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Abstract

Zinc oxide nanoparticles have received likely attention due to their immense uses. For such purpose, the
improvement of innovative and biological methods is in significant request for raising these materials in
industrial field. This document describes a unique way for the biosynthesis of ZnO nanoparticles using
abacillus subtilis. The morphology structure and stability of the synthesized ZnO nanoparticles were
studied using XRD, FTIR, FE-SEM and TEM. The results showed that the synthesized nanoparticles are
stable, hexagonal phase, spherical with extreme particles in size range within 7-19 nm in diameter and

has antibacterial activity against MDR bacteria from different sources.

Keywords: Eco friendly Synthesis.
Introduction

The secrets pick up from natural
surroundings have run to the expansion of
biomimetic methods for the development of
innovative  non  material’s. Biological
approaches designed for nanoparticle
production using microorganisms, enzymes,
and plants or plant extracts have been
proposed as potential ecofriendly options to
chemical and physical methods.

Zinc oxide nanoparticles (ZnO NPs) have
gained vast acceptance in the scientific
domain due to their unique and charming
properties[1].In recent times, ZnO NPs has
come in the scientific public eye, for its
semiconducting properties, distinctive
antibacterial, antifungal, wound curing and
UV filtering properties, high catalytic and
photochemical action. Interestingly
researchers have used ZnO nanoparticles for
the immobilization of beta galactosidase[2].
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Zn0O nanoparticles were made by several
different procedures, such as the sol-gel
techniques, wet chemical method, and green
chemistry[3]a number of methods reported
for synthesis of nanoparticles. Biological
method is of great importance because, in the
physical and chemical methods the usage of
expensive chemicals as reducing and capping
agents and toxic solvents along with the
boring procedure control, as well as heating
at high temperature at reduced pressure
limits their biological uses[1].

To overcome these concerns, there 1is
abundant request for biogenic Zinc oxide
nanoparticles. The present research work
describes the zinc oxide nanoparticles
biosynthesis using reproducible bacteria,
bacillus subtilisas eco-friendly reducing and
capping agent. Bacillus subtilisis a gram
positive, facultative anaerobe, nonpathogenic
further most plentiful bacteria dispersed
internationally in diverse soils.
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Like most of the bacteria, bacillus subtilis
have electro kinetic negative potential; which
certainly attracts the cations and this work
as a trigger for the biosynthesis of ZnO NPs?

Experimental

This method was done according to [4]with
some modified. Pure culture of bacillus
subtitles was inoculated into flask containing
sterile 100 ml nutrient broth (cooled) under
the aseptic condition of laminar air flow. 0.5
mm of Zinc Acetate dehydrates -Zn
(CH3CO2)2was added to the nutrient Broth
media. Then it was incubated in shaker
incubator at 37°C for overnight for the growth
of bacteria and then this mixture heating at
40°C for 3 hours. After this, the flask follow
by cooling that allowed the nanoparticles to
settle down.

The formation of nanoparticles was confirmed
by observing the white color deposition at the
bottom of flasks. After this we notes the
mixture was separated the supernatant was
removed then the centrifugation was done to
pellet at 4000 rpm for 10 minutes washed
with deionized water and centrifugation was
done at 4000 rpm for 10 minutes and this was
repeated a number of times .After every
centrifugation the pellet was washed properly
with deionized water. Finally the pellet was
collected in a small plate and it was kept for
drying in oven at 50°C till it was totally dry
and ZnO nanoparticle was obtained in
powdered form [4]

Table 1: Bacterial isolates

Characterization of ZNO

Nanoparticles

X-ray Diffraction was performed using Powder
X-ray Diffract meter (Shimadzu Xrd-6000-
Jaban) supplied with CuKa radiation
A1.5405A over a wide range of the Bragg
angles 0 (10° < 20 < 80°).For optical properties,
UV absorbance spectra were measured by UV
spectroscopy (Shimadzu -1800-Jaban).

The morphology and structure of
nanoparticles were examined by field emission
electron microscope (FE-SEM) analysis was
performed on (type- S-1640 HITACHI
company-Japan).The Transmission electron
microscope type- JEOL 100CX II (TEM)
100kV —Al-Sharif University-IRAN image was
recorded by dissolving the synthesized powder
sample in ethanol and then placed a drop of
ethanolic solution on the surface of copper
grid.  Characterization  involved  FTIR
(IRAffinity-1, Shimadzu, Japan) analysis of
the dried powder of synthesized ZnO NPs by
scanning in the range 400—4000 cm-! at are
solution of 4cm-1.

Bacterial Isolates Used in the Study

Four multidrug resistance bacterial isolates
were provided by different sources that belong
to Gram negative and Gram-positive bacteria
mention in Table (1).

The four 1isolates after obtained were
confirmed by vitek 2 system for its
identification and antibacterial sensitivity.

Bacterial isolates Source Obtained
1 Pseudomonas aeruginosa Kufa university — college of science
2 Methicillin-resistant Staphylococcus aureus(MRSA) Babylon university — college of medicine
3 Escherichia coli Kufa university — college of science
4 Klebsiella oxytoca Hillah public health Lab
The Preparation of the Bacterial Inhibitory effect has been tested for ZnO NPs.
Inoculums against bacterial isolates shown in table (1),

The nutrient broth media was used for the
purpose of preparation of the inoculums in
test tubes of 10 ml per tube and sterilize in
autoclave at 121°C for 15 min. Inoculums was
prepared for each bacterial isolates diluted
the cell suspension with sterile normal saline
to obtain final concentration by comparison
with 0.5 McFarland.

Antibacterial Activity of ZnO Nan
particles Against Pathogenic Bacteria
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with a concentrations (100, 200, 400, 600,
800, and 1000) pg/ ml. using the:

Determination of the Minimum
Inhibitory Concentrations (MIC)

The minimum inhibitory concentrations
(MIC) were determined by the micro well
dilution method with some modifications.
This test was performed in sterile flat bottom
96 well micro test plates. 150 pl volume of
Mueller Hinton broth was dispensed into
each well and 20 pl of various concentrations
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of the nanoparticle was added along with
30ul of the test organism suspension. The
final volume in each well was 200 ul (150 pl
Mueller Hinton broth, 30 pl of the test
organism suspension, and 20 pl nano
particle).Therese control  wells were
maintained for each test batch the positive
control (media and test organism), the
negative control

(media and nanoparticles) and third control
was the media only Plates were then
incubated at 37°C for 24 h. The MIC was
determined using the spectrophotometer at
wavelength 600 nm after incubation [12]

Determination of the Minimum
Bactericidal Concentration (MBC)

The minimum Dbactericidal concentration
(MBC) was determined from all wells showing
no growth as well as from the lowest
concentration showing growth in the MIC
assay for all the samples. Bacterial cells from
the MIC test plate were sub cultured on
freshly prepared solid nutrient agar plates by
making streaks on the surface of the agar. The
plates were incubated at 37°C for 24 h
overnight. Plates that did not show growth
was considered to be the MBC for the
nanoparticle used [13].

Results and Discussion

The white precipitate at the bottom of the
flask indicates all ZnO NPs are deposited
Fig.1

Fig.1: Precipitated of biologically ZnO NPs at the bottom of flask

Fig.2 represents XRD patterns of the bio
synthesis ZnO NPs synthesized using bacillus
subtilis. XRD investigation reflects that

The detected diffraction peaks of ZnO at 2-
theta = 31.72° ,34.38° and 36.26° are associated
with (100),(002) and (110) all the reflections can

synthesized nanoparticles were pure and be assigned to the stander powder pattern of
crystalline in nature. Zn0O [5].
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Fig 2: XRD pattern of biologically ZnO nanoparticles using Bacillus subtilis

Optical properties of the ZnO NPs were shown
by UV—v is spectroscopy as in fig. 3. It is clear
that absorption peak at 385 nm [6] shows the
existence of ZnO NPs. The field-emission
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scanning electron microscopy characteristics of
ZnO deposited on Ga N and Si substrates were
measured in a two-parallel-plate fig. 4. The
vacuum chamber was evacuated to a base
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pressure of 1.5 x 10-5 Torr. The voltage was
swept by automatic sweep option of source
meter from 0 to 1000 V. TEM image of the
synthesized ZnO NPs at 50 nm scales are

AT Y TV Y N O Y

shown in the Fig.5. It was seen that ZnO NPs
are poly dispersed and roughly spherical in
shape with maximum particles in size range
within 7-19nm.
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Fig.4 FE-SEM of biologically ZnO nanoparticles using Bacillus subtilis

An FTIR spectrum is used to access the
details of functional groups involved in the
biosynthesis of ZnO NPs. The gotten FTIR
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Fig.5 TEM of biologically ZnO nanoparticles using Bacillus subtilis

spectra of ZnO NPs displayed a clear package
located at 400-500 cm ! due to vibration
metal association Zn-O [5]as shown in Fig.6.
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Fig.6 FTIR of biologically ZnO nanoparticles using Bacillus subtilis

The Anti-Bacterial Activity of Nan
particles against MDR Bacteria

The antibacterial activity of bio synthesis
ZnO0 NP was examined against multidrug
Gram-negative bacteria, and one-multi drug
Gram-positive bacteria. The first step in this
experiment and due to the wide ranges of
concentrations used in this experiment.

A- 100 pg/ml

B- 200 pg/ml

We forced to choose the MIC and MBC
concentration for each nanoparticles by using
the broth micro dilution method using the
spectrophotometer at wavelength 600 nm
after incubation, the calculation was done as
show in Figure (7).
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Fig 7: Micro titer plate

1-Bio ZnO C- 400 pg/mi
D- 600 pg/ml
E- 800 pg/ml
F- 1000 pg/ml
After this the nanoparticles minimum

inhibition concentration (MIC) was made by
broth micro dilution method. 0.5 McFarland’s
Standard suspension of bacterial was
pipetted into a micro titer plate. The
bacterial isolates were incubated for 24 hours
at 37Ce with thoursee-fold replications and
for Minimum bactericidal concentration
(MBC) Samples from wells used in broth

micro dilution assay that did not show any
observable growing after the 24 hours
incubation was sub cultured onto nutrient
agar plates.

The MBC was documented as the lowest
concentration of the nanoparticles that did
not allow a single colony to grow on the agar
after further 24 hours incubation.

Table 2: The minimum inhibitory concentrations and the minimum bactericidal
concentration of synthesized nanoparticles
ZnO NP.
Bacterial isolation
MIC pg/ml MBC pg/ml

Klebsiella oxytoca 100 200

Methicillin-resistant staphylococcus aureus (MRSA) 600 800

Pseudomonas aeruginosa 200 400

Escherichia coli 600 600

It's clear from the table (2) the biologically
Zn0O nanoparticle was showed various MIC
concentration among bacterial strains, the
600 pg/ml was showed inhibition activity
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against Methicillin-resistant staphylococcus
aureus (MRSA)and Escherichia coli while the
100 pg/ml was worked on Klebsiella oxytoca
and 200 ug/ml on Pseudomonas aeruginosa.
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While the MBC concentration of biologically
Zn0O nanoparticle was showed various
concentrations against MDR bacterial strains
under the study, the 800 pug/ml was showed
inhibition activity against Methicillin-
resistant staphylococcus aureus (MRSA) and
600 pug/ml against Escherichia coli while the
200 pug/ml was worked on Klebsiella oxytoca
and 400 pg/ml on Pseudomonas aeruginosa.
[14]

The ZnO nanoparticles were found to show
potential antibacterial activity against tested
bacterial stain Klebsiella oxytoca. So the
results completely agreed with study
mentioned above.

The ZnO NPs was exhibited antibacterial
activity against MRSA [7] so, the result
obtained agree with this findings. The
proposed two imaginable mechanisms for the
antibacterial action of zinc oxide
nanoparticles to bacteria are first, creation of
augmented levels of ROS mostly hydroxyl
radical and singlet oxygen which destruction
the bacterial cell wall.

Second nanoparticles deposition on bacterial
surface or nanoparticles aggregation either in
the periplasm region or in the cytoplasm
initiating distraction of cellular function and
membranes disorganization.

Also the result showed the same result as in
[8]shown that ZnO nanoparticles had
antibacterial activity against bacteria with
ESBL and Amp-C.

Interestingly, synthesized ZnO non material’s
[15]exhibits an excellent bactericidal effect
against human pathogens, which -clearly
depicts its suitability to use in diverse no
medicinal applications.

According to [9], Antibacterial activity for
nanoparticle ZnO against P. aeruginosa
isolates was measured the zone of inhibition
was  correlated  positively  with  the
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