Zagazig J. Agric. Res., Vol. 46 No. (6A) 2019

/.

Biotechnology Research

:;\1.‘“" iy
&

N

http:/mww.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&query Type=Master A
“Bag oﬁl-:s':\\n\\§

BIOSYNTHESIS OF ZINC NANOPARTICLES USING CULTURE
FILTRATES OF Aspergillus, Fusarium AND Penicillium FUNGAL SPECIES
AND THEIR ANTIBACTERIAL PROPERTIES AGAINST GRAM-POSITIVE
AND GRAM-NEGATIVE BACTERIA

Mona E. Hefny’, Fatma I. EI-Zamek, H.1. Abd El-Fattah and S.A.M. Mahgoub
Agric. Microbiol. Dept., Fac. Agric., Zagazig Univ., Egypt

Received: 04/08/2019 ; Accepted: 27/08/2019

ABSTRACT: The present study demonstrates a positive correlation between zinc metal tolerance
ability of an isolated fungi and their potential for the synthesis of zinc oxide nanoparticles (ZnO-NPs).
A total of 5 fungal cultures were isolated from the rhizospheric soils of plants naturally growing at
Sharkia Governorate in Egypt and identified based on morphological characteristics. These isolates are
belongs to Aspergillus niger (An), Aspergillus tubulin (At), Aspergillus fumigatus(Af), Penicillium
citrinum (Pc) and Fusarium oxysporum (Fo). These isolates were used in the synthesis of zinc-oxide
nanoparticles (An-ZnO-NPs, At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-NPs and Fo- ZnO-NPs) using Zinc
sulfate as the precursor compared to the references strains of A. tubingensis Mosseray AUMC
No0.6915, A. fumigatus Fresenius AUMC No.48 and A. terreus Thom AUMC No.75. Aspergillus and
Fusarium isolates have been shown to have a high zinc metal tolerance ability and a potential for
extracellular synthesis of ZnO nanoparticles under ambient conditions. The synthesized ZnO-NPs
were tested by the detection of a notable absorption peak at 285 to 296 nm, appearing in UV-Vis
spectra due to surface-plasmon-resonance. Transmission electron microscope (TEM) results revealed
that An-ZnO-NPs, At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-NPs and Fo- ZnO-NPs exhibited a crystalline
structure with hexagonal wurtzite shape (30-100 nm size). ZnO nanoparticles exhibited excellent
antibacterial activity against tested Gram-positive and Gram-negative bacteria. The ZnO nanoparticles
showed better antibacterial activity against Staphylococcus. aureus, Listeria. monocytogenes and
Bacillus cereus compared to Salmonella enterica, Escherichia coli and Pseudomonas aerogenosa. The
effectiveness of inhibition of the microbial biofilms formation of S.aureus, L. monocytogenes and
B. cereus compared to S. enterica, E. coli and P. aerogenosa was analyzed at a concentration of 100 pg/ ml.

Key words: Fusarium oxysporum, Aspergillus fumigatus, Zinc sulfate, ZnO
characterization, antimicrobial activity; bacterial pathogens.

nanoparticle

INTRODUCTION give nanoparticles with good monodispersity
and well-defined dimensions. Because of their

Synthesis  of  nanoparticles employing tolerance and metal bioaccumulation ability,

microorganisms has attracted much due to their
usual optical, chemical, photoelectron chemical
and electronic properties and many biological
organisms, such as bacteria, fungus, yeasts and
plants either intra or extracellular (Castro-
Longoria et al., 2010). Eukaryotic organisms
such as fungi are extremely good candidate for
the synthesis of metal nanoparticles. The fungi
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fungi are taking the center stage of studies on
biological generation of metallic nanoparticles
(Sastry et al., 2003). A distinct advantage of
using fungi in nanoparticle synthesis is the ease
in their scale-up (e.g., using a thin solid
substrate fermentation method). Given that fungi
are extremely efficient secretors of extracellular
enzymes, it is thus possible to easily obtain
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large-scale production of enzymes. Further
advantages of using a fungal-mediated green
approach for synthesis of metallic nanoparticles
include economic viability and ease in handling
biomass. However, a significant drawback of
using these bio-entities in nanoparticles synthesis
is that the genetic manipulation of eukaryotic
organisms as a means of overexpressing specific
enzymes (e.g., the ones identified in synthesis of
metallic nanoparticles) is relatively much more
difficult than that in prokaryotes. The biological
method of the ZnO NPs synthesis is gaining
importance due to its simplicity, eco-friendliness
and extensive antimicrobial activity (Gunalan et
al., 2012). The main factor for the increase of
the resistance pathogenic bacteria is overuse of
antibiotics and this has led to the emergence and
spread of resistant pathogens and resistant genes
in them (van den Bogaard and Stobberingh,
2000). Nanoparticles as antimicrobial agents are
better efficiency on resistant bacteria, less
toxicity and heat resistance. Among metal oxide
Nanoparticles, ZnO have many significant
features such as chemical and physical stability,
high catalysis and effective antibacterial activity
(Kalyani et al., 2006). Recently, ZnO NPs have
been used in food packaging materials and
various matrices and methods for incorporation
of ZnO into those matrices have been reported.
ZnO is incorporated into the packaging matrix,
free to interact with the food materials offering
preservatory effects (Espitia et al., 2012).
Presently, ZnO NPs have found applications in
sunscreens, paints and coatings as they are
transparent to visible light and offer high UV
absorption (Franklin et al., 2007) and are also
being used as an ingredient in antibacterial
creams, ointments and lotions, self cleaning
glass, ceramics and deodorants (L. et al., 2008).
ZnO nanoparticles have been lately tested for
their antimicrobial potential and seem to possess
both antibacterial and antifungal potential. They
are active against both Gram-positive and Gram-
negative bacteria and also show considerable
activity against more resistant bacterial spores
(Azam et al., 2011). It was also observed that
doping of ZnO NPs with other metals such as
gold, silver, chromium etc. improved the
antimicrobial activity of ZnO NPs (Shah et al.,
2014; Jime'nez et al., 2015). Also, inhibitory

effects of ZnO nanosuspension are correlated
with their size and concentration, with smaller
particles offering better inhibitions in higher
concentrations (Buzea et al., 2007; Padmavathy
and Vijayaraghavan, 2008). ZnO NPs, in
particular, are environment friendly, offer easy
fabrication and are non-toxic, biosafe and
biocompatible making them an ideal candidate
for biological applications (Rosi and Mirkin,
2005; Mohammad et al., 2010). Additionally,
as per the US Food and Drug Administration,
zinc sulphate with other three zinc compounds
(Zinc Oxide, Zinc Nitrate, Zinc Choloride) have
been listed as generally recognized as safe
(GRAS) material (FDA, 2015). Various
chemical methods have been proposed for the
synthesis of ZnO NPs, such as reaction of zinc
with alcohol, vapor transport, hydrothermal
synthesis, precipitation method etc. However,
these methods suffer various disadvantages due
to the involvement of high temperature and
pressure conditions and the use of toxic
chemicals. The advantages of using inorganic
oxides nanoparticles as antimicrobial agents are
their greater effectiveness on resistant strains of
microbial pathogens, less toxicity and heat
resistance (Zhang et al., 2010). ZnO has
biocidal action and strong antibacterial agent
due to its physiochemical properties and
biocompatibility (Mirzaei and Darroudi,
2017). Plus, the crystallite size and the nanoparticle
shape have an effect on the antibacterial activity
which smaller ZnO nanoparticles have higher
antibacterial activity. Several reports have
addressed the harmful impact of nanomaterials
on living cells, but relatively low concentrations
of ZnO are nontoxic to eukaryotic cells (Zaveri,
et al.,, 2010; Krishna et al., 2011) stated that
ZnO nanoparticles significantly inhibit the
growth of a wide range of pathogenic bacteria
under normal visible lighting condition. Thus,
the current study aims to isolate fungi from soil
contaminated  with  heavy  metals for
biosynthesizing of zinc-oxide nanoparticles using
zinc sulfite as the precursor compared to the
references strains of A. tubingensis Mosseray
AUMC No0.6915, A. fumigatus Fresenius
AUMC No.48 and A. terreus Thom AUMC
No.75. The second aim of this study was to
evaluate the zinc-oxide nanoparticles efficiency
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against Gram-positive and Gram-negative bacteria
as antibacterial agents.

MATERIALS AND METHODS

Preparation of Stock Solution of Zinc
Sulphate

The stock solution of zinc sulphate was
prepared by dissolving 1.61 g/l of zinc sulfate in
20 ml of sterilized distilled water to get the 10
mM concentration and then stored for use in the
experimentations.

Sampling and Isolation of Fungi

The soil samples (n=10) were collected from
the rhizospheric soils of plants naturally
growing at Sharkia Governorate, Egypt. These
samples were used for isolation of metal-tolerant
fungi. Potato Dextrose Agar (PDA: potato
extract 1000 ml, sucrose 20 g and agar 15Q)
were used for isolation of fungi. This media was
containing 1mM of zinc sulfate (Jain et al.,
2013). Plates were incubated at 28°C for 72 hr.
The tolerant colonies were picked up and
transferred to Czapek Dox Agar slants and
preserved at 4°C in a refrigerator.

Strains Used

Fungal strains of Aspergillus tubingensis
Mosseray AUMC No.6915, A. fumigatus
Fresenius AUMC No.48 and A. terreus Thom
AUMC No.75 were obtained from The Center
of Fungi Science, Assiut University, Egypt.
These standard of fungi strains were used as a
references strains in the current study. While
bacterial strains of Staphylococcus aureus
ATCC 6538, Listeria monocytogenes Scott A,
Salmonella enterica serovar Enteritidis PT4,
Pseudomonas aeruginosa and Escherichia coli
ATCC 8739 were obtained from Egyptian
Culture Collection (MERCIN), Ain Shams
University, Cairo, Egypt.

Metal Tolerance Profiles of Fungal Isolates

A maximum tolerable concentration (MTC)
assay was performed to determine the zinc metal
tolerance ability of fungal isolates according to
the method of Jain et al. (2013). The experimental
plates were prepared by supplementing PDA
medium with varying amounts of zinc sulfate to
obtain final concentrations of Zn*? ions in the
ranges of 200, 400, 800, 1600, 2000, 2500, 3000

and 3200 pg ml . Plates without Zn*? ions were
used as a control. Each plate was subdivided
into four equal sectors and an inoculum of test
fungi (10° fungal propagates ml™) was spotted
on the media surface. After inoculation, the
plates were incubated at 28°C for 4 days under
dark conditions to examine the fungal growth.
The experiment was done in triplicate. The
maximum concentration of Zn*? ions in the
medium which allowed the growth of a fungus
was taken as MTC.

Extracellular Synthesis of (ZnO-NPs)
Nanoparticles by Fungal Strains and
Isolates

Biomass was produced by -cultivation of
isolated and strains fungi in Malt Glucose Yeast
Peptone (MGYP) broth composed of yeast
extract and malt extract 0.3% each, glucose 1%,
peptone 0.5%. Biomass preparation of Aspergillus
niger, Aspergillus tubulin, Aspergillus fumigatus,
Penicillium citrinum and Fusarium oxysporum
used in this study have originally been isolated
from soil contaminated with heavy metals
compared to the standard strains of A. fumigatus,
A.tubulin, Fusarium oxysporum and Penicillum
citrinum. Fungi were grown in 250 ml
Erlenmeyer flasks each containing 50 ml liquid
medium containing (g/l); KH,PO, 7.0 g;
1.0 g; yeast extract 1.0 g and glucose 15.0 g.
Inoculated media were incubated at 28 + 2 °C
and 180 rpm for 5 days, after which each fungal
biomass was separated using Whatman filter
paper No. 1 and extensively washed by
deionized water. The collected fungal biomass
was transferred to 100 ml of deionized water in
the 250 ml Erlenmeyer flask and further
incubated at 140 rpm for 72 hr., in an orbital
shaker. Each fungal biomass was filtered again
with Whatman filter paper No. 2 and the
collected cell-free filtrate was subjected to
biosynthesis of zinc oxide nanoparticles (Jain et
al., 2011). The treatments have been named An-
Zn0O-NPs, At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-
NPs and Fo- ZnO-NPs. 10 ml of 3.0 mM ZnSO,
salt were added to 10 ml filtrate of each fungus
(1;1) and adjusting the pH to 6.5 and incubated
in orbital shaker for 150 rpm at 32°C for 72 hrs.,
in adark condition. White precipitate deposition
at the bottom of the flask indicated the
formation of nanoparticles. White aggregate
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formed at the bottom of the flask was separated
from the filtrate by centrifugation at 10,000 rpm
for 10 min. (Baskar et al., 2013).
Simultaneously, a positive control and negative
control were maintained by incubating the each
fungus mycelium with de-ionized water and
Zinc sulphate solution (Dhoble and Kulkarni
2015).

Characerization of ZnO-NPs
UV-Vis spectra analysis

Each sample (An-ZnO-NPs, At-ZnO-NPs,
Af-ZnO-NPs, Pc- ZnO-NPs and Fo- ZnO-NPs)
was measured for its maximum absorbance
using UV-Vis  spectrophotometry  (Jasco
Corporation, Tokyo, Japan). The optical
property of ZnO nanoparticles was analyzed via
ultraviolet and visible absorption spectroscopy
in the range of 200-800 nm. This techniques
were carried out at The Center of Fungi in
Faculty of Science, Al-Azhar University, Cairo,

Egypt.
Transmission electron microscopy (TEM)

TEM analysis was performed to determine
the morphology, size and shape of the ZnO
nanoparticles. TEM measurements were done by
HITACHI H-800, operating at 200 kV. The
TEM grid was prepared by placing a drop of the
bio-reduced diluted solution on a carbon-coated
copper grid and later drying it under a lamp. The
size distribution and stability of ZnO NPs were
registered. This techniques were carried out at
The Center of Fungi in Faculty of Science, Al-
Azher University, Cairo.

Antibacterial Assay
Inhibition Zone

The technique was performed using agar well
diffusion (Magaldi et al., 2004). Six different
pathogenic bacterial strains were used in the
current study. Gram positive bacteria i.e.
Bacillus cereus, Staphylococcus aureus and
Listeria monocytogenes as well as Gram
negative bacteria i.e. Escherichia coli,
Salmonella  enterica and  Pseudomonas
aeruginosa were used as test organisms and
initially cultured in nutrient broth. All the
pathogenic microbes were grown overnight in
Mueller-Hinton broth (MHB). 100 pl culture of
each strain was spread evenly on a Mueller-

Hinton agar (MHA) plate. Then the wells were
made into agar at 4 mm diameter using sterile
cork-borer with the distance between well and
another more than 22 mm. 100 pL of each An-
ZnO-NPs, At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-
NPs and Fo-ZnO-NPs was placed over the MHA
plates. The plates were incubated at 35°C for 24
hr.  p-lactams group (AMP: ampicillin),
fluoroquinolones group (OFX: ofloxacin) and
aminoglycosides group (AK: amikacin) were
used as the control. The diameters of inhibition
zone against the tested bacteria (Yuvaraja et al.,
2017) were recorded in millimeter using metric
ruler.

Growth-reduction

To examine bacterial growth, overnight
cultures of approximately 1 x 10°CFU/mI were
diluted 100-fold into 50 ml of Tryptone Soya
Broth in 250 ml flasks. 100 ul of each An-ZnO-
NPs, At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-NPs
and Fo- ZnO-NPs suspensions were added to the
respective flasks. Cultures were then grown for
up to 48 hr., at 200 rpm, 37°C. Bacterial growth
was measured by optical density at 600 nm
(ODgoo).

Antibiofilm formation by Microtiter Plate
(MTP) Method

All bacterial strains were grown overnight at
37°C as pure cultures on Tryptone Soya agar.
The single colonies were inoculated in 3 ml
Tryptone Soya Broth (TSB). Suspensions were
incubated for 24 hr., at 37°C and then diluted at
1:40 in a fresh TSB (2.4 x 10" CFU/ml) using
0.5 MacFarland standard tube. This dilution was
used as the inoculum in the microtiter plate test.
Microtiter plate test was performed according to
Dubravka et al. (2010) and Stepanovié et al.
(2000). For each strain, 100 ul aliquots of
prepared suspension culture were inoculated into
four wells of the 96-well tissue culture plates
containing fresh TSB (Nunclon Delta, Nunc,
Roskilde, Denmark), then each treatment was
received 100 pl of ZnO nanoparticles. Each
culture plate included a negative control, four
wells with TSB were used. The plates were
incubated at 37°C for 24 hr. Afterwards, content
of each well was removed by aspiration and the
wells were rinsed three times with 250 ul sterile
physiological saline. The plates were dried in
inverted position. The attached bacteria were
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fixed for 15 minutes at room temperature by
adding 200 ul volumes of methanol into each
well. The plates were stained with 200 ul
aqueous solution of crystal violet 0.5% (Crystal
Violet, Fluka) for 15 minutes at room
temperature. Following staining, the plates were
rinsed under running water until there was no
visible trace of stain. The stain bound to bacteria
was dissolved by adding 200 pl of 95% ethanol.
Then microplates were washed, air dried and
adherent biofilm was dissolved in 33% (V/V)
glacial acetic acid. To determine the potential of
bacterial pathogens treated with An-ZnO-NPs,
At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-NPs and
Fo- ZnO-NPs to form biofilm, the microtiter
plate-based assay and the biofilm formation on
abiotic surfaces was quantified as described by
Stepanovi¢ et al. (2007). Biofilm formation was
measured at 570 nm in an ELISA reader set
(Thermo Scientific Multiskan FC, USA), and
expressed in optical density (OD) values. The
mean OD value of negative controls (ODyc) was
0.070 + 0.005. The treatments were considered
biofilm producers when their OD values were
three times greater than the standard deviation of
the mean ODyc . Additionally, the bacterial
strains with An-ZnO-NPs, At-ZnO-NPs, Af-
ZnO-NPs, Pc- ZnO-NPs and Fo- ZnO-NPs
showing ability to produce biofilm were
classified as weak (ODnc < OD < 2xODyc),
moderate (2xODyc < OD <4xODyc) or strong
(OD >4xODyc biofilm producers (Li et al.,
2012). Biofilm production by each strain was
determined from four independent experiments
and each independent experiment included
triplicates for each bacterial strain. The mean of
the twelve absorbance values of each isolate was
recorded as a result. Absorbance values > + 4 x
the standard deviation were rejected.

Statistical Analysis

Data from microbiological analyses were
entered into Excel 2010 and calculated for
standard division (xSD) for all experiments.

RESULTS AND DISCUSSION

Identification of Fungal Isolates

Preliminary identification of fungi was
performed on the basis of morphological
parameters such as color, spore shape,

arrangement, and hyphal branching pattern after
staining with cotton blue. Identification of fungi
is still heavily dependent upon microscopic
observation of the physical appearance of both
spores and spore-bearing structures, usually
achieved by first obtaining the fungi in pure
culture. Examination of just the mycelium rarely
enables an identification, nor are spores alone
sufficient as there are many species producing
very similar spores. The UK has an organised
network, the UK National Culture Collection
(www.ukncc.co.uk), through which it is possible
to obtain appropriate taxonomic advice and
services on many microorganisms, including
fungi. Also, the further identifications were
carried out in the Department of Plant
Pathology, Faculty of Agriculture, Zagazig
University, Zagazig, Egypt compared to the
references strains of fungi. All the isolates were
belong to Aspergillus niger, Aspergillus tubulin,
Aspergillus fumigatus, Penicillium citrinum, and
Fusarium oxysporum. All these isolates were
used in biosynthesis of zinc oxide nanoparticles.

Metal Tolerance Profile of Fungal Isolates

All the five fungal isolates were subjected to
a screening for metal tolerance towards zinc,
and the results were expressed in terms of MTC.
A higher proportion (100%) of fungal isolates
showed significant tolerance with a varying
degree of magnitude. The genus Aspergillus
exhibited a more prominent level of zinc metal
tolerance  followed by Fuzarium then
Penicillium. It is evident from the results that A.
niger, A. tubulin, A. fumigatus, F. oxysporum
and P. citrinum isolates have tremendous zinc
metal tolerances with a MTC value of 3000 and
2500 pg ml™, respectively (Table 1). Due to its
maximum MTC value, A. niger, A. tubulin, A.
fumigatus, P. citrinum and F. oxysporum
isolates were selected for further studies on
extracellular synthesis of ZnO nanoparticles
compared to the references strains. The current
study approaches to establish the relationship
between metal tolerance ability of a soil fungus
and its potential for synthesis of ZnO
nanoparticles. Jain et al. (2013) found that
Aspergillus aeneus isolate NJP12 has been
shown to have a high zinc metal tolerance
ability and a potential for extracellular synthesis
of ZnO nanoparticles under ambient conditions.
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Table 1. Zinc metal tolerance profile for ZnSO, of fungal isolates after 96 hr.

Isolate A maximum tolerable concentrations (MTC) (ug ml™)

200 400 800 1600 2000 2500 3000 3200
Aspergillus niger +++ +++ +++ +++ +++ +++ ++ -
Aspergillus tubulin +++ +++ +++ +++ +++ +++ ++ -
Aspergillus fumigatus +++ +++ +++ +++ +++ +++ ++ -
Fusarium oxysporum +++ +++ +++ +++ +++ ++ - -
Penicillium citrinum +++ +++ +++ ++ + + - -

Extracellular Biosynthesis of Zinc Oxide
Nanoparticles and Physical Characteristics

The ZnO nanoparticles were prepared in
accordance with the methods described above.
The extracellular synthesis of ZnO nanoparticles
was carried out by exposure of a precursor salt
solution (ZnSO,, ZnO, Zn(NO3),, ZnCl,) (Zn™
ions; 3.0 mM) to fungal cell-free filtrate
obtained by incubating the fungus in an agueous
solution. The viability experiment results
showed that fungal cells were viable till the end
of reaction (72 hr.). During the synthesis process
of ZnO nanoparticles, the initially colorless
solution will turn to the milky solution (Fig. 2).
This has indicated that the ZnO nanoparticles
were successfully produced by cell-free filtrate.
Jain et al. (2013) found that the synthesis of
ZnO spherical nanoparticles coated with protein
molecules by A. aeneus which served as
stabilizing agents. Also, they showed that the
role of fungal extracellular proteins in the
synthesis of nanoparticles indicated that the
process is nonenzymatic but involves amino
acids present in the protein chains. Several
authors showed that A. fumigatus (Rajan et al.,
2016), A. niger (Kalpana et al., 2018),
F. oxysporum (Ahmed et al., 2003) and P.
citrinum (Honary et al., 2013) have ability to
synthesis nanoparticles from metal salts. The
synthesized ZnO nanoparticles from tested fungi
are presented in Fig. 1. All ZnO nanoparticles
have shown a strong absorption peak at around
285 to 296 nm. Rajendran and Sivalingam
(2013) found that ZnO nanoparticles have
shown a strong absorption peak at around 360
nm. TEM results revealed that An-ZnO-NPs,
At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-NPs and
Fo- ZnO-NPs exhibited a crystalline structure

with hexagonal wurtzite shape (30—100 nm size)

(Fig. 2).

Evaluation of Antibacterial Activity
Inhibition Zone method

The results of inhibition zones of ZnO
nanoparticles compared to three tested antibiotic
compounds against B. cereus, L. monocytogenes,
S. aureus, E. coli, S. enterica and P. aerogenosa
are presented in Table 2. The larger zone was
observed at B. cereus and S. aureus culture
which is 14 to 26 mm compared to the L.
monocytogenes culture with 17 to 25 mm of
inhibition zone with all tested fungi except
Penicillium citrinum which is 12 to 15 mm.
While the inhibition zone by the antibiotics were
observed at B. cereus, S. aureus and L.
monocytogenes culture which is 20 to 30 mm
compared to the E. coli, S. enterica and P.
aerogenosa cultures with 7 to 27 mm. On the
other hand, the inhibition zones of ZnO
nanoparticles were observed at E. coli, S.
enterica and P. aerogenosa cultures which is 11
to 18mm with all tested fungi. Based on the
results obtained, it can be suggested that Gram-
negative bacteria are more resistance to ZnO
nanoparticles compared to Gram-positive bacteria.
Also, ZnO nanoparticles was more effective
against Gram negative compared to the antibiotics
especially when compared to the antibiotic
(AMP). This supports by Premanathan et al.
(2011) who reports that ZnO nanoparticles
showed a much stronger antibacterial effect on
Gram-positive bacteria than on Gram-negative
ones. Stoimenov et al. (2002) and Fu et al.
(2005) elucidated by the possibilities of
membrane damage caused by electrostatic
interaction between ZnO and cell surface.
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Fig. 1. UV-visible spectrum of ZnO nanoparticles suspension biosynthesized by Aspergillus niger
(An), Aspergillus tubulin (At), Aspergillus fumigatus (Af) and Fusarium oxysporum (Fo).
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Fig. 2. Image of ZnO nanoparticles suspension biosynthesized by Aspergillus niger (An),
Aspergillus tubulin (At), Aspergillus fumigatus(Af), Fusarium oxysporum (Fo) and
Penicillium citrinum (Pc) under Transmission Electron Microscope (TEM), the view of
the formed colour due to the formation of ZnNONPs (Cv)
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Table 2. Inhibition zone of ZnO (100g/ml) nanoparticles biosynthesized by tested fun against
Gram positive and Gram negative bacterial strains compared to some tested antibiotics

Tested bacteria

Diameter of inhibition zone (mm)

SNaJad 'g

Tested fungi

seuabolfoouow
snaine 'S
esouifolae 'd
BOIIAIUD 'S
1102 '3

Stadard fungi
A. tubingensis Mossery Aumc No. 6915 25+0.23 17+0.14 19+0.11 16+0.10 13+0.11 17+0.25

A. fumigatus Fresenius No. 48
A. terreus Thom Aumc No. 75

23+0.16 18+0.19 21+0.12 14+0.09 16+0.08 15+0.11
24+0.11 23+0.17 22+0.15 11+0.15 13+0.16 13+0.15

Local isolates

A. niger

A. tubulin

A. fumigatus
P. citrinum
F. oxysporum

26+0.21 23+0.11 24+0.15 17+0.18 15+0.26 18+0.26
25+0.13 22+0.13 25+0.12 14+0.16 18+0.18 15+0.17
26+0.16 25+0.18 26+0.19 15+0.17 16+0.13 17+0.18
14+0.13 12+0.19 15+0.10 12+0.13 10+0.23 12+0.19
25%0.15 24+0.17 26+0.14 13+0.22 12+0.27 14+0.16

Control (Antibiotics)

Ofloxacin (5 ug)
Ampicillin 10ug)
Amikacin (30ug)

27+0.11 29+0.15 30+0.23 25+0.11 10+0.25 24+0.13
20+0.23 21+0.25 23+0.34 7+0.23
22+0.32 28+0.16 23+0.18 25+0.16 25+0.23 27+0.15

11+0.34 14+0.18

Time-kill study

In this study, the time Kkill measurement was
determined by the actual reduction in bacteria
growth curve at 24 hr., of the culturing period
for S. aureus and E. coli. Results from the time—
Kill studies are shown in Figs. 3 and 4 which
demonstrates the growth curve of Gram positive
bacteria S. aureus and Gram negative E. coli, S.
aureus and E. coli bacteria were in contact with
0.1 ml of ZnO nanoparticles. The results
exhibited that ZnO nanoparticles have inhibitory
effects on the growth as compared to bacterial
culture without nanoparticles as a control. These
results demonstrated that ZnO nanoparticles
showed inactivation effect against both types of
bacteria from Fig. 3, Gram-negative bacteria is
more resistance to the ZnO nanoparticles

compared to the Gram-positive bacteria. This
can be related to the cell wall-structure, as the
Gram-positive bacteria have one cytoplasmic
membrane with the multilayer of peptidoglycan
polymer, and a thicker cell wall (Fu et al., 2005)
Whereas Gram-negative bacteria wall s
composed of two cell membranes, an outer
membrane and a plasma membrane with a thin
layer of peptidoglycan (Sirelkhatim et al.,
2015). Besides according to Padmavathy et al.
(2008), ZnO nanoparticles have an abrasive
surface  texture  which influences the
antibacterial mechanism, which in sequence
destroys the bacterial membrane.

Antibiofilm formation

The results of antibiofilm formation by An-
ZnO-NPs, At-ZnO-NPs, Af-ZnO-NPs, Pc- ZnO-
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NPs and Fo- ZnO-NPs against Gram negative and Gram positive bacteria was assessed by
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Fig. 3. Effect of ZnO nanoparticles on
the growth of E. coli in TSB at
37°C

microtiter plate-based assay, and shown in Table 3.
The effectiveness of inhibition of the microbial
biofilms of S. aureus, L. monocytogenes and B.
cereus compared to S. enterica, E. coli and
P.aerogenosa by An-ZnO-NPs, At-ZnO-NPs,
Af-ZnO-NPs, Pc- ZnO-NPs and Fo- ZnO-NPs
were shown at a concentration of 100 pug/ ml.
The An-ZnO-NPs were more effective to inhibit
the formation of biofilm by all the tested
bacterial strains compared to all the other
treatment. S. aureus was more resistant than all
the tested bacterial strains against all ZnO
nanoparticles. Because, in the process of
staphylococcal biofilm  formation,  the
accumulation and development of a mature
stage depend mainly on the polysaccharide
intercellular adhesions (PIA) that promote
bacterial accumulation, especially
polysaccharide poly-N-succinyl-p-1-6
glucosamine (PNAG). PNAG biosynthesis is
regulated by enzymes encoded by the ica ADBC
operon (Maira-Litran et al., 2002). Further
studies should be done on the efficiency of ZnO
nanoparticles against pathogenic bacterium and
fungi such as Methicillin-resistant Staphylococcus
aureus (MRSA) and Trichophyton rubrum
(T. rubrum) including the changes of
morphological of the strains after in contact with
ZnO nanoparticles. This study will contribute to

Time( hour)

Effect of ZnO nanoparticles on the
growth of S. aureus in TSB at 37°C

Fig. 4.

the understanding of inactivation effect of ZnO
nanoparticles against pathogenic bacteria.

Underline  numbers,  strong  biofilm
formation, normal numbers, moderate biofilm
formation, bold numbers, weak biofilm
formation. Optical density (OD) values. The
mean OD value of negative controls (ODyc) was
0.070. The treatment was considered biofilm
producers when their OD values were three
times greater than the standard deviation of the
mean ODyc. Additionally, the treatments are
showing ability to produce biofilm were
classified as weak (ODnc < OD < 2xODyc),
moderate (2xXODpnc< OD <4xODyc) or strong
(OD >4x0Dyc biofilm producers.

Conclusion

ZnO nanoparticles were successfully been
biosynthesized by five different isolates of fungi
(i.e. Aspergillus niger, Aspergillus tubulin,
Aspergillus fumigatus, Penicillium citrinum and
Fusarium oxysporum) as compared to three
standard strains of fungi. UV-vis absorption
analysis showed that the ZnO nanoparticles
exhibited a peak at around 286 to 296 nm. ZnO
nanoparticles exhibited excellent antibacterial
activity against Gram-positive and Gram-
negative bacteria. ZnO nanoparticles showed
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better antibacterial activity against S.aureus,
L. monocytogenes and B. cereus compared to

S. enterica, E. coli and P. aerogenosa.

Table 3. Antibiofilm formation by Zn-NPs against some pathogenic bacteria

ZnO ODs7g Biofilm
nanoparticles = aeroginosa E.coli  S.enterica  S.aureus formation=3xODnc
ODnc 0,061 0,069 0,076 0,071 0,280
Positive control 0,426 0,637 0,493 0,465 0,280
An-ZnO-NPs 0,074 0,053 0,058 0,071 0,280
Af-ZnO-NPs 0,076 0,066 0,056 0,304 0,280
At-ZnO-NPs 0,086 0,067 0,073 0,462 0,280
Fo-ZnO-NPs 0,096 0,092 0,103 0,124 0,280
Pc-ZnO-NPs 0,304 0,25 0,22 0,226 0,280
An-ZnO-NPs, A. niger; At-ZnO-NPs, A. tubulin; Af-ZnO-NPs, A. fumigatus; Fo- ZnO-NPs, F. oxysporum and Pc- ZnO-NPs,
P. citrinum
REFERENCES Dhoble, S. and S. Kulkarni (2015). Biosynthesis

Ahmed, A., P. Mukherjee, S. Senapati, D.
Mandal, M.1. Khan, R. Kumar and M. Sastry
(2003). Extracellular biosynthesis of silver
nanoparticles using the fungus Fusarium
oxysporum. Colloids Surf. Biointerfaces, 28,
313-318.

Azam, A., B. Fisher and M. Khan (2011).
Common fixed point theorems in complex
valued metric spaces. Numerical Functional
Anal. and Optimiz., 32 (3): 243-253.

Baskar, G., J. Chandhuru, K.S. Fahad and A.S.
Praveen (2013). Mycological synthesis,
characterization and antifungal activity of
zinc oxide nanoparticles. Asian J. Pharm. and
Technol., 3 (4): 142-146.

Buzea, C., I.I. Pacheco and K. Robbie (2007).
Nanomaterials and nanoparticles: sources
and toxicity. Biointerphases, 2 (4): 17- 71.

Castro-Longoria E., M. Ferry, S. Bartnicki-
Garcia, J. Hasty and S. Brody (2010).
Circadian rhythms in Neurospora crassa:
dynamics of the clock component frequency
visualized using a fluorescent reporter. Fungal
Genet. and Biol., 47 (4): 332-341.

of metal nanoparticles from fungal isolates of
soybean rhizosphere. Int. J. Sci. Res., 4: 3-5.

Dubravka, M., Lazi S., Branka, V., Jelena, P.,
Bugarski, D. and Zorica, E. (2010). Slime
production and biofilm forming ability by
staphylococcus aureus bovine  mastitis
isolates. Acta Veterinaria (Beograd), 60 (2-
3): 217-226.

Espitia, P.J.P., N.D.F.F. Soares, J.S. dos Reis
Coimbra, N.J. de Andrade, R.S. Cruz and
E.A/A.  Medeiros (2012). Zinc oxide
nanoparticles: synthesis, antimicrobial activity
and food packaging applications. Food and
Bioprocess Technol., 5 (5): 1447-1464.

FDA, U. (2015). Select Committee on GRAS
Substances (SCOGS) Opinion: Tannic acid
(hydrolyzable gallotannins). GRAS substances
(SCOGS) database.

Franklin, B.D., K. O’Grady, P. Donyai, A.
Jacklin and N. Barber (2007). The impact of
a closed-loop electronic prescribing and
administration system on prescribing errors,
administration errors and staff time: a before-
and-after study. BMJ Quality and Safety, 16
(4): 279-284.



Zagazig J. Agric. Res., Vol. 46 No. (6A) 2019

Fu, G., P.S. Vary and C. Lin (2005). Anatase
TiO 2 Nanocomposites for Antimicrobial
Coatings, J. Phys. Chem. B., 109 : 8889-
8898.

Gunalan, S., R. Sivaraj and V. Rajendran
(2012). Green synthesized ZnO nanoparticles
against bacterial and fungal pathogens.
Progress in Nat. Sci., Materials Int., 22 (6):
693-700.

Honary, S., H. Barabadi, E. Gharaei-Fathabad
and F. Naghibi (2013). Green synthesis of
silver nanoparticles induced by the fungus
Penicillium citrinum. Tropical J. Pharm.
Res., 12 (1): 7-11.

Jain, N., A. Bhargava, S. Majumdar, J.C.
Tarafdar and J. Panwar (2011). Extracellular
biosynthesis and characterization of silver
nanoparticles using  Aspergillus  flavus
NJPO08: a mechanism perspective. Nanoscale,
3: 635-641.

Jain, N., A. Bhargava, J.C. Tarafdar, S.K. Singh
and J. Panwar (2013). A biomimetic
approach towards synthesis of zinc oxide
nanoparticles. Appl. Microbiol. Biotechnol.,
97 (2): 859-69.

Jime'nez, A.B.P., C.AH. Aguilar, JM.V.
Ramos and P. Thangarasu (2015).
Synergistic  antibacterial ~ activity  of

nanohybrid materials ZnO-Ag and ZnO-Au:
synthesis, characterization, and comparative
analysis of undoped and doped ZnO
nanoparticles. Aust. J. Chem., 68: 288-297.

Kalpana, V.N., B.A.S. Kataru, N. Sravani, T.
Vigneshwari, A. Panneerselvam and V.D.
Rajeswari (2018). Biosynthesis of zinc oxide
nanoparticles using culturefiltrates  of
Aspergillus niger: Antimicrobial textiles and
dye degradation studies. Open Nano., 3: 48-
55.

Kalyani, D., A.R. Dick, W.Q. Anani and M.S.
Sanford (2006). A simple catalytic method
for the regioselective halogenation of
arenes. Organic Letters, 8 (12): 2523-2526.

Krishna, R.R., T.K. Ranjit and C.M. Adhar
(2011). Size-Dependent Bacterial Growth
Inhibition and Mechanism of Antibacterial
Activity of Zinc Oxide Nanoparticles.
Langmuir, 27:4020-4028.

Li, Q., S. Mahendra, D.Y. Lyon, L. Brunet,
M.V. Liga, D. Li and P.J. Alvarez (2008).
Antimicrobial nanomaterials for water
disinfection and microbial control: potential
applications and implications. Water Res., 42
(18): 4591-4602.

Li, M., X. Du, A.E. Villaruz, B.A. Diep, D.
Wang, Y. Song, Y. Tian, J. Hu, F. Yuand Y.
Lu (2012). MRSA epidemic linked to a
quickly spreading colonization and virulence
determinant. Nat. Med., 18 : 816-819.

Magaldi, S., S. Mata-Essayag, C.H. De Capriles,
C. Perez, M.T. Colella, C. Olaizola and Y.
Ontiveros  (2004). Well diffusion for
antifungal  susceptibility testing. Int.  J.
Infectious Dis., 8 (1): 39-45.

Maira-Litran, T., A. Kropec, C. Abeygunawardana,
J. Joyce, G. Mark, D.A. Goldmann and G.B.
Pier (2002). Immunochemical properties of
the staphylococcal poly-N-acetylglucosamine
surface polysaccharide. Infection and
Immunity, 70 (8): 4433 - 4440.

Mirzaei, H. and M. Darroudi (2017). Zinc oxide
nanoparticles: Biological synthesis and
biomedical applications, Ceram. Int., 43:
907-914.

Mohammad, V., A. Umar and Y.B. Hahn (2010).
ZnO nanoparticles: growth, properties, and
applications. In: Umar, A., Hahn, Y.B.
(Eds.), Metal Oxide Nanostructures and
Their Applications. Ame. Sci. Publish., USA,
1-36.

Padmavathy, N. and R. Vijayaraghavan (2008).
Enhanced bioactivity of ZnO nanoparticles-
an antimicrobial study, Sci. Technol. Adv.
Mater., 9: 35004.

Premanathan M., K. Karthikeyan, K.
Jeyasubramanian and G. Manivannan (2011).
Selective toxicity of ZnO nanoparticles
toward Gram-positive bacteria and cancer
cells by apoptosis through lipid peroxidation.
Nanomed., 7 (2): 184-192.

Rajan, A., E. Cherian and G. Baskar (2016).
Biosynthesis of zinc oxide nanoparticles
using Aspergillus fumigatus JCF and its
antibacterial activity. Int. J. Modern Sci. and
Technol., 1 (2): 52-57.



Hefny, et al.

Rajendran, K. and T. Sivalingam (2013).
Industrial method of cotton fabric finishing
with chitosan-ZnO composite for anti-
bacterial and thermal stability, Ind. Crop.
Prod., 47: 160-167.

Rosi, N.L. and C.A. Mirkin (2005). Nanostructures
in biodiagnostics. Chem. Rev., 105 (4): 1547
—1562.

Sastry, M., A. Ahmad, I. Khan and R. Kumar
(2003). Biosynthesis of metal nanoparticles
using fungi and actinomycete. Curr. Sci., 85
(2):162-70.

Shah, A.H., E. Manikandan, M.B. Ahamed, D.
Ahmad and S. Ahmad (2014). Antibacterial
and Blue shift investigations in sol-gel
synthesized Cr xZn1xO Nanostructures. J.
Lumin., 145: 944-950.

Sirelkhatim, A., S. Mahmud, A. Seeni, N.H.M.
Kaus, L.C. Ann, S.K.M. Bakhori, H. Hasan
and D. Mohamad (2015). Review on zinc
oxide nanoparticles: Antibacterial activity
and toxicity mechanism, Nano-Micro Lett.,
7:219-242.

Stepanovi¢, S., D. Vukovi¢, V. Hola, G.D.
Bonaventura, S. Djuki¢, 1. Cirkovi¢ and F.
Ruzicka (2007). Quantification of biofilm in
microtiter plates: overview of testing
conditions and practical recommendations
for assessment of biofilm production by
staphylococci. Apmis., 115 (8): 891-899.

Stoimenov, P.K., R.L. Klinger, G.L. Marchin
and K.J. Klabunde (2002). Metal oxide
nanoparticles as  bactericidal  agents,
Langmuir., 18 6679-6686.

van den Bogaard, A.E. and E.E. Stobberingh
(2000). Epidemiology of resistance to
antibiotics: links between animals and
humans. Int. J. Antimicrobial Agents, 14 (4):
327-335.

Yuvaraja, G., J.L. Pathak, Z. Weijiang, Z.
Yaping and X. Jiao (2017). International
Journal of Biological Macromolecules
Antibacterial and wound healing properties
of chitosan/poly (vinyl alcohol)/zinc oxide
beads (CS/PVA/ZnO), Int. J. Biol. Macromol.,
103: 234-241.

Zaveri, T.D., N.V. Dolgova, B.H. Chu, J. Lee, J.
Wong, T.P. Lele, F. Ren and B.G.
Keselowsky (2010). Contributions of surface
topography and cytotoxicity to the
macrophage response to zinc oxide nanorods,
Biomaterials, 31: 2999-3007.

Zhang, L., Y. Jiang, Y. Ding, N. Daskalakis, L.
Jeuken, M. Povey, AJ. O’Neill and D.W.
York (2010). Mechanistic investigation into
antibacterial behaviour of suspensions of
ZnO nanoparticles against E. coli, J.
Nanoparticle Res., 12: 1625-1636.



Zagazig J. Agric. Res., Vol. 46 No. (6A) 2019
Aspergillus ¢s £ 53 4 kb £ ) e cilad ya aladiuly 4 53 i3l cilagal g gaal) (31831
al ad dudled) g ol jad daa gall by il Baliaal) aguaibad 9 Penicillium s Fusariums

yg@aagjﬁﬁmiw_cuﬂ\qs h&\ﬁjm_é\n\j\ﬁh\ﬁ!u@_gﬁaw\g}a
an— Gl daala — Aol ) 5 4SS — e ) 5 L o g5 jS0all o

e L35 Al (e Al jaadl il pladll Gl 5 aee Jead 3508 G Aplag) ABe 2 sa g ) A ol a8
ISy s A 5 il Gany g ) (e Aok gl © JJe iy (ZNO) il aush il iy ja (i
A (8 DY ) o2 Gl daa 1 8 ) gull Gailiadd) o el Lgiy 8 iy jeae (8 48,00 dladlas G anla
Aspergillus niger (An), Aspergillus tubulin (At), Aspergillus fumigatus(Af), Penicillium
i3l 2l Cilapea 3135 & @Y 3l 228 caendinl S citrinum (Pc) and Fusarium oxysporum (Fo)
alaaiuly (Fo- ZnO-NPs 5 Pc- ZnO-NPs s Af-ZnO-NPs 5 At-ZnO-NPs 5 An-ZnO-NPs) i sl
A. tubingensis Mosseray AUMC N0.6915, A. fumigatus c» aa! sl <¥3 ) 4 jlia ol 3 el <
ZnO-NPs J) 255 sl &5 35 Fresenius AUMC No.48 and A. terreus Thom AUMC No.75
UV-Galhl 6 ek 5 ¢ jia gl YAT ) YA die L gals 5 sun alialial 553 (e CalSH YA (e ()5Sl
s ey gl Gl e of B 5 V) G S s ySaall il < pgdal g a0 ol (saia 5 jala CansiV/is
S i 93 ilS Fo- ZnO-NPs 5 Pc- ZnO-NPs 5 Af-ZnO-NPs 5 At-ZnO-NPs s An-ZnO-NPs
3lae 5liae Uabits 4 3l i 1 Cilagmn Cpedal 81y (il Voo (J) Yo) golaY) pulan JS6 e g5k
A 1lae Walis gilil) cly o jedal a8y ol pad ALl 5 ol jad das gl LSl (e DS a3 8l L Kol
aloal Ll Loasdly & jae Juadl US55 L. monocytogenes s S. aureus alal de sl LSl
S.aureus 4 dx s Suall 4 gall 4ae ) L 4laé Jilas &5 P. aerogenosa. s E. colis S. enterica
Yo+ S P.aerogenosa s E. coli s S. enterica = 4,4 B. cereus s L. monocytogenes s
e/ aloa s Saa

‘ ;03_45‘545\
Gl dnals — Ao )30 A0S — Ao )30 L sl g 5 pSaall aadd a5 5 M B e Lo JEA B



