to 

antimicrobials, the petri dishes were sterilised by incubating them at 37°C for 24 hours. 

3.4.7 Urea agar 

To dissolve the autoclaved medium, dissolve 24.01 grammes in 950 ml of distilled water. 

Bring to a boil, add 50 ml of 40% urea, and allow cool to 50 °C. Pour the mixture in a 

slanted pattern. 

3.5 Samples Collection 

Between June 2022 and November 2022, a total of 250 samples were collected at 

Teaching Al-Hussein Hospital and Al-Nasiriyah General Hospital, including 125 urine, 

75 burns, and 50 sputum. A sterile container and swab contained Cary Blair transported 

media. 

3.6 Culture Examination 

All specimens were cultured by blood ager and MacConky ager under aseptic technique 

and then incubated under aerobic conditions at 37 °C for 24-48 hrs. Morphological and 

biochemical characteristics of a pure colony after growth are important for distinguishing 
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various types of bacteria (Khan et al. 2011). Inspection of pure colony growth, 

morphology, size, and hemolysis ability on blood ager and lactose fermentation on 

MacConkey agar, as seen in Figure 3.1.  

 

Figure 3.1 Culture examination by the researcher 

3.7 Gram Stain 

According to Talaiekhozani et al. (2015), gram staining was performed to differentiate 

the bacterial features and staining ability using a light microscope under an oil 

immersion lens (ALjanaby and ALhasani 2016). 

 

 

3.8 Biochemical Tests 

3.8.1 Catalase test 

The agar medium was separated from the top of the colonies by a loop full of 

bacterialgrowth. A clean microscope slide is put on the bacterial cells, and a reduction 

of 3% H2O2 has been applied (Quinn et al. 2004). 

3.8.2 Oxidase test 

In a petri dish, a wooden stick and filter paper were used to wet the 1% aqueous solution 

of tetramethyl-p-phenylenediamine dihydrochloride. The test bacterium is streaked 

strongly across the filter paper (Quinn et al. 2004).  
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3.8.3 Urease test 

By striking, slants of urea agar were injected with fresh colonies and incubated for 24-48 

hours at 37 °C, resulting in a change of the agar color from yellow to pink, indicating a 

positive result (Forbes et al. 2016). 

3.8.4 Coagulase test 

Fibrinogen is transformed into fibrin plasma by the coagulase enzyme. To conduct the 

reaction, a test tube is filled with 0.1 mL of the tested bacterial isolate and 0.5 mL of 

citrated plasma solution. The mixture is then incubated at 37 oC. The tubes are checked 

for coagulation at half an hour, one, two, and four hours. Positive results are indicated by 

the formation of a clot within four hours. 

 

 

3.9 Analytical Profile Index Staph (API Staph) System Confirmatory Tests 

There are twenty microtubes in the API Staph Strip, and they hold dehydrated substrates. 

The tests are reconstituted by inoculating the microtubes with a bacterial solution and 

preparing them in API Staph Medium. Metabolism causes incubation-related colour 

changes that may be either detected naturally or brought to light by adding reagents. Read 

the responses according to the reading table, read the reactions according to the reading 

table, and then use the Analytical Profile Index or the identification programme to get the 

identification. An established method for detecting Staphylococcus species, the API staph 

system categorises bacteria in accordance with the guidelines provided by Biomerieux 

(Table 3.4). 

Table 3.4 Interpretation reading of biochemical test results (API staph) 
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Tests ACTIVE 

INGREDIETS  

QTY 

(mg/c

up.) 

REACTIONS/ENZYMES RESULT 

negative poistive 

0 No substrate  Negative control  red --- 

GLU 

FRU 

MNE 

MAL 

LAC 

TRE 

MAN 

XLT 

MEL 

D-glucose 

D-fructose 

D-mannose 

D-maltose 

D-lactose(bovine 

origin) 

D-trehalose 

D-mannitol 

Xylitol 

D-melibiose 

1.56 

1.4 

1.4 

1.4 

1.4 

1.32 

1.35 

1.4 

1.32 

Positive control)(D-GLUcose) 

acidification (D-FRUctose) 

acidification (D-ManNosE) 

acidification (MALtose) 

acidification (LACtose) 

acidification (D-TREhalose) 

acidification (D-MANnitol) 

acidification (XyLiTol) 

acidification (D-MELibiose) 

 

 

 

 

red 

 

 

 

 

yellow 

NIT potassium nitrate 

 

0.08 Reduction of NITrates to 

nitrites  

Colorless-

light pink 

red 

PAL ß-naphthyl 

phosphate  

0.024 ALkaline Phosphatase  yellow violet 

VP sodium pyruvate 1.904 Acetyl-methyl-carbinol 

production 

(Voges Proskauer) 

Colorless-

light pink 

violetpink 

 

RAF 

XYL 

SAC 

MDG 

NAG 

D-raffinos 

D-xylose) 

D-saccharose 

(sucrose) 

methylαDglucopy

ranoside 

N-acetyl-

glucosamine 

1.56 

1.4 

1.32 

1.28 

 

acidification (RAFfinose) 

acidification (XYLose) 

acidification (SACcharose) 

acidification (Methyl- 

αDGlucopyranoside) 

acidification 

(AcetylGlucosamine) 

 

 

 

red 

 

 

 

yellow 

ADH L-arginine 1.904 Arginine DiHydrolase yellow orange red 

URE Urea t 0.76 URE urea  yellow redviolet 

 

3.10 Diagnosis of Bacteria by Vitek2 Compact 

The bacterial isolates were diagnosed by the integrated VITIC device according to the 

manufacturer's instructions using GN-GP cards as follows:  

1- Suspending the microbe in 3.0 ml of sterile saline requires transferring enough 

colonies of a pure culture using a sterile swab or applicator stick. 

2- The DensiChek turbidity metre is used to standardise the turbidity by comparing it to 

a 0.5 normal McFarland solution. 

3- An integrated vacuum equipment is used to inoculate identification cards with 

suspensions of microorganisms. The test tube containing the suspension of 

microorganisms is placed on a designated rack (cassette) prior to inserting the transfer 
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tube into the appropriate suspension tube. Subsequently, the matching slot is used to 

insert the identity card. With a cassette that can carry ten tests, the organism 

suspension is transferred into each well via micro-channels filled with the transfer 

tube. 

4- Before the card is loaded into the carousel incubator, a device shuts the transfer tube 

after passing it through infected cards. 

5- The optical system is used to read reaction readings from incubation cards. 

6- By using various visible-light wavelengths, a transmittance optical system enables the 

interpretation of test responses. The turbidity or coloured results of substrate 

metabolism may be measured by reading each test reaction every 15 minutes while 

they are incubating. On top of that, any potential tiny bubbles are eliminated from the 

measurements by use of a specialised algorithm. 

7- Each test's response is determined by doing calculations on raw data and comparing 

it to thresholds. Positive, negative, and weak responses are shown on the VITEK 2 

Compact as test results. 

8- The VITEK 2 identification products' databases are built using big strain sets of 

microbes that have been well-characterized and tested in different culture settings. A 

wide range of clinical and industrial sources were used to develop these strains.  

 

 

3.11 Bacterial Isolates Preservation 

According to Azizi et al. (2014), preservation of isolated bacteria was carried out either 

by cultured on nutrient and brain heart infusion agar, incubated at appropriate, then stored 

in the refrigerator at 4 °C and re-cultured monthly for surviving bacteria, or for prolonged 

preservation by inoculation of bacteria in maintenance broth media supplied with 15% 

glycerol, then stored at -20 °C. 

3.12 Molecular Study 

3.12.1 Genomic DNA extraction 
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After preparation of the bacterial suspension of S. aureus isolates, centrifugation (5000 

rpm for 10 minutes) was done, then the supernatant was removed completely and the 

pellet was subjected to DNA extraction according to Integrated DNA Technologies 

(Genomic DNA Mini Kit): 

• For three minutes, the pellet samples were spun at 8,000 revolutions per minute. 

• The particle was kept separate from the supernatant during disposal. 

• The pellet was mixed with 200 μl of lysozyme using a vortexing motion, and then left 

to incubate at 37 °C for 1 hour. 

• Two hundred microliters of buffer LB1 and twenty microliters of proteinase K were 

added to the mixture for every sample. 

• Prior to the lysis stage, the mixture was vortexed and left to incubate at 60 °C for 15 

minutes. 

• To the mixture, 200 μl of 100% ethanol was added and stirred using a vortex mixer. 

• During the binding process, the mixture was spun on a column at 8,000 revolutions 

per minute. 

• A fresh collecting tube is used to house the spin column after the liquid flow-through 

is discarded with the old one.  

• Next, 500 μl of buffer AW2 was added to the spin column after washing it, and the 

combination was centrifuged at 8,000 rpm for 1 minute (to complete wash step 1). 

• A new collection was made by discarding the collecting tube and spin-placed column 

together with the liquid flow-through. 

• Before being centrifuged at 8,000 rpm for 1 minute during wash step 2, the spin 

column was washed twice with 500 μl of buffer AW2. 

• The liquid flow-through was centrifuged at 12,500 rpm after disposing of the 

collection tube, spin-placed column, and liquid flow-through in a fresh collection. 

• All of the liquid that had flowed through the collecting tube and beneath the spin 

column ended up in the medical waste bin. 

• After positioning the spin column in a sterile 1.5 ml microcentrifuge tube, the ethanol 

was allowed to evaporate for one minute. 

• Before centrifugation at 12,000 rpm for 1 minute, 50-100 μl of buffer EL3 was poured 

to the spin column and let to sit for 5 minutes (the elution step). 
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• The DNA sample was contained in the liquid flow-through. Keep the DNA at 4 

degrees Celsius for immediate usage or at -20 degrees Celsius for future reference. 

 

3.12.2 Estimation of the extracted DNA concentration and purity 

To ensure the DNA was pure, the absorbance at 260/280 nm was read, and a nanodrop 

spectrophotometer was used to determine the DNA concentration (ng/μL). 

3.12.3 Preparing of the primers suspension 

In accordance with the manufacturer's instructions, the lyophilized product primers were 

dissolved to re-suspend the primers, and the stocked primer was made by adding PCR 

water (free nuclease water). Afterwards, 10 µl of stock primer was diluted with 90 µl of 

PCR water to make 10 pmol/µl of working primer, which was then well mixed using the 

vortex. 

 

3.12.4 Polymerase chain reaction (PCR) assays 

Table 3.4 shows the components of the PCR that were utilised (Maxime PCR Abm Kit). 

The procedure was carried out according to the instructions provided by the business. Taq 

DNA polymerase, deoxyribonucleotides (dNTPs), Tris-HCl pH:9.0, potassium chloride 

(KCl), magnesium chloride (MgCl2), and loading dye were among the many components 

needed for the PCR process that were added to standard Maxime PCR Pre Mixtubes, as 

shown in Table 3.5. After that, each PCR tube was placed in a PCR thermocycler (ABM 

Canada) and spun at 3000 rpm for 1 minute in an Exispin vortex centrifuge. 

Table 3.5 Components of the PCR mixture 

PCR mixture Volume 

DNA template 5 µl 
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Forward primer (10pmol/µL) 3 µl 

Reveres primer (10pmol/µL) 3 µl 

PCR water 14 µl 

Master mix 25 µl 

Total volume 50 µl 

 

3.12.5 Polymerase chain reaction (PCR) thermo cycling conditions 

The thermal cycler was used to position the PCR tubes, as shown in Table 3.6. Then, 

depending on the specifics of the experiment, the PCR cycling software was modified for 

each primer in both conventional and multiplex PCR. 

Table 3.6 Programs of multiplex PCR for genes 

Genes Step Temperature Time Cycle 

 

 

 

αhimolysin 

Initial denaturation 95.0 0C 5 min. 1 

Denaturation 94.0 oC 1 min.  

30 

 
Annealing 55.0 oC 42 sec. 

Extension 72.0 oC 40 sec. 

Final Extension 72.0 oC 10 mins 1 

Hold 4.0 oC Forever  

3.12.6 Agarose gel electrophoresis 

Using agarose gel electrophoresis, the PCR products were examined in accordance with 

the manufacturer's instructions (Plus Science, UK). Following the instructions of 

Sambrook and Russell (2001), this procedure was executed in the following way:  

1- To get a final concentration of 10x (90 ml of distilled water + 10 ml of TBE), 1.5 

grammes of agar was added to 100 millilitres of Tris/Borate/EDTA. 

2- Bethidium bromide, at a concentration of 0.05 mg/ml, was added to the cooled Tris-

borate-EDTA after it had boiled. 

3- After pouring the agarose into an equilibrated gel tray, it was let to cool and solidify. 

4- The agarose gel wells were filled with five microliters of PCR product, and one of the 

wells was then used to place DNA markers. After positioning the gel in the 
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electrophoresis chamber, TBE buffer was introduced to the apparatus. For eighty 

minutes, an electric current of 70 volts was applied. On a 1.5% agarose gel, the PCR 

products were found. 

5- Lastly, the gel documentation system was used to identify the electrophoresis result. 

When the sample's DNA band base pairs were the same size as the intended product 

size, it was confirmed that the findings were positive.  

 

3.12.7 Molecular determination of housekeeping gene and target gene 

3.12.7.1 RNA extraction  

The extraction of RNA from bacterial cells was performed using a TRIzol kit and in 

accordance with the manufacturer's protocols, as follows:  

1- A loop full of Staphylococcus aureus overnight growth was inoculated in 5 ml of 

nutrient broth and incubated at 37°C for 24 hours. 

2- Centrifugation of the bacterial growth at 12.000 rpm for 10 min. 

3- Discard the supernatant without touching the pellet. 

4- Add 1 ml of the TRIZOL reagent and spin the pellet at 12.000 rpm for 5 min. Lyse 

cells with the TRIZOL reagent by repetitive pipetting. 

5- Add 200 µl of chloroform, vortex for 15 sec., and incubate for 5 min. in the 

refrigerator. 

6- Centrifugation at 12.000 rpm (by cool centrifuge) for 15 min. at 4 °C 

7- Transfer the supernatant to a new tube and add an equal volume of isopropanol to it. 

8- Mixing the sample vigorously for 4-5 times. 

9- Incubate the mixture in the freezer for 10 minutes. 

10- Centrifuge the mixture at 12.000 rpm for 10 minutes, then transfer the upper aqueous 

phase carefully without disturbing the interphase into a fresh tube. 

11- Add 1 ml of 80% ethanol. 

12- Centrifuge the mixture (12.000 rpm for 10 min), then remove the upper layer. 

13- Dry the pellet, then add the free nuclease water for dissolution. 
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3.13 Real Time-quantitative Polymerase Chain Reaction 

3.13.1 Reverse transcriptase (cDNA synthesis) using PCR technique 

A master amplification reaction (ABM, Canada) was used for cDNA synthesis and 

amplification. The following components are mixed to create a 20 µL reaction solution 

for RT-qPCR:  

1. 1.0 µL of forward (F) primer.  

2. 1.0 µL of reverse (R) primer.  

3. 10 µL of qPCR Master Mix Buffer (2X), (concentration: 1X).  

4. 0.4 µL of RT Mix Buffer (50X), (concentration: 1X). 

5. 5.6 µL nuclease-free H2O.   

6. 2.0 µL of extracted RNA template.  

To determine the cycle threshold (CT) value, the produced solution was subjected to a 

heat reaction in a real-time PCR cycler. A cycle procedure was carried out as followsas 

shown in Table 3.7. 

Table 3.7 Master amplification reaction component, concentration and volume 

No. Component Concentration Volume 

1 Nuclease-free water up to 20 µl - 5.6 µl 

2 Bright Green qPCR Master Mix  1X 10µl 

3 Forward Primer (6 µM) 300 NM 1 µl 

4 Reverse Primer (6 µM) 300 NM 1 µl 

5 qRT PCR enzyme Mix (50X) 1X 0.4 µl 

6 Total RNA 2pg – 0.2 µg 

0.01 pg – 2 ng 

2 µl 
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We used a sure cycler to carry out the thermal cycling response. By finding the optimal 

temperature that produced the desired band result, the PCR process was optimised. 

Following the protocol in Table 3.7, the PCR reaction was conducted. 

3.14 Real time Polymerase Chain Reaction (PCR) Amplification 

3.14.1 Preparing primers suspension of housekeeping gene (GyrA) and target gene 

(alph-hemol) 

The oligonucleotide primers were made into a stock solution by resolving the lyophilized 

product with nuclease-free water after a short spinning down, following the 

manufacturer's instructions. 

180 µLnuclease-free water 

F-GyrA-aureus 

5-ATTGCAGAGCTCGTTCGTGA-3 

R-GyrA-aureus 

5- ATAACGACACGCACACCAGT-3 

F-alph-hemol-aureus 

5-TGGTTTAGCCTGGCCTTCAG-3 

R-alph-hemol-aureus 

5- GCACCAATCAAACCGCCAAT 3 

Table 3.8 PCR program and cycling protocol 

No. Step Temperature Duration Cycle 

1 cDNA synthesis 42 ºC 15mins 1 

2 Pre – denaturation 95 ºC 10 mins 1 

3 Denaturation 95ºC 15sec 40 

4 Annealing 60 ºC 60sec 40 

5 Melt curve According to the instrument guidelines  
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Gene expression levels may be measured using real-time polymerase chain reaction (RT-

PCR). These measures are computed from the recorded CT readings taken during the heat 

response (Abtan 2017). 

3.14.2 Data analysis of qRT-PCR 

We used the Livak approach, as described by Livak and Schmittgen (Livak and 

Schmittgen 2001), to ascertain the expression level (fold change) of every gene. In order 

for the results of the q RT-PCR experiment to have any biological significance, it is 

necessary to standardise both the relative quantification approach and the amounts 

acquired. The control samples or another experimental sample serves as a calibrator in 

this approach. Divide all of the CT values by the calibrator's normalised target value to 

obtain the relative expression levels as shown in Table 3.9. Following that, the protocols 

for using the ΔCT Method using a Reference Gene were as follows: 

ΔCT (calibrator) = CT (target, calibrator) – CT (ref, calibrator) 

Ratio (target / reference) = 2CT (reference) – CT (target) 

Table 3.9 CT values required for relative quantification with reference gene 

 Test Calibrator (cal) 

Target gene CT(target, test) CT(target, cal) 

Reference gene CT(ref, test) CT(ref, cal) 

 

First, normalize the CT of the reference (ref) gene to that of the target gene for the 

calibrator sample. 

Second, normalize the CT of the reference (ref) gene to that of the target gene for the test 

sample. 
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ΔCT (Test) = CT (target, test) – CT (ref, test) 

ΔΔCT= ΔCT (test) – ΔCT (calibrator) 

Fold change = 2-ΔΔCT 

Ratio (reference/target) = 2CT (reference) – CT (target) 

So, the relative expression was divided by the expression value of a chosen calibrator for 

each expression ratio of the test sample. 

3.15 Synthesis of Silver Nanoparticles 

The wet method was used to fabricate the silver nanoparticles (AgNPs). A magnetic 

stirrer was used to completely mix a 50-ml solution of 0.1M AgNO3 in deionized water 

after it had been made. Polyvinyl pyrrolidone (PVP) was employed to stabilize the silver 

nanoparticles in a second 0.1M solution (50 ml) of sodium borohydride (NaBH4). 

Dropwise titration was done using 50 ml of AgNO3 solution and 50 ml of NaBH4 

solution. The AgNPs were separated by centrifuging the mixture at 6,000 rpm for 10 

minutes while keeping it continually mixed. Prior to storage, the AgNPs underwent a 36-

hour drying process in an oven set at 100°C (Siddique et al. 2020). 

3.15.1 Nanoparticles characterization 

The properties of AgNPs were confirmed using a number of instrumental techniques. 

3.15.2 Spectrophotometric analysis 

A UV-visible spectrophotometer was used to conduct spectral scanning (200-800 nm) in 

order to determine the absorption maxima of the synthesised AgNPs. 
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3.15.3 Scanning electron microscopy (SEM) 

The scanning electron microscopy analysis revealed the dimensions and geometries of 

the synthesised silver nanoparticles. A cover slip grid was used to create thin films of the 

dried silver nanoparticle pellet. A tiny volume of solution was dropped onto the cover 

slip, and it was let to dry at room temperature before being seen under a scanning electron 

microscope. The format and distribution information about AgNPs were studied using 

SEM under the following conditions: Mag=2305x, signal A=SE2, HV=30.00KV, 

WD=12.6 mm.  

3.15.4 Fourier transform infrared spectrometer (FT-IR) 

The solution containing AgNPs was studied using an 8 cm-1 resolution FT-IR 

spectrometer (Shimadzu) in the 500-4000 cm-1 region. After mixing 1 milligramme of 

synthetic AgNPs with 300 milligrammes of KBr, a hydraulic pellet was formed. This 

pellet was further squeezed and examined using Fourier transform infrared spectroscopy. 

It was found that the synthesised particles exhibited functional group peaks. 

 

3.15.5 X-ray diffraction analysis (XRD) 

The size and crystallinity of the synthesised AgNPs were characterised using an XRD 

pattern. The sample was placed on a glass slide and the Bragg's angle θ was examined at 

2° before the XRD measurements were taken. For 30 minutes, the black currant AgNPs 

solution was spun in a centrifuge at 10,000 rpm. We used 20 cc of deionized water to 

wash the pellet three times. An X'per Rota flex diffraction metre was used to compute 

XRD patterns from the dried AgNP combination. The parameters used were 40.0 kV 

voltage, 30.0 mA x-ray current, and Cu K radiation with a wavelength of 1.5406 A°. The 

XRD measurement was taken in 1.20 seconds using the theta-2 theta scan mode with a 

continuous scan speed of about 0.2000 degrees per minute and a range of 10.000 to 90.000 
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degrees. Using the Debye-Scherrer equation, the size of the crystallites for 35 BCSeNPs 

was determined (Holzwarth and Gibson 2011). 

3.15.6 Calculation of MIC and MBC values 

The broth macro-dilution method was used to determine the bacteriostatic and 

bactericidal concentration values of prepared silver nanoparticles. In sterile 10 test tubes 

with two control test tubes (C1: broth medium tube free of bacteria, C2: tube inoculated 

with the Staphylococcus bacterium only), a twofold serial concentration (2, 4, 8, 16, 32, 

64, 125, 250 µg/ml) of silver nanoparticles was added in broth medium. After that, tubes 

containing various concentrations of AgNPs were dispensed with an 18–24-hour bacterial 

inoculum (5×106 CFU mL) and kept at 37°C overnight. The minimum inhibitory 

concentration (MIC) and minimum bactericidal concentrations (MBC) of drug materials 

were established after incubation. The lowest concentration that can result in invisible 

growth is MIC. Subculture has demonstrated that MBC is the lowest concentration at 

which bacterial growth can be stopped. For each isolate, the experiment was carried out 

three times, with both a negative and a positive control included (Babiker et al. 2020). 

 

3.15.7 Determination of the inhibition zone 

The antibacterial activity of different silver nanoparticle concentrations (100, 200, and 

300 mg/mL) was tested against ten different isolates of Staphylococcus aureus in culture 

media by using the agar-well diffusion method. A nutrient broth medium was infected 

with a loop full of bacterial culture and left to incubate at 37°C for 24 hours. The 

concentration was set at 0.5 McFarland standard turbidity, which is around 108 CFU/ml. 

The nutrient agar plates were thinly covered with 100 µl of cell suspensions that were 

applied using a glass spreader. 100 microliters of each concentration of produced silver 

nanoparticles and 6 millilitres of dimethyl sulfoxide (DMSO) were introduced into wells 

with a diameter of 6 millimetres. After that, the petri dishes were placed in an aerobic 
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incubator set at 37°C for 24 hours. The inhibitory zones around the wells were measured 

to have a millimetre diameter after 24 hours. The experiments were performed three 

times (Rennie et al. 2012). 

3.16 Statistical Analysis 

Statistical data analysis was carried out using the popular SPSS software programme, 

version 32 (IBM Corp., IBM SPSS Statistics for Windows, Version 32, Armonk, NY: 

IBM Corp. Chicago, USA). The standard deviation and mean were used to display the 

quantitative data. Frequency and percentage were used to display the qualitative data. We 

used the analyses of variance test, the χ2-test, and the least significant difference level 

value, p, which was equal to or less than 0.05, in order to compare the groups (Schiefer 

1980). 
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4. RESULTS AND DISCUSSION 

4.1 Diagnosis of Staphylococcus aureus 

The isolates of Staphylococcus aureus under the study were diagnosed by morphological 

and biochemical tests after purification on different culture media, and the results of the 

Staphylococcus aureus (S. aureus) colonies were translucent or opaque grey-white with 

a shiny surface on N/A, as shown in Figure 4.1, colonies were rounded with margins, 

smooth, and circular, whereas on B/A, fine with β hemolytic colonies were observed, as 

shown in Figure 4.2. The results of biochemical tests can be summarized in Table 4.1. 

 

Figure 4.1 Growth of S. aureus on N/A 

 

Figure 4.2 Growth of S. aureus on B/A 
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Table 4.1 The biochemical test results of Staphylococcus aureus 

Results Biochemical test 

Negative Oxidase 

Positive Catalase 

Positive Coagulase 

Positive Mannitol fermentation 

Positive Hemolysin 

Positive Gram stain 

Positive Urase 

 

The API20E system 

The current study showed that the results obtained using the API 20E kit are in agreement 

with the results obtained from phenotypic and biochemical tests for bacterial S. aureus. 

Some characteristics of S. aureus should be considered to confirm the identification of 

this bacteria. A biochemical test by API staph identifies S. aureus from other 

staphylococci, as shown in Figure 4.3. 

 

Figure 4.3 API staph system represented positive result to staph aureus, positive for 

GLU, MNE, MAL, LAC, TRE, NIT, MAN, MEL, NIT, PAL, VP, SAC, 

MDG, NAG, and ADH, while it was negative for URE, FRU, XLT,  XYL, 

and RAF 
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TheVitek2 system and PCR analysis 

The Vitek2 device was used for the purpose of making the final confirmation of the 

correctness of the diagnosis of (S. aureus) bacteria. This device is used to diagnose this 

species of bacteria after confirming (S. aureus) bacteria by preliminary biochemical tests. 

The final diagnosis results of this device for 44 bacterial isolates of (S. aureus) bacteria 

were 100%. 

According to our results, the percentage of isolated (S. aureus) was 44 (100%) by using 

(PCR), as shown in Table 4.2 and Figure 4.4. 

Table 4.2 Vitek2 and PCR results for the diagnosed bacterial isolates 

PCR (hemolysin gene) Viteks  Total 

examined 

number 
Positive % Positive No. Positive % Positive No. 

100 44 100 44 44 

 

 

Figure 4.4 The PCR results for the α hemolysin gene in S. aureus isolates showed an 

expected amplification product of 186 bp. The ladder used for size 

comparison ranged from 100 to 1500 base pairs. The positive isolates of S. 

aureus were numbered 1 to 10 
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4.2 Clinical Bacterial Isolation 

Based on our findings, the prevalence of (S. aureus)  isolated from urine samples was 

23/125 (18.4%), burn samples were 15/75 (20%), and sputum samples were 6/50 (12%), 

while the total sample was 44 (17.6%), as shown in Table 4.5 and Figure 4.5. At the same 

time, there was no marked difference (P > 0.05) in the bacterial isolation from different 

clinical sample types. 

Table 4.5 Prevalence of Staphylococcus aureus isolated from different clinical samples 

Type of Sample Total Cases Prevalence % 

Urine 125 23 (18.4%) 

Burn 75 15 (20%) 

Sputum 50 6 (12%) 

Total 250 44 (17.6%) 

Calculated X2 1.43 

Calculated P value 0.488* 

* No significant difference at P<0.05 

 

Figure 4.5 The rates of Staphylococcus aureus isolated from different clinical samples 
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4.3 Bacterial Isolation According to Gender 

According to gender, the percentage of (S. aureus) in males was 24/110 (21.81), the 

percentage of (S. aureus) in females was 20/140 (14.28%), and the total percentage of (S. 

aureus) was 44/250 (17.6%). As shown in Table 4.6 and Figure 4.6, there was no marked 

difference (P > 0.05) in the bacterial distribution in males and females. 

Table 4.6 Percentage of S. aureus according to gender 

Gender Total No. Positive samples 

Male 110 24 (21.81%) 

Female 140 20(14.28%) 

Total 250 44 (17.6%) 

Calculated X2 2.41 

Calculated P value 0.121* 

* No significant difference at P<0.05 

 

Figure 4.6 The distribution of S. aureus according to the gender 
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4.4 Bacterial Isolation According to Age 

According to our results, the percentage of (S. aureus) was 2 (14.28%), 8 (19.51%), 14 

(17.28%), 9 (21.42%), 11 (15.27%), and 44 (17.6%) among the age categories ≥ 18, 18-

30, 31-40, 41-50, and 51-60, respectively. As shown in Table 4.7 and Figure 4.7, there 

was no statistical difference (P > 0.05) in the bacterial isolation among age intervals. 

Table 4.7 Percentage of Staphylococcus aureus according to the age 

Age group Total No. Positive samples 

≤18 14 2 (14.28%) 

18-30 41 8 (19.51%) 

31-40 81 14 (17.28%) 

41-50 42 9 (21.42%) 

51-60 72 11 (15.27%) 

Total 250 44 (17.6%) 

Calculated X2 1.01 

Calculated P value 0.908* 

* No significant difference at P<0.05 

 

Figure 4.7 The age distribution according to S. aureus Positive Cases 
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4.5 Silver NPs Synthesis 

Our study included silver NPs. Preparation was done in two steps: first, preparation of the 

silver nitrate solution, second, preparation of the silver NPs, as shown in Figure 4.8. 

Alteration of the mixture color from yellow to dark brown means that AgNPs are formed 

due to Ag ions reduction.  

 

Figure 4.8 Preparation of the silver nanoparticles (A) silver nitrate solution (B) formed 

silver nanoparticles 

4.6 Characterization of the Prepared Silver Nanoparticles 

4.6.1 Uv-visible spectrophotometer 

The lambda max of prepared silver nanoparticles was determined by a UV-visible range 

of 200–800 nm for wavelength by recording the UV-visible spectrum of the synthesized 

particle solution. Maximum absorbance (λ max 2.128) was shown at 418 nm, as shown 

in Figure 4.9. 
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Figure 4.9 UV-visible spectrum of formed silver nanoparticle 

4.6.2 The scanning electron microscopy (SEM) analysis 

The scanning electron microscopy (SEM) used to determine the morphology of silver 

NPs regarding the crystallite size was In the SEM images included, these particles have 

spherical shapes and a smooth exterior. The average diameter of the obtained NPs 

evaluated by SEM showed a range of diameter from 38 to 98.4 nm at an average of 

52.8±1.02 nm, as shown in Figure 4.10. 

 

Figure 4.10 SEM of silver nanoparticles 
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4.6.3 The X-ray diffraction (XRD)  

The X-ray diffraction (XRD) pattern in the 2Ɵ range of 30° to approximately 70° of the 

prepared AgNPs noted the presence of the various characteristic peaks, which can be 

indexed based on orthorhombic silver. The crystalline nature of nanoparticles was also 

confirmed by X-ray crystallography. The present data of XRD AgNPs recorded several 

main peaks at 2 Theta at 23.32, 29.69, 42.93, 43.49, 55.91, and 79.99 with their FWHM 

4, 0448, 0.001, 0.556, 1.45, and 4. It was determined from the Joint Committee on Powder 

Diffraction Standards (JCPDS) file that the material is silver nanoparticles, as shown in 

Figure 4.11. 

 

Figure 4.11 XRD of silver nanoparticles 

4.6.4 FTIR analysis 

The results revealed the FTIR spectrum of the freshly prepared silver nanoparticle sample. 

The FTIR spectrum shows absorption bands at 3441.01, 2978.09, 1786.08, 1728.2, 

1577.7, 1415.7, 1365.6, 1114.86, 1014.5, and 902.6 cm−1. The bands at 3441.01 cm-1 in 

the spectra correspond to the O-H stretching vibration bond. The appearance of the peak 

at 2978.09 cm-1 reveals the C-H stretching of the aromatic compound. There is another 

peak at 1728.2 cm-1 wave number linked mainly to the C-C stretching in the structure of 

silver nanoparticles, as shown in Figure 4.12. 
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Figure 4.12 FTIR of silver nanoparticles 

4.7 MIC and MBC Determination 

According to Table 4.8 and Figure 4.13, the MIC values were 16, 16, 8, 32, 16, 16, 32, 

32, 32, and 16 for the isolates (1 to 10), while the MBC values were 125, 125, 125, 125, 

64, 125, 64, 64, 250, and 64 for the isolates (1 to 10). 

Table 4.8 MIC and MBC values of prepared silver nanoparticles 

No. of staph. aureus 

isolates 

MIC value MBC value 

Isolate 1 16 125 

Isolate 2 16 125 

Isolate 3 8 125 

Isolate 4 32 125 

Isolate 5 16 64 

Isolate 6 16 125 

Isolate 7 32 64 

Isolate 8 32 64 

Isolate 9 32 250 

Isolate 10 16 64 

Mean± SE 21.6±2.93 113.1±17.9 
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Figure 4.13 MIC and MBC values of prepared silver nanoparticles 

4.8 Antibacterial Activity of AgNPs 

The activity of AgNPs was examined against S. aureus isolates by using the agar-well 

diffusion method. Our findings included that the zone of inhibition of S. aureus (mm) 

(mean ± SE) was 7.47±0.16, 10.52±0.22, 14.41±0.21C, 0±0 for concentrations of silver 

nanoparticles (mg/mL) 100, 200, 300, and negative control (DMSO), respectively, as 

shown in Table 4.9 and Figures 4.14, 4.15. At the same time, the results showed that there 

was a proportional relationship between the concentrations of the nanoparticles and 

antibacterial activity.  

Table 4.9 Sensitivity of isolates of S. aureus in culture media 

The concentration of silver 

nanoparticles (mg/mL) 

Zone of inhibition (mm) 

(mean ± SE) 

100 7.47±0.16A 

200 10.52±0.22B 

300 14.41±0.21C 

Negative control (DMSO) 0±0D 

LSD(P<0.05) 0.652 

Different letters between any two means denote to the significant difference at P<0.05 
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Figure 4.14 S. aureus sensitivity to the silver NPs concentrations 

 

Figure 4.15 Sensitivity of the S. aureus to different concentrations of silver nanoparticle 

in culture media 
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4.9 Estimation the Expression of a-hemolysin Gene of S. aureus by Real-time 

PCR 

Real-time PCR was used to check the expression of the a-hemolysin gene before and after 

the silver nanoparticles were put on S. aureus. The a-hemolysin gene expression (fold 

change) in S. aureus samples changed by 1 to 10 times before they were exposed to silver 

nanoparticles.After they were exposed to silver nanoparticles, it changed by 0.318 to 

0.021 times, as shown in Table 4.10. The statistical reading revealed that there was a 

significant (P<0.05) difference in the a-hemolysin gene expression level for S. aureus 

treated with silver nanoparticles compared to the level of gene expression of the same 

isolate without exposure to the nanoparticles, as shown in Figures 4.10, 4.11. 

Table 4.10 Molecular detection of a-hemolysin in S. aureus before and after exposure to 

the nanoparticles 

The concentration of silver 

nanoparticles (mg/mL) 

Gene expression (fold change) 

Before exposure to silver nanoparticles 1±0A 

After exposure to silver nanoparticles 0.318±0.021B 

T test 8.16 

P value <0.0001 

   Different letters mean there are statically difference at P<0.05 
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Figure 4.10 Amplification RT-PCR of a-hemolysin gene expression 

 

Figure 4.11 Dissociation  RT PCR of a-hemolysin gene expression 
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4.10 Discussion 

4.10.1 Diagnosis of Staphylococcus aureus 

S. aureus was diagnosed by morphological and biochemical tests after purification on 

different culture media, and the study showed that (S. aureus) colonies were translucent 

or opaque gray-white with a shiny surface on N/A, colonies were circular, smooth, fine, 

small, and rounded with an entire margin, and all that agreement with the results of the 

studies of Habib et al. (2015), Karmakar et al. (2016), Taylor et al. (2022) found the same 

findings. 

4.10.2 TheVitek2 system 

According to our findings, Vitek2 reveals that the percentage of S. aureus was 100%. 

There are great differences in the infection rate of Staphylococcus aureus between the 

studies. One study found that the Vitek 2 system correctly identified 99.2% of 130 S. 

aureus isolates (Spanu et al. 2003). Another study reported that Vitek 2 identified 95% 

of staphylococcal isolates correctly (Nonhoff et al. 2005). Another study found that the 

Vitek 2 system correctly identified 87.5% of coagulase-negative Staphylococci isolates 

(Kim et al. 2008).  

While some of the studies recorded a low rate, wherever S. aureus is a human pathogen, 

the rate was lower than 50%. 30% of the population is colonized with S. aureus in humans 

(Tong et al. 2015). S. aureus is the cause of community- and hospital-acquired 

bacteremia. The estimated incidence of S. aureus is between 20 and 30 cases per 100,000 

people per year. S. aureus incidence ranges (38.2-45.7) for 100,000 individuals per year 

in the USA. S. aureus incidence in the industrialized world is 10–30% for 100,000 

individual (Thomas et al. 2022). 

There are several reasons for the variation in the prevalence of infection by (S. aureus), 

including genetic variation in the host and bacteria that increased susceptibility to 
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infection within the host and an increased capacity for virulence within the bacteria (Tong 

et al. 2015). The staphylococcal colonization rate in adults is 40%, and up to 50% of the 

general population is an intermittent carrier of S. aureus infections are more common in 

healthcare settings, where patients are more likely to be exposed to antibiotic-resistant 

strains (Messina et al. 2016). Staphylococcal species colonize many neonates on the skin, 

perineum, umbilical stump, and GI tract (Christoph and Naber, 2009). The incidence of 

S. aureus is higher in older adults. Prior exposure to antibiotics is a risk factor that is 

associated with high mortality in S. aureus infection. S. aureus has many virulence 

factors, including toxins, enzymes, and adhesins, which contribute to its pathogenicity 

and ability to cause infection (Thomaset al. 2022).  

In a study in Tokyo, Japan, conducted in a tertiary care center, 52% of the patients were 

MRSA positive by both PCR and culture, compared to 45% who were PCR positive and 

culture negative (Hirokazu et al. 2012).  

In a study consisting of 48 patients in France with culture-negative infective endocarditis, 

S. aureus was detected by PCR in 20.4% of patients (Tong et al. 2015). A meta-analysis 

of diagnostic accuracy for methicillin-resistant S. aureus found a significantly higher 

sensitivity for the overall PCR pooled estimate (92.5%) (Luteijn et al.2011). RT-PCR 

(real-time PCR) for 16S rRNA genes may be necessary in some cases to diagnose S. 

aureus infection (Taylor et al. 2023). Nasal PCR testing captured 81% of those colonized 

with MRSA (Schoraet al. 2014). 

In a study of presurgical S. aureus PCR assays compared with culture and post-PCR 

implementation surgical site infection rates, direct culture was the least sensitive for S. 

aureus (85.1%) (Tansarli et al. 2020). Bacterial DNA on whole blood samples could be 

detected in 77% of patients with positive blood cultures of S. aureus (Nieman et al. 2022). 

A study published in the Journal of Clinical Microbiology found that PCR was more 

sensitive than culture for detecting S. aureus in synovial fluid samples from patients with 

prosthetic joint infections. The study reported a sensitivity of 91.7% for PCR compared 

to 66.7% for culture (Nieman et al. 2022). There was a systematic review and meta-
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analysis of studies that looked at how well PCR could diagnose S. aureus bloodstream 

infections. The results showed that PCR had 92.3% sensitivity and 98.6% specificity 

(Tong et al. 2015). A study published in the Journal of Hospital Infection found that PCR 

was more sensitive than culture for detecting S. aureus in nasal swab samples from 

patients admitted to a hospital in the United Kingdom. The study reported a sensitivity of 

92.5% for PCR, compared to 77.5% for culture (Schora et al. 2014).  

A study published in the Journal of Clinical Microbiology found that PCR was more 

sensitive than culture for detecting S. aureus in bone and joint infections. The study 

reported a sensitivity of 91.7% for PCR, compared to 66.7% for culture. These studies 

suggest that PCR may be more sensitive than culture for detecting S. aureus infections in 

various clinical contexts. However, the percentage rate of S. aureus infections diagnosed 

by PCR may vary depending on the specific context and study. These percentages are 

specific to the particular studies mentioned and may not represent the overall percentage 

of S. aureus infections diagnosed by PCR. The use of PCR for S. aureus diagnosis may 

vary depending on the specific clinical situation, the availability of resources, health 

conditions, sample volume, season, environment, nature, type of sample, type of host, and 

general immune status  (Giannoula et al. 2020,Tansarli et al. 2020). 

The incidence rate of S. aureus in clinical symptoms might vary based on a number of 

different circumstances, including the particular population, the geographical area, and 

the time period. According to Laupland et al. (2013), it is advisable to check particular 

studies or epidemiological data for information that is more precise and up-to-date on the 

incidence rate of S. aureus in clinical symptoms.   

4.11 Clinical Bacterial Isolation 

Results of the current study found that the prevalence of S. aureus isolated from urine 

samples was 23/125 (18.4%), Burn samples were 15/75 (20%), andsputum samples were 

6/50 (12%), while the total sample was 44 (17.6%).  
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The prevalence of S. aureus isolated from urine varies based on the population and setting 

being studied. A study found that S. aureus was 1.3% of isolates from urine specimens 

submitted by the community (Robert et al. 2006). S. aureus was isolated from urinary 

culture at (0.2–4%). S. aureus was common in males, long-term care, older age, urological 

abnormalities, and comorbidities (Mason et al. 2023). S. aureus was an infrequent urinary 

isolate and accounted for 1 percent of the urine (positive) (Demuth et al. 1979).  

In addition, a different research indicated that S. aureus was a rare cause of UTIs in the 

general population, making up just 0.4–4% of urine culture positive cases (Grillo et al. 

2020). Furthermore, according to different research designs, the prevalence of S. aureus 

bacteriuria in patients with S. aureus bacteremia (SAB) varies between 7.8% and 39% 

(Schuler et al. 2021).  

S. aureus prevalence in burn samples is documented in many studies, wherever. In a burn 

treatment center in Ghana, 80 S. aureus isolates were obtained from 37 (60%) of the 62 

patients and 13 (45%) of the 29 healthcare workers (Fritz et al. 2006). 

In Pakistan, a study described the frequency of S. aureus in burn cases. The study aimed 

at the management of burn patients. However, the exact prevalence rate was not 

mentioned (Kola et al. 2019). Using standard culture-based techniques, the doctors at 

Dhaka Medical discovered MRSA. S. aureus was identified in 44.44 percent of burn 

wound samples, with 22.25 percent of those isolates displaying resistance to oxacillin 

(Islam et al. 2013). In a hospital in Morocco, the predominant bacteria isolated were S. 

aureus (33.85%) (Humphries et al. 2022). In the Yekatit 12 Hospital Burn Unit, Addis 

Ababa, Ethiopia, S. aureus was one of the pathogens in the burn. However, the exact 

prevalence rate was not mentioned (CDC 2019). 

S. aureus is isolated from burn cases, so the high rate of MDR S. aureus was occurring in 

the burn centers. In burn cases, S. aureus can produce the biofilms (Al-Talib 2016). 
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In a study conducted in Albania, the prevalence of S. aureus in hospitalized cases was 

34.2%, but the study did not specifically focus on sputum samples (Kika et al. 2020). In 

a study conducted in USA, the prevalence of S. aureus nasal colonization was 1.5% 

(Matthew et al. 2006). 

S. aureus prevalence in septum in S. aureus bacteremia cases ranged between 7.8% and 

39%, depending on the study design. Prevalence rates may vary depending on factors 

such as the population studied, the presence of risk factors, and the specific healthcare 

setting (Schuler et al. 2012).  

The prevalence of Staphylococcus infection can differ according to the type of sample 

taken due to various factors. The prevalence of Staphylococcus infection in a specific 

sample type may depend on the natural colonization patterns of the bacteria at that 

particular site (Matthew et al. 2006). The prevalence of Staphylococcus infection can be 

influenced by exposure to the bacteria, and the mode of transmission, such as UTIs, may 

be influenced by contaminated catheters. Burn infections may be more common in people 

with poor health conditions (Tong et al. 2015). Staphylococcus infection rates can vary 

depending on host age and immune status. The rate of S. aureus in adults is higher in 

elderly individuals with compromised immune systems as compared with healthy 

individuals. The rate of staphylococcus is influenced by the sensitivity and specificity of 

the used techniques and sample source (Kates et al. 2018).  

4.12 Bacterial Isolation According to Gender 

According to our findings, the percentage of S. aureus in males was 24/110 (21.81), the 

percentage of S. aureus in females was 20/140 (14.28%), and the total percentage of S. 

aureus was 44/250 (17.6). 

In a study, it was found that S. aureus occurs mostly in males and more in females (Tong 

et al 2015). The prevalence of S. aureus was 41.0% in male patients and 44.2% in female 

patients (Smit et al. 2017). The prevalence of S. aureus in fitness facilities was 26.7% in 
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males and 11.5% in females (Dalman et al. 2019). In nasal infection, S. aureus prevalence 

in males was 32.4%, while in females it was 30.7% (Matthew et al. 2006). The ratio rate 

of male-to-female MSSA BSI was 1.63, while MRSA BSI was 1.72 (Hilary et al. 2015). 

The S. aureus incidence of skin infection was greater in the males than in the females 

(Castleman et al. 2018). 

S. aureus percentage in males and females may vary based on the type of the studied 

population, the exposure rate for bacteria, and the colonized tissue type. The males have 

a higher percentage of the nasal infection with S. aureus than the females (Castleman et 

al. 2018).  

Another study found that males may be more likely to be exposed to S. aureus in certain 

settings, such as fitness facilities, which can increase their risk of infection (Van Hal et 

al. 2012). The males may be more attractive to the sepsis than the females. Another study 

found that the prevalence of hand hygiene is different based on gender, females may be 

more likely to practice good hand hygiene than males, which can reduce their risk of 

infection. Males may have a higher carriage rate of S. aureus than females on the hand 

and external layers of the skin, which can increase their risk of infection (Humphreys et 

al. 2015). 

4.13 Bacterial Isolation According to Age: 

The results showed that the percentage of S. aureus was 14.28%, 19.51%, 17.28%, 

21.42%, 15.27%, and 17.6% among the age categories ≥ 18, 18-30, 31-40, 41-50, and 51-

60, respectively. Our results found that a higher rate occurred in categories 31–40 years, 

while a lower rate occurred in category ≥ 18 years. 

In a study conducted in Denmark, the incidence of S. aureus bacteremia increased with 

age, with the largest change in incidence observed for persons over 80 years old 

(Thorlacius et al. 2019). Age has a role in S. aureus incidence, there is a high prevalence 

at the life extreme (Tong et al. 2015). In Minnesota, the median age of S. aureus infection 
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was 57 years, with a range of 1–97 years. In hospital-onset cases, the median age was 57 

years, in community-onset cases and healthcare-associated cases, it was 63 years, and in 

community-associated cases, it was 46 years (Minnesota Department of Health, 2022). In 

Auckland, New Zealand, the median age of patients with S. aureus was 22 years 

(Williamson et al. 2013). According to Tong et al. (2015), the incidence of S. aureus 

varies based on age, with the highest rate occurring in individuals who are more than 65 

years old. 

According to research published in 2019 by Thorlacius et al., age-related changes in the 

immune system may cause older people to have a weakened immune system. As a 

consequence, older adults are more likely to get infected with S. aureus. There is a 

connection between comorbidities associated with aging and an increased risk of 

contracting a S. aureus infection. Some of these comorbidities include respiratory 

disorders, diabetes, and heart problems. This kind of comorbidity tends to be more 

common in people of advanced age, which helps explain why infections are more 

common in people of this age range. It is probable that older people will have more 

frequent encounters with the medical system, such as stays in hospitals and other long-

term care facilities, as well as invasive procedures.  

According to Kang et al.'s (2011) research, exposure to specific aspects of the healthcare 

industry may increase one's risk of contracting a S. aureus related illness. It is possible 

for S. aureus to colonize the skin, and how much this occurs depends heavily on the 

person's age. Williamson et al. (2013) state that the higher colonization rates that are 

shown in older individuals and infants may be the reason for the higher infection rates 

that is shown in both age groups. Additionally, they state that the higher colonization rates 

that are seen in newborns may also be the cause of the higher infection rates. Differences 

in hygiene practices and exposure patterns can also contribute to the variation in S. aureus 

incidence among different age groups. The younger individuals may have higher rates of 

community-associated infections due to factors such as close contact in schools or sports 

activities (Van et al. 2012). 
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4.14 Silver NPs Synthesis 

Our study included silver NPs. Preparation was done in two steps: first, preparation of the 

Ag nitrate, and second, preparation of the silver NPs. The reaction mixture color changed 

from yellow to dark brown (AgNPs formation) due to the reduction of Ag ions to Ag 

nanoparticles. 

A study found that the phytosynthesis process of silver nanoparticles is done by using 

plant extract. The optimum synthesis of Ag NPS has spent 60 seconds at pH 8 and AgNO 

3 concentrations of 1 mM and 70°C. Ag NPS produced under these circumstances is 

crystalline, primarily spherical, with some rod- and triangle-shaped particles also present, 

with diameters of 37–44 nm. The functional groups of the stem extract's phenolic, 

carboxyl, and amine chemicals are what help reduce Ag ions(Vanaja et al. 2013).  

In another study, the synthesis of AgNPs was done by using Silybum marianum fruit 

extract. The separation of NPS was done by using the centrifuge. Reduction of the silver 

after exposure to S. marianum extract causes a color change from colorless to dark within 

one day. AgNP particle size showed 2θ around 25 nm. Synthesized Ag NPS by silymarin 

seems to be spherical in shape (Ayad et al. 2019). 

Hagenia abyssinica was used for the bio-reduction of silver nitrate in order to synthesise 

AgNPs. AgNP formation was confirmed. Synthesized AgNPs showed maximum 

absorption at 430 nm. The synthesized AgNPs showed antimicrobial and antioxidant 

activities (Melkamu and Bitew 2021). 

AgNPs are prepared based on Ag nitrate and starch. The color is changed from colorless 

to dark through the Ag nitrate. The starch reduces Ag ions into Ag NPS within one hour. 

AgNPs have antibacterial effects against S. aureus, S. pyogenes, S. typhi, and P. 

aeruginosa. The zone diameter increases with increasing AgNP concentration. Higher 

inhibition of S. aureus (16.4 mm), then P. aeruginosa, S. pyogenes, and S. typhi (10.4 

mm) was observed (Yakout and Mostafa 2015). 
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Aniline and silver nitrate are used as the reductant and oxidant, respectively, to 

characterize AgNPs. At 400 nm, a large SRP band appears, demonstrating the spherical 

nature of the AgNPs. AgNPs formed stunning silver nanocrystals as a result of their 

asymmetrical aggregation. Through electrostatic, van der Walls, and hydrogen bonding 

interactions, aniline adsorbed onto the surface of Ag NPS (Zaheer et al. 2017). 

The product metabolites of actinomycetes strains Streptomyces rochei and 

Microbacterium proteolyticum are used to synthesize AgNPs at 37 °C for 7 days. AgNPs 

have antibiofilm and antibacterial effects against meningitis-causing bacteria. AgNPs 

revealed peaks with positions of 1637.17 cm1 and 1636.10 cm1 for the C=O amide group. 

These NPs were effective against S. pneumoniae, N. meningitides, and H. influenza (Bano 

et al. 2023). 

Using Saraca asoca aqueous leaf extract, the synthesis of AgNPs was performed. AgNPs 

that had been synthesized had been evaluated before being stored in the best possible way. 

Throughout the 18-month testing period, AgNPs showed great stability and outstanding 

dispersity. Both of the tested strains were successfully inhibited by AgNPs' adequate 

antibacterial activity. The particles that had been stored for two to six months showed the 

greatest rate of inhibition. The antibacterial properties of the particles start to fade after 

six months (Habibullah et al. 2022).  

Through the production of starch and Ag NPS, AgNPs were created. The alkali in the 

starch acts as a stabilizing agent for the produced AgNPs as well as a reducing agent for 

Ag ions. The chemical reduction procedure took place in a water bath while being 

homogenized quickly. Using ethanol as a precipitant, AgNPs coated with starch were 

cooled. Centrifugation was used to separate the powder precipitate, which was then 

cleaned and dried. Pure AgNPs are typically less than 20 nm in size, spherical in form, 

and have a high level of AgNPs (30000 ppm). AgNPs coated with starch have greater 

heat stability than starch nanoparticles alone. According to the results of the analyzer for 

particle size and zeta potential analysis, St-AgNPs have excellent homogeneity and great 

stability (Hebeish et al. 2013). 
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In a different study, it was discovered that soil microorganisms were examined for their 

capacity to produce AgNPs. The isolated soil bacteria are capable of biosynthesising 

AgNPs. Optimizations were used to examine five independent variables. The biosynthesis 

of AgNPs has a 423 nm absorption peak, a spherical shape, and a mean particle size of 

17.43 nm. All of these properties were visible. The bands at 3321.50, 2160.15, and 

1636.33 cm1 represent the alkyne nitrile, amine, and amine bands, respectively. AgNPs 

have demonstrated antibacterial efficacy against a number of significant diseases in 

medicine. With the exception of K. pneumoniae, which has a greater MIC of 1000 g/mL, 

all microbiological pathogens had MIC values for AgNPs of 500 g/mL (Abdelmoneim et 

al. 2022). 

4.15 Characterization of the Prepared Silver Nanoparticles 

4.15.1 Uv-visible spectrophotometer 

The lambda max of prepared silver nanoparticles was determined by a UV-visible 

spectrophotometer at 200–800 nm for wavelength by recording the UV-visible spectrum 

of the synthesized particle solution. Maximum absorbance (λ max 2.128) was shown at 

418 nm. 

To determine how much light is absorbed or transmitted in the visible and ultraviolet (UV 

and VIS) parts of the electromagnetic spectrum, one may use a UV-visible 

spectrophotometer (Agustina et al. 2021, Ashraf et al. 2016). The maximum wavelength 

at which a substance's absorption spectra show the highest intensity, or lambda max, is 

denoted as λmax. A UV-visible spectrophotometer can detect this trait, which is unique 

to the chemical (Agustina et al. 2021). 

Ag NPS are small particles with sizes ranging from 1 to 100 nanometers. They have 

unique optical, electrical, and antimicrobial properties, making them useful in various 

applications, such as electronics, catalysis, and medicine. The absorption spectrum of 
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silver nanoparticles typically exhibits a maximum absorption peak in the UV-visible 

range due to a phenomenon called surface plasmon resonance (Gondwal et al. 2018). 

The range of 200–800 nm refers to the wavelength range in the UV-visible spectrum that 

can be measured using a UV-visible spectrophotometer. This range covers both the UV 

and visible regions of the electromagnetic spectrum (Agustina et al. 2021, Jose et al. 

2022). The given information suggests that the higher absorption of Ag NPS occurred at 

a wavelength of 418 nm. This indicates the λmax for the absorption spectrum of the Ag 

NPS (Ashraf et al. 2016, Fu et al. 2021). And that showed agreement with our results. 

4.15.2 SEM analysis 

 (SEM) used to determine the morphology of silver NPs regarding the crystallite size was 

In the SEM images included, these particles have spherical shapes and a smooth exterior. 

The average diameter of the obtained NPs evaluated by SEM showed a range of diameter 

from 38 to 98.4 nm at an average of 52.8±1.02 nm. 

(SEM) is used to take images of the sample surface with a focused beam of electrons 

(Sampathkumar et al. 2020). It is commonly used in the characterization of Ag NPS to 

study its size, shape, and morphology (Puchalski et al. 2007, Goudarzi et al. 2016, Khanet 

al. 2019). 

Silver nanoparticle size, shape, and distribution may all be seen visually in SEM pictures. 

According to studies by Yi et al. (2013), Goudarzi et al. (2016), and Tzu-Lan et al. (2018), 

these pictures may reveal the location of individual nanoparticles inside a sample. To 

examine the ingredients, NPS, EDX, and SEM are often combined. Data regarding the 

chemical elements is provided by EDX (Puchalski et al. 2007, Goudarzi et al. 2016). 

The sample surface's topographical investigation using SEM may also provide details 

regarding the surface's texture, roughness, and surface characteristics (Sampathkumar et 

al. 2020). Silver nanoparticles' crystalline structure may be examined using SEM. In order 
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to achieve this, it is possible to look at the diffraction patterns that the nanoparticles create 

(Goudarzi et al. 2016, Khan et al. 2019). 

SEM is used for characterizing silver nanoparticles. It allows researchers to visualize the 

size, shape, and distribution of the nanoparticles, analyze their elemental composition, 

and study their crystallographic structure. The mentioned studies found data that supports 

our results. 

4.15.3 XRD analysis 

The current study showed that the XRD pattern in the 2Ɵ range of 30° to approximately 

70° of the prepared AgNPs noted the presence of the various characteristic peaks, which 

can be indexed based on orthorhombic silver. X-ray crystallography also confirmed the 

crystalline nature of nanoparticles. The present data on XRD AgNPs recorded several 

main peaks, which were 2 Theta at 23.32, 29.69, 42.93, 43.49, 55.91, and 79.99 with their 

FWHM 4, 0448, 0.001, 0.556, 1.45, and 4. It was determined from the JCPDS file that 

the material is silver nanoparticles. 

The crystal structure and size of materials, including silver nanoparticles, are determined 

via XRD analysis. By using XRD analysis, it is possible to confirm the existence of silver 

nanoparticles and their crystal structure. According to the silver crystal planes, the XRD 

shows distinctive peaks (Theivasanthi and Alagar 2011, Gurunathan et al. 2015, 

Koohpeima et al. 2017). 

XRD analysis reveals the structure of silver nanoparticles. The existence of a face-

centered cubic (FCC) crystal structure may be inferred from the peaks in the XRD pattern 

that can be indexed to certain crystal planes, such as (111), (200), and (220) (Gurunathan 

et al. 2015, Koohpeima et al. 2017).  

The mean crystalline size of Ag NPS may be determined via XRD examination. The 

Debye-Scherrer formula, which considers the instrumental broadening of the peaks, may 
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be used to calculate crystal size (Koohpeima et al. 2017). The Scherrer equation, which 

connects the width of the observed diffraction line at its half-intensity maximum, the 

wavelength of the X-ray source, and a shape factor, may be used to determine the 

crystallite diameter (Dc) of silver nanoparticles (Gurunathan et al. 2015). 

The experimental outcomes and theoretical values may also be compared using XRD 

analysis. The unit cell edge of the FCC crystal structure is compared with the traditional 

value, as well as the computed crystalline size with the size estimated using other 

methodologies (Koohpeima et al. 2017). 

Based on the JCPDS file, it was established that the substance was silver nanoparticles. 

The peaks in the XRD pattern were linked to the (111), (200), and (220) planes of silver. 

These planes fit with the face-centered cubic (FCC) structure of silver (Mehta et al. 2017). 

The XRD test also showed the average crystalline size of the silver nanoparticles. This 

size can be guessed using the Debye-Scherrer formula and the Scherrer equation. The 

resultant particles are Ag NPS with an FCC structure obtained by XRD, which provides 

data about the crystalline size. It allows for the comparison of experimental results with 

theoretical values and helps in understanding the structural properties of silver 

nanoparticles (Bykkam et al. 2015). 

4.15.4 FTIR analysis 

Our findings showed that the FTIR spectrum of the freshly prepared silver nanoparticles 

sample shows absorption bands at 3441.01, 2978.09, 1786.08, 1728.2, 1577.7, 1415.7, 

1365.6, 1114.86, 1014.5, and 902.6 cm−1. The stretching vibration link between oxygen 

and hydrogen is represented by the bands at 3441.01 cm-1 in the spectra. The aromatic 

compound's C-H stretching is seen by the peak at 2978.09 cm-1. The major association 

between the 1728.2 cm-1 wave number and the C-C stretching in the silver nanoparticle 

structure is another peak. FTIR is used to analyze the functional groups in Ag-ion AgNPs 

(Tag et al. 2021). 
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FTIR analysis can help identify the functional groups involved in the reduction of silver 

ions to AgNPs (Tag et al. 2021). Other techniques used to characterize silver nanoparticles 

include UV-visible spectroscopy (UV-vis), X-ray diffraction (XRD), dynamic light 

scattering (DLS), and transmission electron microscopy (TEM) (Gurunathan et al. 2018).  

These techniques determine the shape, size, and crystallographic plane of the NPS, as 

well as their stability and surface charge (Tag et al. 2021) (Gurunathan et al. 2018). In 

addition, cytotoxicity assays can be used to evaluate the potential toxicity of silver 

nanoparticles (Gurunathan et al. 2018, Nasar et al. 2019, Naveed et al. 2022, Rudrappaet 

al. 2022). 

4.16 MIC and MBC Determination 

For the S. aureus isolates (1–10), the MIC values were 16, 16, 8, 32, 16, 16, 32, 32, 32, 

and 16. The MBC values were 125, 125, 125, 125, 64, 125, 64, 64, 250, and 64 for the 

isolates (1–10). 

A study found that the MIC value of silver nanoparticles on S. aureus isolates was 0.015 

mg/mL (Sedrizadeh-Bami et a.l. 2020). In another study, it was found that the MIC value 

for silver nanoparticles against S. aureus ATCC 29213: 0.062 µg/mL against some food 

pathogens (Hatipoğlu 2022). 

MIC values depend on the strain of S. aureus, the level of silver nanoparticles, and the 

experimental conditions.  

4.17 Antibacterial Activity of AgNPs 

The activity of AgNPs was examined against S. aureus isolates by using the agar-well 

diffusion method. Our findings included that the zone of inhibition of S. aureus (mm) was 

7.47, 10.52, 14.41, and 0±0 for levels of silver nanoparticles (mg/mL) 100, 200, 300, and 

negative control (DMSO), respectively. At the same time, there was a proportional 
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relationship between the NPS levels and the antibacterial effects. The present results 

found that as the used dose was larger, the inhibition zone was greater.  

A study found that AgNPs (4) μg/ml prevents the growth of S. aureus (Fateme et al. 2011, 

Attallah et al. 2022). AgNPs exhibited antibacterial activity against S. aureus that was 

isolated from different clinical conditions, as they resulted in clear zones around the 

AgNPs discs by disc diffusion assay (Mirzajani et al. 2011). Cell wall damage is produced 

by AgNPs as well as the accumulation of AgNPs in the bacterial membrane. Increasing 

AgNP to 8 μg/ml leads to the production of muramic acid, which is attributed to cell wall 

distraction (Dakal et al. 2016), and that agrees with our findings. AgNPs have 

antibacterial activity against S. aureus, which reveals that the growth of S. aureus is done 

due to the fact that Ag ions interact with DNA, leading to the prevention of cell 

reproduction and division (Dakal et al. 2016). AgNPs have antibacterial activity effects 

on E. coli and S. aureus (Xing et al. 2021). In addition to that, Ag-NPs have a wide range 

of antimicrobial effects that kill and inhibit gram-positive and negative pathogens, all of 

which support our results (Li et al. 2011). 

In a study comparing the inhibition zones of AgNPs against S. aureus, the average zone 

of inhibition for S. aureus was reported to be 7.0 mm (Vu et al. 2018). 

The study also compared the inhibition zones of silver ions to those of AgNPs. The areas 

where silver ions and AgNPs stopped the growth of E. coli were similar, but the areas 

where S. aureus grew faster were bigger (Vu et al. 2018). Another study demonstrated 

that AgNPs (4) μg/ml inhibited S. aureus growth (Fateme et al. 2011). The MIC of AgNPs 

on S. aureus was 2 μg/mL (Thammawithan et al. 2021). 

The observed inhibition zones on agar plates are evidence that AgNPs have an inhibitory 

effect on the growth of S. aureus , according to these findings. The size of the inhibition 

zone can vary depending on factors such as the concentration of used AgNPs, the specific 

experimental conditions, and the type of pathogens (Yuan et al. 2017). 
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4.18 The Gene Expression of α-hemolysin Gene in S. aureus 

Based on the current results, the gene expression of the a-hemolysin gene in isolates of S. 

aureus that were exposed to silver NPS was lower (0.318) than in the control group.  

It was discovered in research that investigated the impact of ZnO NPS influence on the 

production of the hemolysin gene in S. aureus that the expression of the gene was greatly 

decreased (Saghalli et al. 2016, Liao et al. 2017). This was shown to be the case in both 

of the studies. Another study assessed the antibacterial efficiency of Ag NPs against S. 

aureus and found that SNPs suppressed the well-known virulence component hemolysin 

(Soleimani and Habibi-Pirkoohi 2017). This finding was based on the observation that 

SNPs decreased the activity of the bacterium. Research was conducted in which 

nanocurcumin-capped AuZnO nanocomposites were used to explore the reduction of 

hemolysin in S. aureus. According to Jabir et al. (2022), the findings demonstrated that 

the nanoparticles acted as an antibacterial agent and were able to kill bacterial cells by 

causing a reduction in the synthesis of hemolysin. According to research carried out by 

Kong et al. (2016), silver nanoparticles have the potential to prevent S. aureus from 

producing beta-hemolysin and from forming biofilms. 

Research was conducted to determine whether the expression level of the virulence genes 

in S. aureus was affected by silver nanoparticles, also known as AgNPs. According to the 

findings, AgNPs dramatically suppressed the expression of a number of virulence genes, 

including the hemolysin gene (Hamida et al. 2020). In a separate piece of research, the 

influence that AgNPs have on the expression of the virulence genes in MRSA strains was 

investigated. AgNPs dramatically downregulated the expression of the hemolysin gene 

and other virulence genes, suggesting that AgNPs may be a viable treatment agent for 

MRSA infections (Yan et al., 2022). These findings were published in the journal Yan et 

al. (2022). Research was conducted to evaluate the impact that ZnO NPs have on the 

expression of virulence genes in S. aureus. According to Abdelghafar et al. (2022), the 

fact that ZnO NPs were able to reduce the expression of the hemolysin gene as well as 

other virulence genes suggests that ZnO NPs have the potential to be used as a therapeutic 

treatment for S. aureus infections. 
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An investigation of the impact of AuNPs on the expression of virulence genes in S. aureus 

has been carried out. The findings demonstrated that AuNPs decrease the expression of 

the hemolysin gene as well as other virulence genes, suggesting that AuNPs may be a 

viable therapeutic agent for S. aureus infections (Villa-Garcia et al. 2021). And these 

findings were published in the journal (Villa-Garcia et al. 2021). 

These findings provide evidence that several kinds of nanoparticles, such as AgNPs, ZnO 

NPs, and AuNPs, have the potential to inhibit the expression of the hemolysin gene in S. 

aureus. According to Arunachalam et al. (2023), in order to get a complete understanding 

of the mechanism of action of nanoparticles on the expression of hemolysin and their 

prospective application as antibacterial agents, more study is required. 

According to these results, Ag NPS suppresses the production of the hemolysin gene in 

S. aureus, which is a key virulence factor that may or may not be caused by processes 

that are known or understood. The findings of the research that were cited before 

corroborate our findings.  



72 
 

5. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

1. Staphylococcus aureus is a major pathogen capable of causing diverse infections due 

to an array of virulence factors and its ability to form biofilms. 

2. The pore-forming toxin α-hemolysin is an important part of S. aureus's pathogenicity 

because it damages host cell membranes. 

3. AgNPs exhibit broad-spectrum antibacterial activity against Staphylococcus aureus 

and other pathogens through multiple mechanisms, including cell membrane 

damage. 

4. AgNPs can inhibit S. aureus growth and suppress the production of virulence factors 

like α-hemolysin. 

Recommendations 

1. Further research is needed to better understand the complex regulatory networks 

controlling virulence gene expression in S. aureus during different stages of 

infection. Virulence determinant production is affected by things like bacterial 

density, stress responses, host signals, and regulatory circuits. Figuring out how these 

things work could lead to new therapeutic targets. 

2. The combination of AgNPs with antibiotics or other therapeutic agents may provide 

synergistic benefits against S. aureus. 

3. Silver nanoparticles represent a promising antibacterial approach but require 

extensive cytotoxicity testing before therapeutic applications. 

4. Evaluate combinations of AgNPs with other nanoparticles like zinc oxide for 

enhanced activity against S. aureus. 

5. Develop green synthesis methods for AgNPs using plant extracts and assess their 

antibacterial effects. 
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