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 The goal of this research is to use dental caries patients’ oral cavity-isolated Enterobacter 

aerogenes bacterial strains (S1, S2 and S3) to create silver nanoparticles (AgNPs) in an 

environmentally friendly and cost-effective manner. In addition, the study explores the 

combination of antibiotics with Streptococcus mitis MDR, which was isolated from 

patients with dental caries to determine their antibacterial efficiency. Clinical bacterial 

strains identified from dental caries patients' mouths were all resistant to standard 

antibiotics. Antibiotics and AgNPs have a synergistic impact, which suggests that 

antibiotics will make up a larger portion of the diet. It was shown that erythromycin E 

had the greatest synergistic impact with AgNPs (0.1 mg/ml), but Streptomycin and 

Tetracycline had only 6 mm inhibitory zones when paired with AgNPs (0.1 mg/ml) in 

comparison. Antagonizing effects are meant by this. It was revealed that antibiotics such 

as penicillin P and cephalexin CN had distinct effects on patients. When used in 

combination with antibiotics, Enterobacter aerogenes AgNPs demonstrated excellent 

antibacterial efficacy on Streptococcus mitis isolates. As a result, AgNPs in the dental 

care area have a wide range of applications. 
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1. INTRODUCTION 

 

Humans have been searching for new antibiotics since the 

discovery of penicillin at the turn of the twentieth century, 

despite the fact that bacteria are developing resistance 

mechanisms to the antibiotics already in use [1]. In addition to 

increasing the likelihood of accidents, the rise in antibiotic 

resistance to conventional antibiotics is an important 

worldwide health issue [2]. Unique structural size and shape, 

which are defined by their chemical, biological, and physical 

properties, nanotechnology has emerged as a rapidly 

expanding area of nanoscience with crucial applications, 

including the creation of nanomaterials and their application 

in medicine and biology [3]. It is common to refer to 

nanotechnology as the "fourth industrial revolution" in the 

history of humanity civilization. According to Parthasarathi 

and Thilagavathi [4], ceramics, metals, polymers, and 

biomaterials are all included in this category. Antibiotics, 

sunscreens, and sunblocks are examples of biogenic products 

that are being developed and improved., it has made a 

substantial contribution [5]. Since environmentally friendly 

derivates are used to reduce nanoparticle metals, rather than 

hazardous chemicals, the green synthesis method is superior 

to the traditional chemical method [6].  

According to numerous studies, nanoparticle products have 

evolved over time. These nanoparticles have already been used 

in implant coatings as well as food containers and ointments. 

The United States of America's Food and Medicine 

Administration has given clearance to use the drug [7]. 

According to numerous studies, Nano silver is bactericidal to 

both gram-positive and gram-negative microorganisms [8]. 

Microorganisms that live in the mouth cavity form a self-

contained ecosystem [9]. Despite its prevalence, dental caries 

is one of the world's most common chronic infectious diseases. 

If the enamel is damaged, caries can begin as small areas of 

demineralization beneath the surface of the tooth's surface and 

progress through the dentine and into the pulp [10]. An 

infection caused by bacteria weakens the teeth's enamel, 

dentin, and cementum and can cause tooth loss. In most 

developed nations, dental caries affects 60–90% of school-

aged children and the vast majority of adults, making it a 

serious public health issue [11]. 

Traditional medical infections often include a single 

infectious agent, and that infectious agent may also be present 

in isolated animals that are not traditionally hosts [12]. On the 

other hand, dental caries can be brought on by oral commensal 

microbes that spread a polymicrobial infection. About 600 

different species of microorganisms have been found in the 

oral microbiome, which is a microbiome that lives inside the 

human mouth [13]. 

Cells, water, and bacteria extracellularly form a biofilm, 

which adheres to the surface of an organism [14]. The 

formation of biofilms is a result of a variety of environmental 

factors [15]. As the plankton moves from free-swimming to 

sessile life in a biofilm, a range of environmental and genetic 

factors must be taken into account that are specific to the 

individual species [16]. 

Periodontal disease is defined as the breakdown of 

periodontal teeth's supporting tissues in the oral cavity, such 

as alveolar bone and gingiva, which can be a risk factor for 

certain systemic conditions [17]. Topcuoglu et al. [18] 

discovered in a study that red-complex bacteria were the most 
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consistent, with extremely high stages in all groups. 

Fusobacterium nucleatum was found in high concentrations in 

all of the samples. With the exception of Aggregatibacterer 

actinomycomiltas, which was found in all localised 

competitive periodontitis groups, the green and blue complex 

bacteria were less numerous than the red and orange complex 

microorganisms [19]. 

Dental caries-related bacteria are often detected using based 

culture procedures that do not yet exclude cultured species. 

Methods of based culture that do not exclude species that have 

not yet been grown. 

Oriented culture techniques do not exclude species that have 

never been grown before. For more specific species 

investigations of bacteria in the oral cavity, including species 

that aren't currently cultivable, molecular approaches for 

bacterial identification and enumeration are now commonly 

used [20]. 

Oral bacteria, including those that aren't currently cultivable, 

are increasingly being studied using molecular techniques for 

species identification and enumeration [20]. Cell communities, 

rather than pure, isolated cultures, are what distinguish 

uncultivable species from those that can be propagated in a 

petri dish or petri dish-less medium. Species and genus names 

can be assigned using ecological molecular-enabled 

phylogenetic trees, which now contain creatures that cannot be 

grown, as is the case in many cases. Bacterial species linked 

to the oral cavity are increasingly being studied using 

molecular approaches for bacterial enumeration and 

identification, including species that are currently uncultivated. 

In recent years, the field of nanotechnology has arisen as a 

rapidly expanding area of nanoscience, with various 

significant applications, including nanomaterial synthesis and 

use in medicine and biology [3]. Nanotechnology is the fourth 

industrial revolution in human history, and it encompasses a 

wide spectrum of materials, including ceramics, metals, 

polymers, and biomaterials [4]. Antibiotics, sunscreen, and 

sunblock are only a few of the biogenic items that have 

benefited greatly from research and development. The use of 

environmentally acceptable materials as reducing agents 

rather than dangerous chemicals makes the green synthesis of 

nanoparticle metals more advantageous than chemical 

synthesis. 

The purpose of this research is to generate silver 

nanoparticles (AgNPs) using dental caries patients' oral 

cavity-isolated Enterobacter aerogenes bacterial strains (S1, 

S2, and S3) in an environmentally friendly and cost-effective 

manner  As far as the researchers are aware, this is the first 

study at the Iraqi level to use bacteria isolated from the oral 

cavity of some dental caries patients in the creation of silver 

nanoparticles for bactericidal Streptococcus mitis multidrug 

resistant bacterial isolates. 

 

 

2. MATERIALS AND PROCEDURES 
 

2.1 Solutions of silver nitrate 
 

Nanotechnology refers to the study of nanometer-scale 

materials ranging from 1-100 nanometers in size [21]. In this 

regard, antimicrobial drug under development is to be more 

effective with free form bacterial resistance it most act at 

several cellular levels and not specifically like traditional 

antibiotics. The effect of silver either as a metal or in 

compounds, is known to be not specific at a single level but to 

influence many bacterial structures and metabolic processes at 

the same time Nanoparticles AgNPs were shown to in activate 

bacterial enzymes. 

In order to prevent PHTO-oxidation, silver nitrate was 

dissolved in DDW in a dark atmosphere. As a substrate, the 

solution was used to make silver nanoparticles [21]. 

 

2.2 Isolation and identifying of bacteria 

 

Specimens were taken from the mouths of patients with 

dental disease at the Dental Specialist Canter in the Iraqi 

province of Misan. The isolates were identified using a 

combination of gram staining and biochemical assays, as 

described above. Finally, PCR and sequencing were used. The 

identified cultures were transferred to nutrient agar slant and 

stored at 4℃ in the refrigerator to ensure their long-term 

survival. 

 

2.3 Strain identification via molecular sequence 

 

BLAST is a bioinformatics technique and tool for 

comparing primary biological sequence information, such as 

protein amino acid sequences or DNA and/or RNA nucleotide 

sequences. A BLAST search enables a researcher to compare 

a topic protein or nucleotide sequence (referred to as a query) 

to a library or database of sequences and to identify database 

sequences that are more similar to the query sequence than a 

specified threshold. 

For this study, we used the BLAST tool, an online 

comparison tool, to estimate the degree of similarity between 

three strains of Enterobacter aerogenes bacteria (S2, S1, S2, 

S3). These three strains (S1, S2, and S3) were isolated and 

their 16S rDNA sequenced, extracted, and amplified using 

PCR. 

 

2.4 Activation of bacterial strains 

 

Ten millilitres of nutritional broth were activated in a serum 

tube using an aseptic method, and the bacteria were cultured 

overnight at 37℃. 

 

2.5 Production of biomass 

 

In a shaking incubator, a bacterial isolate (Enterobacter 

aerogenes) was injected into a 500 ml flask containing 6.5 g/l 

of nutritious broth and cultivated for 48 hours at 200 rpm. 

 

2.6 Obtaining the cell free medium 

 

Four stages were taken to obtain cell-free supernatant: 

activation with an inoculum, incubated biomass generation, 

cultivation, and centrifugation for cell exclusion. The 

supernatant was collected from the broth culture pellet cells at 

the bottom of the tubes by centrifugation. After collecting the 

supernatant in a sterile flask, it is utilized to create silver 

nanoparticles [22].  

In general, bacterial cell lysate supernatant was mixed with 

0.1 mM AgNO3 solution and incubated in dark at 35℃ for 24 

h. AgNO3 and bacterial cell lysate supernatant without AgNO3 

served as controls and were kept under the same conditions. 

After the incubation period, the mixtures were observed for the 

presence of brown color, which indicated the positive 

formation of AgNPs. 
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2.7 Biogenic synthesis 

 

Enriched Enterobacter aerogenes liquid culture supernatant 

was combined with 250ml of 1mM silver nitrate solution to 

produce silver nanoparticles (filtered through a 0.2m pore size). 

The cells were then grown in an orbital shaker for 5 days at 

37℃ in the dark (200 rpm). As a control, a flask with cell-free 

supernatant missing (AgNO3) was used [23]. 

 

2.8 AgNPs characterization 

 

Analytical techniques such as FTIR, XRD, and SEM were 

employed to investigate the presence of biomolecules in pure 

AgNPs as well as their structure [24]. 

 

2.9 Test for antimicrobial activity 

 

Johan et al. [25] evaluated antimicrobial activity using two 

methods well and disc diffusion. 

Susceptibility to antibiotics was determined using AgNPs in 

a combination experiment. Bacterial cells were cultured in 

nutritional broth. The disk-diffusion method was used to 

determine the antibacterial activity of a combination of 

antibiotics and biologically produced AgNPs against several 

bacterial isolates from dental caries and periodontitis. On 

Muller – Hinton lates, nutrient broth was grown with 

Streptococcus mitis isolates [26]. 

On the other hand, synergy between antibiotics is often 

quantified as the total of the Fractional Inhibitory 

Concentrations (FIC) of two combinations. FIC is calculated 

by following for combination A, B: 

 
𝐹𝐼𝐶 =  𝐹𝐼𝐶 𝑜𝑓 𝑎𝑛𝑡𝑖𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎𝑙 𝑨 +  𝐹𝐼𝐶 𝑜𝑓 𝑎𝑛𝑡𝑖𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎𝑙 𝐵 (1) 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Characterization morphologically and biochemically 
 

A dental clinic in Misan City, Iraq, was used to collect 

clinical bacterial strains from the oral cavities of dental illness 

patients. S2 Enterobacter aerogenes was found to be involved 

in the synthesis of AgNPs and their biological application in 

the control of infectious bacteria, and this isolate was 

identified as a result, as seen in Figure 1. 

 

3.2 Molecular identification 

 

3.2.1 AgNPs characterization (bacterial strains) 

In addition to biochemical tests, 16SrRNA gene sequencing, 

gene extraction, and amplification were used to identify 

isolates. Three strains (S1, S2, and S3) of Enterobacter 

aerogenes were identified and one was chosen (S2) as shown 

in Figure 2. Genomic DNA was extracted from strain IHB B 

6843 and amplified using PCR. The sequence most closely 

related to NR 117547 was IHB B 6843. A new Enterobacter 

soli ATCC BAA.2102 strain LF7.1 was identified using a 16S 

rRNA analysis.  

 

3.2.2 Harvesting the cell free medium  

Centrifugation was used to extract the broth culture pellet 

cells' supernatant. The supernatant is then collected in a sterile 

flask and utilized to generate silver nanoparticles in a 

subsequent step [22]. Silver nanoparticles were created by 

mixing 250 ml of cell-free supernatant from an Enterobacter 

aerogenes 48-hour liquid culture with 250 ml of a 1 mM silver 

nitrate (AgNO3) solution. The supernatant combination was 

then cultivated for 5 days at 37°C in the dark on an orbital 

shaker (200 rpm). The experimenter's control was a flask 

containing cell-free supernatant free of (AgNO3) [23]. 

 

 
 

Figure 1. Enterobacter aerogenes bacterial strain cultured on 

(a) Mitis Salivarius Agar, (b) Blood Agar, and (c) Gram stain 

of Enterobacter aerogenes bacterial isolate revealed by 

microscope at 1250x magnification 

 

 
 

Figure 2. On a 1% agarose gel at 5vol. cm for 1.15 hours, 

electrophoresis patterns of genomic DNA extracted from 

Enterobacter aerogenes strains (S1, S2, and S3) were 

electrophoresis 

 

Because of the growing concern about multi-drug resistance 

(MDR), the study is focusing on developing effective 

alternatives to resistant antibiotics. Nanoparticles are being 

researched as a potential replacement for conventional 

antibiotics. AgNPs have recently been hailed as a promising 

target for developing a new antibiotic generation [27]. As 

shown in Figures 3 and 4, AgNPs from the Enterobacter 

aerogenes strain (S2) were effective against the multidrug-

resistant bacterial isolate Streptococcus mitis. 
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Figure 3. The effects of nanoparticles on multidrug-resistant 

streptococcus mitis isolated from dental caries patients (a), 

(b) Control DDW, and (c) AgNO3 antibacterial activity 

 

 
 

 
 

Figure 4. Antibiotics' effect on streptococcus mitis bacterial 

pathogens (a), and (b) Nanoparticles AgNPs 

 

 

3.3 Antibacterial activity 

 

Using a bacterial suspension well and the disc diffusion 

method, the antimicrobial activity of Optochin OP, Penicillin 

P, Tetracycline TE, Cefalexin CN, and Streptomycin S 

antibiotics was evaluated against some pathogenic bacteria 

isolated from dental patients in Misan province, Iraq, alone 

and in combination with Biogenic AgNPs synthesised by 

Enterobacter aerogenes as shown in Figure 5. 

 

 
 

Figure 5. Lowest concentrations required to inhibit the 

growth of bacteria that produce non-tumour necrosis factor 

(NTF) 

 

 
 

Figure 6. Extracellular of AgNPs synthesis 
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Table 1. Antibiotic-induced inhibition zone against Streptococcus mitis as a percentage 

 

Increase in fold area 
Antibiotics With AgNPs Effects 

B 

Antibiotics Effects 

A 

Concentration 

µg̷ disk 
Antibiotics No 

0.48+ 7.3 6 5 OP Optochin 1 

+1.16 9.7 6.6 10 P     Penicillin 2 

-0.85 6.0 15.6 30 TE  Tetracycline 3 

+16.7 30.7 7.3 15 E  Erythromycin 4 

-0.39 20.6 26.3 30 Cefalexin   CN 5 

-0.97 6.0 40.6 10 S  Streptomycin 6 

 

Table 2. The FIC index is used to determine the interaction 

between antibiotics 

 
No AgNPs+Antibiotics FICI Interaction 

1 Optochin + AgNPs _ _ 

2 Penicillin + AgNPs 1.46 Synergistic 

3 Tetracycline+ AgNPs 2.00 Antagonistic 

4 Erythromycin+ AgNPs 0.20 Synergistic 

5 Cefalexin+ AgNPs _  

6 Streptomycin+ AgNPs 4.11 Antagonistic 

 

Table 3. Lowest inhibitory concentration (MIC) of 

biosynthesized AgNPs 

 
No Multi drug Streptococcus miti MIC (mg/ml) 

1 NPs alone 0.009 

2 Optochin + AgNPs _ 

3 Penicillin + AgNPs 0.0037 

4 Tetracycline+ AgNPs 0.018 

5 Erythromycin+ AgNPs 0.0018 

6 Cefalexin+ AgNPs _ 

7 Streptomycin+ AgNPs 0.039 

 

According to the CLSI Standard, it was determined that, at 

a concentration of 100g, the mixed formulation of AgNPs 

exhibited antibacterial activity via a variety of antibiotic discs, 

including optochin, penicillin, tetracycline, erythromycin, 

cephalexin, and streptomycin as shown in Figure 6. 

In this study, only Erythromycin E (30.7 mm) had a 

synergistic effect with antibiotics, but all other clinical 

bacterial strains isolated from dental disease patients' oral 

cavities were resistant to standard antibiotics such as Optochin 

OP, Penicillin P, and Erythromycin E. Streptococcus mitis, on 

the other hand, was more responsive to Tetracycline TE, 

Cefalexin CN, and Streptomycin S. Improved antibiotic 

effectiveness in combination with AgNPs has been reported 

(percentage). AgNPs synthesized were tested against 

multidrug resistant Streptococcus mitis strains using 

commercially available antibiotics, comparable to Fayaz et al. 

[28]. 

When erythromycin E was administered at 30.7 mm, the 

AgNPs (0.1 mg/ml) showed the strongest synergistic effect. 

Unlike Streptomycin S (Streptomycin 40mm was 

Streptomycin with a 6.0-mm AgNPs inhibition zone) and 

Tetracycline TE (Tetracycline 15.6mm was Tetracycline with 

a 6-mm AgNPs inhibition zone), antagonistic effects were 

found. It is clear from Figure 4 and the Tables 1 and 2 that 

Optochin OP, Penicillin P, and Cefalexin CN did not work. 

These results corroborate those of Birla et al. [29], who 

investigated biologically synthesized AgNPs against gram-

negative and gram-positive bacteria using currently available 

antibiotics. In the presence of silver nanoparticles, AgNPs, the 

antimicrobial activity of erythromycin, ampicillin, kanamycin, 

and chloramphenicol was prolonged. 

Finally, the inhibitory zone's lowest concentration was 

identified using the following biosynthesized AgNPs detection 

concentrations for Enterobacter aeruginosa (0.1, 0.05, 0.025, 

0.0125, and 0.0062 mg/ml) as illustrated in Figure 4 and Table 

3. 

The current study discovered that silver nanoparticles 

behave similarly to silver ions in that they interact with groups 

of electron donors containing oxygen, sulfur, or nitrogen 

atoms that are typically found as phosphates or thiols on amino 

acids and nucleic acids. According to Kvitek et al. [30], 

AgNPs interact with the surface of the bacterial cell's 

membrane via interactions with proteins that continue the 

sulphur chain. This results in a disruption of the respiratory 

functions of the cell and a decrease in the permeability of the 

cell membrane, which ultimately results in cell death. 

 

3.4 Physical characterization  

 

XRD, FT-IR, and UV-vis spectroscopy were used to 

examine the AgNPs' optical properties. Infectious 

Enterobacter aerogenes made up the bulk of them (S2 strain). 

The color shift in the reaction solution from light yellowish 

brown to dark brown is generated by the excitation vibrations 

of the integrated AgNPs' surface plasmon, which is the first 

sign of AgNP synthesis. Changes in color can be seen as an 

indication that silver nanoparticles are being produced [31]. 

 

 
 

Figure 7. AgNPs synthesized (a) UV- Vis absorption 

spectrum and (b) FT- IR spectrum 
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Table 4. Lattice plane 

 
Source of AgNPs h kl index 

 111 200 220 311 

Enterobacter 

aerogenes 
38.4213 46.5167 67.7625 77.0906 

 

Table 5. XRD results of silver nanoparticles 

 

Pos. 

[°2Th.] 

Height 

[cts] 

FWHM 

Left 

[°2Th.] 

d-

spacing 

[Å] 

Rel. 

Int. 

[%] 

Tip 

Width 

38.4213 132.40 0.5904 2.34297 4.80 0.7085 

46.5167 1340.05 0.3000 1.95073 48.56 0.3600 

67.7625 108.62 0.4800 1.38177 3.94 0.5760 

77.0906 255.07 0.4800 1.23617 9.24 0.5760 

 

 
 

Figure 8. Scanning electron microcopy(a) and (b) XRD 

 

UV-vis spectroscopy confirmed the strong absorption of 

this color range. Figure 7 shows that the reaction mixture's 

absorption peaks were about 420nm (a). As Basavaraja et al. 

[32] have discovered, the absorption at 420nm is compatible 

with the reduction of Ag+ to Ag°. 

The average crystallization size of AgNPs can be calculated 

using the Deby–Scherrer formula [33]. The four major peaks 

in the complete spectrum of (2) 38.42, 46.51, 67.76, and 77.09 

are referred to as XRD patterns as shown in Figure 8. 

According to the Joint Committee Powder Diffraction 

Standards (JCPDS) Card No.087–0720, these values 

correspond to the (111), (200), (220), and (311) planes of the 

face–centered–cubic (FCC) sliver, with a network parameter 

of 4.08 °A as shown in Table 4. Using scanning electron 

microscopy, nanoparticles were discovered in a variety of 

shapes; however, all of the shapes were spherical and ranged 

in size from 71.56 nm to 71.56 nm. Electron microscopy and 

XRD pictures of AgNPs formed on a copper surface by 

Enterobacter aerogenes isolated from the oral cavity of dental 

caries patients in Misan province's central region. Table 5 

shows XRD patterns. 

 

4. CONCLUSIONS 

 

The findings of this study indicate that Enterobacter 

aerogenes nanoparticles may be beneficial alone or in 

combination with antibiotics in the treatment of oral infections 

caused by MDR Streptococcus mitis bacterial isolates, which 

are frequently used in dentistry to treat a variety of oral cavity 

illnesses. The current study's findings suggest that the 

combination of the antibiotic Erythromycin and AgNP 

nanoparticles had a synergistic effect on Streptococcus mitis 

isolates from some dental caries patients. Numerous 

hypotheses were addressed regarding the mechanism of action 

of these combinations of AgNP nanoparticles and antibiotics. 

Finally, detailed data is required to clarify the mechanism of 

the synergistic impact. 
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