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Abstract: The current study aimed to assess the beneficial inhibitory effect of silver nanoparticles on 

biofilm formation by E. coli ATCC11922; eighteen Egyptian bacterial isolates obtained from Al-

Bahr El-Pherony, Menoufyia Governorate were screened for silver nanoparticles biosynthesis 

(AgNPs). Three of the best extracellular AgNPs producing isolates have been identified using 

biochemical and molecular techniques. Characterization of AgNPs was performed by UV-visible 

spectroscopy, Fourier transforms infrared (FTIR), and Transmission Electron Microscopy (TEM). 

Next, the antibiofilm restriction of AgNPs was evaluated using the micro broth dilution method. A total 

of eleven bacterial isolates were positive for the AgNPs biosynthesis. Amongst, three AgNPs with 

tribute effects have the greatest anti-biofilm activity and have been identified as new species belonging 

to the genera Bacillus, Alcaligenes, and Paenibacillus. Plasmon surface resonance of the 

formed AgNPs had feature peaks at ~420 nm. FTIR confirmed the character of the capping/reducing 

agents of Ag+. X-ray diffraction and TEM investigation confirmed the purity, spherical shape, and size 

of 3.01-16.47 nm. Besides, biosynthetic AgNPs reduced biofilm growth, biomass, and density by 80-

90% on a dose basis. Therefore, biosynthetic AgNPs are green antibiofilm against pathogenic 

microbes. This fact promotes its use as a convincing disinfectant for soiling water and depleting 

pollution.  
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1. Introduction 

Bacterial biofilms represent a major challenge in medication and are a significant 

contributor to the resistance of bacteria to antibiotic therapy. Biofilms are an organized 

consortium of microbes, growths, and different microorganisms that are inserted in a self-

delivered network of polymer matrixes mainly composed of exopolysaccharides where they 

can multiply, communicate with each other, and persist [1]. Bacterial biofilms are a developing 

health concern and a major cause of death worldwide [2,3]. Biofilms can offer a multiplied risk 

of contamination in humans. At the same time, the water is consumed [4], including an 
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assortment of ailments and manifestations like diarrhea, gastroenteritis, stomatitis, cholera, 

typhoid fever, candidiasis, leptospirosis, arteriosclerosis, chronic sinusitis, chronic wound 

infection, cystic fibrosis, endocarditis, kidney stones, osteonecrosis and severe periodontal 

sicknesses [5]. These biofilms have protective systems against antibiotics and 

chemotherapeutic agents. It could be speculated that the polymeric substances forming the 

matrix create a physical barrier that can shield bacteria against harsh ecological conditions 

(e.g., variances of supplements, oxygen exhaustion, pH, temperature, and DNA damage) and 

are a significant contributory factor to the resistance of bacteria to antimicrobial treatment [6]. 

Biofilms can develop on living tissues and other surfaces and are regularly more difficult to 

kill than free planktonic partners, subsequently inflicting ongoing contaminations [7]. 

Developing biofilm resistance to conventional antibiotics expands the need to grow 

new approaches to treat/control contamination brought by biofilm-resistant bacteria [8]. Lately, 

one of the essential methodologies in advancing new antibacterial is the utilization of 

nanoparticles [9]. Especially silver nanoparticles (AgNPs) have been found to show a wide 

scope of antibacterial movement, the antimicrobial properties of silver have been known since 

the eighth century, and AgNPs are grounded as an intense antimicrobial by specialists [10-13]. 

AgNPs have also shown some potential in eradicating biofilms [14-16]. 

In biofilms, bacterial cells possess up to 25 times more resistance to antimicrobial 

agents than their free-floating partners [17]. Much work has been done to explain the 

mechanism of action of AgNPs [10,18]; notwithstanding, the exact mechanism of action 

remains elusive [14,19]. The antimicrobial activity of AgNPs is multifaceted, and mechanisms 

include cell membrane and DNA damage, reactive oxygen species production (ROS); caused 

by AgNPs that penetrate the cell; and the release of antimicrobial silver particles. 

Generally, AgNPs have been prepared by physical and chemical routes, but, even more 

as of late, green synthesis techniques, including the work of bacteria, fungi, plant extracts, 

biodegradable polymers, and enzymes, have arisen as harmless to the ecosystem choices [11]. 

Various microorganisms have been utilized to get ready AgNPs, for example, the development 

of both extra and intracellular silver nanoparticles by Pseudomonas stulzeri, Alcaligenes 

faecalis, Bacillus sp, Vibrio cholerae, E. coli, Pseudomonas aeruginosa, Salmonella typhus, , 

Staphylococcus currens and Streptomyces hirsut have been proved to act as both reducing and 

capping agents [10,20-23]. In this investigation, spherical AgNPs were synthesized through 

free-biomass filtrates of three distinct bacterial isolates. In addition, the physical and chemical 

properties of biosynthetic AgNPs were evaluated by UV-visible spectroscopy, FTIR, and TEM. 

Finally, the biological activity of biosynthetic silver nanoparticles as an antibiofilm retailer was 

studied. 

2. Materials and Methods 

2.1. Chemicals. 

Silver nitrate (AgNO3) 99.9% was obtained from Sigma Aldrich. Crystal violet was 

purchased from Merk (Germany); culture media were bought from Oxoid (UK). All chemical 

materials were of analytical grade and utilized without further purification. All solutions were 

freshly prepared using two-fold distilled water and kept in darkness to avoid any photochemical 

responses.  
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2.2. Methods. 

2.2.1. Isolation of bacterial strains and growth conditions. 

The bacteria utilized in this study had been isolated from water samples of the Al-Bahr 

El-Pherony, Menoufyia Governorate, Egypt. Even diverse testing destinations had been gotten 

arbitrarily, and surface water tests had been aseptically collected in clean earthy colored bottles, 

moved to the research center, and put away at 4°C until bacteriological testing was performed 

within 6 h of sampling. Collected samples were serially diluted using the saline solution 

(0.85%) and plated on a Nutrient agar medium. Then the plates were incubated at 37°C for 24 

h. After the end of the incubation period, different morphological bacterial colonies were 

observed, and colonies were randomly chosen for the screening of their ability to produce 

AgNPs. Eighteen remarkable morphotypes had been picked and purified by repeated streaking 

on differential agar media and put away in 10% glycerol at −80 °C for long-term maintenance. 

Chosen bacterial isolates had been distinguished using routine biochemical tests pre-depicted 

in Bergey’s Manual of Determinative Bacteriology [24]. The biochemical tests employed in 

identifying and characterizing the isolates include Gram staining, indole production, Methyl 

Red-Voges Proskauer production, ability to utilize citrate, and urease production tests. After 

that, bacterial isolates were screened for their capacity to synthesize silver nanoparticles. 

2.2.2. The molecular identification of the potent bacterial isolates. 

Molecular identifications of the current isolates were made using 16S rRNA gene-based 

sequencing. Total genomic DNAs were isolated from the bacterial isolates using a high pure 

PCR template preparation kit (Catalog no. 11796828001, Roche) and modification of [25]. The 

PCR amplifications targeting the 16S rRNA gene were done using the universal eubacterial 

primers 27F (5´-AGAGTTTGATCCTGGCTCAG-3´) and 1492R (3´- 

GGTTACCTTGTTACGACTT-5´) [26]. Total PCR mixture volume of 50 μL consisted of 50 

ng of tested DNA, 20 pmol of each primer, 1.25U of Taq DNA polymerase, 200 μM of each 

dNTPs, and 1× Taq buffer. The PCR was performed for 30 cycles with the initial denaturation 

at 95°C for 3 min, cyclic denaturation at 95°C for 40 sec, annealing for at 55°C 1 min with an 

extension of 1 min at 72°C, followed by final extension for 10 min. The purified 16S rRNA 

gene PCR products were sequenced using Sanger technology by DNA sequencer ABI 337 

Genetic Analyzer (Applied Biosystems, Foster City, USA). The sequenced data were 

undergone a DNA homology search using FASTA, to look for the best homolog references to 

the current isolates in the DNA database. The Phylogenetic tree was constructed through 

multiple alignments of the current isolates with those closely related in the DNA database, 

using CLUSTAL W software (http://clustalw.ddbj.nig.ac.jp), and the tree was drawn using the 

maximum algorithm likelihood, MEGAX software, https://www.megasoftware.net/. 

2.2.3. Biogenesis of silver nanoparticles (AgNPs). 

For the rapid extracellular synthesis of AgNPs, all the bacterial isolates (n=18) had been 

newly inoculated into 250 Erlenmeyer flask containing 100 ml of NB broth. The flasks had 

been incubated in an orbital shaker at 37°C and agitated at 120 rpm for 24 hrs. After incubation, 

the culture supernatant was obtained by centrifugation at 5,000 rpm for 15min. For extracellular 

synthesis, cell-free extract (20 ml) was combined with the final volume concentration of 1mM 

AgNO3. The reaction mixture was kept in dull room condition to avoid the photolytic response. The culture 
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supernatant without the addition of AgNO3 served as a control. Subsequently, the bio-reduction 

of silver ions was confirmed by the visual color change and UV– visible spectrum analysis for 

the reaction mixture. 

2.2.4. Characterization of produced AgNPs. 

The optical traits of the biosynthesized silver nanoparticles were analyzed using UV–

Vis spectrophotometer. For this, nanoparticle-containing samples were exposed to absorption 

investigation at 200–800 nm range utilizing UV–Vis spectrophotometer (Perkin Elmer Lambda 

650). The AgNPs synthesized by the supernatant was further subjected to Transmission 

Electron Microscopy (TEM) analysis to detect the size, -morphology, and polydispersity of the 

AgNPs. Fourier transform infrared spectroscopy (FTIR) was performed to research the 

associated biomolecules with AgNPs. The samples were dried and ground with potassium 

bromide (KBr) pellets (1:100 w/w) and examined at a spectral range of 4000– 400 cm−1 at a 

resolution of 4 cm−1. 

2.2.5. Assurance of antibiofilm activity of AgNPs. 

The ability of AgNPs to inhibit biofilm development was investigated in opposition to 

a notable biofilm-forming E. coli strain (E. coli ATCC 11922), making use of the microtiter 

plate assay [27]. In synopsis, the E. coli isolated was cultured in 5 ml of LB broth medium and 

incubated for 24 h at 37° C . The cultures were diluted to 1:100 using LB medium. Sterile flat-

bottomed polystyrene microtiter plates were inoculated with 10 μl of overnight growing 

bacterial culture (final concentration 1 × 107 CFU/μl) individual well-properly were loaded 

with 180 μL of MH broth media and inoculated with 10 μL of overnight developed culture and 

incubated for 24 h at 37 °C. To the mixture, 10 μL of silver nanoparticles was added from the 

stock so that the final concentration of nanoparticles was achieved between 0.5 and 32 μg/mL. 

The microtiter plates were incubated for 24 h at 37 °C. After incubation, the content of each 

well was gently washed using 0.2 mL of phosphate buffer saline (PBS, pH 7.4) three times to 

eliminate unattached bacteria. Formed biofilms were fixed with sodium acetate (2 %, w/v) and 

then stained with crystal violet dye (0.1 %, w/v). Excess stain was washed carefully with 

sterilized Millipore water, and then plates were stored for drying. Next drying, 200 μL of 95 % 

(v/v) ethanol was added to the wells. The absorbance at 620 nm was acquired on an ELISA 

microplate reader (Multiskan®EX, Thermo Scientific, Finland). The values obtained were 

considered an index of bacteria sticking to the surfaces for creating biofilms. LB culture 

medium without added bacteria served as a negative control. The interpretation of the after 

effects of biofilm creation became completed by the following equation: 

%Biofilm inhibition=
controlOD570−treatmentOD570nm

controlOD570nm
×100 

E. coli biofilms (106cell/ mL) were then grown inside 5 L water storage jerrycan made 

of HDPE filled with buffered Milli Q water in ideal conditions (35o C) to induce biofilm growth 

for 10 days. Attached biofilms were treated with AgNPs (500 μg/ml), and extracted HDPE 

coupons were exposed to the membrane filtration technique using m-Coliblue24 as a growth 

medium (Hach Company, USA); then, the log reduction values were recorded. 
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2.2.6. Confocal laser scanning microscopy (CLSM). 

Biofilm three‐dimensional (3D) structure became visible by CLSM and evaluated by 

the guide of a blue fluorescent nucleic acid stain DAPI (4′, 6-diamidino-2-phenylindole). 

Momentarily, approximately appended bacterial cells had been primarily eliminated by 

washing coupon surfaces utilizing sterile PBS arrangement 2 to multiple times. At that point, 

Coupons with connected biofilms were stained for 20 min with 100 μl of DAPI (excitation = 

365 nm; outflow = 420 nm) without light at room temperature. The coupons had been then 

washed and air-dried. One drop of mounting media (DAPCO/GLYCEROL) was added to each 

slide which was then covered by a coverslip and put away at 4oC room until imaging. Confocal 

pictures had been gained in a similar field of view utilizing Leica SP8 upstanding multi-photon 

laser checking magnifying lens with a 63 × oil objective. 

3. Results and Discussion 

3.1. Characterization of silver nanoparticles producing bacterial strains. 

Among eighteen bacterial isolates purified from water samples collected from Al-Bahr 

El-Pherony, Menoufyia Governorate, Egypt, eleven distinct colonies have been found to have 

the ability to form silver nanoparticles as seen by the change in color of the reaction mixture. 

Three isolates are the best for the biogenic synthesis of AgNPs. The biosynthesis of silver 

nanoparticles utilizing bacterial supernatants under investigation has been investigated 

basically through the visual observation of the color change of the reaction mixture in the 

presence of 1 mM AgNO3. A color change from yellow to brown happened within 24 h of 

incubation. Subsequently, they have been chosen for additional investigation and exposed to 

different morphological and routine biochemical characterization techniques; the results are 

shown in (Table 1) and molecular identification by 16S rRNA sequencing-based approach. The 

amplified 16S rRNA gene size of the isolates was about 1500 bp, and the sequences were 

submitted to NCBI under accession numbers MW732066, MW732132, and MW732135 for 

Bacillus, Alcaligenes, and Paenibacillus, respectively. Based on the 16S rRNA gene sequence 

analysis, as shown in Figure 1, isolate Bacillus HSHPH showed the highest sequence similarity, 

93.2%, with Bacillus cereus. The Alcaligenes HSHPH showed the highest sequence similarity, 

94.5%, with Alcaligenes faecalis, while Paenibacillus HSHPH isolates showed the highest 

nucleotide identity, respectively 93.3%, with Paenibacillus sp. 

Table 1. Biochemical characteristics of the isolates capable of synthesis of silver Nanoparticles. 

Characteristics of the potent strains Result 

E3 P2 Sl8 

Gram staining Negative Positive Negative 

Morphology Rods Bacilli Rods   

Gelatinase Negative Negative Negative 

Voges Proskauer - Positive Negative  

Indole Negative Negative Negative 

Citrate Positive Positive Negative  

Urease Negative Positive Negative 

Catalase Positive Positive Positive   

Oxidase Positive Negative - 

Nitrate reduction Negative - Negative  

Fermentation of 

Glucose 

Mannitol 

Maltose 

Lactose 

 
Negative 

Negative 

Negative 

 
Positive 

Negative 

Positive 

Negative 

 
Negative 

- 

- 

Negative 
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Figure 1. Phylogenetic tree of potential bacterial isolates based on partial sequencing of 16s rRNA. 

3.2. Characterization of green synthesized silver nanoparticles. 

3.2.1. UV–visible spectroscopy. 

UV–visible spectroscopy is one of the easiest and most utilized procedures for the 

preliminary characterization of silver nanoparticles. Ultraviolet-visible spectroscopy was used 

to confirm the synthesis of AgNPs at wavelengths ranging from 200–800 nm. This examination 

was performed 24 h after the addition of silver nitrate. Figure 2 shows ultraviolet-visible 

absorption spectra. According to the outcomes, the Lambda (λ) max estimation has been 

recorded somewhere in the range of 410 and 450 nm in all cases. 

(a) (b) (c) 

 
 

 

Figure 2. UV–visible absorption spectrum of silver nanoparticles synthesis by cell-free extracts of (a) Bacillus 

isolate HSHPH, (b) Alcaligenes isolate HSHPH, and (c) Paenibacillus isolate HSHPH. 

3.2.2. FTIR analysis of AgNPs. 

The FTIR investigation has been performed to recognize the potential functional group 

of the attached capping molecules which are responsible for the bioreduction and stabilization 

of silver nanoparticles. The FTIR spectra of silver nanoparticles showed peaks at 3490-3500 

cm-1, which are assigned to hydroxyl groups (O-H) -, H-bonded alcohols, and phenols. The 
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peak found around 1500-1550 cm-1 showed a stretch for the C-H bond, peak around 1450-1500 

cm-1 showed the bond stretch leads for N-H bend primary amines. The peak around 3400–3250 

cm-1 leads to N–H stretching for primary, secondary amines, and amides, while the stretch for 

AgNPs was found around 500-550 cm-1 (Fig. 3). 

 

 
Figure 3. FTIR spectra of silver nanoparticles bio-fabricated by CFE of (a) Bacillus isolate HSHPH, (b) 

Alcaligenes isolate HSHPH, and (c) Paenibacillus isolate HSHPH. 

3.2.3. Transmission electron microscopic analysis. 

The morphology of the synthesized AgNPs became characterized by TEM. Figure 4 

shows the TEM picture for Bacillus, Alcaligenes, and Paenibacillus, respectively, captured 

from the nanoparticle-coated carbon grid. The AgNPs synthesized utilizing culture filtrates 

show high uniformity and revealed spherical polydispersed AgNPs in size range of 3.01-

16.47nm as derived through TEM micrograph, with clear parallel lattice fringes, affirming their 

crystalline nature. They had been implanted in a framework (acting as a capping agent to 

prevent agglomeration of nanoparticles), as confirmed by TEM (Fig.4). 

   
Figure 4. TEM micrographs of AgNPs synthesized after 24h using (a) Bacillus HSHPH, (b) Alcaligenes 

HSHPH, and (c) Paenibacillus HSHPH. 

3.2.4. X-Ray diffraction (XRD). 

The XRD patterns of biosynthesized Ag nanoparticles showed a face-centered cubic 

(FCC). The primary diffraction peaks of crystalline silver nanoparticles were detected at 

38.16º, 46.26º, 64.52º, 76.78º, which correspond to (111, 200, 220) and (311) planes at the 2Ɵ 
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angle, respectively, which are closely consistent with the well defined peaks of silver 

nanocrystals (Fig. 5). 

  

 
Figure 5. X-ray diffraction spectra of cell free-extract reduced silver nanoparticles by (a) Bacillus isolate 

HSHPH, (b) Alcaligenes isolate HSHPH, and (c) Paenibacillus isolate HSHPH. 

3.3. Inhibitory activity of AgNPs on set up biofilms. 

To determine the antibiofilm activity of AgNPs, E. coli ATCC 11922 were grown in 

LB medium containing different concentrations of AgNPs and incubated for 24 h. The amount 

of biofilm development on the 96-well plates was tried utilizing a Micro ELISA auto reader. 

The biomass significantly diminished with the increment of AgNPs compared with control 

(Fig. 6). To further investigate the impact of AgNPs on the biofilm respectability of the E. 

coli strain, we performed a CLSM experiment. Considering the results that appeared in 

Figure78, silver nanoparticles proved to be a strong antibiofilm agent that can be employed to 

remove or control set up biofilms in stockpiling holders. Results of membrane filtration also 

showed >3 log reduction of E. coli growth in the presence of AgNPs (Table 2). 

 
Figure 6. Antibiofilm activity of biosynthesized silver nanoparticles against E. coli ATCC 11922 using the 

microtiter plate method ( X axis represents different AgNPs conc, Y axis represnts % of biofilm inhibition). 
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Table 2. The culturable cell numbers of E. coli ATCC 11922 biofilms after 10 days of growth in the presence of 

silver nanoparticles. 

Nanoparticle 

synthesizing isolates 

Biofilm count 

CFU/100ml 

Log reduction value 

(LRV) 

Control Surviving population 

Acaligenes HSHPH  

5.49×106 

1.46×103 4.53 

Bacillus HSHPH 8.9×102 3.83 

Paenibacillus HSHPH 1.23×102 4.65 

 
Figure 7. Biofilm development of tried E. coli (a) treated coupons, (b) untreated with AgNO3 (Control). 

4. Discussion. 

Microorganisms are a proficient possibility for nanoparticle biosynthesis. These biogenic 

nanoparticles are cost-effective, sustainable, and eco-friendly when contrasted with those 

prepared through conventional approaches formerly applied for nanoparticle synthesis, 

including the use of hazardous chemicals. Silver nanoparticles have drawn significantly more 

consideration because of their wide scope of applications [11,15,28,29]. The biological strategy 

for synthesizing non-toxic green nanoparticles (GNPs) has acquired consideration as it is a 

solitary advanced method reasonable for huge scope creation. It is clean, simple, quicker, cost-

effective, environment-friendly, and safe for clinical applications [30]. GNPs had been 

synthesized using numerous bacterial species, for instance, Acinetobacter calcoaceticus, 

Bacillus subtilis, B. megaterium, B. siamensis, B. amyloliquefaciens, B. flexus, E. coli, 

Pseudomonas stutzeri AG259, and Staphylococcus aureus either extra or intracellular 

[11,28,31]. In the current study, three diverse freshwater bacterial isolates were ready for the 

integration of silver nanoparticles by a green chemistry approach. Morphological, biochemical 

characterization, and molecular analyses, indicated that isolates E3, P2, and Sl8 represented 

new species belonging to the genera Bacillus, Alcaligenes, and Paenibacillus, respectively. 

Bacterial proteins and metabolites act as capping and stabilizer filling [32,33]. This was 

observed by the color change from yellow to reddish-brown. Observation of color change is 

generally used for screening bacterial isolates for silver nanoparticle formation [34]. The 

excitation of surface plasmon vibration in the silver nanoparticles was considered the reason 

for the development of brown color, supporting the fact that color change, as seen in the 

analysis, can be considered a sign of silver nanoparticle formation. Biogenesis of AgNPs was 

additionally affirmed by UV–Vis spectroscopy methods, which gauges the absorption spectra 

of produced silver nanoparticles because of the collective excitation of conductive electrons in 

the metal. In this manner, strategies dependent on UV–Vis analyses have been verified to be a 

successful approach for the investigation of nanoparticles biosynthesis[35]. UV–Vis spectra of 
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silver nanoparticles synthesized by the chosen isolates verified absorption bands around 420 

nm. The enzyme nitrate reductase secreted by microorganisms helps in the bioreduction of 

metal particles to metal nanoparticles [36,37]. Detailed examination of TEM information 

verified that the silver nanoparticles formed were spherical without agglomeration. This may 

be taken as proof of proper stabilization of produced silver nanoparticles which can be 

attributed to different proteins secreted by tested microorganisms. The size ranges of silver 

nanoparticles delivered by Bacillus, Alcaligenes, and Paenibacillus (3.01-16.47 nm) fall in 

closer range to the size of silver nanoparticles created by distinct bacteria [38]. 

Biosynthesized AgNPs had been additionally tried for biofilm inhibition capacity in 

opposition to E. coli ATCC 11922 strains as a model, knowing about its ability to form a 

biofilm. The antibiofilm interest of the biosynthesized silver nanoparticles showed a decrease 

in the biofilm development in this way verified that the biosynthesized silver nanoparticles are 

dynamic against bacterial biofilm improvement. Biofilm is a self-produced matrix of proteins, 

DNA, and polysaccharides and is found to cause about 80% of microbial diseases in people 

[39,40]. Biofilms in water stockpiling holders can go about as microbial supplies, and 

microorganisms in biofilms can be the causative professionals for distinct human 

contaminations and sicknesses [41,42]. The usage of nanoparticles to remedy biofilm-

associated contaminations is all around recorded in some reports [15,29,43]—the outcomes in 

Figure 6 display that the hindrance of focus is subordinate biofilm development of AgNPs. The 

degree of biofilm arrangement was forcefully diminished by increasing AgNPs concentration. 

The facts display quotes of biofilm restraint following 24 hours of use of AgNPs at focuses 

going from 0.5 and 32μg/ ml. AgNPs indicated the most elevated inhibition value, around 93%, 

for the arrangement of biofilms formed by E. coli at 100 μg/mL. The general outcomes display 

that elevated concentrations of AgNPs altogether influenced the antibiofilm action. 

Kalishwaralal et al. [27] announced the impact of AgNPs in a critical decrease of Staph. 

epidermidis and P. aeruginosa biofilms. AgNPs indicated their capacity to enter through those 

bacterial biofilms, forestalling the association of glycocalyx grid and bacterial attachment         

[44,45]. These nanoparticles can likewise diffuse directly into the EPS layers across the pores 

implied for supplement transportation and are going approximately as an antimicrobial agent 

[46]. AgNPs are regarded for their adhering capacity; surface/mass proportion can enter and 

deliver silver particles into bacterial biofilms without separating any AgNPs in this manner, 

inflicting biofilm interruption [47]. The antibiofilm mechanism of AgNPs may be clarified 

through the obstruction or inhibition of the bacterial machinery that controls the internal 

production and/or regulation of EPS, which addresses the bacterial essential guard framework 

in biofilm-forming bacteria [48]. The mechanism of deactivation of proteins may be clarified 

by the reaction of Ag+ ions with cysteine buildups present in proteins as proven in a beyond 

record, which exposed the human hepatoma HepG2 cells to N-acetyl-cysteine (NAC), an 

antioxidant agent and glutathione precursor earlier than AgNP exposure. At that point, because 

of the ionization of the AgNPs, Ag+ ions can hook up with protein and enzyme thiol groups, 

for example, cysteines, with extra harm [49]. Consequently, DNA loses its replication ability, 

and the proteins essential to ATP manufacturing get inactivated. After effects of the current 

examination display that AgNPs slaughter the biofilm-associated bacteria. Further 

examinations are expected to research the part of Ag+ ions in AgNPs toxicity and 

dissemination through the biofilm. These outcomes concur with the past work of Abdallah et 

al. [15]; they detailed the antimicrobial and antibiofilm potential of AgNPs as a proficient 

treatment in opposition to clinical isolates developing in biofilms with multidrug resistance. 

https://doi.org/10.33263/LIANBS124.127
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS124.127  

 https://nanobioletters.com/ 11 of 14 

 

Vijayan et al. [50] likewise revealed a decrease in biofilm development through silver 

nanoparticles. Up to date, several investigations confirmed AgNPs' role in controlling bacterial 

colonization and infection of S. epidermidis, P. aeruginosa, and E. coli biofilms [51-53]. 

4. Conclusions 

The current investigation showed that different silver nanoparticles could be bio-

fabricated employing a simple, inexpensive, and environment-friendly method using a cell-free 

extract of attempted bacterial isolates, namely; Bacillus isolate HSHPH, Alcaligenes isolate 

HSHPH, and Paenibacillus isolates HSHPH. By observing the color change of the reaction 

mixture and ultraviolet-visible spectrum analysis, the biogenesis of AgNPs can be observed 

and confirmed by a unique spectroscopy strategy. The TEM examination indicated that the size 

range of that biosynthesized AgNPs was 3.01-16.47nm. This technique found that the cell-free 

extracts can be a proficient stabilizing, reducing, and capping agent for the synthesis of AgNPs, 

therefore, giving strength to the silver nanoparticles. According to XRD spectroscopy, the 

biosynthetic AgNPs are crystalline. AgNPs confirmed the potential activity as antibiofilm 

targeting agents in a dose-dependent manner, suggesting that AgNPs may become efficacious 

segment fragments in clear biomedical applications. 
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