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ABSTRACT

The synthesis of nanostructured materials has gained significant
interest due to their unique properties and applications in various fields.
The biological approach of nanoparticle synthesis is cheaper and
environmentally friendly compared to conventional chemical methods.
This study aimed to synthesize Zinc oxide nanoparticles (ZnO NPs)
using actinomycetes and evaluate their antimicrobial properties. The
synthesized nanoparticles were characterized using various techniques
(UV-Vis spectroscopy, Fourier transform-infrared spectroscopy,
scanning electron microscopy, X-ray diffraction analysis, and Zeta
potential analysis) and their antibacterial activity was tested using the
well diffusion method against four different bacteria species. The
transmission electron microscope showed that the average size of ZnO
NPs was 20-38 nm, while X-ray diffraction and energy-dispersive X-ray
spectroscopy confirmed the purity of the biosynthesized ZnO NPs. The
biosynthesized ZnO NPs showed effective antibacterial activity against
E. coli MTCC 739, Pseudomonas aeruginosa MTCC 2453,
Staphylococcus aureus MTCC 96, and Bacillus subtilis MTCC 736.
Thus, biosynthesized ZnO NPs have the potential to be stable and eco-
friendly nanoparticles with antibacterial activities.
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INTRODUCTION

Nanotechnology has emerged as the most revolutionary technology
of the twenty-first century, impacting all aspects of human life and
encompassing nearly every field of research with ground-breaking
breakthroughs (Yarotski et al., 2009). Nanomaterials have received
interest because of their unique physical and chemical features, such as
increased surface area to volume ratio, and magnetic and optoelectronic
capabilities when compared to its bulk equivalent (Qiu et al., 2018).
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Fabrication of nanoparticles with controlled size, shape, and crystalline
nature is a major focus in chemistry and biomedical research because it is
a promising candidate for a variety of applications such as medical,
electrochemistry, sensors, catalysis, drug delivery, and trace element
detection, among others (Singh et al., 2021).

Traditionally, numerous physical, chemical, and mechanical
processes have been employed to create superior nanomaterials of
varying morphology and size, which exhibited efficient relevance at the
industrial and commercial levels (Khan et al., 2019). However, the
exorbitant expense of specialized instruments, alongside the hazardous
side effects of chemicals on the environment, shifted the researchers'
focus to creating nanoparticles using eco-friendly ways to tackle health
and environmental challenges (Islam et al., 2022). Nature supplied
researchers with innovative ideas for the fabrication of nanoparticles
using biological systems employing a bio-mimetic method (Ahmed et
al., 2016). According to scientific evidence, bacteria, fungi, yeast, and
plant extracts were employed to produce ecologically friendly
nanomaterials (Gunalan et al., 2012). These bioinspired nanoparticles
were discovered to be biocompatible, cost-effective, and efficient in
biomedicine. Actinomycetes are gram-positive filamentous organisms
found in soils (Bhatti et al., 2017). They are highly studied organisms
due to their soil-degrading abilities as well as their powerful supply of
antibiotics.

The application of zinc oxide has been reported in several physical
and optical processes, including wastewater treatment, food packaging,
and antimicrobial agents (Shaba et al., 2021). zinc nanoparticles are
recognized as non-toxicoxic, and biocompatible particles (Mirzaei and
Darroudi, 2017). The biological method for the synthesis of zinc
nanoparticles is advantageous as it is simple and retains intact
antimicrobial activity. Depending on the nature of these particles, they
have a vast potential for antimicrobial activity against pathogenic
microorganisms. The biological synthesis of nanoparticles is a viable,
cost-effective, and safe synthesis route according to biomedical
applications, which confer potential and more functional properties.
Thus, the objectives of this study were to synthesize ZnO NPs by
actinomyecetes isolated from soil and to screen the antibacterial activity of
biosynthesized nanoparticles against wastewater-associated bacteria
(SIman, 2012).

MATERIAL AND METHODS
e Chemicals

All of the chemicals used, including the ZnSQO,4.7H,0, NaOH, and

starch agar mediam, were provided by Merck. Every solution is made
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with deionized water. All glassware ware cleaned with double distilled
water, dried for 2 hours in a 180 °C oven, and stored in a dry container.
¢ Isolation of actinomycetes
Heat treatment was performed on soil samples to isolate
actinomycetes. Samples were put in an oven at 100 °C for 60 min. Serial
dilutions were prepared from samples and one ml of dilution was
inoculated in starch agar media and incubated for 5 days at 30 °C, the
isolates were stored at 4 °C for the next studies (Abd El-Motaleb et al.,
2020). Actinomycete isolates were inoculated in starch broth media and
cultured on a shaker at 30°C for 5 days before being centrifuged at 4500
rpm for 30 minutes to remove the biomass. The supernatant was
collected and utilized to synthesize zinc oxide nanoparticles in a reaction
with zinc sulfate (Eid et al., 2020).
e Biosynthesis of zinc oxide nanoparticles by actinomycetes
To synthesize ZnO nanoparticles, 20 isolates of Actinomycetes
were scanned. To make ZnO NPs, 50 mL of zinc sulfate (0.1 M) and
sodium hydroxide solution (0.4 M) were combined in a 250 mL conical
flask, and 50 mL of actinomycetes culture was added to the same flask.
The flask was then shaken at 40 °C for 15 minutes to generate the ZnO
NPs. The flask was then microwaved for 2 minutes before being allowed
to cool for 1 hour. The nanoparticles would settle naturally. The
emergence of white deposits on the flask's bottom would confirm the
creation of ZnO nanoparticles. After that, the ZnO nanoparticles were
rinsed with deionized water and centrifuged at 3000 rpm for 10 minutes.
The centrifugation was repeated until the supernatant was clear. The
pellet was gathered in a tiny plate and dried for 8 hours in a muffle
furnace at 400 °C until it appeared completely dry. As a consequence,
The ZnO NPs powder was generated (Mishra et al., 2013).
e Characterization of ZnO nanoparticles
UV-Vis spectroscopy
The excitation spectra of biologically synthesized ZnO
nanoparticles were examined using UV-visible spectroscopy. It was
measured with a Hach DR 3900 Spectrophotometer with a resolution of 1
nm. To confirm the reduction of nanoparticles, an absorbance spectra
scan of 300-750 nm was performed on the Hitachi double-beam
spectrophotometer for re-suspended nanoparticles in deionized water
(Dobrucka and Dugaszewska, 2016).
X-ray diffraction analysis (XRD)
The production of ZnO NPs was validated and the crystal structure
was discovered using an X-ray diffractometer (XRD, D8, Bruker,
Germany) (Kumari et al., 2017).
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Fourier transform-infrared spectroscopy (FTIR)

The binding effectiveness of ZnO nanoparticles was determined
using FTIR. The FTIR spectrophotometer (Thermo Fisher Nicolet iS50
FTIR Spectrometer) can be used to extract structural information from its
different vibrational modes. FTIR measurement was performed directly
on dried ZnO nanoparticles powder. Based on the frequency of 400-4000
cm, the scanned FTIR result was reported (Rajivgandhi et al., 2022).
Zeta potential analysis

The ZnO nanoparticles were re-suspended in a water solution and
filtered using a 0.22 mm syringe filter. The dynamic light scattering
approach was used to determine the size distribution of the nanoparticles.
A zeta potential analyzer (Nano Brook Zeta PALS Potential Analyzer,
Brookhaven) was used to scan the particle size, size distribution, and
Zeta potential effect of ZnO NPs (Rajivgandhi et al., 2022).

Elemental dispersion analysis of X-Ray (EDAX)

The elemental composition of the synthesized ZnO nanoparticle
was determined using EDAX. An X-ray diffractometer (XRD, D8,
Bruker, Germany) was used to determine the presence or absence of ZnO
NP confirmative peaks (Kumari et al., 2017).

Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM, Quanta FEG 250) was used
to determine the surface morphology of the nanoparticles. Zinc oxide
nanoparticles were disseminated in 100% ethanol using ultrasonic
agitation, then a portion of the solution was dropped onto a glass slide,
and the solvent was evaporated at room temperature. The specimens were
then coated with a thin gold coating by physical vapor deposition in a
vacuum of roughly 3 mm thickness before being subjected to SEM
examination (Kumari et al., 2017).

Transmission Electron Microscopy (TEM)

Transmission Electron Microscopy (TEM) analysis of synthesized
silver and zinc oxide nanoparticles was prepared by drop-coating
biosynthesized nanoparticles solution on carbon-coated copper TEM
grids (400 um x 40 um mesh size). Samples were dried and kept under
vacuum in desiccators before loading on to a specimen holder. TEM
measurements were performed on a Tecnai- 12 (JEM-2100 electronic
microscope, JEOL, Japan) electron microscope operated at an
accelerating voltage of 120 kV (Kumari et al., 2017).

¢ Identification of the actinomycetes isolates by 16S rRNA

16S rRNA sequencing analysis identified the actinomycetes isolate
responsible for the creation of ZnO nanoparticles. The isolate was
inoculated in starch broth and incubated for 7 days at 28 °C. Quick-DNA
Miniprep Plus Kit (Zymo Research Corp., USA) was used to extract
genomic DNA. The polymerase chain reaction (PCR) method was
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employed to amplify the 16S rRNA universal primers gene fragment using
pure genomic DNA as a template. As primers, forward primer (5’
CACACTGGGACTGAGACACG 3) and reverse primer (5
TAGTTAGCCGGCTTCTTC 3') were utilized. The following conditions
were used for the PCR reaction: initial denaturation at 94°C for 6 minutes,
35 amplification cycles at 94°C for 45 seconds, annealing at 56°C for 45
seconds, 72°C for 1 minute, and final extension at 72°C for 5 minutes. UV
fluorescence was employed to detect PCR amplification using agarose gel
electrophoresis. The PCR product was sequenced using an automated
sequencer and the identical primers mentioned previously. Using the NCBI
BLAST provided at https://www.ncbi.nlm.nih.gov/nuccore/OQ255755, the
16S rRNA sequence was evaluated for similarity with the reference
species included in the genomic database banks. Using MEGA version 6,
the phylogenetic analysis of the sequence with the closely similar
sequence of BLAST results was done (Park et al., 2019 and Ferrandis-
Vila et al., 2022).
e Antibacterial activity using well diffusion method against
some bacteria
The antibacterial activity of ZnO nanoparticles synthesised with
Streptomyces albus strain w12 was tested using the agar well diffusion
method against various reference bacterial strains (E. coli MTCC 739,
Pseudomonas aeruginosa MTCC 2453, Staphylococcus aureus MTCC
96, and Bacillus subtilis MTCC 736). Bacterial cultures were cultivated
overnight on nutrient agar media at 37 degrees Celsius before being
injected into nutrient agar plates. The well was loaded with varied
concentrations of ZnO nanoparticles (10, 25, and 50 g/mL), ceftriaxone
was utilized as a positive control, and distilled water was used as a
negative control. The plates were incubated at 37 degrees Celsius for 24
hours before measuring the zone of inhibition around the wells (Dadi et
al., 2019 and Feroze et al., 2020).

RESULT AND DISCUSSION

e Isolation of actinomycetes

The current study used 20 isolates of actinomycetes species
isolated from soil to synthesize ZnO nanoparticles. The isolated
streptomycetes albus strain w12 was identified and proven as a synthesis
of ZnO nanoparticles. The partly 16S rRNA sequences of strain w12
were matched with known representative Actinomycetes 16S rRNA
sequences taken from the NCBI Gen Bank database. The partly 16S
rRNA sequences of the w12 strain were also deposited in the Gen Bank
database under the accession numbers: 0Q255755.1 (Fig.1) (Leblond-
Bourget et al., 1996 and Aydin et al., 2021).
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FUS32419 1 Streptomyces bellus strain HBUMAI 75137
HOQE37062 1 Stroptamyces albus subsp. albus strain JCMA703
JNO12607 1 Steptamyces albus straim FPOR .04 15 053
QQZHEET755 1 Streplomyces albus strain w12

KXOAL5 /76 1 Streptomyces bellus stram ACO9

MIK789 720 1 Streptomycaes albus stramn PA SD5

KY214197 1 Streptomycas Sp. straln 49

Fig 1: Phylogenetic dendrogram produced using the neighbor-joining approach
based on 16S rRNA gene sequence analysis, displaying the
phylogenetic  position of Streptomyces albus strain w12
0Q255755.1.

e Characterization of ZnO nanoparticles

The maximum absorption peak (Amax) of the synthesized ZNONPs
measured using a UV-Vis spectrophotometer was at 322 nm (Fig. 2A),
which agrees with the range of ZnO NPs analysis, demonstrating the
presence of ZnO NPs in the colloidal solution (Aminuzzaman et al.,
2018). Several research hasreported comparable Amax values as
approved for the successful manufacture of ZnO NPs (Sarillana et al.,
2021).

The FTIR profiles of both the precipitated ZnO NPs before
calcination and the calcinated ZnO NPs were shown in Fig. 2B to
determine the presence or absence of distinct vibrational modes in the
wavenumber range of 4000-400 cm™. In general, metal oxides produce
absorption bands in the fingerprint sectlon notably below 1000 cm™ as a
result of mteratomlc vibrations (Fiore and Pellerito, 2021). The peaks at
442 and 466 cm™ relate to metal-oxygen mteractlons (ZnO stretching
bonds), while the absorption peak at 874 cm™ is caused by Zn tetrahedral
coordination (Lakshmlnarayana et al., 2018). The apparent peaks at
1624 and 1418 cm™ represent C= o) stretching of aldehydes and
carboxylic acids, respectively, and C-O stretching. The absorption peaks
between 2800 and 3000 cm™ correlate to C-H stretching vibrations
(Hadj Juvanov et al., 2020). Both spectra have a wide absorption peak at
3418 cm™, which may be connected to the vibrational mode of hydroxyl
groups (Ivashchenko et al., 2016). Impurities may cause some
unresolved bands in the precipitate. As a result, the FTIR data indicated
the presence of ZnO NP biosynthesis.
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The surface charge of ZnO NPs was evaluated using zeta potential
analysis, which provides further information on their colloidal stability
(Rajivgandhi et al., 2022). Fig 2C depicted the measured zeta potential
of biosynthesized ZnO NPs in aqueous dispersion. Because of their
strong negative zeta potential value (-18.1 mV), ZnO NPs had
remarkable colloidal stability in an aqueous solution, avoiding
agglomeration or aggregation for a lengthy period of time. This
consistency is appealing for biological and environmental applications.
Furthermore, the specific surface area of biosynthesized ZnO NPs was
6.2 m?/g, which was comparable to that of some commercial ZnO NPs.
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Fig 2: UV absorption spectra (a), FTIR analysis (b), and Zeta potential (c) of
biological synthesized ZnO NPs

The morphology and particle size of biosynthesized ZnO NPs were
examined using SEM and TEM. From the SEM micrograph (Fig: 3A), it
was evident that the shape of ZnO NPs was almost spherical and
uniform. In addition, the prepared ZnO NPs had less tendency to
agglomerate, indicating a high surface area (active sites) which tended to
improve the photocatalytic reactions. Furthermore, EDAX analysis was
performed to investigate the topographies of the biosynthesized ZnONPs.
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As illustrated in Fig: 3B, the recorded peaks at 1.03 and 8.63 KeV
confirmed the presence of the Zn atom, where the apparent peak at 0.52
KeV represented the O atom, which was the main component of the ZnO
NPs sample (Barzinjy and Azeez, 2020). The elemental analysis
revealed that the biosynthesized sample is in its highest purified form,
and no traces of impurities were detected.

B
Element Weight%
0 18.73
Zn 81.27
n
2 3 4 5 6 7 8 9 10
Energy, KeV

Fig 3: Morphological observation of SEM (A) and EDAX (B) of biological
synthesized ZnO NPs

The diameter of the biosynthesized ZnO NPs ranges between 20
and 38 nm, as shown in Fig. 4B. XRD patterns were also acquired to
have a better understanding of the phases and microstructure of the
biosynthesized ZnO NPs. As shown in Fig: 4A, the obtained peaks
corresponding to the (100), (002), (101), (102), (110), (103), (200),
(112), and (201) planes, respectively, confirm the pure hexagonal
wurtzite phase of ZnO NPs. The biosynthesized ZnO NPs were in their
pure phase, free of contaminants, according to XRD measurements.
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Fig 4. XRD (A) and TEM(B) analysis of biological synﬁlesized ZnO NPs
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e Antibacterial activity using well diffusion method
The antibacterial activity of produced ZnO nanoparticles on various
bacteria was investigated in this study (E. coli MTCC 739, Pseudomonas
aeruginosa MTCC 2453, Staphylococcus aureus MTCC 96, Bacillus
subtilis MTCC 736). Using agar well diffusion assy (Fig 5& Table:1) ZnO
nanoparticles includes inhibition zone against four bacteria species (E. coli
MTCC 739, Pseudomonas aeruginosa MTCC 2453, Staphylococcus aureus
MTCC 96, Bacillus subtilis MTCC 736) inhibition zone increase
proportionally with increase ov zno concentration. Because of the
nanoparticles' broad range of application potential, ZnO-NPs have been
extensively studied for antibacterial activity. El-Kattan, (2022) discovered
that ZnO-NPs had antibacterial action against both Gram-positive and
Gram-negative bacteria (El-Kattan et al., 2022). Another study, Pillai et al.,
(2020), found that the antibacterial activity of green synthesized ZnO rised
proportionally with the concentration of NPs (Pillai et al., 2020).

- e B — =

Fig 5. Antibacterial activity of biosynthesized ZnO NPs (A: 10 ug/ml, B: 25
pg/ml, C: 50 pg/ml, D: ceftriaxone 10 pg/ml, and E: distilled water).

Table.1: Diameter of inhibition zone of ZnO NPs against different
microorganisms

Zone of Inhibition, mm
Microorganism . AgNPs
g Ceftriaxone (10 pg/mL) 10 (ug/ml) 75 (pg%mL) 50 (ug/mL)
E. coli 209+19 12.0+0.89 145+ 1.67 18.0+2.02
P. aeruginosa 19.7+1.07 11.8+1.84 135+1.21 155+ 1.55
S. aureus 17.6 +1.63 10.5+1.02 12.5+1.93 140+ 15
B. subtilis 185+ 1.65 109+1.4 13+1.09 149 +1.33
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The antibacterial activity of the synthesized ZnO NPs against E.
coli, P. aeruginosa (Gram-negative bacteria) was higher than that of S.
aureus and B. subtilis (Gram-positive bacteria) in the current study. The
release of diffusible inhibitory chemicals from ZnO NPs caused bacterial
group inhibition around the well.

CONCLUSION

The current study used a rapid, simple, and environmentally benign
method to create zinc oxide nanoparticles and assess their efficiency
against some dangerous bacteria. A particular isolate was isolated, and
the zinc nanoparticles were synthesized using its supernatant. Several
methods were utilized to analyse their qualities, and it was discovered
that they were effective against a variety of bacteria. More research is
needed to investigate their potential usage in water purification.
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