RESEARCH PAPER

J Nanostruct 14(2): 548-560, Spring 2024

Biosynthesis of Platinum Nanoparticles by Streptomyces fradiae
and Evaluate Antibacterial Activity

Zainab Maher Maktoof, Rashid Rahim Hateet *

Department of Biology, College of Science, University of Misan, Misan, Iraq

ARTICLE INFO

Article History:
Received 11 January 2024
Accepted 26 March 2024

Published 01 April 2024

Keywords:

Biosynthesis

Platinum Nanoparticles
Soil isolates
Streptomyces fradiae

ABSTRACT

The present study aimed to isolate the bacterial strain Streptomyces fradiae
from soil and screen it for its ability to biosynthesize PtNPs and characterize
and evaluate the antibacterial potential of the manufactured PtNPs.
Streptomyces fradiae was isolated from soil samples using the serial dilution
method. The isolated bacteria were identified using a light microscope,
then diagnosed by biochemical examinations, and lastly by the Polymerase
chain reaction (PCR) for molecular diagnostics. The results confirmed the
presence of Streptomyces fradiae depending on the amplification of 16s
RNA fragments. That was followed by the bacterial screening to examine
their ability for use in the production of platinum nanoparticles. The
formation of biogenic platinum nanoparticles was confirmed by physical
characterization for example UV-VIS spectrophotometer exposed the
presence of UV spectrophotometer peak in wavelengths at 362 nm. The
results of (TEM) in the electron transmission microscope exposed that the
biogenic platinum NPs were in sizes between (2.44-29.57) nm. The field
emission scanning microscope also exhibited the examination of surface
morphology, shape, and size, where the average diameter for PtNPs was
calculated and the final value for this diameter was 5.55 nm. The Zeta
potential analyses showed that platinum nanoparticles gained negative
surface charges at -28.6 mV. The antibacterial activity of the platinum
nanoparticles was evaluated against pathogenic bacteria, there were five
species isolated from the hospital, and they exhibited an inhibitory effect
on the tested bacterial isolates.
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INTRODUCTION

Streptomyces is a genus belonging to the
Actinomycetes group, which represents a Gram-
positive filamentous bacteria existing in marine
and terrestrial habitats and one of the largest
taxa in bacteria, they are notable for their
complicated and fungal-like life cycles [1]. They
have a supreme ability to produce various active
compounds like antibiotics, the studies indicated
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that this genus provides approximately 80% of
the industrially antibiotics [2]. Recently, inorganic
nanoparticles (NPs) have gained vast research
interest in the science and technology fields [3-5].
Nanotechnology generates a diversity of nanoscale
materials with a size of about (1-100) nm, these
nanoscale materials are known as nanoparticles
NPs [6]. Nanotechnology is a current practice
that involves the production, characterization,
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and application of nanoparticle NPs [7]. It has
progressed significantly in recent decades because
of the fabrication and various applications of
NPs in numerous fields like biology, engineering,
agriculture, electronics, cosmetics, and medicine
[8,9].

Nanoparticles (NPs) have gained much attention
because of their distinctive physicochemical
properties and significant medical applications
[10]. Numerous methods have been used to
fabricate the nanoparticles (NPs) including
physical, chemical, and biological ways [11-
14]. Modern studies have concentrated on the
biosynthesis of NPs and especially bacterial
biosynthesis due to some properties, involving
the simplicity of cultivating bacteria, easy
experimental settings for instance, (pH, and
temperature) and short generation time [15].
Also, studies have shown that bacterial cells play
an essential role in the transformation of heavy
metals to nanoparticles. An additional advantage
is their ability to synthesize enormous quantities
of long-lasting nanoparticles [16].

The metal nanoparticles involving gold, silver,
titanium, copper, platinum, and palladium have
been showed to be applied in a lot of different
applications such as chemistry, biology, ecology,
and medicine [17-25]. Among these nanoparticles
platinum nanoparticles (Pt NPs) have generated
special interest due to their unique structural,
catalytic, and optical properties, also because
of their high surface area, and good corrosion
resistance which makes them a potential candidate
for catalysis and biomedical applications [26,27].
Platinum nanoparticles have been showing major
success in numerous applications where it is
reckoned to be competent and can serve as drug
carriers [28]. Moreover, platinum nanoparticles Pt
NPs on a variety of medical uses, including anti-
cancer, anti-oxidant, anti-diabetic, antibacterial,
and antifungal applications [29]. Actinomycetes
represent a Gram-positive filamentous bacteria
existing in marine and terrestrial habitats. They
have a supreme ability to produce various
active compounds like antibiotics. Studies have
shown that Over 500 species of actinomycetes
have been described, till now, and among them,
Streptomyces genus provides approximately 80%
of the industrial antibiotics [2].

The biosynthesis of nanoparticles (NPs) by
Actinomycetes has been reported and it has
many advantages such as good stability and
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polydispersity, also they can be genetically
manipulated to provide better control over the size
of the nanoparticles. Actinomycetes are known
to convert the metal salts to metal nanoparticles
NPs extracellularly and intracellularly. however,
the synthesis mechanism of NPs differs depending
on the three a countless potential application
of the green synthesized PtNPs such as anti-
microbial, anti-parasitic, antioxidant, and anti-
cancer therapies have been testified. NPs are
active against various microbial species and
exhibit minimal bacterial resistance which makes
them effective as anti-bacterial agents, many
studies have shown an effective use of metal ions
that can damage bacterial DNA, cell membranes,
and essential enzymes and kill bacteria during a
process termed as respiratory burst mechanism
[30]. The present study aimed to isolate the
bacterial strain Streptomyces fradiae from soil
and screen it for its ability to biosynthesize PtNPs
and characterize and evaluate the antibacterial
potential of the manufactured PtNPs.

MATERIALS AND METHODS
Soil Samples Collecting

Thirty Soil samples were gathered from several
locations, including sugar cane fields and gardens.
Samples were taken from a depth of (11 mm).
The soil was dug with a trowel, and the samples
were gathered in sterile tiny plastic bags that
were clearly labeled with the date and place of
collection. Then the soil samples were dried for
three hours in a hot air oven at 60°C, the dried
samples were transferred to tubes and reacted
with 0.2 g of CaCo, and keep at 4°C. After that the
samples will diluted by following the procedure
of dilution method step by step and cultures on
a starch-casein-nitrate agar media (SCN) as an
isolation medium, the pH was checked before
being sterilized in121°C autoclave for 15 minutes,
and purified in the selective medium (Yeast Extract
Glucose agar); the procedure according to[31].

Identification of the isolates

Several methods were used in the identification
of the isolates [31], firstly through the
morphological methods of identification, and
the biochemical tests methods, and secondly by
the molecular identification, in which the DNA
of the isolates extracted using Presto™ Mini
gDNA bacteria kit according to the manufacturer
instructions. The genomic DNA was stored at
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-20°C. All bacteria isolated by gene 16SrDNA
(1500 bp) gene by amplified by thermocycling
device  General prefixes  Front  starter
(5°-GATGACGTCAAATCATCATGC-"3) and thereverse
initiator (3’- AGGAGGTGATCCAGCCGCA-'5). The
reaction mixture was carried out with a volume of
20 pL, where a DNA mold, primers, and distilled
water were added to each tube of GoTaq G2 Green
Master Mix is a ready-to-use mixture of high-quality
Taqg DNA Polymerase, deoxynucleotides, and
reaction buffer in a 2X concentration. It contains
all the necessary reagents for the amplification of
DNA. The GoTaq’G2 Green Master Mix contains
an inert green dye and a stabilizer which permit
direct loading of the final products onto a gel
for analysis. Each sample was sent to the South
Korean biotechnology company Macrogen for
purification as a product and sequencing analysis
for the general initiator Next, the sequence
results were compared with the sequences of the
front- and reverse prefixes by the same company.
(Https://www.ncbi.nlm.nih.gov) It is then analyzed
to detect the closest match to bacterial isolates.

Biosynthesis of PtNPs from studied bacteria

Platinum  nanoparticles were  prepared
following the method described by [32]. Bacterial
strains that have been isolated, purified, labeled,
and cultured in MGYP broth and nutrient broth
(pH 7) at 29°C for 7 days with constant shaking on
a shaker incubator (150 rpm). After the incubator
time, it was filtered through Whitman filter paper
(No.1) and also in the centrifuge (14000 rpm)
to obtain the supernatant. The solutions used
in the synthesis of PtNPs, the first is made by
mixing (v/v)100 ml of supernatant with 100 ml of
chloroplatinic acid hydrate (2mM). As a control,
a second reaction mixture is made without
chloroplatinic acid hydrate. The second solution
was made by mixing 50ml of supernatant with
10ml of PtCl,(H,0),, in both ways the solutions
were kept on a rotary shaker (150 rpm) at 29°C for
1-2 weeks in the dark (to prevent photochemical
reversal during the experiment). The first indicator
for the synthesis of PtNPs is the appearance of a
color change in the culture solution as a sign of the
development of Bio-PtNPs [33].

The physical Characterization of PtNPs
UV- Spectroscopy

A UV-visible spectral scan at 200-800nm was
used to ensure the creation of platinum NPs. The
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solutions were centrifuged for 5min at 2000 rpm.
The untreated supernatant was set as reference
control (blank) while treated supernatants were
used to screen their UV-visible absorbance Spectra
between 200-800 nm wavelength [34].

Fourier transform infrared spectroscopy (FTIR)

The FTIR analysis was done to identify the
presence of functional groups in the fabricated
platinum NPs, the functional groups are very
important and facilitate the biosynthesis process.
By the FTIR spectrometer the samples (in
powdered form) were measured in the range of
400-4000 cm™ [35].

XRD Analysis

X-ray diffraction (XRD) is one of the most widely
used techniques for characterizing PtNPs. XRD
usually provides information concerning crystal
structure, lattice dimensions, phase nature, and
crystal sizes [23]. The samples were measured
by X’'pert Pro X-ray diffract meter, the diffraction
pattern of the powdered form of biogenic NPs
was recorded from 10° to 80° (2 theta), with a
step size of 0.050°, by Cu K-Alpha radiation (k
= 1.54060 A) and working at 40 kV and 30 mA.
Scherer’s equation was applied to find the average
crystalline size of the NPs as previously described.

Transmission electron microscopy (TEM)

TEM was used to analyze the size, shape, and
distribution of synthesized nanoparticles (PtNPs)
[36].

Atomic force microscopy (AFM)

The AFM device was used to characterize the
size and morphology of the platinum NPs. Thin
films of bio-fabricated NPs were coated on clean
glass coverslips before the AFM scanning and
permitted to dry at room temperature [37].

Zeta potential analysis

The zeta potential method was used to measure
the stability of the platinum NPs using a zeta
potential analyzer instrument, the samples were
centrifuged, and the NPs were measured between
-200 and +200 mV at 25.2°C (temperature of the
holder) [38].

Field Emission Scanning Electron Microscope
(FESEM)
SEM is a surface imaging technique in which
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an incident electron beam scans over the
specimen surface and interacts with it, generating
signals that represent the specimen’s atomic
composition and topographic information. SEM
generates many better-resolution images by using
accelerated electron beams and electrostatic or
electromagnetic lenses [39].

Antibacterial activity of bio-synthesized PtNPs

The antibacterial activity of the manufactured
PtNPs was examined using the method (agar disc
diffusion) against several pathogenic bacteria
isolated from clinical specimens. The specimens
were isolated from patients in AL-Sadr Hospital
in Maysan Governorate, Iraq. Five species of
pathogenic bacteria, including four Gram-
negative bacteria (Proteus mirabilis, Pseudomonas
aeruginosa, Acinetobacter baumannii, E. coli),
and one Gram-positive bacteria (Staphylococcus
aureus) were tested. In nutrient agar, pure colonies
of bacteria were grown at 37°C for 24 hrs., and the
turbidity was adjusted to 0.5 McFarland standard
using sterile distilled water. Each type of bacteria
was uniformly swabbed onto MHA plates, then we
put PtNPs discs. After that the discs were gently
press down to guarantee contact. The plates were
incubated right away. Petri dishes were evaluated
for the inhibitory zone measure in millimeters
after incubation for 24 hours at37°C. As a control

gentamicin disc (10 pg) was used to compare with
PtNPs discs [40,41].

RESULTS AND DISCUSSION
Isolation of studied bacteria

During this study, the results were collected
from soil sources. The isolated bacteria were
cultured on a starch-casein-nitrate agar media
(SCN) as an isolation medium, and purified by
transplantation on the selective medium (Yeast
Extract Glucose agar). This medium is suitable
for the growth and extraction of these bacteria.
The colonies were characterized depending on
their differences in colony, morphology, and other
features like variations in colors (black, white,
pink, gray, purple, and yellow), and the variety
in their texture from powdery to gelatinous.
The morphological characterization was used to
distinguish between Actinomycetes and other
bacteria, as shown in Fig. 1.

Molecular identification of the isolated bacteria
The determination of the identities of bacterial
isolates was done by polymerase chain reaction
(PCR) technique through the amplification of the
16S rDNA gene (1500 bp). the 16S rDNA gene
sequence exposed that the isolated bacteria was
comparable to Gen Bank. The BLAST program was
used to analyze the DNA sequencing results of

Fig. 1. Actinomycetes isolates staining by gram stain
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the bacterial isolates and match them with their
reference strains in the Gen Bank. The Gen Bank
database preserves and stores the nucleotide
sequences of the genomic DNA [42]. In the current
study, the NCBIBLASTn search engine showed a high
99% sequence similarity between the sequenced
samples and the reference target sequences of
Streptomyces fradiae, By comparing the specific
DNA sequences of these examined samples with
those of Streptomyces fradiae (GenBank acc.
MN901087.1) the accession no. of closet bacteria.
Other details were determined, the exact locations
of the recovered PCR fragments, and the total
length of the target site were analyzed using the
NCBI server, and the locations of the target site
within the most matching bacterial target gene
were confirmed.

Bacterial screening for the ability to synthesize
PtNPs

After growing the isolated bacteria from soil
samples on the fermentation media (MGYP
and nutrient broth) and by obtaining bacterial
filtrate (free cell extract), which was mixed with
chloroplatinic acid hydrate dissolved in deionized
water, the results showed the presence of color
change after an incubation period in Streptomyces
fradiae. This confirms a reaction between the
active secondary compounds in the bacterial
extract with the chloroplatinic acid hydrate.
In addition, this means that these two species
own the ability to biosorb metal ions on their

surface and reduce them to the corresponding
nanoparticles through different mechanisms by
enzymatic activity which may include reductases,
cytochromes, and metallothioneins [43].

The reaction mixture showed dark/greyish
brown color upon reaction, Fig. 2 indicating
the formation of platinum nanoparticles.
Chloroplatinic acid hydrate was added to the cell
free supernatant (CFS) and the color changed from
pale yellow to greyish brown that was observed
after (7-10) days of reaction. The color changes
that occurred are due to the phenomenon of
Plasmon Surface Resonance. These results agreed
with the study of [32].

Characterization of the synthesized platinum
nanoparticles
UV-Vis. Spectroscopy

UV-Vis spectroscopy was used immediately
after the reduction of platinum, and the
ultraviolet-visible spectrometric measurement
were performed in the range of (200-800) nm to
confirmed the formation and stability of platinum
nanoparticles [44]. The reduction was from Pt*
to Pt and the color of the solution was observed
to change from yellow to greenish brown, which
indicates that distinct platinum nanoparticles
were formed as a result of the reduction of

H_PtCl,, Fig. 3 represented platinum nanoparticles
synthesize laboratory using Streptomyces fradiae,
and the broad peak of this nanoparticles (362) nm
wavelength [28,48].

Fig. 2. The color change of the culture supernatant of the bacterial strain Streptomyces fradiae.
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The Fourier Transform Infrared Spectroscopy (FTIR) different functional groups of the biosynthesized
FTIR spectra were working to discover the PtNPs that were involved in the reduction of
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Fig. 3. UV-visible spectroscopy of platinum nanoparticles synthesized by Streptomyces fradiae which
showed the sharpest peak of UV—Vis spectrum at Amax = 362 nm.
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Fig. 4. FTIR spectroscopy spectrum of biosynthesized PTNPs using Streptomyces fradiae
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precursors to NPs, it can be concluded from Fig. synthesized by Streptomyces fradiae, the FTIR
4 that the functional groups help in the reduction spectrum of these nanoparticles shows the
process and stabilization of the biosynthesized appearance of different peaks at 3448 cm™, 2069
platinum nanoparticles. In the present study, cm?, 1637 cm™, and 703 cm . The peak at 3448
the FTIR spectrum of platinum nanoparticles and 1637 cm™ may be attributed to the (—-C=C—
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Fig. 5. 2D and 3D images of AFM for PtNPs synthesized by Streptomyces fradiae
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Fig. 6. The mean diameter of AFM for PtNPs produced by Streptomyces fradiae
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and free N—H) vibrations, which could be assigned
to the heterocyclic compounds like proteins. The
peak of 2069 cm™ refers to the presence of the
amines functional group (R—N=C=S). while the
peak of 703 cm™ is assigned to alkyl halides (C-X),
the functional group chloride [45].

Atomic force microscopy (AFM)

Atomic force microscopy is used to study and
understandtheshapes, topography, roughness,and
protrusions of surfaces through this examination,
in which the particles are represented by their
heights and surface structure, which makes it
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Fig. 7. XRD analysis of PtNPs produced by Streptomyces Fradiae
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Fig. 8. The TEM images of PtNPs synthesized using Streptomyces Fradiae

J Nanostruct 14(2): 548-560, Spring 2024
@) |

555



Z. Maktoof, and R. Hateet / Biosynthesis of Platinum Nanoparticles

possible to perform quantitative measurements produced using Streptomyces fradiae were that
to know the surface structure and access two- PtNPs had a mean diameter (of 41.66 nm), and
and three-dimensional images and analyze them the particle size was between (4.89- 227.1 nm),
from different sides. The AFM results for PtNPs the two-dimensional (2D) and three-dimensional
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Fig. 9. The size distribution of TEM
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Fig. 10. The FESEM image of PtNPs synthesized using Streptomyces fradiae
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(3D) images of AFM shown the spherical shape
and the uniform distribution of the synthesized
PtNPs achieved by TEM and FESEM micrographs
as presented in Figs. 5 and 6. We could consider
the surface of the material as a rough surface

based on atomic force microscopy (AFM) images
because it contains peaks of different dimensions.
The presence of surface roughness will increase
the effectiveness of killing bacteria and cancer
cells [25].
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Diameter (nm)

Fig. 11. The histogram of the size distribution of St. fradiae.
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Fig. 12. Inhibition Zone on five Pathogenic Bacteria by PtNPs and Gentamycin
Antibiotic as a control.
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XRD Analysis

The analysis of the structure and crystalline
size of the platinum nanoparticles (PtNPs) was
carried out by XRD (Fig. 7). The XRD analysis of
PtNPs biosynthesized by Streptomyces Fradiae
shows that the peaks were observed at 26 =40.51,
45.39 corresponding to the lattice planes of the
crystalline structure of PtNPs (111), and (200),
respectively; these outcomes are in agreement
with the Joint Committee on Powder Diffraction
Standards (JCPDS) file NO. 00-004-0802. The XRD
showed that the particles synthesized using the
green method have a cubic crystal structure.

Transmission Electron Microscopy (TEM)

The size and morphology of the PtNPs were
observed by the TEM analysis. The TEM image
of platinum nanoparticles biosynthesized using
Streptomyces fradiae (K) confirmed that the
nanoparticles were spherical, non-agglomerated,
monodisperse and the sizes were between (2.44-
29.57) nm, with mean particle size 10.83 nm
and size distribution of about 8.16 nm. It was
evident that the biologically synthesized PtNPs
by Streptomyces sp. have somewhat uniform
spherical shapes with well distributed within the
size range of 20—50 nm as shown in Figs. 8 and 9.
The size ranges obtained from the TEM results also
agreed with the other topographical and analytical
results [46].

Field emission Scanning Electron Microscope
(FESEM)

The surface morphology, composition, size,
and shape of platinum nanoparticles synthesized

from the isolated bacteria under study were
examined by field emission scanning electron
microscopy (FESEM). The FESEM results of PtNPs
biosynthesized using Streptomyces fradiae confirm
that the particles were spherical with the size
between (17-42) nm, the size distribution was 5.55
nm. This agreed with many studies that showed
the size of synthesized platinum nanoparticles
was between (20-30) nm, and the NPs were
agglomerated. Which could be to perform a more
evaluation of the shape, size, and morphologies of
the nanoparticles (Figs. 10 and 11).

Antibacterial activity of biosynthesized PtNPs

The antimicrobial activity of biosynthesized
PtNPs was studied against five species of
pathogenic bacteria isolated from the hospital,
which were: Escherichia coli, Proteus mirabilis,
Pseudomonas aeruginosa Staphylococcus
aureus, Acinetobacter baumannii (Fig. 12). The
antimicrobial activity compared with Gentamicin
antibiotic is standard for these pathogenic bacteria
[41]. Four strains were inhibited by PtNPs except
Pseudomonas aeruginosa. The sizes of bacterial
inhibition zones vary from pathogenic bacteria
to another as shown in Table 1. The primary
issue for public health is that bacterial strains
identified from various ecosystems are resistant
to antibiotics used in human medicine, severely
limiting therapeutic options and endangering
affected people’s lives [47].

CONCLUSION
The primary aim of this investigation was to
develop a novel method for producing platinum

Table 1. Antibacterial Activity of PtNPs Biosynthesized by Streptomyces Fradiae Against Pathogenic Bacteria Isolated from the Hospital

Pathogenic bacteria

Inhibition zone (mm) of

Inhibition zone (mm) of Gentamicin antibiotic

NO PtNPs
L Escherichia coli 103 41
) Proteus mirabilis 15.2 7.2
4 Staphylococcus aureus 16.4 7.1
5 Acinetobacter baumannii 10.2 4.3
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nanoparticles  utilizing  the  Streptomyces
fradiae strain of bacteria. To begin, the
selected Streptomyces fradiae bacteria submit
to identification procedures, including a series of
chemical tests complemented by the extraction
of DNA for molecular identification. Following
successful identification, the research progressed
to the synthesis phase, where platinum
nanoparticles were produced by the bacteria. The
resulting platinum nanoparticles (PtNPs) were
then subjected to a wide structural examination
employing a range of advanced analytical
techniques, such as UV-visible spectroscopy,
field emission scanning electron microscopy
(FE-SEM), atomic force microscopy (AFM),
transmission electron microscopy (TEM), and
X-ray diffraction (XRD). In addition to practice, in
different applications, the antibacterial activity of
these nanoparticles was evaluated through their
interaction with various pathogenic bacterial
species to evaluate any potential inhibitory
effects. In this study, the biosynthesized PtNPs
demonstrated significant antibacterial activity
against the tested pathogens. Given these findings,
it is very important for future research to focus
on exploring a broader spectrum of biological
activities that PtNPs may influence, or to consider
new applications for these nanoparticles or shed
light on the nuances of their interaction with
biological entities.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. Zhang S, Chen Y, Zhu J, Lu Q, Cryle MJ, Zhang Y, et al.
Structural diversity, biosynthesis, and biological functions
of lipopeptides from Streptomyces. Nat Prod Rep.
2023;40(3):557-594.

2. Bhosale RS, Hajare KY, Mulay B, Mujumdar S, Kothawade M.
Biosynthesis, characterization and study of antimicrobial
effect of silver nanoparticles by Actinomycetes spp. Int. J.
Curr. Microbiol. Appl. Sci. 2015;2:144-151.

3. Banoon SR, Ghasemian A. The Characters of Graphene Oxide
Nanoparticles and Doxorubicin Against HCT-116 Colorectal
Cancer Cells In Vitro. J Gastrointest Cancer. 2021;53(2):410-
414.

4. Hassan SA, Almaliki MN, Hussein ZA, Albehadili HM,
Banoon SR, Al-Abboodi A, Al-Saady M. Development of
Nanotechnology by Artificial Intelligence: A Comprehensive
Review. Journal of Nanostructures. 2023, 13(4): 915-932.

5. Pugazhendhi A, Edison TNJI, Karuppusamy I, Kathirvel B.
Inorganic nanoparticles: A potential cancer therapy for
human welfare. Int J Pharm. 2018;539(1-2):104-111.

J Nanostruct 14(2): 548-560, Spring 2024
(@)er |

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Nadeem M, Khan R, Afridi K, Nadhman A, Ullah S, Faisal S, et

al. Green Synthesis of Cerium Oxide Nanoparticles (CeO(2)
NPs) and Their Antimicrobial Applications: A Review.
International journal of nanomedicine. 2020;15:5951-5961.

. Khan ZUH, Khan A, Chen Y, Shah NS, Muhammad N, Khan

AU, et al. Biomedical applications of green synthesized
Nobel metal nanoparticles. J Photochem Photobiol B: Biol.
2017;173:150-164.

Khan 1, Saeed K, Khan I|. Nanoparticles: Properties,
applications and toxicities. Arabian Journal of Chemistry.
2019;12(7):908-931.

Al-Abboodi A, Albukhaty S, Sulaiman GM, Al-Saady
MAAJ, Jabir MS, Abomughaid MM. Protein Conjugated
Superparamagnetic Iron Oxide Nanoparticles for Efficient
Vaccine Delivery Systems. Plasmonics. 2023;19(1):379-388.
Slavin YN, Asnis J, Hafeli UO, Bach H. Metal nanoparticles:
understanding the mechanisms behind antibacterial
activity. Journal of nanobiotechnology. 2017;15(1):65-65.

Al-Abboodi A, Mhouse Alsaady HA, Banoon SR, Al-Saady
M. Conjugation strategies on functionalized iron oxide
nanoparticles as a malaria vaccine delivery system.
Bionatura. 2021;3(3):2009-2016.

Al-Saady AJ, Aldujaili NH, Banoon SR, Al-Abboodi A.
Antimicrobial properties of nanoparticles in biofilms. Revis
Bionatura 2022; 7 (4) 71.

Rabeea Banoon S, Mahdi DS, Gasaem NA, Abed Hussein Z,
Ghasemian A. The Role of Nanoparticles in Gene Therapy: A
Review. Journal of Nanostructures. 2024;14(1):48-64.
Banoon ZR, Al-Lami AK, Abbas AM. Synthesis and Studying
the Optical Properties of Novel Zinc Oxide/a symmetric
dimer Liquid Crystal Nanohybrid. Journal of Nanostructures.
2023;13(1):159-172.

Jang GG, Jacobs CB, Gresback RG, Ivanov IN, Meyer
IIHM, Kidder M, et al. Size tunable elemental copper
nanoparticles: extracellular synthesis by thermoanaerobic
bacteria and capping molecules. Journal of Materials
Chemistry C. 2015;3(3):644-650.

Fariq A, Khan T, Yasmin A. Microbial synthesis of
nanoparticles and their potential applications in
biomedicine. J Appl Biomed. 2017;15(4):241-248.

Ali ZH, Al-Saady MA, Aldujaili NH, Rabeea Banoon S,
Abboodi A. Evaluation of the Antibacterial Inhibitory
Activity of Chitosan Nanoparticles Biosynthesized by
Streptococcus thermophilus. Journal of Nanostructures.
2022 Jul 1;12(3):675-85.

Mallikarjuna K, Bathula C, Dinneswara Reddy G, Shrestha
NK, Kim H, Noh Y-Y. Au-Pd bimetallic nanoparticles
embedded highly porous Fenugreek polysaccharide
based micro networks for catalytic applications. Int J Biol
Macromol. 2019;126:352-358.

Aldujaili NH, Banoon SR. Antibacterial characterization of
titanium nanoparticles nanosynthesized by streptococcus
thermophilus. Periddico Tché Quimica. 2020;17(34):311-
320.

Jameel MS, Aziz AA, Dheyab MA. Green synthesis:
Proposed mechanism and factors influencing the synthesis
of platinum nanoparticles. Green Processing and Synthesis.
2020;9(1):386-398.

Hassan BA, Lawi ZKK, Banoon SR. Detecting the activity
of silver nanoparticles, pseudomonas fluorescens and
bacillus circulans on inhibition of aspergillus niger growth
isolated from moldy orange fruits. Periddico Tché Quimica.
2020;17(35):678-690.

559


http://dx.doi.org/10.1039/d2np00044j
http://dx.doi.org/10.1039/d2np00044j
http://dx.doi.org/10.1039/d2np00044j
http://dx.doi.org/10.1039/d2np00044j
https://www.researchgate.net/profile/Shilpa-Mujumdar-2/publication/279955157_Biosynthesis_Characterization_and_Study_of_Antimicrobial_Effect_of_Silver_Nanoparticles_by_Actinomycetes_spp/links/559fa25c08aea7f2ec56b863/Biosynthesis-Characterization-and-Study-of-Antimicrobial-Effect-of-Silver-Nanoparticles-by-Actinomycetes-spp.pdf
https://www.researchgate.net/profile/Shilpa-Mujumdar-2/publication/279955157_Biosynthesis_Characterization_and_Study_of_Antimicrobial_Effect_of_Silver_Nanoparticles_by_Actinomycetes_spp/links/559fa25c08aea7f2ec56b863/Biosynthesis-Characterization-and-Study-of-Antimicrobial-Effect-of-Silver-Nanoparticles-by-Actinomycetes-spp.pdf
https://www.researchgate.net/profile/Shilpa-Mujumdar-2/publication/279955157_Biosynthesis_Characterization_and_Study_of_Antimicrobial_Effect_of_Silver_Nanoparticles_by_Actinomycetes_spp/links/559fa25c08aea7f2ec56b863/Biosynthesis-Characterization-and-Study-of-Antimicrobial-Effect-of-Silver-Nanoparticles-by-Actinomycetes-spp.pdf
https://www.researchgate.net/profile/Shilpa-Mujumdar-2/publication/279955157_Biosynthesis_Characterization_and_Study_of_Antimicrobial_Effect_of_Silver_Nanoparticles_by_Actinomycetes_spp/links/559fa25c08aea7f2ec56b863/Biosynthesis-Characterization-and-Study-of-Antimicrobial-Effect-of-Silver-Nanoparticles-by-Actinomycetes-spp.pdf
http://dx.doi.org/10.1007/s12029-021-00625-x
http://dx.doi.org/10.1007/s12029-021-00625-x
http://dx.doi.org/10.1007/s12029-021-00625-x
http://dx.doi.org/10.1007/s12029-021-00625-x
http://dx.doi.org/10.35542/osf.io/zvu2n
http://dx.doi.org/10.35542/osf.io/zvu2n
http://dx.doi.org/10.35542/osf.io/zvu2n
http://dx.doi.org/10.35542/osf.io/zvu2n
http://dx.doi.org/10.1016/j.ijpharm.2018.01.034
http://dx.doi.org/10.1016/j.ijpharm.2018.01.034
http://dx.doi.org/10.1016/j.ijpharm.2018.01.034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7429212/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7429212/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7429212/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7429212/
http://dx.doi.org/10.1016/j.jphotobiol.2017.05.034
http://dx.doi.org/10.1016/j.jphotobiol.2017.05.034
http://dx.doi.org/10.1016/j.jphotobiol.2017.05.034
http://dx.doi.org/10.1016/j.jphotobiol.2017.05.034
http://dx.doi.org/10.1016/j.arabjc.2017.05.011
http://dx.doi.org/10.1016/j.arabjc.2017.05.011
http://dx.doi.org/10.1016/j.arabjc.2017.05.011
http://dx.doi.org/10.1007/s11468-023-01994-8
http://dx.doi.org/10.1007/s11468-023-01994-8
http://dx.doi.org/10.1007/s11468-023-01994-8
http://dx.doi.org/10.1007/s11468-023-01994-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5627441/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5627441/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5627441/
http://dx.doi.org/10.21931/rb/2021.06.03.20
http://dx.doi.org/10.21931/rb/2021.06.03.20
http://dx.doi.org/10.21931/rb/2021.06.03.20
http://dx.doi.org/10.21931/rb/2021.06.03.20
https://www.researchgate.net/profile/Shaima-Banoon/publication/366005946_Antimicrobial_properties_of_nanoparticles_in_biofilms/links/639d8aa4024dc52c8a27a5ea/Antimicrobial-properties-of-nanoparticles-in-biofilms.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/366005946_Antimicrobial_properties_of_nanoparticles_in_biofilms/links/639d8aa4024dc52c8a27a5ea/Antimicrobial-properties-of-nanoparticles-in-biofilms.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/366005946_Antimicrobial_properties_of_nanoparticles_in_biofilms/links/639d8aa4024dc52c8a27a5ea/Antimicrobial-properties-of-nanoparticles-in-biofilms.pdf
https://jns.kashanu.ac.ir/article_114449.html
https://jns.kashanu.ac.ir/article_114449.html
https://jns.kashanu.ac.ir/article_114449.html
https://jns.kashanu.ac.ir/article_113755.html
https://jns.kashanu.ac.ir/article_113755.html
https://jns.kashanu.ac.ir/article_113755.html
https://jns.kashanu.ac.ir/article_113755.html
http://dx.doi.org/10.1039/c4tc02356k
http://dx.doi.org/10.1039/c4tc02356k
http://dx.doi.org/10.1039/c4tc02356k
http://dx.doi.org/10.1039/c4tc02356k
http://dx.doi.org/10.1039/c4tc02356k
http://dx.doi.org/10.1016/j.jab.2017.03.004
http://dx.doi.org/10.1016/j.jab.2017.03.004
http://dx.doi.org/10.1016/j.jab.2017.03.004
http://dx.doi.org/10.21931/rb/2022.07.04.71
http://dx.doi.org/10.21931/rb/2022.07.04.71
http://dx.doi.org/10.21931/rb/2022.07.04.71
http://dx.doi.org/10.21931/rb/2022.07.04.71
http://dx.doi.org/10.21931/rb/2022.07.04.71
http://dx.doi.org/10.1016/j.ijbiomac.2018.12.137
http://dx.doi.org/10.1016/j.ijbiomac.2018.12.137
http://dx.doi.org/10.1016/j.ijbiomac.2018.12.137
http://dx.doi.org/10.1016/j.ijbiomac.2018.12.137
http://dx.doi.org/10.1016/j.ijbiomac.2018.12.137
http://dx.doi.org/10.52571/ptq.v17.n34.2020.328_p34_pgs_311_320.pdf
http://dx.doi.org/10.52571/ptq.v17.n34.2020.328_p34_pgs_311_320.pdf
http://dx.doi.org/10.52571/ptq.v17.n34.2020.328_p34_pgs_311_320.pdf
http://dx.doi.org/10.52571/ptq.v17.n34.2020.328_p34_pgs_311_320.pdf
http://dx.doi.org/10.1515/gps-2020-0041
http://dx.doi.org/10.1515/gps-2020-0041
http://dx.doi.org/10.1515/gps-2020-0041
http://dx.doi.org/10.1515/gps-2020-0041
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

560

Z. Maktoof, and R. Hateet / Biosynthesis of Platinum Nanoparticles

Mehbas Dewan T, Rahim Hateet R. Detect the Antibacterial
and Antitumor of synthesized Silver Nanoparticles Using
Microbacterium sp. Bionatura. 2022;7(2):1-9.

Alshami HGA, Al-Tamimi WH, Hateet RR. The antioxidant
potential of copper oxide nanoparticles synthesized from
a new bacterial strain. Biodiversitas Journal of Biological
Diversity. 2023;24(5).

Alshami HGA, Al-Tamimi WH, Hateet RR. Screening for
extracellular synthesis of silver nanoparticles by bacteria
isolated from Al-Halfaya oil field reservoirs in Missan
province, Iraq. Biodiversitas Journal of Biological Diversity.
2022;23(7).

Hassan AF, Hateet RR, Al-Shakban MA. Biosynthesis

and Antibacterial Activity of Gold Oxide Nanoparticles
by Nocardia asteroids Isolated from Soil. Journal of
Nanostructures. 2023;13(2):417-430.
Altammar KA. A review on nanoparticles: characteristics,
synthesis, applications, and challenges. Front Microbiol.
2023;14:1155622-1155622.
Jan H, Gul R, Andleeb A, Ullah S, Shah M, Khanum M,
et al. A detailed review on biosynthesis of platinum
nanoparticles (PtNPs), their potential antimicrobial and
biomedical applications. Journal of Saudi Chemical Society.
2021;25(8):101297.
Al-Radadi NS. Green synthesis of platinum nanoparticles
using Saudi’s Dates extract and their usage on the cancer cell
treatment. Arabian Journal of Chemistry. 2019;12(3):330-
349.
Naseer A, Ali A, Ali S, Mahmood A, Kusuma HS, Nazir A,
et al. Biogenic and eco-benign synthesis of platinum
nanoparticles (Pt NPs) using plants aqueous extracts
and biological derivatives: environmental, biological and
catalytic applications. Journal of Materials Research and
Technology. 2020;9(4):9093-9107.
Ahmad A, Syed F, Shah A, Khan Z, Tahir K, Khan AU, et al.
silver and gold nanoparticles from Sargentodoxa cuneata:
synthesis, characterization and antileishmanial activity. RSC
Advances. 2015;5(90):73793-73806.

Sapkota A, Thapa A, Budhathoki A, Sainju M, Shrestha
P, Aryal S. Isolation, Characterization, and Screening of
Antimicrobial-Producing Actinomycetes from Soil Samples.
Int J Microbiol. 2020;2020:2716584-2716584.

Attard G, Casadesus M, Macaskie LE, Deplanche K.
Biosynthesis of Platinum Nanoparticles by Escherichia coli
MC4100: Can Such Nanoparticles Exhibit Intrinsic Surface
Enantioselectivity? Langmuir. 2012;28(11):5267-5274.
Jameel MS, Aziz AA, Dheyab MA, Mehrdel B, Khaniabadi
PM. Rapid sonochemically-assisted green synthesis of
highly stable and biocompatible platinum nanoparticles.
Surfaces and Interfaces. 2020;20:100635.

Katukam V, Rupula K, Rao Beedu S. Synthesis and
characterisation of novel biopolymer stabilised organic
Pt-nanocomposite: assessment of its antioxidant
and antitumour properties. IET nanobiotechnology.
2020;14(9):889-898.

Hugq MA, Akter S. Bacterial Mediated Rapid and Facile
Synthesis of Silver Nanoparticles and Their Antimicrobial

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Efficacy against Pathogenic Microorganisms. Materials
(Basel, Switzerland). 2021;14(10):2615.

Sikder M, Wang J, Chandler GT, Berti D, Baalousha M.
Synthesis, characterization, and environmental behaviors
of monodispersed platinum nanoparticles. Journal of
Colloid and Interface Science. 2019;540:330-341.

Kotakadi VS, Gaddam SA, Venkata SK, Sarma PVGK, Sai
Gopal DVR. Biofabrication and spectral characterization of
silver nanoparticles and their cytotoxic studies on human
CD34 +ve stem cells. 3 Biotech. 2016;6(2):216-216.

S S P, Rudayni HA, Bepari A, Niazi SK, Nayaka S. Green
synthesis of Silver nanoparticles using Streptomyces
hirsutus strain SNPGA-8 and their characterization,
antimicrobial activity, and anticancer activity against
human lung carcinoma cell line A549. Saudi J Biol Sci.
2022;29(1):228-238.

Saleh MN, Khoman Alwan S. Bio-synthesis of silver

nanoparticles from bacteria Klebsiella pneumonia: Their
characterization and antibacterial studies. Journal of
Physics: Conference Series. 2020;1664(1):012115.
Hateet RR, Ibrahim NB. Biosynthesis of silver nanoparticles
from Staphylococcus lentus isolated from Ocimum
basilicum and their antibacterial activity. Comunicata
Scientiae. 2021;12:e3545.

R N, S M, S JP, P P. Green synthesis and characterization
of bioinspired silver, gold and platinum nanoparticles and
evaluation of their synergistic antibacterial activity after
combining with different classes of antibiotics. Materials
Science and Engineering: C. 2019;96:693-707.

Abd-Elnaby HM, Abo-Elala GM, Abdel-Raouf UM, Hamed
MM. Antibacterial and anticancer activity of extracellular
synthesized silver nanoparticles from marine Streptomyces
rochei MHM13. Egyptian Journal of Aquatic Research.
2016;42(3):301-312.

Bloch K, Pardesi K, Satriano C, Ghosh S. Bacteriogenic
Platinum Nanoparticles for Application in Nanomedicine.
Frontiers in chemistry. 2021;9:624344-624344.

Castro L, Blazquez ML, Gonzalez F, Mufioz JA, Ballester A.
Biosynthesis of silver and platinum nanoparticles using
orange peel extract: characterisation and applications. IET
Nanobiotechnology. 2015;9(5):252-258.

Dobrucka R. Biofabrication of platinum nanoparticles using
Fumariae herba extract and their catalytic properties. Saudi
J Biol Sci. 2019;26(1):31-37.

Baskaran B, Muthukumarasamy A, Chidambaram S,
Sugumaran A, Ramachandran K, Rasu Manimuthu T.
Cytotoxic potentials of biologically fabricated platinum
nanoparticles from Streptomyces sp. on MCF-7 breast
cancer cells. IET nanobiotechnology. 2017;11(3):241-246.
Banoon S, Ali Z, Salih T. Antibiotic resistance profile of local
thermophilic Bacillus licheniformis isolated from Maysan
province soil. Comunicata Scientiae. 2020;11:e3921.
Eltaweil AS, Fawzy M, Hosny M, Abd EI-Monaem EM, Tamer
TM, Omer AM. Green synthesis of platinum nanoparticles
using Atriplex halimus leaves for potential antimicrobial,
antioxidant, and catalytic applications. Arabian Journal of

Chemistry. 2022;15(1):103517.

J Nanostruct 14(2): 548-560, Spring 2024
(@)er |


http://dx.doi.org/10.21931/rb/2022.07.02.30
http://dx.doi.org/10.21931/rb/2022.07.02.30
http://dx.doi.org/10.21931/rb/2022.07.02.30
http://dx.doi.org/10.13057/biodiv/d240519
http://dx.doi.org/10.13057/biodiv/d240519
http://dx.doi.org/10.13057/biodiv/d240519
http://dx.doi.org/10.13057/biodiv/d240519
http://dx.doi.org/10.13057/biodiv/d230720
http://dx.doi.org/10.13057/biodiv/d230720
http://dx.doi.org/10.13057/biodiv/d230720
http://dx.doi.org/10.13057/biodiv/d230720
http://dx.doi.org/10.13057/biodiv/d230720
https://jns.kashanu.ac.ir/article_114103.html
https://jns.kashanu.ac.ir/article_114103.html
https://jns.kashanu.ac.ir/article_114103.html
https://jns.kashanu.ac.ir/article_114103.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10168541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10168541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10168541/
http://dx.doi.org/10.1016/j.jscs.2021.101297
http://dx.doi.org/10.1016/j.jscs.2021.101297
http://dx.doi.org/10.1016/j.jscs.2021.101297
http://dx.doi.org/10.1016/j.jscs.2021.101297
http://dx.doi.org/10.1016/j.jscs.2021.101297
http://dx.doi.org/10.1016/j.arabjc.2018.05.008
http://dx.doi.org/10.1016/j.arabjc.2018.05.008
http://dx.doi.org/10.1016/j.arabjc.2018.05.008
http://dx.doi.org/10.1016/j.arabjc.2018.05.008
http://dx.doi.org/10.1016/j.jmrt.2020.06.013
http://dx.doi.org/10.1016/j.jmrt.2020.06.013
http://dx.doi.org/10.1016/j.jmrt.2020.06.013
http://dx.doi.org/10.1016/j.jmrt.2020.06.013
http://dx.doi.org/10.1016/j.jmrt.2020.06.013
http://dx.doi.org/10.1016/j.jmrt.2020.06.013
http://dx.doi.org/10.1039/c5ra13206a
http://dx.doi.org/10.1039/c5ra13206a
http://dx.doi.org/10.1039/c5ra13206a
http://dx.doi.org/10.1039/c5ra13206a
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7139855/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7139855/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7139855/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7139855/
http://dx.doi.org/10.1021/la204495z
http://dx.doi.org/10.1021/la204495z
http://dx.doi.org/10.1021/la204495z
http://dx.doi.org/10.1021/la204495z
http://dx.doi.org/10.1016/j.surfin.2020.100635
http://dx.doi.org/10.1016/j.surfin.2020.100635
http://dx.doi.org/10.1016/j.surfin.2020.100635
http://dx.doi.org/10.1016/j.surfin.2020.100635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676258/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676258/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676258/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676258/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676258/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8155946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8155946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8155946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8155946/
http://dx.doi.org/10.1016/j.jcis.2019.01.036
http://dx.doi.org/10.1016/j.jcis.2019.01.036
http://dx.doi.org/10.1016/j.jcis.2019.01.036
http://dx.doi.org/10.1016/j.jcis.2019.01.036
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5053953/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5053953/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5053953/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5053953/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8716891/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8716891/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8716891/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8716891/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8716891/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8716891/
http://dx.doi.org/10.1088/1742-6596/1664/1/012115
http://dx.doi.org/10.1088/1742-6596/1664/1/012115
http://dx.doi.org/10.1088/1742-6596/1664/1/012115
http://dx.doi.org/10.1088/1742-6596/1664/1/012115
https://www.comunicatascientiae.com.br/comunicata/article/view/3545
https://www.comunicatascientiae.com.br/comunicata/article/view/3545
https://www.comunicatascientiae.com.br/comunicata/article/view/3545
https://www.comunicatascientiae.com.br/comunicata/article/view/3545
http://dx.doi.org/10.1016/j.msec.2018.11.050
http://dx.doi.org/10.1016/j.msec.2018.11.050
http://dx.doi.org/10.1016/j.msec.2018.11.050
http://dx.doi.org/10.1016/j.msec.2018.11.050
http://dx.doi.org/10.1016/j.msec.2018.11.050
http://dx.doi.org/10.1016/j.ejar.2016.05.004
http://dx.doi.org/10.1016/j.ejar.2016.05.004
http://dx.doi.org/10.1016/j.ejar.2016.05.004
http://dx.doi.org/10.1016/j.ejar.2016.05.004
http://dx.doi.org/10.1016/j.ejar.2016.05.004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7982945/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7982945/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7982945/
http://dx.doi.org/10.1049/iet-nbt.2014.0063
http://dx.doi.org/10.1049/iet-nbt.2014.0063
http://dx.doi.org/10.1049/iet-nbt.2014.0063
http://dx.doi.org/10.1049/iet-nbt.2014.0063
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8676093/
http://dx.doi.org/10.14295/cs.v11i0.3291
http://dx.doi.org/10.14295/cs.v11i0.3291
http://dx.doi.org/10.14295/cs.v11i0.3291
http://dx.doi.org/10.1016/j.arabjc.2021.103517
http://dx.doi.org/10.1016/j.arabjc.2021.103517
http://dx.doi.org/10.1016/j.arabjc.2021.103517
http://dx.doi.org/10.1016/j.arabjc.2021.103517
http://dx.doi.org/10.1016/j.arabjc.2021.103517

	Biosynthesis of Platinum Nanoparticles by Streptomyces fradiae and Evaluate Antibacterial Activity 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS  
	 Soil Samples Collecting 
	Identification of the isolates 
	Biosynthesis of PtNPs from studied bacteria  
	The physical Characterization of PtNPs 
	UV- Spectroscopy  
	Fourier transform infrared spectroscopy (FTIR) 
	XRD Analysis  
	Transmission electron microscopy (TEM)  
	Atomic force microscopy (AFM)  
	Zeta potential analysis  
	Field Emission Scanning Electron Microscope (FESEM)  
	Antibacterial activity of bio-synthesized PtNPs 


	RESULTS AND DISCUSSION 
	Isolation of studied bacteria 
	Molecular identification of the isolated bacteria 
	Bacterial screening for the ability to synthesize PtNPs 
	Characterization of the synthesized platinum nanoparticles 
	UV-Vis. Spectroscopy  
	The Fourier Transform Infrared Spectroscopy (FTIR) 
	Atomic force microscopy (AFM) 
	XRD Analysis 
	Transmission Electron Microscopy (TEM) 
	Field emission Scanning Electron Microscope (FESEM) 

	Antibacterial activity of biosynthesized PtNPs  

	CONCLUSION 
	CONFLICT OF INTEREST 
	REFERENCES 

