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ABSTRACT: This study investigates the environmentally friendly production of silver nitrate nanoparticles (AgNPs)
utilizing Escherichia coli (E. coli) and assesses their ability to kill harmful bacteria such as E. coli, Staphylococcus
aureus, and Bacillus subtilis. Employing biological processes for nanoparticle synthesis offers both ecological
advantages and improved compatibility with biological systems. The biogenic synthesis process entailed cultivating
E. coli in Tryptic Soy Broth, and subsequently treating it with a silver nitrate solution to generate AgNPs. The
produced nanoparticles underwent characterization using Scanning Electron Microscopy (SEM), X-Ray Diffraction
(XRD), and Energy-Dispersive X-ray (EDX) examination. The antibacterial efficacy was evaluated by quantifying
the zones of inhibition against the microorganisms being tested, indicating that higher quantities of AgNPs were
associated with greater antibacterial potency. This study emphasizes the possibility of utilizing biologically produced
nanoparticles in medical applications, namely as a substitute for conventional antibacterial treatments, which
frequently encounter challenges related to resistance.
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1. INTRODUCTION

In the rapidly growing field of nanotechnology, the production of metal nanoparticles has established a specialized
position, especially in the medicine and the environment [1, 4]. Silver has attracted significant attention among other
metals because of its notable antibacterial characteristics, resulting in extensive research on its potential uses [2, 3].
Conventional techniques for producing silver nanoparticles typically employ chemical and physical procedures that
frequently use harmful solvents and produce dangerous waste products. Although these approaches are successful, they
also present substantial environmental and health hazards, emphasizing the importance of adopting more sustainable
practices [5].

To solve these difficulties, the green synthesis of nanoparticles has become a favorable option, providing a more
ecologically friendly and cost-efficient method. This approach employs biological organisms such as bacteria, fungi, and
plants, reducing the negative effects on the environment and improving the compatibility of the nanoparticles with living
systems. The use of Escherichia coli for the synthesis of silver nanoparticles provides a unique approach to exploiting
microbial pathways for nanoparticle creation. The biogenic pathway not only increases sustainability, but it also allows
nanoparticles to be modified in a way that has the potential to suppress microbial growth [6, 7, and 8]. This study
investigates a novel, efficient, and environmentally friendly technique for producing silver nitrate nanoparticles by
utilizing the bacterium Escherichia coli in a single step. By harnessing the inherent mechanisms of this microbe, our
objective is to generate nanoparticles that are not only less detrimental to manufacture but also more potent in combating
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pathogenic bacteria. The synthesized nanoparticles were assessed for their antibacterial effectiveness against important
bacterial pathogens, specifically Escherichia coli, Staphylococcus aureus, and Bacillus subtilis. The primary goal was to
identify the most favorable conditions for nanoparticle production and durability, including concentration, temperature,
and pH. The ultimate goal was to attain the highest level of inhibitory impact on these microorganisms.

This inquiry not only enhances the field of nano biotechnology but also fits with the worldwide effort to promote
environmentally friendly and sustainable scientific procedures. This research enhances our comprehension of the
biological production of nanoparticles and their interactions with microbial pathogens. Consequently, it opens up
possibilities for novel applications in medicine, such as drug delivery systems and antimicrobial coatings. This has the
potential to completely transform our methods of infection control and treatment [9, 10, and 11].

2. AIMS OF THE STUDY
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3. MATERIALS AND METHODS
3.1 Isolation and identification of E. coli

Subsequently, the homogenized samples were put into nutritional broth (NB, 5 mL per test tube, HiMedia) and cultured
at 37°C for 24 hours to enhance their growth. A tiny portion of the inoculum from NB was then streaked in triplicate
onto EMB agar plates and incubated at 37°C overnight, following the method described by the colonies with a metallic
green gloss and dark centers .The isolated colonies underwent many sub-culturing procedures to evaluate the
consistency of their appearance. It was possible to tell what kind of bacteria it was by looking at the colony's features,
its shape using Gram's staining, the sugar fermentation test, and different biochemical tests like methyl red, VVoges-
Proskauer (V-P), catalase, and coagulase. The microorganisms were cultivated in nutrient broth media to produce
biomass. The culture was grown on a rotary shaker at 100 revolutions per minute. Following 24 hours of cultivation,
the biomass was collected by centrifugation at a speed of 12,000 revolutions per minute for 10 minutes. The liquid
portion and solid residue were used to produce silver nanoparticles [12, 13, 14].

3.2 Identification of E. coli isolates using the analytical profile index (API) 20E.

The API 20E method for standardized identification was created by Biomerieux in France and is designed to find
Enterobacteriaceae and other Gram-negative rods. It was used to identify E. coli. E. coli isolates were grown on EMB
agar and incubated at a temperature of 37°C for a period of 18 to 24 hours. The identification test for E. coli isolates was
performed in accordance with the manufacturer's instructions. To obtain a uniform bacterial solution for specific colonies,
API 20E medium was used. The APl 20E media was infected and used to fill both the tubes and cupules of the API 20E.
To achieve anaerobiosis in the arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, and H2S
generation assays, the cupules were filled with sterile mineral oil to create a raised, curved surface. The incubation boxes
were sealed and placed in an incubator set at a temperature of 37°C for a duration of 18 to 24 hours. Based on APl 20E's
numerical profile, isolate identification was conducted based on the numerical profile of API 20E [15, 16].

3.3 Green synthesis of AgNPs

AgNPs can be synthesized through biological means. The chosen bacterial strain was introduced into a 250-ml
Erlenmeyer flask containing 100 ml of sterilized Tryptic Soy Broth (TSB). The flasks were placed in a shaking
incubator and kept at a temperature of 37°C for a duration of 24 hours. The shaking speed was set at 120 revolutions
per minute. Following incubation, the culture underwent centrifugation at a speed of 10,000 revolutions per minute for
a duration of 10 minutes, resulting in the separation of the bacterial pellet. The liquid portion was combined with a
sterilized solution of AgNO3 at a final concentration of 1 mM. The mixture was then placed in an orbital shaker and
incubated at a temperature of 37°C while being agitated at a speed of 200 revolutions per minute. The extracellular
production of AgNPs was evaluated by visually observing the color change in the culture medium. Following the
incubation process, the mixture underwent centrifugation at 2000 rpm for 5 minutes to eliminate any leftover medium
components. Subsequently, the AgNPs were gathered using high-speed centrifugation at 20,000 rpm for 10 minutes.
The result was washed many times using centrifugation and then redisposed in water to eliminate any remaining
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unconverted silver ions. Ultimately, the AgNPs were gathered into a compact mass and used for characterization [17,
18].

3.4 Characterization of Biosynthesized Silver Nanoparticles

Scanning Electron Microscopy (SEM)

Scanning electron microscopy was performed in order to determine the size and shape of AgNPs. A small amount of
AgNPs sample was dropped on a carbon- coated copper, then left to dry for 5 minutes. After that, the sample was
analyzed by SEM [19].

3.5 X-Ray Diffraction (XRD)

Crystalline structure of AgNPs was detected using X-ray diffraction technique. Slide was prepared from the purified
powder of AgNPs and analyzed by XRD. The patterns of XRD were measured with Cu Ka radiation (A=1.54 A) on 26
angle in the range of 20 to 80 degrees. The Crystalline size of AgNPs was calculated using Scherrer equation: D=k A / 8
cos 0 Where D: Average crystalline size K: Scherrer constant = 0.89 A: X-ray wavelength = 1.5406 §3: Full-Width half
maximum (FWHM) = 0.52000 0: Bragg angle = 38.164/2 [20].

Energy-dispersive X-ray (EDX) analysis

The Energy Dispersive X-ray (EDX) microanalysis is a technique of elemental analysis associated with electron
microscopy based on the generation of characteristic Xrays that reveals the presence of elements present in the
specimens [21]

3.6 Antibacterial activity of silver nanoparticles (AgNPs) in-vitro

The study of the antibacterial activity of the aqueous and alcoholic AgNPs against the antibiotic-resistant bacterial isolate
was carried out by transferring 0.1 ml of standardized bacterial inoculum (1.5 X105 CFU/ml, 0.5 McFarland’s standard)
and 0.1 ml of each concentration prepared from the aqueous and alcoholic AgNPs to the sterile test tube. After incubation
at 37 °C for one hour, the mixture was poured onto sterile Mueller-Hinton agar plates (MHA) and spread by a spreader.
All the plates were incubated at 37 °C for 24 hours. The antibacterial activity was observed by counting bacterial colonies
and compared with the control. Three plates (replicates) were used for each concentration to reduce the errors that might
result from conducting the experimenting [22].

4. Results and discussion

The antibacterial activity of nano-silver (Nano-AgNO3) against three bacterial strains, namely E. coli, S. aureus, and B.
subtilis, is being investigated. The numbers show the size of the inhibition zone in millimeters for each type of bacteria
when nano-AgNO3 was added in different amounts (20, 40, 60, 80, and 100 ug/mL). For all bacterial strains, the
antimicrobial activity increased proportionally with the concentration of nano-AgNO3. This suggests that the
effectiveness of nano-AgNQO3 in killing bacteria is influenced by its concentration. The impact varies depending on the
strain. The diameter of the inhibition zone varies across different bacterial strains. E. coli exhibits the greatest inhibitory
zone diameter at all concentrations, with S. aureus and B. subtilis following suit. These findings indicate that E. coli is
more vulnerable to nano-AgNO3 than S. aureus and B. subtilis. The effective concentration range for E. coli is 20-40
pg/mL, whereas for S. aureus it is 40—-60 pg/mL, and for B. subtilis it is 60-80 pg/mL. Nano-AgNO3 nanoparticles can
disrupt the cell membrane, causing injury and releasing cellular contents. This impedes the cell's ability to maintain its
internal milieu, resulting in cellular death. Nano-AgNO3 can induce reactive oxygen species (ROS) production. These
ROS include superoxide radicals and hydroxyl radicals, which possess high reactivity and have the potential to cause
damage to biological components such as DNA, proteins, and lipids. Oxidative stress has the potential to finally result in
cellular death. It is possible for nano-AgNO3 to bind to and stop the activity of important bacterial enzymes. This can
mess up important metabolic processes and kill cells. The variations in susceptibility among the bacterial strains may be
attributed to variances in their cell wall construction, membrane composition, and enzyme activity. Nano-AgNO3 ability
to kill bacteria can also be affected by things like the size and shape of the nanoparticles, as well as the presence of other
ions in the solution.
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Table 1: Inhibition Zone Diameters of Different Bacteria in Response to Nano Silver Concentrations

Inhibition zoon diameter of Nano Silver (Nano-AgNO3)
Bacll 20 pgmL | 40 g/mL | 60 pg/mL 80 pg/mL 100 pg/mL
E coli 10 13 15 16 19
S. aureus 9 12 14 17 20
B. subtilis 9 9 12 16 18

Figurel: Antimicrobial Susceptibility Testing on Agar Plate

The anti-bacterial action is size-dependent for nanoparticles, with smaller nanoparticles having a greater surface area in
contact with bacterial cells and a higher ability to enter the cytoplasm compared to larger nanoparticles [28]. The cell
membrane of bacteria carries a negative charge as a result of the presence of carboxyl and phosphate groups, as well as
amino groups [29]. Hence, the silver nanoparticles possess a positive charge that enables them to attract the negatively
charged cell membrane, thereby facilitating the attachment of the AgNPs to the membranes of bacterial cells [30]. Silver
nanoparticles can penetrate the bacterial cell through the cell membrane and engage with various structures and essential
molecules such as proteins, lipids, and amino acids. This interaction between AgNPs and cellular structures or
biomolecules results in their malfunction and demise. Ultimately, bacteria. Specifically, the contact between AgNPs and
ribosomes results in their denaturation, causing the suppression of translation and protein production. In addition, the
antibacterial function of AgNPs is attributed to their capacity to generate substantial quantities of reactive oxygen species

(ROS), including hydrogen peroxide, oxygen radicals, and singlet oxygen [31].

ANOVA Results for Variability in Response to Treatment among Bacteria
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Source of Sum of Degrees of Mean Square  F- P-
Bacteria Variation Squares (SS) Freedom (df) (MS) Value Value
Between Groups 84.8 4 21.2 14.13 0.0067
Within Groups 6.0 5 1.2
E. coli Total 90.8 9
Between Groups 91.6 4 22.9 19.08 0.0033
Within Groups 6.0 5 1.2
S. aureus Total 97.6 9
Between Groups 88.8 4 22.2 10.32 0.0137
Within Groups 10.8 5 2.16
B. subtilis Total 99.6 9

Table2:
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Furthermore, figure (2) displays the outcomes of an API 20 E test, which is a diagnostic instrument utilized to identify
gram-negative bacteria by analyzing their biochemical characteristics. The bacterium tested has been identified as
Escherichia coli with a confidence level of 92.6%, based on the profile number "1 44 452 5 7". This profile indicates a
distinct pattern of metabolic activity that is characteristic of E. coli. The T' value of 0.54 suggests that the test findings
are relatively representative of E. coli. Another potential identification is Citrobacter freundii, although the level of
certainty is far lower at only 4.0%, which makes it improbable. The test results indicate a significant presence of hydrogen
sulfide generation, a rather uncommon trait in E. coli, found in only 1% of strains. This extensive biochemical profiling
offers a dependable approach to identifying the bacterial species, with E. coli being the most probable bacterium in this
particular situation.

; i; J2CICCICIEY gl el \)-QJ'U'U
DB | i :

GOOD IDENTIFICATION

Strip APl 20 E V5.0
Profile 144455257
(b’ Note
Significant taxa | 20 | T | Tests against |
Escherichia coli 1 | 926 | o84 |H2s 1% | | 1 |
[ Next taxon l % 1D l T ] Tests against I
| Citrobacter freundii | 40 | o031 |ciT 75% ]| IND 1% | SAC  99% | |

Figure2: API 20 E Biochemical Test Results for Bacterial Identification

A detailed X-ray diffraction (XRD) analysis of the material's crystallographic characteristics is included in the data.
Detected peaks at 20 points indicate crystallographic planes, crucial for establishing crystal structure, lattice parameters,
and other properties. Peak 1 is located at 27.0749° 20 with a d-spacing of 3.29074 A. It has a modest intensity and a
wider FWHM of 1.0084°. This suggests smaller crystallite sizes (about 46 A) and a higher microstrain (3.61379%). These
crystallites have substantial lattice aberrations or defects. Internal stresses may affect the material's mechanical qualities
or reactivity. Peak 2 is the most intense and dominates the spectra, positioned at 31.4531° 26 with a d-spacing of 2.84194
A. This peak shows that Peak 2 is the crystallite orientation. The peak sharpness and narrow FWHM value of 0.1573°
suggest bigger crystallite sizes (approximately 700 A) with a minimum microstrain of 0.2031%. The crystal structure
seems homogeneous and defect-free, indicating good stability and material strength.

However, Peak 3 at 37.8347° 20 is well-defined and has a modest microstrain of 0.00403%. Its intensity is surprisingly
low. This could be an experimental error or instrumental abnormality that needs more investigation. Peaks 4-7 show
varying crystallite strengths and sizes, from 473 A to 640 A. These peaks have modest microstrains of 0.09873% to
0.21182%. Materials with multiple crystal structures have these peaks, which represent crystal quality and alignment
variance. This variance may affect the material's physical and chemical properties in various applications. XRD tests
highlight the primary crystal orientations and changes in crystallite size and strain in different planes, revealing the
material's crystallinity. This knowledge is crucial for understanding the material's prospective uses and performance in
numerous industrial and technological domains, especially when exact crystalline properties are needed. [27] Reported
that the scattering XRD spectrum of silver nanoparticles showed four peaks at Bragg’s angles which conformed to the
metallic silver phase (JCPDS file no. 04-0783). They were related to crystalline planes (111), (200), (220), and (311),
and the intensity of peaks for plane (111) was stronger. Peaks arising from 20 at 38, 34, 64, and 77 were crystalline planes
of (111), (200), (220), and (311), respectively. These peaks caused by Bragg scattering indicate the formation of
crystalline silver nanoparticles with spiral structure and an A equal to 4.086
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Figure3: XRD Pattern of Crystalline Material.

Most nanoparticles are spherical but vary in form and size. Diameters from 66.99 to 119.2 nm demonstrate moderate to
outstanding monodispersity. This is necessary for a uniform application. Certain photos reveal nanoparticle clustering,
which may impact surface area, reactivity, and properties. High-resolution photos show that nanoparticles' flat surface
helps medication delivery systems with less biological contact. Distribution: Nanoparticles are uniformly scattered, but
they cluster in the magnification photos. Agglomeration can be affected by synthesis or post-synthesis drying.
Agglomeration affects nanoparticle surface area, catalysis, and antibacterial activity. Nanoparticle size and surface reveal
high antibacterial capabilities. Reduced nanoparticles can better penetrate bacterial cell membranes, disrupting biology.
Increased size and shape uniformity in the synthesis process may indicate improved consistency. This is crucial for
industrial reproduction accuracy. Size and surface qualities allow us to design nanoparticles for targeted medicine, wound
healing, electronics, and catalysis. Similar to a study by [23] that discovered , silver nanoparticles had a rate of 42 nm.
As in study [24], the rate of AgNPs was determined. 43nm. 65.33 nm, 43.82 nm, [25] reported that SEM images of silver
nanoparticles were of spherical shape and appeared to be reasonably monodispersed. The sizes of the silver particles were
found to be in the range of 5-25 nm diameter. [26] Reported biosynthesis of silver nanoparticles using culture supernatant
of newly isolated Bacillus sp. Monodispersed silver nanoparticles in the range of 50 to 120 nm were synthesised
extracellularly. Such variation in shape and size for nanoparticles synthesized by biological systems is commonly
obtained. However, if the process of silver nanoparticles is to be a viable alternative to the current chemical method, then
greater control over particle size and polydispersity would be required [26].

Figure 4: Silver Nitrate Nanoparticles under SEM in Different Scales

264



Author 1 et al., Wasit Journal for Pure Science Vol. 0 No. 0 (2023) p. 259-268

The chemical composition of the produced samples was assessed by determining their elemental makeup using EDX, a
diagnostic tool. Silver nanoparticles' EDX spectra are shown in Figure (4). Peaks corresponding to the presence of oxygen
and silver suggested the formation of a silver complex. Two separate reports are generated from the data, each offering
an elemental analysis of the two locations. Using two EDX, the composition is detected using energy-dispersive X-ray
spectroscopy. Carbon (C), oxygen (O), and silver (Ag) are consistently mentioned in all reports, suggesting that they are
frequent elements. The investigations also show that other elements, such as sodium (Na), magnesium (Mg), silicon (Si),
chlorine (ClI), and calcium (Ca), are present in varying quantities. This could be due to differences in the surrounding
environment or the composition of the samples taken from each site. The presence of organic substances or significant
oxidation reactions is implied by the higher carbon and oxygen levels observed in all reports. Discrepancies in reported
percentages among papers may be due to inherent sample variability, differences in data processing, or exposure to
different situations. Silver was found in all the reports, though in different concentrations. The nanoparticles being studied
contain silver, which is a very important element. VVarying nanoparticle concentrations may be an indication of dispersion,
aggregation, or degradation as a result of exposure to environmental factors. In addition, these differences could be caused
by particular features at various locations.

There was a wide variety of components at the first site, including large amounts of NA, CL, and Si. This finding raises
the possibility of being exposed to environments that are rich in silicon or salt. In the next spot, the secondary components
showed less variation, but the primary ones (C, X, and AG) were always there. Important information on the chemical
make-up of the samples under consideration was revealed by the ratios in the second place. The study uncovered three
important features using 145,979 readings collected at an average rate of 4,784 readings per second for 32 seconds with
an acceleration force of 30 KV. The majority of the composition is oxygen, which makes up 57.7% (x 1.2%) by atomic
number and 54.5% (z 1.1%) by weight. Carbon is 39.6% (+ 1.2%) heavy and 28.1% (+ 0.8%) atomic by mass. Based on
atomic number, 2.7% (£0.1%) of the composition is silver, while based on weight, 17.4% (x0.6%) is silver. It denotes a
less susceptible or more regulated environment. There seems to be some variance in the sample or possible contamination,
since P and K appear together in one report and MG in another. We are tracking the time of data collection and the
frequency of occurrences using different approaches and increasing the frequency of data collection. When discussing
factors that affect the detection of X-ray emissions, the emphasis is on changes in sample density, thickness, or initial
composition. Reliability of the measurements is supported by the small errors in atomic weight and proportions. However,
variations in error rates may also indicate varying levels of certainty in the initial quantitative measurement, which could
be affected by the samples' physical state or composition.

3k-
Ag
2k~

Ag Ag
‘Adg

OeVv 5 keV 10 keV 15 keV 20 keV

Figure5: Energy Dispersive X-ray (EDX) Spectrum of Silver Nanoparticles

Table 3: Elemental Composition of the Sample by EDX Analysis

Element Atomic % Atomic % Error Weight % Weight % Error
C 35.0 1.3 23.3 0.8
@) 61.2 1.2 54.2 1.1
Ag 3.8 0.1 22.6 0.7
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Figure 6: EDS Spectrum of a Multi-Element Sample
Table4: Elemental Composition and Error Analysis of a Sample
Element Atomic % Atomic % Error Weight % Weight % Error
54.4 0.6 36.6 0.4
o] 16.0 0.3 14.4 0.3
Na 17.2 0.1 22.2 0.1
Si 1.5 0.0 2.4 0.0
cl 9.9 0.1 19.7 0.1
Ca 0.3 0.0 0.6 0.0
Ag 0.7 0.0 4.1 0.1

5. CONCLUSION

Green synthesis of AgNPs using E. coli is an efficient and environmentally friendly way to make antimicrobial
nanoparticles. Escherichia coli, Staphylococcus aureus, and Bacillus subtilis were strongly inhibited by AgNPs at higher
concentrations. EDX, XRD, and SEM studies validated the nanoparticles' structural properties and production. This
research advances nanotechnology and ecologically sustainable scientific methods worldwide. The data suggest that
AgNPs may treat bacterial infections, especially those resistant to conventional antibiotics. This discovery could improve
healthcare and medicine. Future research may focus on improving nanoparticle synthesis to increase yield and efficacy

and explore their biomedical applications.
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