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Abstract: Silver is observed to be comprised of a huge percentage of
silver oxide and the utilization of silver and silver salts is in practice since
ancient human civilization. Silver nanoparticles remain to be potential
antifungal, antibacterial, anti-inflammatory, and antiviral agents. Further,
it is demonstrated that silver nanoparticles have been involved in
arresting the growth of several bacterial species thereby reducing their
harmful effects. Micro-organisms are being utilized as eco-friendly nanofactories for the synthesis and bio-production of various nano-metersized compounds. Metals and micro-organisms are collaborative.
Concurrently, micro-organisms are also capable of extracting or
accumulating metals. The study suggested an eco-friendly approach for
the extracellular synthesis of AgNP using soil-derived actinomyces
followed by tracing its efficacy against bacteria. The characteristic of
AgNP is the UV-Visible with also the FTIR method. Synthesized
nanoparticles are screened for Streptomyces antibacterial activity by
cross streak method followed by PCR analysis. The particle size
distribution per intensity is estimated by the Dynamic Light scattering
method. The study also predicted that the hydrodynamic diameter of the
particles increases with the increase in the repetition rate. The microbial
synthesized AgNP has been observed to possess high toxicity to bacteria
with a greater antimicrobial property.
Keywords: Silver Nanoparticles, Silver Nitrate, Actinomyces, FTIR,
Streptomyces

Introduction
The rapid emergence of nanotechnology accelerated
the origin of distinctive and novel nanosized substances.
The antimicrobial characteristic of silver are explored by
the existing research and found that Silver (Ag)
nanoparticles possess great applications in different fields
like intercalating materials for optical receptors, electrical
batteries, polarizing filters, catalysts in bio-labeling,
chemical reactions, bioactive materials and sensors, signal
enhancers in immunoassay and antimicrobial agents.
These features are due to the microbial colonization
correlated with the biomaterial-related infection. The
broad spectrum of silver nanoparticles is synthesized by
various methodologies and therefore a need arises to
frame ecologically friendly methods with non-toxic

chemicals. The diversified microbial flora on the earth
attracted several researchers for exploring the production
of novel Metallo nanoparticles(Khaleghi et al., 2019).
The biological production of these nanomaterials has
attained more attention due to usage in mild experimental
conditions concerning pressure, pH, and temperature
(Matei et al., 2020). This process could also provide
additional advantages over the chemical techniques like
minimum cost and maximum productivity. For instance,
bacteria on exposure to metals or any other toxic materials
beyond a specific level might progress through numerous
mechanisms including efflux, changes in toxicity and
solubility, extra-cellular complication or metal
precipitation, and deficiency of certain metal-transport
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systems (Khatami et al., 2017; Hamedi et al., 2017). In
addition, considering the applications of silver nano-particles
in several commercialization areas, this study recommends
an eco-friendly process to synthesize silver nano-particles
through actinomycete isolation from the mangrove soil. In
this case, the nano-particles have been extra-cellularly
synthesized. This is characterized by FTIR, TEM, and UVVis analysis. After synthesis, it has been tested to analyze
activity that is anti-bacterial on bacterial strains that are both
gram-negative and gram-positive that lead to diseases in
humans (Kthiri et al., 2021).
One of the most promising technologies in today's
scientific systems is Nanotechnology because of its efficient
nanoparticles and its wide use in biotechnology, medicine,
and chemistry (Prabhu and Poulose, 2012; Sorbiun et al.,
2018). There is an increasing need for current synthesis
protocols to imbibe environmentally conducive
nanoparticles that don’t contribute to waste that is toxic.
(Vahabi et al., 2011). Several methods have been developed
for nanoparticle synthesis, and the most significant aspect of
this technology is related to the production of nanoparticles
with clearly defined size, shape as well as a regulated
monodispersity (Pugazhenthiran et al., 2009). Routes that
employ biotechnology have come forth as safer alternative
processes for nanoparticle production using the surrounding
biomass ( Baker et al., 2013). There are documented studies
that show that such biological methods are economical and
environmentally conducive, for synthesizing particles at the
nanoscale. E. coli (Kannan et al., 2010), Bacillus cereus
(Sunkar and Nachiyar, 2012), Corynebacterium sp.
(Arun et al., 2013), and Yeast species include the MKY3
yeast strain (Kowshik et al., 2002), Saccharomyces
cerevisiae BU-MBT CY-1 (Selvakumar et al., 2011),
fungi included, Aspergillus terreus (Li et al., 2011),
Aspergillus clavatus (Verma et al., 2010) Trichoderma reesei
(Vahabi et al., 2011), algae Cyanobacteria
(Gowramma et al., 2015), T. asperellum (Mukherjee et al.,
2008) and lichen Parmotrema praesorediosum (Mie et al.,
2014) can absorb and deposit metals and can be used to
reduce environmental pollution as well as can recover
metal that is in waste. There are also adaptations to
environments that are rich in heavy metals that produce
microorganisms that exhibit characteristics such as
bioabsorption,
biopreservation,
extra-cellular
sequestration, mechanisms of transport, and chelation,
and these mechanisms characterized by the resistance
are the main proponent for the use of microorganisms in
nanoparticle synthesis (Baker et al., 2013).
Considering precious metals, silver (Ag) is the preferred
metal in such systems of biological nature, including
medicine and living organisms (Elavazhagan and
Arunachalam, 2011). Numerous studies have shown that
nanoparticles can be produced in microorganisms by
reduction mechanisms that are either enzymatic or nonenzymatic. Ahmad et al. (2003) showed that enzymes

responsible for nanoparticle biosynthesis are NADHdependent. There are also reposts by some researchers that
without the intervention of biological enzymes, nanoparticles
were generated (Ahmad et al., 2003). Liu et al. (2000)
produced Au3+ nanoparticles in dried Bacillus megaterium
cells (Liu et al., 2000). Studies have been reported on the
Ag+ absorption by some microorganisms (Sneha et al.,
2010). No enzyme involvement was observed in these cases.
This mechanism involving enzymatic reduction indicated
that a certain microbial cell wall of organic functional groups
may be the cause for the synthesis process under a restrained
environment (Lin et al., 2001). The biomass that
microorganisms produced that dried, such as Lactobacillus
A09 and Bacillus megaterium D01, also plays a significant
role in the reduction of Ag+ ions through interactions
between Ag+ and certain classes in the cell wall of the
microbes. (FU et al., 2000).
Silver nanoparticles, when compared to all other
materials of the nano nature, have proven in their track record
to be the antimicrobial agents with the most positive effect
and have shown immense possibilities in biomedical
applications, especially because of a critical ratio calculated
by their surface area-to-volume, which is found to be very
large (Bhattacharya and Mukherjee, 2008; Hirst et al., 2009),
as well as various activities that are biomedical (Hussain and
Ferguson, 2006). In particular, with the new developments of
research on metal nanoparticles, Ag-NPs are receiving newfound attention as potential antibacterial agents (Baker et al.,
2005; Firdhouse and Lalitha, 2013).
The present study focused on the synthesis and
characterization of silver nanoparticles from actinomycete
colonies that are naturally isolated from soil samples in a
compound environment by non-enzymatic methods,
additionally evaluating the antimicrobial activity of silver
nanoparticles against pathogenic bacteria.

Materials and Methods
Yeast extract, potato dextrose, bacto tryptone, silver
nitrate (AgNO3), agar agar, sodium hydroxide (NaOH),
(ammonium hydroxide) NH3.H2O (25% w/w, AR),
(Nitric acid) HNO3, (sodium chloride) NaCl.

Actinomyces Isolation
Soil Samples collected from RAKMHSU were treated
with CaCo3 and dried in an oven at 45°C for 1 h. One gram
of soil was added into 10 mL of sterile water, mixed, and then
serially diluted up to 10-3. From these dilutions, 0.1 mL
aliquots were spread into Inorganic Salt Agar (ISP4) and
incubated at 28°C for 6-7 days. Typical actinomycetes
colonies were sub-cultured on another ISP4 plate and were
identified according to standard microbiological techniques.
The starch casein nitrate agar plates were prepared and
collected cultures were streaked to obtain pure cultures, then
incubated at 28°C for 6-7 days.
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(HiGenoMB, India) according to the manufacturer’s
instructions. A Polymerase Chain Reaction (PCR) was
carried out using universal primers (16S rRNA)
(5'-GATTAGATACCCTGGTAGTCCAC-3'
and
5'-CCCGGGAACGTATTCACCG-3'). Its expected size of
PCR product was 602 bp. PCR was performed using Applied
Biosystems 2720 Thermal Cycler. The amplification of PCR
was used in an initial denaturation at 95°C for a min, 35
cycles of denaturing at 95°C for 30 s, annealing at 55°C
for 30 s, extension at 72°C for 1 min, and a single final
extension at 72°C for 5 min. The purity of the product
was determined by electrophoresis in a 1.5% agarose
gel. DNA was stained with ethidium bromide and the
gels were captured in an imaging system (Bio-Rad Gel
Doc EZ Imaging System, USA).

Preparation of Biomass
The actinomycetes culture was grown in a 250 mL
Erlenmeyer flask containing Tryptone yeast extract
broth (ISP1). It was kept on a shaker at 35°C at 200 rpm
for 4 days. The flask was removed from the shaker and
stored at 5 to 10°C to settle the mycelial biomass. The
mycelial mass was separated from the culture broth
using man filter paper under sterile conditions. Both
filtrate and mass were collected. The filtered mass was
washed thrice with distilled water. Mycelial mass was
then centrifuged at 6000 rpm for 5 min to remove any
excess water if any. The obtained mycelial pellets were
used for the synthesis of silver nanoparticles.

Synthesis of Nanoparticles
The filtrate and mass were re-suspended in an
aqueous AgNO3 solution (0.01 M) and put in a shaker
at 37°C for 96 h. The color change was observed from
clear to cloudy white to brown. UV Readings were
taken in UV-1800, Shimadzu UV spectrophotometer.
The filtrate peak was observed at 393 nm while the
mass peak was observed at 245 nm. Particle size
analysis of mass and filtrate was checked in Anton Paar
Litesizer-500 (Particle size analyzer) at a dilution of
1:2. FTIR analysis was performed using FTIR
Spectrometer Agilent Cary 630 FTIR.

Results
Two bacterial isolates of Streptomyces Spp have been
cultured in media shown in Fig. 1. The bacterial isolates with
antibacterial silver nanoparticles were synthesized
successfully followed by tests to determine the antimicrobial
activity of the isolates. The change in color from colorless to
brown or deep yellow characterized the nanoparticles in the
medium and confirmed them.
The molecular characterization and identification of the
two isolates of Streptomyces Spp. were performed using
PCR. The primers for amplification of 16s rRNA of
Streptomyces spp. isolates 1 and 2 were designed to give a
product of size 602 bp. The 16s rRNA genes of EC (E. coli),
SA (Staph. aureus), and BA (Bacillus spp.) were used as
Positive controls while the CA (Candida albicans) and SC
(Saccharomyces cerevisiae) both yeasts were used as
Negative controls. It can be observed from Fig. 2 that
Streptomyces Spp. isolate 1 and 2 were found to have an
amplified band of 602 bp.
The antimicrobial activity of the isolated Streptomyces
spp. was determined by inoculating the isolates on Starch
Protein-M Agar in an as straight line and incubating at 30°C
for seven days. Then the plates were seeded with test
organisms (Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Bacillus spp, Candida albicans) by a
single streak at a 90° angle to the Streptomyces isolates and
incubated at 37°C for 24 h to determine whether the test
organisms made any further growth towards the master
streak. It was observed from the study that there was partial
inhibition of Bacillus spp. observed for isolate 1 of
Streptomyces spp. while there was no antimicrobial effect of
the Streptomyces spp on the growth of Escherichia coli
ATCC 25922, Staphylococcus aureus ATCC 25923, and
Candida albicans. However, isolate 2 of Streptomyces spp.
showed good antimicrobial activity by showing inhibition in
the growth of Staphylococcus aureus and Bacillus spp. was
observed. Figure 3 similar to isolate 1, no inhibition in the
growth of Escherichia coli ATCC 25922, and Candida
albicans was observed for isolate 2 of Streptomyces spp.

FTIR Analysis
Using FTIR Spectrometer Agilent Cary 630 FTIR,
FTIR analysis was conducted to plot the possible
molecules that are associated with nanoparticle formation.
The characterization involved identifying the
biomolecules responsible for the bioreduction of Ag +
ions, and the sample was prepared by using synthesized
silver nanoparticles in a dried powder format. The
measuring spectrum was by scanning the spectrum in the
range of 450–4000 cm-1 at the resolution of 4 cm-1.

Screening for Antimicrobial Activity of
Streptomyces Isolates
The antimicrobial activity of Streptomyces isolates
was evaluated by the Cross Streak method. Each of the
isolates was streaked on Starch Protein-M Agar as a
straight line and incubated at 30°C for seven days. Then
the plates were seeded with test organisms
(Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 25923, Bacillus spp, Candida albicans) by a
single streak at a 90° angle to the Streptomyces isolates
and incubated at 37°C for 24 h to determine whether
the test organisms made any further growth towards the
master streak.

PCR
The genomic DNA of each isolate was extracted using
Hi-PurA Bacterial Genomic DNA Purification Kit
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Fig. 3: Isolate 1 showing partial inhibition of Bacillus spp.
Isolate 2 shows good inhibition of Staphylococcus
aureus and Bacillus spp

Fig. 1: Figure showing two bacterial isolates of Streptomyces Spp

Fig. 4: Figure showing particle size density by intensity using DLS

Fig. 2: Streptomyces Isolate 1 and 2 detected. EC (E. coli), SA
(Staph. aureus), BA (Bacillus spp.) used as Positive
controls. CA (Candida albicans) and SC (Saccharomyces
cerevisiae) both yeasts were used as Negative controls.
Molecular weight marker 100bp DNA

Fig. 5: FTIR spectra of the nanoparticle suspension
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biomolecules within the cell. Roy et al. (2019) described
that the charge and particle size of the biocompounds
surrounding the surface play important roles in the
binding and penetration of the cell wall between bacterial
cells and NPs (Roy et al., 2019). At the cell surface, NP
attachment to the bacterial cell wall disrupts cell integrity,
resulting in cell death. This is achieved by inhibiting
membrane permeability and respiration function through
nanoparticle-induced
membrane
depolarization
(Abalkhil et al., 2017; Krishnaraj et al., 2010).
Previous reports have shown that Ag NPs can penetrate
the cell wall following bacterial cell wall damage.
AgNPs can affect the function of important biomolecules
such as DNA, proteins, lipids, and respiratory enzymes
that induce oxidative stress and release ROS and nucleic
acid and protein damage by triggering bacterial cell death
(Kaushal et al., 2015). Similar antibacterial properties of
Ag NPs were also described. In their study, they showed
that nanoparticles can penetrate bacterial membranes and
inhibit specific cell growth, which ultimately leads to cell
death. (Li et al., 2010). Similar studies by CastroMayorga et al. (2018) isolated saline soil bacteria, and
screened for the silver NP synthesis the cultures from the
Baramathi region were investigated in this study and the
developed AgNP depicted peaks at 420 to 430 nm for
further characterization. The chosen culture has been
detected with the utilization of genotypic and
phenotypic characteristics and is observed to be B.
cereus. The NP characterization has been performed
using UV-visible, XRD, FTIR, and SEM. The synthesis
depicted characteristic absorption peaks at 433 nm.
Further, the FTIR revealed the existence of aminomethyl carbonyl and stretching groups. The
corresponding antibacterial activity has been founded
to act against human pathogens.
In the inference of (Juan et al., 2017) this study
made clear that AgNPs effects overall community
structure, bacterial abundance, and nitrifying bacteria.
There was dosage-dependent relation among NOB and
AOB and AgNPs populations. The bacterial phyla's
responses are interconnected with their dosage to
AgNPs. The result of FCM analysis is Ag + on staind
N. And AgNps and Europaea are combined with TEM
and SEM analysis of exposed. Europa-ea describes the
AgNps toxicity on N.europaeasis by Ag + dissolution
and this is not the sole mechanism. Another study
(Abdulsada et al., 2021) investigates the effects of
stabilization of lime on the transformation and fate of
AgNPs. It also evaluates transformation in diversity
and population of related bacterial phyla data after
implementing stabilized lime sludge which includes
AgNPs. This study was conducted by spiking an
environment-related
concentration
of
silver
nanoparticles in sludge, when stabilized lime was applied

Particle Size Distribution and
FTIR Characterization
DLS (Zetasizer 4000, Malvern Instruments Ltd,
Malvern, UK) was used to measure the size of the
nanoparticles using the hydrodynamic diameter and size
distribution (polydispersity index, PDI¼m2/_2). All DLS
measurements were carried out at 25oC with an angle
detection of 908. Continually diluted with water, the particle
dispersion showed the desired number of counts, where the
dilution was done until this was obtained. The number of
counts that is high enough to get the highest possible signalto-noise ratio, yet small enough to prevent multiple scattering
to occur is the desired number of counts. Aliquots from each
preparation batch were sampled in DLS cuvettes and
nanoparticles were then examined for equivalent diameters,
size distribution, and Fig. 4. The Ag nanoparticles were
detected at 91.2 nm
FTIR analysis was clear from the FTIR spectrum of
AgNPs which gave peaks at 3325 cm-1 corresponding to
the OH stretch of carboxylic acid and 1633 cm -1
corresponding to N-H bending of primary Fig. 5. Also
reported earlier is that the biological molecules perform
dual functions of formation and stabilization of silver
nanoparticles in the aqueous medium.

Discussion
Although the possible mechanism of nanoparticle
formation is still unclear, it has previously been suggested
that the formation may be related to proteins in the medium
(Gole et al., 2001).
Isolated actinomyces bacteria were identified as
Streptomyces spp., using 16S rRNA analysis. This
bacterium showed the ability to reduce Ag + to Ag2O, and
the nanoparticles ranged in size from 11 to 16 nm and
were found to be slightly aggregated.
Due to the interfering effect of salt, the limitations of
the usefulness of silver and silver derivatives are
overcome by the use of Ag nanoparticles against
microorganisms, which have been proven to be effective
antibacterial agents (Estevez et al., 2021). Antimicrobial
activity was also found in the biosynthetic AgNPs against
all the test organisms used in this study. This opens the
door to new research avenues where endogenous bacteria
can also be used for the green synthesis of nanoparticles.
This research will extend to the synthesis of gold
nanoparticles, especially since they have become an
important part of cancer diagnosis and treatment in the
medical field.
The antimicrobial results of this study are in good
agreement with previous reports (He et al., 2018; Jagtap and
Bapat, 2013). The precise mechanism of AgNP antibacterial
activity is not yet well elucidated (Roy et al., 2019). It is
hypothesized that small nanoparticles can easily penetrate
the bacterial cell wall and interact with various cytoplasmic
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successfully synthesized silver nanoparticles and carbon
doped zinc oxide nanoparticles by various methods. The
developed nanoparticles are characterized by FTIR and UVVis techniques. In the present study, silver nanoparticles are
synthesized from mycelial pellets of actinomyces and
precipitated from a silver nitrate solution. The inhibition
concentration showed a better efficacy for Streptomyces
species. The present findings not only confirm bacteria
isolated actinomyces with silver nanoparticles but also
indicate the effective antibacterial properties of the silver
nanoparticles which possess greater therapeutic applications.

it increases pH by more than 12 within two hours, and also
treated lime was applied to soil samples. TEM and EDS were
sued for investigating compositional and morphological
changes of AgNPs during the process of lime stabilization.
After stabilized lime application sludge into the soil,
these soil samples were analyzed periodically for entire
genomic DNA and changed in BPD ("bacterial phyla
diversity") with qPCR ("Quantitative polymerase chain
reaction"). The final results show that lime is treated
effectively and eliminated AgNPs from the phase of aqueous
and silver nanoparticles were stored on molecules of lime.
These results reveal that AgNP does not impact the diversity
and presence of phyla in the soil. Moreover, stabilized lime
sludge towards silver nanoparticles impacted the abundance
of every phylum over the period. No important effects on
TOC, percentage of living cells, and HPC were observed.
Sorbiun et al. (2018) focussed on the AgNP synthesis
from brevis followed by the characterization of several
spectroscopic and microscopic methods that confirmed the
SPR peak at 420 nm and the range of 41 to 68 nm with a
spherical shape. The existence of bioactive compounds in
silver nanoparticles against MDR pathogens like Salmonella
typhi and Staphylococcus aureus and these bioactive
materials can be used as better antimicrobial agents for
efficient disease management.
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Conclusion
Nanotechnology possesses a vital role in the
advancement in the area of scientific research and
technology. It deals with the manipulation, production, and
utilization of nano-sized materials. These substances provide
the most precise addressing numerous unresolved issues of
mankind. Prior understanding regarding the assembly of
small structures could lead to the infinite possibilities of
improved structures, devices, and materials thereby bridging
the gap between the synthesis of nanoparticles from
microbes and its practical implementation in different fields.
Hence extensive interdisciplinary knowledge has to be
explored and integrated for the beneficial activity of living
beings. In accordance, nanomaterials are utilized as active
catalysts efficiently for the oxidation and deoxidation of
organic substances.
Existing literature represented nanoparticles as active
substances for photocatalytic degradation of toxic chemicals
and organic dyes. Apart from that recent research in the
inorganic nanomaterials with enhanced anticancer and
antimicrobial properties created a new gate in the medical
and pharmaceutical industries. Accordingly, metal oxide
nanoparticles have been proved to be an extraordinary agent
in the framing of nanoscale setup for therapeutic
applications. The information from existing literature will
not provide adequate details and hence for such exploration
and huge scientific scope in the analysis of biological
applications of silver nanoparticles the presented study has

Ethics
The institutional ethical committee RAKMHSU-REC161-2021/22-F-M, approved the study.

References
Abalkhil, T. A., Alharbi, S. A., Salmen, S. H., &
Wainwright, M. (2017). Bactericidal activity of
biosynthesized silver nanoparticles against human
pathogenic
bacteria.
Biotechnology
&
Biotechnological Equipment, 31(2), 411-417.
https://doi.org/10.1080/13102818.2016.1267594
Abdulsada, Z., Kibbee, R., Princz, J., DeRosa, M., &
Örmeci, B. (2021). Transformation of Silver
Nanoparticles (AgNPs) during Lime Treatment of
Wastewater Sludge and Their Impact on Soil
Bacteria. Nanomaterials, 11(9), 2330.
https://doi.org/10.3390/nano11092330
Ahmad, A., Mukherjee, P., Senapati, S., Mandal, D., Khan,
M. I., Kumar, R., & Sastry, M. (2003). Extracellular
biosynthesis of silver nanoparticles using the fungus
Fusarium oxysporum. Colloids and surfaces B:
Biointerfaces, 28(4), 313-318.
https://doi.org/10.1016/S0927-7765(02)00174-1

305

Pooja Shivappa et al. / American Journal of Biochemistry and Biotechnology 2022, 18 (3): 300.307
DOI: 10.3844/ajbbsp.2022.300.307

Arun, P., Shanmugaraju, V., Ramanujam, J. R., Prabhu, S.
S., & Kumaran, E. (2013). Original Research Article
Biosynthesis
of
Silver
Nanoparticles from
Corynebacterium sp. and its antimicrobial activity. Int.
J. Curr. Microbiol. App. Sci, 2(3), 57-64.
https://www.ijcmas.com/Archives/vol-23/P.Arun%20etal.pdf
Baker, C., Pradhan, A., Pakstis, L., Pochan, D. J., & Shah, S.
I. (2005). Synthesis and antibacterial properties of silver
nanoparticles. Journal of Nanoscience and
Nanotechnology, 5(2), 244-249.
https://doi.org/10.1166/jnn.2005.034
Baker, S., Harini, B. P., Rakshith, D., & Satish, S. (2013).
Marine microbes: Invisible nanofactories. Journal of
Pharmacy Research, 6(3), 383-388.
https://doi.org/10.1016/j.jopr.2013.03.001
Bhattacharya, R., & Mukherjee, P. (2008). Biological
properties of “naked” metal nanoparticles. Advanced
Drug Delivery Reviews, 60(11), 1289-1306.
https://doi.org/10.1016/j.addr.2008.03.013.
Castro-Mayorga, J. L., Freitas, F., Reis, M. A. M., Prieto, M.
A., & Lagaron, J. M. (2018). Biosynthesis of silver
nanoparticles and polyhydroxybutyrate nanocomposites
of interest in antimicrobial applications. International
Journal of Biological Macromolecules, 108, 426-435.
https://doi.org/10.1016/j.ijbiomac.2017.12.007
Elavazhagan, T., & Arunachalam, K. D. (2011). Memecylon
edule leaf extract mediated green synthesis of silver and
gold nanoparticles. International Journal of
Nanomedicine, 6, 1265.
https://doi.org/10.2147/IJN.S18347
Estevez, M. B., Casaux, M. L., Fraga, M., Faccio, R., &
Alborés, S. (2021). Biogenic silver nanoparticles as a
strategy in the fight against multi-resistant
salmonella enterica isolated from dairy calves.
Frontiers in Bioengineering and Biotechnology, 9,
644014. https://doi.org/10.3389/fbioe.2021.644014
Firdhouse, M. J., & Lalitha, P. (2013). Fabrication of
antimicrobial perspiration pads and cotton cloth
using Amaranthus dubius mediated silver
nanoparticles. Journal of Chemistry, 2013.
https://doi.org/10.1155/2013/741743
FU, J., LIU, Y., & GU, P. (2000). Spectroscopic
characterization on the biosorption and bioreduction of
Ag
(I)
by
Lactobacillus
so.
A09.
https://doi.org/10.3866/PKU.WHXB20000904
Gole, A., Dash, C., Ramakrishnan, V., Sainkar, S. R.,
Mandale, A. B., Rao, M., & Sastry, M. (2001).
Pepsin− gold colloid conjugates: Preparation,
characterization, and enzymatic activity. Langmuir,
17(5), 1674-1679. https://doi.org/10.1021/bc0001241
Gowramma, B., Keerthi, U., Rafi, M., & Muralidhara Rao,
D. (2015). Biogenic silver nanoparticles production and
characterization from the native stain of
Corynebacterium species and its antimicrobial activity.
3 Biotech, 5(2), 195-201.
https://doi.org/10.1007/s13205-014-0210-4

Hamedi, S., Shojaosadati, S. A., Shokrollahzadeh, S., &
Hashemi-Najaf Abadi, S. (2017). Controlled
biosynthesis of silver nanoparticles using culture
supernatant of filamentous fungus. Iran. J. Chem.
Chem.
Eng.
Research
Article
Vol, 36(5).
https://doi.org/10.30492/ijcce.2017.25020
He, Y., Li, X., Zheng, Y., Wang, Z., Ma, Z., Yang, Q., ... &
Zhang, H. (2018). A green approach for synthesizing
silver nanoparticles, and their antibacterial and cytotoxic
activities. New Journal of Chemistry, 42(4), 2882-2888.
https://doi.org/10.1039/C7NJ04224H
Hirst, S. M., Karakoti, A. S., Tyler, R. D., Sriranganathan,
N., Seal, S., & Reilly, C. M. (2009). Anti‐inflammatory
properties of cerium oxide nanoparticles. Small, 5(24),
2848-2856. https://doi.org/10.1002/smll.200901048
Hussain, S., & Ferguson, C. (2006). Silver sulphadiazine
cream in burns. Emergency Medicine Journal, 23(12),
929-932. https://doi.org/10.1136/emj.2006.043059
Jagtap, U. B., & Bapat, V. A. (2013). Green synthesis of
silver nanoparticles using Artocarpus heterophyllus
Lam. seed extract and its antibacterial activity.
Industrial crops and products, 46, 132-137.
https://doi.org/10.1016/j.indcrop.2013.01.019
Juan, W. A. N. G., Kunhui, S. H. U., Zhang, L. I., & Youbin,
S. I. (2017). Effects of silver nanoparticles on soil
microbial communities and bacterial nitrification in
suburban vegetable soils. Pedosphere, 27(3), 482-490.
https://doi.org/10.1016/S1002-0160(17)60344-8.
Kannan, N., Selvaraj, S., & Murty, R. V. (2010). Microbial
production of silver nanoparticles. Digest Journal of
Nanomaterials and Biostructures, 5(1), 135-140.
http://eprints.manipal.edu/id/eprint/109
Kaushal, S., Sharma, P. K., Mittal, S. K., & Singh, P.
(2015). A novel zinc oxide–zirconium (IV)
phosphate nanocomposite as antibacterial material
with enhanced ion exchange properties. Colloids and
Interface Science Communications, 7, 1-6.
https://doi.org/10.1016/j.colcom.2015.11.003
Khaleghi, M., Khorrami, S., & Ravan, H. (2019).
Identification of Bacillus thuringiensis bacterial
strain isolated from the mine soil as a robust agent in
the biosynthesis of silver nanoparticles with strong
antibacterial and anti-biofilm activities. Biocatalysis
and Agricultural Biotechnology, 18, 101047.
https://doi.org/10.1016/j.bcab.2019.101047
Khatami, M., Mortazavi, S. M., Kishani-Farahani, Z., Amini,
A., Amini, E., & Heli, H. (2017). Biosynthesis of silver
nanoparticles using pine pollen and evaluation of the
antifungal efficiency. Iranian Journal of Biotechnology,
15(2), 95. https://doi.org/10.15171/ijb.1436
Kowshik, M., Ashtaputre, S., Kharrazi, S., Vogel, W.,
Urban, J., Kulkarni, S. K., & Paknikar, K. M. (2002).
Extracellular synthesis of silver nanoparticles by a
silver-tolerant yeast strain MKY3. Nanotechnology,
14(1), 95. https://doi.org/10.1088/0957-4484/14/1/321

306

Pooja Shivappa et al. / American Journal of Biochemistry and Biotechnology 2022, 18 (3): 300.307
DOI: 10.3844/ajbbsp.2022.300.307

Krishnaraj, C., Jagan, E. G., Rajasekar, S., Selvakumar,
P., Kalaichelvan, P. T., & Mohan, N. J. C. S. B. B.
(2010). Synthesis of silver nanoparticles using
Acalypha indica leaf extracts and its antibacterial
activity against water-borne pathogens. Colloids and
Surfaces B: Biointerfaces, 76(1), 50-56.
https://doi.org/10.1016/j.colsurfb.2009.10.008
Kthiri, A., Hamimed, S., Othmani, A., Landoulsi, A.,
O’Sullivan, S., & Sheehan, D. (2021). Novel static
magnetic field effects on green chemistry
biosynthesis
of
silver
nanoparticles
in
Saccharomyces cerevisiae. Scientific Reports, 11(1),
1-9. https://doi.org/10.1038/s41598-021-99487-3
Li, G., He, D., Qian, Y., Guan, B., Gao, S., Cui, Y., ... &
Wang, L. (2011). Fungus-mediated green synthesis
of silver nanoparticles using Aspergillus terreus.
International Journal of Molecular Sciences, 13(1),
466-476. https://doi.org/10.3390/ijms13010466
Li, W. R., Xie, X. B., Shi, Q. S., Zeng, H. Y., Ou-Yang,
Y. S., & Chen, Y. B. (2010). Antibacterial activity
and mechanism of silver nanoparticles on
Escherichia coli. Applied Microbiology and
Biotechnology, 85(4), 1115-1122
https://doi.org/ 10.1007/s00253-009-2159-5
Lin, Z. Y., Fu, J. K., Wu, J. M., Liu, Y. Y., & Cheng, H.
(2001). Preliminary study on the mechanism of nonenzymatic bioreduction of precious metal ions. Acta
Physico-Chimica
Sinica,
17(5),
477-480.
https://doi.org/10.3866/PKU.WHXB20010520
Liu, Y., Fu, J., Chen, P., Yu, X., & Yang, P. (2000).
Studies on biosorption of Au3+ by Bacillus
megaterium. Wei Sheng wu xue bao = Acta
Microbiologica Sinica, 40(4), 425-429.
https://pubmed.ncbi.nlm.nih.gov/12548966/
Matei, A., Matei, S., Matei, G. M., Cogălniceanu, G., &
Cornea, C. P. (2020). Biosynthesis of silver
nanoparticles mediated by culture filtrate of lactic
acid bacteria, characterization, and antifungal
activity. The EuroBiotech Journal, 4(2), 97-103.
https://doi.org/10.2478/ebtj-2020-0011
Mie, R., Samsudin, M. W., Din, L. B., Ahmad, A.,
Ibrahim, N., & Adnan, S. N. A. (2014). Synthesis of
silver nanoparticles with an antibacterial activity
using the lichen Parmotrema praesorediosum.
International Journal of Nanomedicine, 9, 121.
https://doi.org/10.2147/IJN.S52306
Mukherjee, Roy, M., Mandal, B. P., Dey, G. K.,
Mukherjee, P. K., Ghatak, J., ... & Kale, S. P. (2008).
Green synthesis of highly stabilized nanocrystalline
silver particles by a non-pathogenic and
agriculturally important fungus T. asperellum.
nanotechnology, 19(7), 075103.
https://doi.org/10.1088/0957-4484/19/7/075103

Prabhu, S., & Poulose, E. K. (2012). Silver nanoparticles:
mechanism of antimicrobial action, synthesis,
medical applications, and toxicity effects.
International Nano Letters, 2(1), 1-10.
https://doi.org/10.1186/2228-5326-2-32
Pugazhenthiran, N., Anandan, S., Kathiravan, G.,
Udaya Prakash, N. K., Crawford, S., &
Ashokkumar, M. (2009). Microbial synthesis of
silver nanoparticles by Bacillus sp. Journal of
Nanoparticle Research, 11(7), 1811-1815.
https://doi.org/10.1007/s11051-009-9621-2
Roy, A., Bulut, O., Some, S., Mandal, A. K., & Yilmaz, M.
D. (2019). Green synthesis of silver nanoparticles:
Biomolecule-Nanoparticle organizations targeting
antimicrobial activity. RSC advances, 9(5), 2673-2702.
https://doi.org/10.1039/C8RA08982E
Selvakumar, R., Jothi, N. A., Jayavignesh, V.,
Karthikaiselvi, K., Antony, G. I., Sharmila, P. R., ...
& Swaminathan, K. (2011). As (V) removal using
carbonized
yeast
cells
containing
silver
nanoparticles. Water Research, 45(2), 583-592.
https://doi.org/10.1016/j.watres.2010.09.034
Sneha, K., Sathishkumar, M., Mao, J., Kwak, I. S., &
Yun, Y. S. (2010). Corynebacterium glutamicummediated crystallization of silver ions through
sorption and reduction processes. Chemical
Engineering Journal, 162(3), 989-996.
https://doi.org/10.1016/j.cej.2010.07.006
Sorbiun, M., Shayegan Mehr, E., Ramazani, A., &
Mashhadi Malekzadeh, A. (2018). Biosynthesis of
metallic nanoparticles using plant extracts and
evaluation of their antibacterial properties.
Nanochemistry Research, 3(1), 1-16.
https://doi.org/10.22036/ncr.2018.01.001
Sunkar, S., & Nachiyar, C. V. (2012). Biogenesis of
antibacterial silver nanoparticles using the
endophytic bacterium Bacillus cereus isolated from
Garcinia xanthochymus. Asian Pacific Journal of
Tropical Biomedicine, 2(12), 953-959.
https://doi.org/10.1016/S2221-1691(13)60006-4
Vahabi, K., Mansoori, G. A., & Karimi, S. (2011).
Biosynthesis of silver nanoparticles by fungus
Trichoderma reesei (a route for large-scale
production of AgNPs). Insciences J., 1(1), 65-79.
https://doi.org/10.5640/insc.010165
Verma, V. C., Kharwar, R. N., & Gange, A. C. (2010).
Biosynthesis of antimicrobial silver nanoparticles by
the endophytic fungus Aspergillus clavatus.
Nanomedicine, 5(1), 33-40.
https://doi.org/10.2217/nnm.09.77

307

