International Journal of Modern Agriculture, Volume 10, No.2, 2021
ISSN: 2305-7246

Antimicrobial activity of silver nano-particles synthesized from Bacillus
tequilensis

Yasir Ayaz', Maria Shoukat?, Shehla Shoukat®, Anum Marwat*, Robina?, Bibi Zainab®, Hazrat
Abbas®, Samra Sarwar’, Shubana Hayat!, Muhammad Zahid®, Muhammad Ali®

Department of Microbiology, Hazara University, Mansehra
National Institute of Health Islamabad
*Plant Genomics and Biotechnology, National Institute for Genomics and Advanced Biotechnology
*Department of Chemistry, Abdul Wali Khan University, Mardan
*Department of Microbiology, Abdul Wali Khan University, Mardan
®Department of Biotechnology and Genetic Engineering, Hazara University, Mansehra

"Department of Botany, Government College University, Faisalabad

8Department of Physics, Hazara University, Mansehra

Corresponding Author: Yasirkhattak741@gmail.com

Abstract

Enteric diseases are considered as the most prevalent health related issues. Antibiotics are used to
combat these diseases in a variety of ways. Numerous bacteria have developed resistance to these
antibiotics, which is a major problem in health sector. Antibiotic resistance has prompted scientists to
create new techniques. Bacillus tequilensis is a kind of bacterium that can help in synthesis of biological
nanoparticles. The main objective of our study was to synthesize silver nanoparticles from Bacillus
tequilensis and then to determine its antimicrobial activity. It was first proven by the color shift. Well
diffusion method was used to test antibacterial activity. Muller Hinton agar medium was used to grow
the strains. In contrast to Bacillus cereus, Escherichia coli showed a high vulnerability to these
nanoparticles in antimicrobial assays. With regards to Escherichia coli, the maximum zone of
inhibition was 15-25mm, whereas the lowest was 6-9mm against Bacillus cereus. Our study concludes
that Bacillus tequilensis can be used to synthesize nanoparticles. It is possible to synthesize nan-
oparticles on large industrial levels with a wide range of potential uses.
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Introduction

Infections in human are caused by different pathogens. Antibiotic resistance in acquired by
these pathogens has been a growing problem in recent years (1). The overuse of antibiotics in human
and veterinary medicine has led to a rise in drug resistance. Antibiotic resistance is frequent in bacteria
such as Mycobacterium TB, Acinetobacter baumannii, Klebsiella spp., Escherichia coli, Enterococcus
spp and Streptococcus pneumonia (2). Antibiotic resistance is a global problem, and nanomaterials offer
an innovative way to combat it. They circumvent resistance by penetrating the cell wall of the bacterium
against which they are being employed as an antibacterial agent (3).

Multidrug resistance in human infections is one of the most serious issues, and finding an alternative to
antibiotics is essential to solving the problem. AgNPs are an alternative natural source that has the
capacity to manage disease resistance. The high surface-to-volume ratio and crystalline shape of these
particles make them promising antibacterial agents (4).

One of the most important areas of nanotechnology is the advancement of biological nanoparticle
production. They have a bactericidal and inhibitory activity that is consistent. They are effective against
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the majority of multi-resistant bacteria (5). The technique of killing bacteria reveals that silver ions enter
the bacterium's cell and take over the genomic molecules, shrinking the DNA molecule and, as a result,
the cell's capacity to replicate is lost, and the cell remains non functional, leading to cell death (6). Silver
nanoparticles may be synthesized, which has just recently been described. It has also been shown that
AgNPs may be synthesized extracellularly by combining the culture supernatant of B. subtilis species
and microwave irradiation in water. Silver nanoparticles may also be produced by K. pneumoniae,
Enterobacter cloacae and E. coli. The use of B. megaterium cultured supernatant has also been reported
to form extracellular particles in water solution and silver ions in a short period of time. The
biomolecules of the cell decrease the metal ions when they are linked to the outer membrane, results in
the formation of nanomaterials. In addition, recently isolated Bacillus tequilensis CDW-64 from
contaminated soil has been shown to exhibit fibrinolytic activity. Bacillus tequilensis CDW-64 is a
Gram-positive, spore-forming bacteria with the potential to create extracellular and intracellular
enzymes (7) .

Antibacterial agents such as enzymes, antibiotics, ions, metals and ammonium compounds are widely
used in daily life to protect the public's health. In addition to these detrimental consequences on human
health, these materials are also harmful to the environment and expensive, making them unsuitable for
human consumption. As a result, innovative, low-cost, and environmentally friendly antibacterial
agents are required. Using novel biological techniques, this research aimed to find low-cost,
environmentally friendly, and nontoxic approaches to synthesize AgNPs.

Materials and methods
Area of study

This research was carried out in the NIGAB department of the National Agriculture Research Centre
Islamabad's probiotic development research laboratory.

Sample collection

The department provided all specified samples, including Bacillus bacterial and pathogenic strains. The
samples were maintained in the freezer until they were ready to be processed.

Culture of bacteria

By using a sterile wire loop to remove the colony from previously given plates, the identified culture
was refreshed. Solid MRS Agar medium sterile plates were used to streak the colonies and Parafilm
was used to cover the plate. In the incubator, the cultivated plates were inverted and incubated for 24
hours at 37°C. Growth was subcultured after 24 hours to get pure colonies of identified B. tequilensis.

Identification of bacteria
All the bacteria were identified by colony morphology, gram staining and biochemical tests.
Preparation of AgNps

We used sterilized LB broth in Erlenmeyer flasks. With the use of a pipette tip, a colony was selected
and mixed into the LB broth. In a shaker incubator, the flask was incubated at 37°C for 24 hours. The
broth's turbidity was determined after 24 hours. Later, the broth was centrifuged for ten minutes at
10000rpm. A syringe filter was used to collect the supernatant. A 5mM AgNO3 solution was then added
to the sample. In the incubator, the solution was maintained at 60°C for 1 hour. The color of the solution
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was examined after 1 hour. Due to surface Plasmon resonance, the sample's color shifted from yellow
to brown, indicating that silver nanoparticles had been synthesized.

Characterization Technique
UV-Vis spectra analysis

First, a hollow quartz cuvette with a route length of 1 cm was taken and examined in the laboratory.
The production of silver nanoparticles was then validated by measuring the wavelength of the solution
in a spectrophotometer with a resolution of 1nm from 200 to 800nm with an observing rate. At 422nm,
the highest peak was seen. According to a survey of the literature, it was discovered that the peak of
silver nanoparticles occurs between 420 and 430nm in diameter (8).

Anti-Microbial Activity

The outcomes of the nanoparticles were examined using the agar well diffusion technique against the
clinical pathogenic pathogens B. cereus, S. aureus, E. coli, and L. monocytogene. Using the use of a
cotton swab, the aforementioned microorganisms were inoculated into MHA medium, and 5mm holes
were drilled with pipette tips. Agarose was put to the holes to cover the bottoms and prevent the material
from dispersing. After that, a 5 microliter sample was added to each well, as well as a negative control
well with no sample. There was also a positive control used. At 37°C, the plates were incubated for 24
hours. The zones of inhibition were examined after 24 hours. Zones of inhibition were seen at various
volumes of samples.

Results

On the MRS plates, B. tequilensis appeared as congested colonies (Figure.1). Microscopy revealed that
these bacteria were Gram-positive rods. B. tequilensis tested positive for catalase and oxidase. The
reduction of silver ions into silver particles was noticed by changing the color of the solution from clear
yellow to dark brown after adding the AgNQO3 solution to the bacterial supernatants. The color of the
supernatant and AgNO3 was yellow in Figure 2(a), but after 1 hour in the incubator at 60°C, the color
changed to brown, as shown in Figure 2. (b). The solution's brown color indicated that the silver
nanoparticles had been produced. UV spectrophotometer analysis was utilized for further validation.
Between the wavelengths of 420 and 430 nm, narrow and sharp bands were noticed. The peak of the
SPR will be up to 422 nm, according to various evaluations and literature. As a result, the production
of silver nanoparticles has been verified. With the use of a foot meter, zero zones of inhibition were
detected. All of the strains were resistant to most antibiotics, with the exception of a few that were
susceptible, as indicated in Table 1.
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Figure 2: Silver nanoparticles confirmation from color change
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Table 1: Antibiogram assay of the selected bacteria

Antibiotic . .
Name of the resistant isolates
used
. L.
E. Coli B. cereus S. aureus
monocytogenes

Cephalothin Resistance Resistance | Resistance Resistance
Amoxicillin Resistance Resistance | Resistance Resistance
Cefoperazone | Sensative Resistance | Resistance Sensative
Ceftriaxone Resistance Resistance | Resistance Sensative

Silver nanoparticles synthesized from B. tequilensis were tested against several harmful bacterial strains
for antibacterial efficacy. In contrast to Bacillus cereus, Escherichia coli showed a high vulnerability
to these nanoparticles in antimicrobial assays. With regards to Escherichia coli, the maximum zone of
inhibition was 15-25mm, whereas the lowest was 6-9mm against Bacillus cereus. (Table 2)

Table 2: Antimicrobial activity of silver nanoparticles against selected bacteria

Bacterial strains NC Eoclution?fgluclis 10ul 15 pl 25 pl

S. aureus -- 7-11mm 12-15mm 13-17mm 19-20mm

L. monocytogenes - 6-9mm 11-13mm 14-16mm 17-19mm

B. cereus - 7-9mm 10-12mm 13-15mm 16-18mm

E. coli -- 13-15mm 16-18mm 20-23mm 22-25mm
Discussion

Silver nanoparticles were synthesized in this study by mixing AgNO3 with bacterial culture
supernatants. Colour change indicated the reduction of Ag ions from AgNO3 to AgNPs. The AgNO3
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and bacterial supernatant combination becomes brown when exposed to Surface Plasma Resonance.
The previous work used Bacillus clausii cultivated from enterogermina to make biogenic silver
nanoparticles that show a strong color shift owing to Plasmon resonance absorption. UV
spectrophotometry analysis was used to confirm the formation of silver nanoparticles (9). Silver
nanoparticles were synthesized in another study by mixing of silver nitrate and fusarium oxysporum
mycelia. A change in color from yellow to brown indicated the presence of silver nanoparticles. Because
of their surface, spectrophotometers were used to confirm SNP generation at maximal absorbance peaks
of about 420-430nm. Plasmon resonant frequency (10).

The SPR peak at 422nm, which is comparable to earlier consulted research, was used to confirm AgNPs

synthesis in this work (11). Ag+ ions and silver-based compounds, such as AgNPs, exhibit apparent
antibacterial properties against multidrug-resistant organisms (12). Four distinct bacteria were chosen
as representative species to test the antibacterial impact of AgNPs. A well diffusion experiment was
used to test AgNPs' antimicrobial properties (13).

These silver nanoparticles were shown to exhibit antibacterial properties against all of the
microorganisms tested in the well diffusion assay. The size of the zone of inhibition and the
concentration of AgNPs against all microorganisms had a direct relationship. All other bacteria utilized
in this research were less susceptible to these nanoparticles than E. coli. Even at low concentrations
(10ul), E. coli displayed a wide zone of inhibition (15-19mm). These Biogenic AgNPs were equally
potent to Listeria and S. aureus. At the lowest dose (10ul), both demonstrated a zone of inhibition of 9-
11mm that rises to 18-19mm as concentration increases (25ul). In comparison to the other bacteria
utilized in this experiment, B. cereus was less sensitive to these nanoparticles. B. cereus displayed a
zone of inhibition of 6-9mm at a concentration (10ul) and grew to 16mm at 25ul. There was no zone of
inhibition surrounding the control wells that were not diluted with AgNP. Previous study reported
similar results to our study (14). In this study, several concentrations of AgNPs were employed, ranging
from 15ul to 25ul. The size of the inhibitory zone is proportional to the concentration of AgNPs. AgNPs
have a stronger antibacterial impact against Gram-negative bacteria than Gram-positive bacteria,
according to our findings. This might be due to different cell wall structures. As a result, AGNP adhesion
to microbial surfaces varies. The presence of a thick peptidoglycan layer on Gram-positive bacteria's
outermost boundary may prevent silver nanoparticles from adhering to the bacterial surface. We
observed that E. coli was more susceptible to silver nanoparticles than S. aureus which is consistent
with another research that employed E. coli, S. aureus, and yeast as representative species to investigate
antibacterial activity of silver nanoparticles and reported that E. coli was more sensitive to silver
nanoparticles than S. aureus and yeast (15).

Conclusion

It is commonly known that the majority of harmful bacteria are antibiotic resistant. As a result, other
ways for controlling multidrug-resistant pathogens that are less expensive and time-consuming are
required. This research used a simple approach to develop silver nanoparticles that were antimicrobial.
This research indicates that employing B. tequilensis to synthesize silver nanoparticles is a simple and
efficient strategy.
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