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Silver nanoparticles (AgNPs) are a well-known antimicrobial agent used in disease management and commercial
production of biomedicine. Nowadays, biological synthesis of AgNPs is a green way to replace conventional chemical
methods. In the present study, AgNPs were prepared using the cell-free supernatant of a bacterial isolate, which
was then identified as Enterobacter mori strain C29(1)CG by 16S ribosomal RNA molecular sequencing. Based
on optical color shift, the biosynthesized AgNPs were characterized using Ultraviolet (UV)-visible spectroscopy,
X-ray diffraction (XRD) pattern, Fourier Transform Infrared (FTIR), scanning electron microscopy (SEM), and
energy dispersive X (EDX) analysis. These nanoparticles showed a characteristic absorption peak between 400 and
500 nm in the UV-visible spectrum. The crystalline nature of AgNPs was estimated by XRD. FTIR reveals the
functional group present in the biosynthesized AgNP sample. SEM image and EDX analysis revealed the formation
of irregular spherical nanoparticles. Furthermore, the antimicrobial activity of AgNPs was also assessed against
three test pathogens-Staphylococcus aureus, Streptococcus mutans, and Klebsiella pneumoniae by measuring the
inhibition zone. Hereby, the findings revealed that these biosynthesized AgNPs showed maximum zone of inhibition

against S. aureus and can be considered a powerful antimicrobial agent against pathogenic bacteria.

1. INTRODUCTION

Pathogenic microbes are responsible to cause various infectious illnesses.
It can be transmitted either directly or indirectly among individuals
through animal and insect carriers or through ingestion of contaminated
food, water, and various environmental factors [1]. Lately, there has
been a rise in resistance among conventional antibiotics by both Gram-
negative bacteria and Gram-positive bacteria [2]. Antibiotic-resistant
bacteria have rapidly emerged as a major global health concern,
rendering many traditional antibiotics useless and necessitating the
urgent development of alternative antimicrobial methods. In this
context, Silver nanoparticles (AgNPs) have been reported as the most
effective bactericide and bacteriostatic agent against both Gram-
positive and Gram-negative bacteria, including multidrug-resistant
strains. Unlike conventional antibiotics, which usually target specific
bacterial pathways, AgNPs have various modes of action, making it
harder for bacteria to build resistance. These mechanisms include
chemical production of reactive oxygen species (ROS), physical
interactions with the bacterial membrane, and biochemical interference
with essential cellular functions such as protein synthesis and DNA
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replication, leading to cell death. Multiple functionality of AgNPs not
only increases their bactericidal efficacy but also consider them as a
viable substitute in the battle against antibiotic resistance [3].

However, different chemical and physical approaches have been
employed to synthesize AgNPs. However, these approaches
produces hazardous chemical residues, high energy consumption,
and environmental risks which reduces the sustainability and
biocompatibility of AgNPs. In order to address these obstacles,
scientists are increasingly using green synthesis techniques, which use
biological systems sch as fungi, bacteria, and plant extracts to create
AgNPs in a way that is safe for the environment, economical, and
biological. In this method, biological entities produce natural capping
and stabilizing compounds [4]. It has been demonstrated that tollens,
polysaccharides polyoxometalate, polyphenols, and other secondary
metabolites extracted from biological entities are effective in reducing
the harmful chemical substances. According to reports, bio-surfactants
and extracts produced by bacteria, yeast, fungi, or plants are utilized
as capping and reducing agents in biological reduction. These
are the alternatives to reducing and capping agents utilized in the
chemical synthesis process. This technique enhances the therapeutic
potential of AgNPs while simultaneously adhering to green chemistry
principles [5]. Furthermore, in the bacterial synthesis process of AgNPs,
bacterial metabolites such as enzymes, organic acids, amino acids, and
sugars play an important role in nanoparticle production by acting as
reducing agents. They convert metal ions (e.g., Ag") to zero-valent
metal forms (e.g., Ag’). Bacterial cell membranes contain metabolites
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such as proteins, polysaccharides, lipids, and other biopolymers that
can adhere to the surface of newly produced nanoparticles, capping
them and preventing aggregation. This is a critical step in nanoparticle
production. This biologically driven approach not only provides
fine control over nanoparticle size and form, but it also improves
biocompatibility, making bacterial-mediated synthesis a promising
alternative to traditional chemical procedures [6].

In a study, Prabhu and Poulose, in 2012 [7] have been reported
that initially silver nitrate was synthesized from bacterial strain
Pseudomonas stutzeri AG259, identified from a silver mine. Moreover,
it has been reported that 50 nm particles sized AgNPs were fabricated
by the bacterial species Bacillus licheniformis, identified from
collected waste of municipal sewage [8]. Several reports have shown
that AgNPs exhibit some remarkable properties, such as antibacterial,
antioxidant, optical properties, large surface area to volume ratio, and
higher efficacy. Due to which AgNPs have been found effective against
most of the pathogens such as Salmonella paratyphi Pseudomonas
aeruginosa, Bacillus subtilis, Escherichia coli Stapylococcus aureus,
and Klebsiella pneumoniae was reported by Mohammed e? al., [9],
Bindhu et al., [10]; Prasad and Elumalai [11].

In the present work, the extracellular biosynthesis method is being
studied with Enterobacter mori C29(1)CG, which was isolated from
contaminated soil. X-ray diffraction (XRD), Fourier transform infrared
(FTIR), scanning electron microscopy (SEM), and ultraviolet (UV)-
visible spectrophotometry were used to characterize the produced
AgNPs. Therefore, the goal of this work is to assess the antibacterial
activity (in vitro) of these green-generated nanoparticles against human
pathogens using well-diffusion method. The study illustrated that
AgNPs have strong antibacterial properties and have the potential to
develop into a brand-new class of antimicrobial drugs for the treatment
of bacterial infections in humans.

2. MATERIALS AND METHODS

2.1. Isolation of the Bacteria

Eight bacterial strains were isolated from a contaminated site in the
Gwalior region, India. Serially diluted soil samples were prepared up
to 10¢ dilution. About 100 uL of each dilution was placed on Nutrient
Agar medium and kept in an incubator under aseptic conditions at
37°C for 24 h. All isolated strains were selected for further studies.

2.2. Bacterial Synthesis of AgNPs

The isolates were screened to obtain an efficient strain that synthesized
AgNPs. All bacterial strains were cultivated in LB (Luria-Bertani) broth
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medium at 37°C for 48 h on an incubator shaker at 180 rpm. After
incubation, the culture supernatant was collected by centrifugation at
10,000 rpm for 8 min. AgNPs were produced by treating an aqueous
solution of 10 mM AgNO, with culture supernatant [Figure 1] at 200 rpm
for48hat30°C. Asacontrol,no AgNO, was added to the supernatant[12].
The culture supernatant was centrifuged at 10,000 rpm for 8 min, and
the pellet was thoroughly washed 3 times with sterile distilled water to
eliminate any medium residues. The cell-free supernatant of the bacterial
strain was obtained by filtration via Whatman filter paper No. 1. The cell-
free bacterial supernatants were utilized for the synthesis of AgNPs [13].
Positive synthesis of AgNPs was determined based on the color change
to brown [12]. On the basis of rapid color change, an efficient strain was
further selected for molecular sequencing.

2.3. Molecular Sequencing of the Selected Bacterial Isolates

The selected isolate was identified by analyzing 16s ribosomal RNA
(rRNA) sequences. The HiPurA Bacterial DNA Purification Spin Column
Kit (MB505-250PR, HiMedia, India) was used to isolate genomic
DNA, which was then examined using 1% agarose gel electrophoresis.
Primers F27 (5’AGAGTTTGATCMTGGCTCAG3’) and 1492R
(5’ GGTTACCTTGTTACGACTT 3°) were used to amplify the bacterial-
specific 16s rRNA gene (1500 bp) [14]. Polymerase chain reaction (PCR)
amplification was performed utilizing an Applied Biosystems Veriti
Thermal Cycler with the following parameters: denaturation at 94°C
for 5 min, succeeded by 34 cycles of 94°C for 30 s, 55°C for 30 s, and
72°C for 1.5 min, concluding with a final extension at 72°C for 7 min.
PCR results were sequenced by NCIM CSIR-NCL in Pune. The DNA
sequence was submitted to GenBank for homology analysis using the
BLASTN tool [15]. The DNA sequence was submitted to NCBI via
GenBank, and multiple sequence alignment was conducted using Clustal
W [16]. The phylogenetic tree was built using the neighbor-joining
method in MEGA 11 software [17], with a 1000-iteration bootstrap [18]
and evolutionary relationships were estimated.

2.4. Characterization of AgNP

2.4.1. UV-vis spectra analysis

The reduction of pure silver ions was confirmed by analyzing the UV-
vis spectra of the solution at ambient temperature using a UV-visible
spectrophotometer (UV 1800 Shimadzu) throughout the wavelength
range of 350-550 nm. The maximum absorption wavelength would be
achieved by surface plasmon resonance [19].

2.4.2. Powder XRD
An XRD, Rikagu Miniflex 600 with Cu-Ko: radiation (k = 0.1541 nm)
was used for recording the XRD pattern. Data were captured between
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Figure 1: Schematic representation of the synthesis of silver nanoparticles.
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10° and 80° (20) at a scan speed of 4 min™'. The XRD technique was
utilized to ascertain the particle size employing Scherrer’s formula:

D =kA/B.CosO__

X

Where d represents the average crystal size, k denotes the X-ray
wavelength (0.1541 nm), b signifies the full-width at half-maximum,
and h indicates the diffraction angle [19].

2.4.3. FTIR

A Perkin-Elmer, Spectrum Two, FTIR spectrometer was used to
characterize the functional groups on the surface of biosynthesized
AgNPs. The range of 4000-500/cm was used for recording the FTIR
spectrum [20].

2.4.4. SEM and EDX analysis of AgNPs

SEM (SEM, Philips, Model: Quanta 200 FEG) was used to analyze
the morphology and structure of the sample. In addition, the elemental
composition of the produced AgNPs was determined using an energy
dispersive X (EDX) ray spectrometer [21].

2.5. Antimicrobial Activity

The agar well-diffusion method was conducted to evaluate the
antibacterial efficacy of the biosynthesized AgNPsaccording to Salari
et al., with slight modification [19]. The in vitro antibacterial activity
of AgNPs was assessed against the following three test pathogenic
strains. S. aureus (MTCC 740), Klebsiella pneumonia (MTCC 109),
and Streptococcus mutans (MTCC 890). S. aureus and K. pneumonia
were inoculated in nutrient broth for 24 h at 37°C and S. mutans
was grown in Enriched brain heart infusion broth for 24 h at 37°C.
A sterilized cork borer was employed to form wells with a diameter
of 6 mm on Muller-Hinton agar medium. A cotton swab saturated
with each test strain was employed to uniformly inoculate the agar
medium. Each well on the plates received three separate additions of

approximately 100 uL of nanosolution at four distinct concentrations:
100ug/mL, 75pg/mL, 50pg/mL, and 25pg/mL. The assay included
positive and negative controls. The antibiotic was used as a positive
control (PC), with distilled water serving as a negative control. Plates
were held upright at 37°C for 24 h to observe the zone of inhibition.
Using a zone reader scale (Himedia Pvt. Ltd.), the diameter of the
inhibition zones (mm) surrounding the wells was measured to assess
the antibacterial activity. The assay was performed in triplicate.

3. RESULT AND DISCUSSION

A total of 8 strains, namely, C11, C15, C28, C29(1)CG, C33, C40(3),
C54, C63, were isolated from contaminated soil of the Gwalior region
and used for nanoparticles synthesis. Based on the rapid reduction of
Ag metal ions, C29(1)CG was chosen and identified for 16StRNA
molecular sequencing.

3.1. Molecular Identification of Selected Bacterial Strains

The selected isolated bacteria C29(1)CG were first observed under
a light microscope and recorded as Gram-negative, short rods, and
motile. The morphology of the bacterial colony was smooth, soft,
and white. The phylogenetic position of the bacterial isolate C29(1)
CG was determined by analyzing the 16S rRNA gene sequencing and
comparing it to closely related E. mori species from the GenBank
database. The isolated species was identified as E. mori C29(1)CG
(accession no. PQ394970) with a percentage similarity of 99% as
shown in Figure 2.

In this study, AgNPs has been synthesized with cell cell-free supernatant
of E. mori C-29(1)CG, which is isolated from contaminated soil. Prior
research has mostly concentrated on species such as Enterobacter cloacae
for the production of AgNPs, owing to its extensively documented
metabolic adaptability and capacity to reduce metal ions [22,23].

I PQ394970 Enterobacter mori strain C29(1)CG

n
—
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—

0.0020

NR 146667.2:79-1497 Enterobacter mori strain YIM Hb-3 16S ribosomal RNA partial sequence
NR 179166.1:96-1514 Enterobacter quasiroggenkampii strain WCHECL1060 16S ribosomal RNA partial sequence
NR 179167.1:93-1514 Enterobacter chengduensis strain WCHECI-C4 16S ribosomal RNA partial sequence
? NR 179946.1:87-1508 Enterobacter sichuanensis strain WCHECL1597 168 ribosomal RNA partial sequence
NR 117679.1:33-1504 Enterobacter cloacae strain DSM 30054 16S ribosomal RNA partial sequence
NR 028912.1:65-1486 Enterobacter cloacae strain 279-56 16S ribosomal RNA partial sequence
78 NR 102794.2:94-1518 Enterobacter cloacae strain ATCC 13047 168 ribosomal RNA complete sequence
NR 044978.1:67-1488 Enterobacter cloacae subsp. dissolvens strain LMG 2683 16S ribosomal RNA partial sequence
NR 042349.1:67-1488 Enterobacter ludwigi strain EN-119 16S ribosomal RNA partial sequence
NR 111998.1:62-1449 Pantoea agglomerans strain JCM1236 168 ribosomal RNA partial sequence

NR 104933.1:87-1508 Leclercia adecarboxylata strain CIP 82.92 16S ribosomal RNA partial sequence
ng{ NR 114154.1:67-1465 Leclercia adecarboxylata strain NBRC 102595 168 ribosomal RNA partial sequence
ST NR 117405.1:67-1488 Leclercia adecarboxylata ATCC 23216 = NBRC 102595 strain LMG 2803 16S ribosomal RNA partial sequence
— NR 180450.1:91-1512 Enterobacter wuhouensis strain WCHEs120002 16S ribosomal RNA partial sequence
NR 044977.1:67-1488 Enterobacter cancerogenus strain LMG 2693 168 ribosomal RNA partial sequence
33| 81 '— NR 180451.1:93-1514 Enterobacter quasthormaechei strain WCHEs120003 16S ribosomal RNA partial sequence

NR 028688.1:90-1511 Citrobacter murliniae strain CDC 2970-59 16S ribosomal RNA partial sequence

1 NR 102493.2:94-1515 Klebsiella aerogenes KCTC 2190 16S ribosomal RNA complete sequence
2 NR 180446.1:96-1517 Scandinavium goeteborgense strain CCUG 66741 163 ribosomal RNA complete sequence
L— NR 180237.1:87-1508 Enterobacter chuandaensis strain 090028 16S ribosomal RNA partial sequence

Figure 2: Phylogenetic analysis of ribosomal RNA gene sequence of strain PQ394970 constructed by neighbor joining method with 1000 bootstraps
(Genbank accession no. PQ394970).
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It has been demonstrated that E. cloacae secretes metabolites and
reductive enzymes that aid in the stability of nanoparticles and the
reduction of Ag ions. E. mori, on the other hand, is a species that
has received relatively little attention in nanobiotechnology. Despite
its phylogenetic resemblance to E. cloacae and capacity to generate
extracellular bio-reductants, little is known about its function in
nanoparticle synthesis to date. By providing a novel microbial
contender that may produce unique nanoparticle morphologies,
stability profiles, or bioactivities, this work pioneers the use of E. mori
in the environmentally friendly synthesis of AgNPs.

3.2. Characterization of AgNPs by UV-Vis Spectrophotometer

AgNPs synthesized by the cell-free supernatant of C29(1)CG was
characterized by UV-Vis spectrophotometer, that conducted the
primary assessment of nanoparticles. The color of the AgNP mixture
that progressively changed from white to yellowish-brown indicates
the formation of biosynthesized AgNPs was then used for spectral
analysis. The result revealed that the highest peak for biosynthesized
AgNPs was recorded at 410 nm [Figure 3]. This peak is characteristic
of AgNPs synthesis and is caused by the excitation of surface plasmon
vibrations in the nanoparticles [24]. In contrast, prior research
suggested that AgNPs possessed free electrons, creating a surface
plasmon resonance at 406, 416, 430, and 448 nm [25-29].

3.3. Characterization of AgNPs by XRD

This method is extensively employed to examine the crystalline
structure of AgNPs. The XRD analysis facilitated the identification and
quantification of the unique crystallographic structure of this substance
present in the bacterial extract, together with the particle sizes of the
produced AgNPs. The crystalline nature of the biosynthesized AgNPs
was shown by their XRD spectra, and the particles’ oxidation state was
ascertained over time. The findings showed that AgNPs were present
on the nanometric scale. The Debye-Scherrer formula was used to get
the average particle size [30]. The dry sample of biosynthesized AgNPs
was further characterized by XRD, which confirms its crystalline
nature. The XRD analysis represents the Miller-Bravais indices of
(111), (200), (142), (220), and (311) as shown in Figure 4. This reveals
that the structure of AgNPs is a face-centered cubic structure as per
available literature (JCPDS, File No. 4-0783). Similar results were

0.6

0.5

0.4

0.3 1

Absorbance

0.2 1

0.1 1

0.0

T T T T T T
200 300 400 500 600 700 800
Wavelength (nm)

Figure 3: Ultraviolet-vis absorption spectra of silver nanoparticles
synthesized using cell-free supernatant of Enterobacter mori C-29(1)CG.

achieved by Fouad ef al., and Giri ef al. [12,31]. The crystallite sizes
of silver in various planes were measured at 34.20 nm, 34.92 nm, and
30.27 nm, with a mean value of 33.13 nm across all peaks.

3.4. Characterization of AgNPs by FTIR

FTIR Spectroscopy is an essential analytical technique in investigating
the role of bacterial extract in the reduction and stabilization of AgNPs.
In this method, infrared light is utilized to assess the surface chemistry
of nanoparticles fabricated by bacterial extract [30]. Infrared spectrum
studies were carried out to confirm the functional groups and chemical
bonds of the phytochemicals present in the extract using the absorption
and transmittance values of infrared radiation. The standard spectra of
AgNPs employing cell-free supernatant from C-29(1)CG were shown.
The peaks were shown at 2918, 1635, 1526, 1386, 1230, 1049, 530.7
cm'. Asymmetric stretching of a methyl group - CH, and C-H stretching
of alkanes or secondary amine are responsible for the peak at ~2918 cm
1. The peak at ~1633.91 cm™ and 1526 cm™ is typically associated with
amide I (C = O stretching of proteins). Moreover, peak at 1386 and 1230
cm™! represents the presence of C-N aromatic amino group. Singh and
Mijakovic [32] achieved similar outcomes. The (C-O) of an alkoxy group
may be responsible for the peaks at 1049 and 530.7 cm™ indicate C-C
deformation as shown in Figure 5 [32,33]. The result of FTIR represents
the presence of carboxyl groups (—C = O) and amine groups (NH), which
indicate the presence of proteins, amino acids, and other biomolecules
extracted from the supernatant of the E. mori C-29(1)CG. These protein
molecules act as reducing, capping, and stabilizing agents and are
responsible for reducing Ag* to Ag®® and attaching to the surface of AgNPs
by —NH and C = O groups and preventing their agglomeration [34]. These
compounds may enhance hydrogen bonding or electrostatic contact with
bacterial membranes, enhancing AgNP adherence and penetration into
microbial cells. Furthermore, they regulate redox reactions at the interface
between nanoparticles, which increases the production of ROS [35].
Therefore, FTIR spectroscopy is an easy and suitable way to ascertain the
role of bacterial extracts in the reduction of AgNPs.

3.5. Morphological Analysis of AgNPs

Field emission SEM was used to examine the shape and particle size
of the sample. The freeze-dried biosynthesized AgNPs were measured

20000
18000 am
16000
14000
12000

10000
(200)

Intensity (a.u.)

8000
6000

4000

2000

(142) oD
M (220)
A
T

0 T x T T T
20 30 40 50 60 70 80

20

Figure 4: X-ray diffraction pattern of silver nanoparticles synthesized from
cell-free supernatant of Enterobacter mori C-29(1)CG.
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under the FESEM at 3kV and are clearly displayed in Figures 6 and 7.
The structure of most of these AgNPs resembles an irregular
spherical that is uniformly distributed. In addition, Fouad et al. [12]
demonstrated that AgNPs generated with B. subtilis and Bacillus
amyloliguefaciens have similar morphological features. Furthermore,
the EDX instrument verified that the silver element was present in the
AgNPs. This shows that the AgNPs were formed in the bacterial cell-
free supernatant of C29(1)CG. The reduction of silver ions Ag™ to Ag®
was confirmed by the prominent peak of silver ions recorded at 3 KeV
[Figure 7]. Fouad et al., reported the same peak (3 keV) [12]. The
benefit of SEM combined with an EDX-ray spectrometer provides a
powerful characterization tool by offering both high-resolution images
of surface topography and elemental analysis.

3.6. Antimicrobial Activity

The inhibitory effect of AgNPs was assessed against microorganisms.
However, all four different concentrations of biosynthesized AgNPs
against test microbes are shown in Table 1 and Figure 8. At a
concentration of 100 pug/mL concentration, biosynthesized AgNPs
exhibited a significant zone of growth inhibition against S. aureus,
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Figure 5: Fourier transform infrared spectroscopy of silver nanoparticles

synthesized using cell-free supernatant of Enterobacter mori C-29(1)CG.
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Figure 6: Scanning electron microscopy image of silver nanoparticles
synthesized using cell-free supernatant of Enterobacter mori C-29(1)CG.

Table 1: Antimicrobial effect of AgNPs synthesized with cell free supernatant of strain C-29 (1) CG against test pathogenic microorganisms (Zone of inhibition in mm)

Klebsiella pneumoniae

Streptococcus mutans

Staphylococcus aureus

Sample name

Concentrations in pg/ml

25
0+0

50
0+0

75
0+0

100
12.667+0.333

25
0+0

50
0+0

75
11.667+0.333

75 50 25 100
9.667+0.333 0+0 22.333+0.333

18.333+0.333

100
22.667+0.882

AgNPs synthesized with

strain C-29 (1)

0+0

22.667+0.333  20.333+0.333
NA

24.5£0.408

0+0

0+0

20+0.577

25.667+0.333

20.333+0.333  14.333+0.333

25.333+0.333

26.333+0.333

Positive control

NA NA NA NA NA NA NA NA NA NA

NA

No activity. Values represent the mean of three replicates=SD. Significant differences were found against all three pathogens in all four concentration. The probability values of **P<0.01, ***P<0.001 and ****P<0.0001 were

Negative control
Where, NA:

compared to the control.
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Figure 8: Graphical representation of effect of silver nanoparticles synthesized from cell supernatant of Enterobacter mori C-29(1)CG with four different

concentrations against Staphylococcus aureus, Streptococccus mutans and Klebsiella pneumonia as comparison to standard drug. Error bars in each column

represent the standard error within same treatment.

Weighto%
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Figure 7: Energy dispersive X-ray pattern of silver nanoparticles synthesized

using cell-free supernatant of Enterobacter mori C-29(1)CG.

S. mutans, and K. pneumoniae in comparison to the control, as shown
in Figure 9 and Table 1. Biosynthesized AgNPs showed the zone of
inhibition size for S. aureus, S. mutans, and K. pneumoniae was 22.667
+0.882,22.333+£0.333,and 12.667 +0.333, respectively. Furthermore,

G 20

Control

Figure 9: Effect of AgNPs synthesized using cell-free supernatant

of Enterobacter mori C-29(1)CG on (a) Staphylococcus aureus, (b)

Streptococcus mutans and (c) Klebsiella pneumoniae showing clear zone of

inhibition indicating strong antibacterial action while (d),(e) and (f) shows

positive control (PC) and negative control (NC).

the study explains that 75, 50, and 25 ug/mL concentrations
of biosynthesized AgNPs have not significantly enhanced the

antibacterial activity as shown by 100 ug/mL concentrations against
the test microorganisms [Figure 8 and Table 1]. Consequently, it
is revealed that a concentration of 100 wg/mL of biosynthesized
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AgNPs may serve as an effective antibacterial agent against S. aureus
followed by S. mutans and K. pneumoniae. Biosynthesized AgNPs
was compared to Streptomycin (26.333 + 0.333 for S. aureus, 25.667
+ 0.333 for S. mutans and 24.5 + 0.408 for K. pneumoniae) as PC.
However, distilled water as a negative control did not show any
activity against test microorganisms. Hereby, in case of S. aureus and
S. mutans, the present study reveals that the increasing concentration
of AgNPs as antibacterial agent increases the zone of inhibition size
and hence, increases the antibacterial activity against disease-causing
microorganisms. In a similar study, Fouad e al., [12] stated that
the increased concentration of AgNPs, gave the highest diameter
of inhibition growth against test microorganism. AgNPs exhibits
various mechanisms of antimicrobial action against resistant
pathogens. The study reveals that biosynthesized AgNPs showed the
strongest antibacterial efficacy against S. aureus among the studied
pathogens. The Gram-positive cell wall structure of S. aureus has a
thick peptidoglycan layer but no outer membrane, is responsible
for this greater susceptibility [36]. n addition, S. aureus is well-
known for having a large number of membrane-associated proteins,
which could facilitate interactions with AgNPs that have been
functionalized with proteins. Biosynthesized AgNPs are very efficient
against this pathogen because of their ability to increase binding,
cause ROS-mediated damage, and disrupt cells [37]. However,
Guzman et al., [38] have been reported that the antimicrobial potential
of AgNPs was mainly due to the close adhesion of nanoparticle’s
surface to microbial cells. It is stated that during the antibacterial
impact, silver ion extensively interact with phosphorus and sulfur.
These elements are found in abundance across the cell membrane
and silver ions exploit these key materials for showing antibacterial
ability. Moreover, AgNPs also disrupt membranes and trigger the
generation of ROS, producing free radicals with a potent bactericidal
activity, ultimately causing microbial cell death [39]. Furthermore,
AgNPs disrupt protein activity and damage DNA in bacterial cell.
The most generally recorded bactericidal mechanism involves AgNPs
interacting with the thiol groups of L-cysteine residues in proteins,
resulting in their inactivation. This interaction can denature RNA and
DNA by breaking the respiratory chains. The potential of AgNPs to
perforate into bacterial cells promotes damage on morphology and
structure and results into cell death [3].

3.7. Statistical Analysis

Results are presented as mean + standard error of the mean. All
data were statistically analyzed using one-way analysis of variance
(ANOVA) using GraphPad Prism version 3. The significance of the
difference was determined using one-way ANOVA, followed by
Dunnett’s multiple comparison test. Significant differences were
found against all three pathogens in all four concentrations. The
probability values of **P < 0.01, ***P < 0.001, and ****P < 0.0001
were compared to the control.

4. CONCLUSION

Green route of nanoparticles synthesis is one of the most intense fields
of research in recent time. The study investigated the use of cell-
free supernatant of E. mori C29(1)CG to synthesize AgNPs and its
application in antimicrobial activity. However, isolated soil bacteria
have shown a remarkable ability to convert silver-ion-charged to
silver-ion-free under laboratory conditions. This technique could
be convenient, nontoxic, and cost-effective for the production of
AgNPs at a commercial level. Furthermore, these AgNPS were
confirmed and have shown remarkable results by the analysis of

UV-visible spectroscopy, XRD, FTIR, SEM, and EDX. The current
finding revealed that biosynthesized AgNPs are considered more
powerful antimicrobial agent against S. aureus followed by S. mutans
and K. pneumoniae as shown in the figure. Hereby, biosynthesized
AgNPs provide a promising strategy to combating antibiotic resistance
by disrupting bacterial processes. Hence, the study benefits the
pharmaceutical industry and provides an ideal basis for future research
into the development of innovative medications. Moreover, this
green technology includes future prospects in assessing cytotoxicity,
performing in vivo testing, or scaling up production.
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