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ABSTRACT:
Background: Recently, synthesis and use of innovative nanomaterials in food packaging industries has gained
great interest not only in reducing the incidence of foodborne pathogens but also in preventing the changes

of food ingredients that can be resulted from microbial growth and contamination.

Objective: Our study concerned with the design of silver-gold bimetallic nanoparticles to provide an
innovative strategy for improving the antibacterial activity of gold nanoparticles and reduce the toxicity of
silver nanoparticles yielding a promising bimetallic nanocomposite for food packaging and biomedical

applications.

Methods: In the current study, metal-contaminated soil has been utilized in a trail to isolate new fungal

isolates with good metal redox potential for metallic nanoparticles production. Size, shape, metal ratio,

surface charge, nature of compounds involved in the formation and capping of the produced Ag-Au
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nanocomposites were estimated. Antimicrobial and cytotoxic behavior of these nanocomposites has been

tested.

Results: New Aspergillus fumigatus and Aspergillus flavus isolates with good potential for Ag-Au bimetallic
nanocomposite production have been isolated. The produced nanocomposites showed sphere-like
polyhedron shape, 10-25 nm size range, and exhibited the truncated tetrahedron pattern as the most
common topographical pattern. Gold was the major metal in the nanocomposite synthesized by Aspergillus
fumigatus ND2 OR636497 but Aspergillus flavus ND1 OR636491 nanocomposite showed a reversed case. Both
nanocomposites recorded good surface charge value (-29.0 £ 2.3 & -27.3 + 0.4) that can support a reasonable
stability for the prepared nano solution. They exerted a good inhibitory effect against all tested Gram-negative
and Gram-positive bacteria and showed significant antifungal behavior. In a trial to evaluate the safe
applicability of the biosynthesized Ag-Au nanocomposites and to estimate their anticancer potential, their
cytotoxic effect against a normal and cancer cell line has been evaluated. Results revealed their lower toxicity
against the mice bone marrow cells and their elevated toxicity against MCF7 cell line with significant I1Cso

values.

Conclusion: This study provides efficient methods for green synthesis of Ag-Au nanocomposites utilizing new
fungal isolates. Results revealed the safe and promising applicability of the biosynthesized Ag-Au

nanocomposites in food packing as antimicrobial agent in addition to its promising anticancer activities.

Keywords: Aspergillus fumigatus, Aspergillus flavus, Ag-Au nanocomposite, antimicrobial, cytotoxicity, green synthesis.

Biosynthesis of silver-gold nanocomposites using Aspergillus fumigatus ND2 OR636497 and Aspergillus flavus ND1
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INTRODUCTION:

Nanomaterials (NPs) have received great attention due
to their exceptional chemical, physical, and biological
properties. Among these nanomaterials, metallic
nanoparticles have garnered significant attention
because of their advanced characteristics which make
them appropriate for a wide range of applications [1- 2].
Generally, the properties of nanomaterials are
determined by their size, shape, surface morphology, and
composition [2]. According to their composition, metallic
nanomaterials are usually synthesized as monometallic
or bimetallic forms. Monometallic NPs contain only one
type of metal and show distinct physical and chemical
properties. Bimetallic NPs are obtained by combining two
different types of metal in the structure of NPs yielding a
novel variety of morphologies, structures, and features
[3]. Recently, bimetallic nanocomposite materials have
attracted great interest as they offer not only a
combination of features that are correlated to the
existence of their individual metals but also can add
innovative features due to such dual metal association
[4]. Combining two metals expands the range of the
obtained forms, structure, and organization patterns [5].
Additionally, bimetallic nanoparticles interestingly
exhibit more unique properties in comparison to their
corresponding monometallic NPs due to the synergistic
effect between the properties of two different metal
parts [3]. Hence, recently researchers have focused on
the synthesis of bimetallic nanoparticles in a trial to
enhance the characteristics of the produced mono-metal
NPs [6]. Tuning of bimetallic nanoparticles properties and
optimization of their performance can be accomplished
by the proper selection of metal combination and
optimizing their ratio in the produced nanoparticles [3].
Nanoparticles of noble metals represent very important
sector of nanomaterials owing to their unique features
that support their potential applications in different

fields such as medicine, water treatment, food
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packaging, chemical sensing, bioimaging, catalysis,
nonlinear optical devices, drug delivery, and others [5].
Among these noble metals, silver and gold nanoparticles
play a significant role in biological applications due to
their attractive physiochemical features [7-8].

The use of nanomaterials that exhibit good
antimicrobial activities in food packaging systems
represents an innovative emerging technique. It provides
a smart solution to extend the shelf life of food and
prevent the change in its functional ingredients [9] which
ensures their effective bioavailability [10]. Also, it can
play a role in maintaining the desired quality of food and
prevents the incidence of food borne diseases [9].

In food industry, silver nanoparticles have been
used in new food packages and containers in a trial to
exploit their anti-microbial potential [9]. On the other
hand, gold nanoparticles have been reported to exhibit a
significant role in reducing the microbial load in
foodstuffs, thus they also have been recommended to be
implemented in food packaging systems especially due to
their inert and nontoxic nature [11].

Silver nanoparticles are interesting bioactive
agents. They show strong toxicity against a wide range of
microorganisms [7] and are effectively used in the
production of antimicrobial textiles and antibacterial
catheters [12]. Also, the cytotoxic potential of Ag
nanoparticles is well documented [13]. However, recent
studies have revealed that the wide usage of Ag
monometallic nanoparticles can derive serious
drawbacks on human health and the environment due to
the accumulation of the cytotoxic silver ions released
during the Ag NPs interactions [14-15]. That may impose
limitations in its application especially with the
appearance of resistant bacterial strains because of its
continuous usage [16]. Although gold nanoparticles are
considered as less toxic and safer nanoparticles, their
applications are somewhat more limited due to their

high-cost production and their lower antibacterial
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activities. Hence the design of silver-gold bimetallic
nanoparticles can provide an innovative strategy to
improve the antibacterial activity of Au NPs and reduce
the toxicity of Ag NPs [8]. However, to date, only a few
studies have estimated the synthesis of the Ag-Au
bimetallic nanocomposites and assessed their
effectiveness in biological applications.

The anticipated dual action of the combined metals
in bimetallic nanoparticles is very intriguing since it can
change and improve their applicability. Indeed, the Ag-Au
bimetallic nanoparticles have been detected to exhibit an
improved potential in biological applications in
comparison to their corresponding single metal
nanoparticles. The improved bioactivity of bimetallic
nanoparticles can be attributed to their increased surface
area and additional degree of freedom which can boost
their adsorption and interaction power [6]. Additionally,
they can show diverse mechanisms of action [3], unique
mixing patterns [6], and new geometrical architecture [5-
6], which improve their functionality [6].

The investigated antibacterial activities of Ag-Au
NPs can be, in part, owe to the synergic effect obtained
between silver and gold atoms [5]. Indeed, in comparison
to the monometallic Au NPs, bimetallic Au NPs showed
improved antibacterial capabilities [17]. The existence of
gold atoms on the Ag-Au nanocomposite can likely
regulate the release of silver ions from the
nanocomposite. Moreover, the addition of gold to silver
nanoparticles can improve their inhibitory effect against
bacteria that develop a resistant to Ag NPs due to their
previous exposure to lower Ag. The continuous use of Ag
nanoparticles has led to the development of resistance
mechanisms in the treated bacteria such as their
production of adsorbent protein that aggregates Ag NPs
and that resulted in a clinical issue [16].

Generally, the physicochemical properties of
bimetallic nanomaterials are determined by the used

preparation techniques, which also regulate their size
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and shape [5]. Concurrent reduction of two metal ions
with suitable stabilizing techniques is the common
method for the synthesis of bimetallic nanocomposites
[3].

Although synthesis of nanomaterials can be carried
out using physical, chemical, or biological methods,
biological synthesis of nanoparticles has gained great
attention because physical and chemical methods either
require harsh conditions, such as the use of high pressure
and high temperature, using complex procedures, or
utilize toxic chemicals that lead to negative
environmental impacts [13]. Thus, attention has been
shifted to the alternative “green” routes for the synthesis
of nanoparticles. Such biological “green” synthesis
methods provide an eco-friendly and cost-effective
method using gentle safe and simple techniques [18].
Such biological synthesis processes usually utilize natural
bioactive compounds derived from plants or
microorganisms [19].

Because of their activities in the bioremediation of
metals in nature, microorganisms have been efficiently
used for metallic nanoparticles synthesis purposes.
Moreover, in recent times, it has been proposed that the
microbes' distinct characteristics could support them as
efficient nanofactories. As a result, researchers are
looking for microorganisms inhibiting various biological
niches to find new species with special redox potential
that may be used to reduce metal salts and create
metallic nanoparticles [20]. Among these
microorganisms, fungi provide efficient nanofactories.
Compared to other microorganisms, fungi have a higher
potential for secondary metabolites production which
makes them a better tool for the synthesis of
nanoparticles [13].

Hence this study aimed to isolate new fungal
isolates inhibiting metal contaminated soils in a trail to
provide new efficient nanofactories for green synthesis

of Ag-Au nanocomposite. Additionally, the current study
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aimed to estimate the antimicrobial and cytotoxic
potential of the synthesized Ag-Au nanocomposites to
evaluate their biomedical applicability and their

applicability in food packaging systems.

METHODS:

Isolation and identification of fungal isolates: Fungal
isolates utilized in this study were isolated from soil
samples collected from the Iron and Steel Factory in
Helwan- Egypt (29°46'47" N, 31°19'27" E). Isolation was
carried out on Potato Dextrose agar medium “PDA”
(Extract of 200 g potato slices, Dextrose 20.00, Agar 20
g/l, pH=5.6; [21]) and Czapek-Dox’s agar medium
(Sucrose 30.00, NaNOs 3.00, KH2PO4 1.00, MgSO4 0.50,
KCl 0.50, FeSO4 0.01, Agar 20 g/l, pH=7.0; [22]) using
serial dilution plate method [23-24]. The purified fungal
isolates were identified molecularly by sequencing their
ITS region using the ITS1 and ITS4 primers. DNA
extraction and PCR reaction were conducted at
Macrogen Company - Seoul - South Korea. The amplified
sequences were analyzed by the Basic Local Alignment
Search Tool (BLAST) provided by the National Center of
Biotechnology Information (NCBI) website. Phylogenetic
relationships were estimated using MegAlign (DNA Star)

software version 5.05 and (NCBI) website.

Biosynthesis of Ag-Au nanocomposite: The efficiency of
the investigated isolates for biosynthesis of Ag-Au
nanocomposite has been estimated. Six fungal plugs (0.8
cm diameter) have been inoculated in 250 ml conical
flasks containing 50 ml of culture medium described by
Mahfouz et al.,, 2016 [25] with slight modifications
(Glucose 10.00, Yeast extract 5.00, KNOsz 2.00) and
incubated at 28+2 °C for 14 days at 140 rpm. The
obtained fungal biomass was harvested by filtration
through Whatman filter paper no. 1. The collected
biomass was washed with sterilized double distilled

water, then 10 gm were re-inoculated in 50 ml sterile
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double distilled water contained in 250 ml conical flasks
and incubated at 282 'C for 24 h at 140 rpm. Filtrate of
this stage was separated from the biomass by filtration
through Whatman filter paper no. 1 and used for
nanocomposite synthesis. One ml of that filtrate was
inoculated to 9 ml of an Au/Ag solution mixture
(Tetrachloroauric () acid trihydrate (HAuCls) solution
(60 mM): silver nitrate solution (1.5 mM) with 1:25 v/v
ratio) and incubated at 28+2 'C for 48 h at 140 rpm.
Nanocomposite formation was initially detected by
observing the change in color of samples in comparison

to salt-free control.

Characterization of the biosynthesized Ag-Au
nanocomposite: The formation of Ag-Au NPs was initially
detected by observing the visible color change from
colorless to reddish brown and also by detecting its
surface plasmon resonance (SPR) via the measurement of
its UV-Visible spectrum at 200-800 nm range and
comparing it to a control “sample free of salt” using
JASCO V630 spectrophotometer. Further
characterization was performed by employing
Transmission Electron Microscopy TEM (JEM 2100 HRT,
Japan, acceleration voltage of 200 KV) to visualize the
shape and size of the synthesized nanocomposite.
Additionally, Fourier Transform Infrared Spectroscopy
FTIR (Perkin—Elmer, USA) was used to determine the
types and nature of existing bonds and functional groups
to verify the nature of compounds involved in the
formation and capping of nanocomposite. FTIR Spectra
were detected using scanning spectrum in the range
450-4,000 cm™ at a resolution of 4 cm™. The type and
percentage of elements in the prepared nanocomposite
were monitored using EDX along with Scanning Electron
Microscopy (JEOL, JSM-6360LA, Japan; coupled with an
Energy Dispersive X-ray spectrometer). The surface

charge of biosynthesized Ag-Au nanocomposite has been
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measured by estimating its Zeta potential using nano-

zeta sizer (Malvern ZS-Nano, Scattering angle of 90).

Effectiveness of the produced Ag-Au nanocomposite as
antimicrobial agent:

Antibacterial activity: The antibacterial potential of the
biosynthesized Ag-Au nanocomposite was evaluated
against Gram-positive bacteria (Streptococcus
pneumoniae, Micrococcus luteus, Staphylococcus aureus
ATCC 25923, and Staphylococcus aureus ATCC 6538) and
Gram-negative bacteria (Escherichia coli ATCC 7839 and
Salmonella typhi ATCC 6539) using agar well diffusion
method [26]. The tested bacteria were seeded on
liquified warm nutrient agar medium and poured on
sterilized Petri dishes (9 cm diameter). After
solidification, wells were bunched on the agar medium by
sterile cork borer (8 mm in diameter), and 100 pl from
nanocomposite concentrations (100, 200, 300 ppm) was
inoculated in these wells. The plates were incubated
overnight at 4°C for diffusion of tested solutions then
incubated at 37 °C for 24 h. Wells inoculated with sterile
distilled water were tested as a negative control while
discs loaded with 5 pg ciprofloxacin were used as a
positive control. The inhibitory zone diameter was
observed and measured (mm) to determine the

antibacterial activity.

Antifungal activity: The antifungal potential of the
biosynthesized nanocomposite was evaluated against
five fungal plant pathogens (Fusarium oxysporum,
Fusarium solani, Fusarium semitectum, Alternaria solani
and Rhizoctonia solani). Ag-Au nanocomposite was
tested in the concentration of (100, 200, and 300 ppm)
using a well diffusion method. Warm Czapek-Dox’s agar
medium seeded with the tested fungi was poured on
sterilized petri dishes. After solidification, wells were
bunched on the agar medium using sterile cork borer and

100 pl of the tested nanocomposite concentration was
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inoculated on these wells. The plates were incubated
overnight at 4°C for diffusion of tested solutions then
incubated at 25 °C for 5 days. The inhibitory zone
diameter was observed and measured (mm) to

determine the antifungal activity.

Evaluation of cytotoxicity of synthesized Ag-Au
nanocomposite: A normal cell line, mice bone marrow
stromal cells (BM), and a cancer cell line, Human
epithelial breast adenocarcinoma: MCF7 ATCC HTB 22,
were used to test the cytotoxicity of the biosynthesized
Ag-Au nanocomposite in the concentration range (300 —
9.4 ppm) using the MTT Cell Viability assay method [27].
Each concentration was tested in a triplicated manner
and the average was calculated. Data were expressed as
a percentage of relative viability compared to control
cells. The following equation was utilized to calculate the
percentage of relative viability:

(Absorbance of treated cells)/(Absorbance of
control cells) x100

By plotting the dose response curve, the average
concentration required to kill 50% of the cell population,

or the ICso value, was estimated.

Statistical analysis: Tests were performed in replicated
manner and mean values were expressed with their
standard deviation values. Regarding the cytotoxicity
test, data was displayed as mean value % its SD, and by
utilizing GraphPad Prism 9.4.1 (458) for MacOS,
GraphPad Software, the dose-response curve was
generated using non-linear regression analysis with five
parametric logistic curve equations (San Diego, California

USA, www.graphpad.com).

RESULTS:
Identification of fungal isolate: Sequencing of the
amplified ITS regions of the investigated isolates, and

their phylogenetic analysis revealed that; isolate number
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1 shows 99.29: 99.46% similarity with different
Aspergillus fumigatus strains and found with them in a
common cluster, Figure 1-a. While isolate number 2
shows 99.28: 99.82% similarity with different Aspergillus
flavus strains and is found with them in a common

cluster, Figure 1-b. The morphological and microscopical

@ Aspergillus fumigatus(KY523044.1)
Aspergillus fumigatus(KJO01801.1)
¥ Aspergillus fumigatus(FJ214371.1)

Aspergillus fumigatus(OP681417.1)
Aspergillus fumigatus(MT529125.1)

Aspergillus fumigatus(OL604495.1)
Aspergillus fumigatus(MZ541952.1)

Aspergillus fumigatus(MN197784.1)

Aspergillus fumigatus(KF201647.1)

Aspergillus fumigatus(MG461649.1)

Aspergillus fumigatus(KY926853.1)

a): Aspergillus fumigatus ND2 OR636497

Aspergillus fumigatus(OR636497.1)
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features of these isolates were found to match this
molecular identification data. Hence these isolates were
identified as Aspergillus fumigatus isolate ND2 and
Aspergillus flavus isolate ND1 and their sequences were
submitted under the accession numbers of OR636497

and OR636491 respectively in the GenBank.

Aspergillus flavus(OR461563.1)

Aspergillus flavus(FJ878681.1)

Aspergillus flavus(KX067877.1)

@ Aspergillus flavus(KT633952.1)

Aspergillus flavus(OR636491.1)
§Aspm‘gillus flavus(OR636491.1)
Aspergillus flavus(MT528892.1)
Aspergillus sp.(MF346056.1)
Aspergillus flavus(MT447545.1)
0.001 Aspergillus flavus(MT446180.1)

@ Aspergillus flavus(OR397978.1)

(b): Aspergillus flavus ND1 OR636491

Figure 1: Phylogenetic tree analysis of obtained sequences (NCBI); the analyzed sequences are highlighted.

Biosynthesis of Ag-Au nanocomposite: The formation of
Ag-Au NPs was initially estimated by detecting the
change in color and turning the color of the sample to
reddish brown, Figure 2. Such color change represents a

preliminary indication for the reduction of Ag and Au ions

by the added filtrate and the production of the
corresponding nanoparticles. Furthermore, the obtained
UV—Vis spectrum has revealed the appearance of a
characteristic peak for this Ag-Au nanocomposite at 440

nm, Figure 3.

Figure 2: Color change due to Ag-Au nanoparticles production.
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Figure 3: UV-Vis spectrum showing the formation of the Ag-Au nanocomposite beak.

Characterization of synthesized Ag-Au nanocomposite:
TEM: The obtained TEM graphs, Figure 4, showed the
formation of sphere-like polyhedron nanoparticles and

the majority of them with a size range 10-25 nm.

Zeta potential: Zeta potential analysis showed that the
nanoparticles synthesized by Aspergillus fumigatus ND2
OR636497 have a surface charge of -29.0 £ 2.3 while
those synthesized by Aspergillus flavus ND1 OR636491

their surface charge is -27.3 £ 0.4, Figure 5.

SEM & EDX: According to the obtained SEM micrographs,
the truncated tetrahedron shape was recorded as the
most common morphological shape among the
biosynthesized nanoparticles, Figure 6.

The type and quantity of elements in the prepared
nanocomposite have been monitored by employing

energy-dispersive X-ray Spectroscopy (EDX) analysis. EDX

spectra, Figure 7, revealed the presence of a strong
absorbance peak at approximately 2.2 keV which is
correlated to gold absorption and other beaks at nearly 3
keV which are characteristic to silver nanocrystal. These
results confirm the successful preparation of Ag-Au
nanocomposite. Another major beak has been reported
for Cin both samples. Silver and gold percentages in the
biosynthesized nanocomposite samples were estimated.
Gold is the major metal recorded in the nanocomposite
synthesized by Aspergillus fumigatus ND2 OR636497
while silver is the minor one recording a percentage of
60.56% and 8.21% respectively. The relative content of
these metals in nanocomposite synthesized by
Aspergillus flavus ND1 OR636491, reported nearly a
reversed ratio, where silver in this nanocomposite
represents the major element (55.92%) and gold is the

minor one (5.56%), Table 1.
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(a) (b)
Figure 4: TEM image of (a) Aspergillus fumigatus ND2 OR636497 and (b) Aspergillus flavus ND1 OR636491 mediated
Ag-Au nanocomposite showing the electron diffraction pattern on the left top.
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Figure 5: Estimation of surface charge of biosynthesized Ag-Au nanocomposite by measuring their Zeta potential (a)

Aspergillus fumigatus ND2 OR636497 (b) Aspergillus flavus ND1 OR636491.
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Figure 6: SEM micrographs revealing the morphology of biosynthesized Ag-Au nanoparticles.
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Figure 7: EDX Spectra showing silver and gold percentage in prepared samples. (a): Aspergillus fumigatus ND2 OR636497;
(b): Aspergillus flavus ND1 OR636491
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Table 1: EDX estimated elemental percentage in biosynthesized nanocomposite

Element (%) C
Aspergillus fumigatus 28.21
ND2 OR636497

Aspergillus flavus 31.85
ND1 OR636491

Na

1.32

3.76

FT-IR spectroscopy: FT-IR spectra of both nanocomposite

samples showed common bands at 3755 3420, ~2920,

2860, 2375, ~1625, ~1391 and ~1046 cm™. A unique band

has been reported at ~785 cm™ for nanocomposite

Mg Ca Au Ag
1.29 0.41 60.56 8.21
2.34 0.49 5.56 55.92

sample synthesized by Aspergillus fumigatus ND2
OR636497 and a unique band has been reported at
~1430 cm™ for nanocomposite sample synthesized by

Aspergillus flavus ND1 OR636491, Figure 8.
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Figure 8: Fourier transforms infrared (FTIR) spectra of Ag-Au nanocomposite synthesized by; (a) Aspergillus fumigatus ND2

OR636497 (b) Aspergillus flavus ND1 OR636491.
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Effectiveness of the produced Ag-Au nanocomposite as
an antimicrobial agent:

Antibacterial activity: Testing the antibacterial activity
showed that the Ag-Au nanocomposites synthesized by
both tested fungal isolates exert a good inhibitor effect
against all tested bacteria. Ag-Au nanocomposite
synthesized by A. flavus ND1 OR63649 in 300 ppm
concentration has recorded the best inhibitory effect
against most of the tested bacteria. However, Ag-Au
nanocomposite synthesized by A. fumigatus ND2
OR63649 has recorded similar activity against S. aureus
ATCC 6538 and exerted better activity against S. aureus

ATCC 25923, Table 2.
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Antifungal activity: Estimation of the antifungal activities
of the biosynthesized Ag-Au nanocomposites revealed
that they could exert antifungal activities against the
tested fungal isolates. Ag-Au nanocomposite synthesized
by both fungal isolates showed similar antifungal
activities against the tested Fusarium species. However,
Ag-Au nanocomposite synthesized by A. fumigatus ND2
OR63649 has recorded better antifungal activity against
Alternaria  solani  while  Ag-Au  nanocomposite
synthesized by A. flavus ND1 OR63649 has recorded the

best inhibitory effect against Rhizoctonia solani, Table 3.

Table 2: Antibacterial activity of biosynthesized Ag-Au nanocomposite

Nanocomposite

Ag-Au nanocomposite conc. (ppm)

Tested A. fumigatus ND2 OR636497
bacterium 100 200 300

S. pneumoniae*' 12 +1 125415 12+1

M. luteus** 12.5 +0.5 14.5 +0 14.5 +0.5
S. aureus*? 125+25 20.5+0.5 200

S. aureus*3 11.5 +0.5 11.5 0.5 11.5 0.5
E. coli ** 13.2 +0.7 12 +0.5 12.5 1.5
S. typhi*> 10.5 +0.5 10.5 +0.5 10.5 0

Inhibition zone diameter (mm)

Ag-Au nanocomposite conc. (ppm)

Ciprofloxacin

A. flavus ND1 OR636491

100

14 +1
14.25
10 +0
11 +0
12.25
10.75

200 300 (5 pg)

14.75+0.25 15.75%1.75 34.5%0.5
+0.75 14.75+0.75 18.75%1.25 18*1

10.5 £0.5 11 +0.75 35.5+0.5

11 +0 11+0 32.25 +1.25
$0.75 14.25+1.25 14.5%0.5 32.5+0.5
+0.25 10.750.25 13.5#1 14.25 +0.25

*1: clinical isolate, *2: ATCC 25923, *3: ATCC 6538, *4: ATCC 7839 and *5: ATCC 6539.

Table 3: Antifungal activity of biosynthesized Ag-Au nanocomposite

Nanocomposite Tested

Ag-Au nanocomposite conc. (ppm)

A. fumigatus ND2 OR636497

Tested fungus

Inhibition zone diameter (mm)

Ag-Au nanocomposite conc. (ppm)

A. flavus ND1 OR636491

100 200
Fusarium oxysporum 9.510.5 10 £1
Fusarium solani 9.25 +0.75 9.5 0.5
Fusarium semitectum 8.5 10.5 8.75+0.25
Alternaria solani 15.5 +0.5 15.5 0.5
Rhizoctonia solani 8.75 +0.25 9.5 0

300 100 200 300

9 +0 9 +0.5 10.5 +0.5 10 +0

14.5 +0.5 8.75 +0.75 9.5 +0.5 15.75 +0.75
9.25+0.75 9+#1 9.25 +0.75 9.75 +0.25
16.5£1.5 9.5 0.5 12 +0 11 +0
12.5+2.5 8.25 +0.25 12.75 +0.25 15 +0
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Evaluation of cytotoxicity of synthesized Ag-Au
nanocomposite: Results of cytotoxicity revealed the
lower toxicity of the biosynthesized Ag-Au
nanocomposites on the mice bone marrow cells where
they lead to (60-75% cell viability) 40 - 25% cell death
according to the tested concentration. On the other

hand, both samples exert obvious toxic effect against

BM

Viability (% of control)
n
S

0 I 1 I 1 I 1
00 05 10 15 20 25 3.0
Log concentration (ug/ml)

® 4. flavus B A, fumigatus
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MCF7 cell line with significant ICso values. Ag-Au
nanocomposite synthesized by A. flavus ND1 OR63649
showed higher toxicity to the MCF7 cells than that
exerted by Ag-Au nanocomposite synthesized by A.
fumigatus ND2 OR63649 where they have reported ICso
values of 25.94 and 35.31 pg/mlL, respectively as

illustrated in the dose response curves, Figure 9.

Viability (% of control)
N
=
o
{

25- HE
%
0 I I TIT 1 I 1
00 05 10 15 20 25 30
Log concentration (ug/ml.)
® A flavus B A. fumigatus

IC,,=25.94 ug/mL IC,,=35.31 pg/mL

Figure 9: Dose response curves of Ag-Au nanocomposite samples on mice bone marrow cells and MCF7 cell line using
MTT assay.

DISCUSSION:

Green synthesis of Ag-Au bimetallic nanocomposite and
the evaluation of their biological activities has been
investigated in this study. The biosynthesis process has
been carried out by new Aspergillus fungal isolates. Two
Fungal isolates have been isolated from soil samples
collected from the Iron and Steel Factory in Helwan-
Egypt (29°46'47" N, 31°19'27" E). These isolates have
been identified by sequencing their ITS regions. Analysis
of the amplified sequences revealed that the first isolate
shows high similarity percent with different Aspergillus
fumigatus strains that present with it in a common
cluster according to the phylogenetic tree analysis. On
the other hand, the second isolate shows high similarity
percent with different Aspergillus flavus strains, and it is

clustered with them in a common clade. This

identification was confirmed by checking their
morphological and microscopical features that were
found to fit these molecular identification data. Hence
these isolates were identified as Aspergillus fumigatus
isolate ND2 and Aspergillus flavus isolate ND1 and their
sequences were submitted under the accession numbers
of OR636497 and OR636491 respectively in the GenBank.

Water extracts of the obtained biomass of these
isolates were tested for their abilities to mediate Ag-Au
nanocomposite biosynthesis. Synthesis of Ag-Au
nanocomposite was validated by employing different
methods. The first level of confirmation for a successive
nanoparticles production is the visual observation of a
color change and monitoring its UV-Vis absorption
spectra to detect the appearance of the characteristic

plasmon absorption beak. Upon the addition of the
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biomass water extract, a visible color change “to a
reddish-brown” has been observed which reflects the
reduction of the Ag*! and Au** ions to the corresponding
zero-state nanocrystals. Results of previous studies have
clearly shown that the high Ag concentration in the
produced nanocomposite can lead to a browner sample
color [28]. Estimation of the UV-Vis spectrum revealed
the formation of new absorption beak in between the
typical positions of absorption beaks that are
characteristic for single Ag and Au nanoparticles that are
formed at ~ 410 and 540 nm respectively [29-31]. It has
been documented that Ag-Au nanocomposite plasmon
absorption beak is formed in between the typical
positions of absorption peaks of Ag NPs and Au NPs. The
exact position of this beak depends on the molar ratio of
Au to Ag in the produced nanocomposite [30]. Studies
have proven that Ag-Au absorption beak shows an
obvious blue shift in case of an increased percentage of
Ag in the produced Au-Ag nanocomposite [28]. The
plasmon absorption beak detected for Ag-Au
nanocomposites synthesized by Aspergillus flavus ND1
OR636491 was obviously formed at 440 nm which can
reflect the possible high ratio of Ag in the synthesized
nanocomposite as the beak is more shifted towards the
typical position of single Ag NPs. Indeed in a previous
study, Malathi et al., 2014 have detected the plasmon
absorption beak of Au-Ag nanocomposite that was
prepared with Auo.s : Ago.7s molar ratio at 443 nm that is
near the typical position of Ag nanoparticles absorption
beak [32]. The position of the absorption beak of Ag-Au
nanocomposite is also affected by other factors such as
the particle size and the dielectric constant of the
medium [31].

Size, topographical features, and elemental content
of the produced nanoparticles have been monitored
utilizing TEM, SEM, and EDX analysis. TEM micrographs
revealed the formation of sphere-like polyhedron

nanoparticles in both samples and their size ranges

BCHD Page 338 of 344

between 10-25 nm. Previously, spherical-shaped Au-Ag
nanocomposite has been synthesized using Fusarium
semitectum and 95% of these particles have recorded
their size in 10-35 nm range [31]. Also, Au-Ag
nanocomposite synthesized by Mariannaea sp. HJ
showed spherical and pseudo-spherical shapes with 16-
19 nm size range [28]. On the other hand, Christina et al.,
2024 synthesized sphere-like Ag-Au bi-metallic
nanocomposite with size range 9-27 nm using waste
orange peel extract [33]. Also, Velpula et al., 2021 have
synthesized Ag-Au nanocomposite with similar size range
“23 £ 10.3 nm” utilizing gum kondagogu [34], while
Ashtari et al., 2023 have tested the ability of galangin of
Suaeda maritima to mediate the biosynthesis of Ag-Au
nanocomposite but the produced nanocomposite has
recorded larger size range (45 nm) [19]. SEM imaging
revealed that the truncated tetrahedron pattern is the
most common topographical pattern found among the
biosynthesized nanoparticles in both samples. Energy
Dispersive X-ray Spectroscopy (EDX) analysis has been
utilized to estimate the elemental content of the
biosynthesized nanocomposites and check the
percentage of silver and gold in them. EDX spectra of
both samples showed the appearance of the absorbance
beaks correlated to the surface plasmon resonance of
silver and gold nanocrystals and that confirms the
successful synthesis of Ag-Au nanocomposite and the
incorporation of both metals in the produced
nanoparticles. However, the estimated silver and gold
content are greatly varied in the prepared samples. Gold
was the major metal in the nanocomposite synthesized
by Aspergillus fumigatus ND2 OR636497 (Ag:Au =
8.21:60.56 %) while silver is the major metal in the
nanocomposite synthesized Aspergillus flavus ND1
OR636491 (Ag:Au =55.92:5.56 %). Other beaks for C, Na,
Ca and Mg have been reported in the obtained EDX
spectra that may be due to the nature of biomolecules

that involved in capping of nanoparticles. Recently,
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orange peel extract has been utilized for the formation of
Ag-Au nanocomposite that contains 52.1: 35.1 percent
ratio of silver and gold respectively [33]. Also, the extract
of Hippeastrum hybridum has been utilized in the
synthesis of Ag-Au bimetallic NPs and the obtained
nanocomposite has recorded 12:38.26 % ratio of silver
and gold respectively [6].

The functional groups and chemical nature of
compounds associated with the biosynthesis and
stabilization of the biosynthesized Ag-Au nanocomposite
were interpreted by employing FT-IR spectroscopy. FT-IR
spectra of both samples showed the common band at
3420 cm™ that is related to bonded O-H stretch [35- 37].
Also, important common bands were observed at ~2920,
2860 and ~1391 cm™ that correspond to C-H and C-H;
stretching [35-39], and a further beak was observed at
~1625 that reveals the presence of aromatic
combinations and C=C aromatic ring stretching vibration
(Aryl-substituted C=C). Additionally, the common beak
that observed at ~1046 cm™ reflects the presence of C-
OH stretch [35-37, 40]. These detected signals support
the possible involvement of similar compounds in
synthesis and capping of the biosynthesized Ag-Au
nanocomposite in both samples that likely involve
flavonoids [38], aromatic and alcoholic compounds.

However, a unique band has been reported at ~785
cmtin FT-IR spectrum of nanocomposite synthesized by
Aspergillus fumigatus ND2 OR636497 that corresponds
to C-H bending Di-substituted [41]. Also, a further unique
band has been reported at ~1430 cm™ in FT-IR spectrum
of nanocomposite synthesized by Aspergillus flavus ND1
OR636491 that is correlated with methyl C-H bend [42].

Bands that are observed at ~ 2375 and 3755 cm
may be correlated to O=C=0 stretching of CO, that
entrapped on the cavities [43] and to nonbonded
hydroxyl group O-H [35-36] stretch of residual water that

surrounds the nanoparticle, respectively.
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Zeta potential analysis has estimated the presence
of a negative charge on the surface of biosynthesized
nanocomposite particles. Both samples recorded good
surface charge value (-29.0 + 2.3 & -27.3 £ 0.4) that can
support a reasonable stability for the prepared nano
solution over its storage. These synthesized Ag-Au
nanocomposites showed significantly higher surface
charge values than those reported for Ag-Au
nanocomposite synthesized by the gum kondagogu that
recorded only — 5.95 + 11.39 surface charge [34].

The biological activities of the biosynthesized Ag-Au
nanocomposites have been evaluated by estimating their
antibacterial, antifungal, and cytotoxic effects. The Ag-Au
nanocomposites synthesized by both fungal isolates
exerted a good inhibitory effect against all tested
bacteria. Although 300 ppm concentration of Ag-Au
nanocomposite synthesized by A. flavus ND1 OR63649
has recorded the best inhibitory effect against
Streptococcus ~ pneumoniae,  Micrococcus  luteus,
Escherichia coli, and Salmonella typhi, the tested S.
aureus strains showed either similar or higher sensitivity
towards Ag-Au nanocomposite synthesized by A.
fumigatus ND2 OR63649. The higher antimicrobial
behavior of Ag-Au nanocomposite synthesized by
Aspergillus flavus ND1 OR636491 can be explained by its
higher Ag percent in comparison to nanocomposite
synthesized by A. fumigatus ND2 OR63649 as it is well
documented that, Ag NPs exert higher antimicrobial
potential than Au NPs.

Lately, many food-born bacteria have developed a
wide antibiotic resistance potential including Escherichia
coli, Staphylococcus aureus, and Vibrio cholera [44]. Thus,
there is an urgent need to develop new antimicrobial
agents with a significant inhibitory potential to overcome
the increasing antimicrobial resistance against the
available antibiotics and chemical antimicrobials [45].

Recently, the antibacterial activity of Ag-Au

nanocomposite synthesized by Suaeda maritima has
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been evaluated and it recorded good antibacterial
activities against Escherichia coli, Klebsiella pneumonia,
Staphylococcus aureus, and Proteus mirabilis at 100 and
250 ppm concentration [19]. Also, Ag/Au nanocomposite
synthesized Hippeastrum hybridum extract showed
promising antibacterial activity against Streptococcus
pneumonia, Micrococcus luteus, Staphylococcus aureus,
Streptococcus pyogenes, Bacillus cereus, Escherichia coli,
Klebsiella pneumonia, and Serratia marcescens [6]. Little
data are available about the antifungal activities of Ag
NPs and Ag-Au nanocomposite as most of the studies
were concerned with their antibacterial activities [46].
Hence there is a critical need to evaluate the antifungal
activities of such nanoparticles on the broader spectrum
of fungal species. The current study has evaluated the
inhibitory effect of the biosynthesized Ag-Au
nanocomposite against different fungi. It has been found
that both nanocomposites have exerted a detectable
inhibitory effect against the tested fungal pathogens.
Both nanocomposites exerted similar antifungal activities
against the tested Fusarium species. However, Alternaria
solani revealed higher sensitivity towards Ag-Au
nanocomposite synthesized by A. fumigatus ND2
OR63649 and Rhizoctonia solani showed higher
sensitivity towards the Ag-Au  nanocomposite
synthesized by A. flavus ND1 OR63649. Diem et al., 2020
have reported that the biosynthesized Ag-Au bimetallic
samples containing high silver content exerted good
inhibitory effect activity against Magnaporthe grisea
fungi [8]. Another recent study has reported a potential
inhibitory effect for a green synthesized Ag-Au bimetallic
nanocomposite against Aspergillus niger, Aspergillus
fumigatus, and A. flavus [6].

The inhibitory effect of Ag nanoparticles against
bacterial cells has been well documented. One suggested
mechanism for such an inhibitory effect is the constant

discharge of silver ions by Ag-containing nanoparticles
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[18]. These ions have a high affinity to interact with the
bacterial cell membrane leading to its destruction and
resulting in uncontrolled cell permeability and a final cell
death. Moreover, they tend to interact with phosphorus-
containing sulfur molecules including the membrane
proteins and intracellular DNA and protein molecules
which interfere with the functioning of the cell and its
proliferation [14]. On the other hand, Ag nanoparticles
are involved in the creation of reactive oxygen species
(ROS) yielding an oxidative stress that mediates a potent
inhibition for respiratory enzymes and interferes with
adenosine triphosphate synthesis and induce cell
apoptosis [18, 14].

Apart from Ag nanoparticles, Au nanoparticles are
also among the most valuable metals nanoparticles that
have been estimated to exert antimicrobial activities [6].
Although Au is a rare and inert metal to microorganisms,
after being altered, Au nanoparticles, their antibacterial
capabilities can be enhanced as their nano size amplifies
their antibacterial effects [14]. As in the case of the
other noble metals, antimicrobial activities of Au
nanoparticles can be maintained due to the production
of the reactive oxygen species (ROS) that induce
cell apoptosis. Additionally, oxidative damage,
inhibition of enzymes, and alterations in gene
expression are among the documented mechanisms
that can be involved in the suppression of microbial
growth by the nanoparticles of noble metals [17].

Breast cancer is the most common type of cancer
worldwide. Twenty to thirty percent of people with
early-stage breast cancer relapse with distant
metastases, such as liver, brain, lung, or bone
metastases, following first standard treatment. The
most  significant problem with breast cancer
treatment worldwide is the need to develop
innovative  therapies as  there are many
challenges with the conventional cancer medications,

including toxicity, drug resistance, and cost [44]. In a trial
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to evaluate the safe applicability of the biosynthesized
Ag-Au nanocomposites and their anticancer potential
their cytotoxic effect against a normal cell line, mice bone
marrow cells, and against another cancer cell line, MCF7,
has been evaluated. Results revealed the lower toxicity
of the investigated nanocomposites against the mice
bone marrow cells as the treated cells showed good
viability percentage specially in case of the lower tested
concentrations. However, both nanocomposite samples
have shown elevated toxicity against MCF7 cell line with
significant ICso values. Ag-Au nanocomposite synthesized
by A. flavus ND1 OR63649 showed slightly higher
cytotoxic effect against MCF7 cells than that synthesized
by A. fumigatus ND2 OR63649 which again can be
explained by its higher Ag content. The obtained results
reveal that these biosynthesized Ag-Au nanocomposites
represent new promising and safe candidates for
biological applications including food packaging and
biomedical applications.

A previous study has tested the cytotoxicity of Ag-
Au nanoalloy synthesized under microwave-assisted
irradiation and it has been found that this nanoalloy
exerts no cytotoxicity towards RAW264.7, Hela, and LO2
cells [46]. Recently, Ashtari et al., 2023 have evaluated
the toxicity of Ag-AuNPs nanocomposites synthesized by
galangin of Suaeda maritima against MCF-7 and they
have reported a significant reduction in MCF-7 cell
viability by>50% upon this treatment [19].

Generally, Au NPs represent a promising anticancer
agent that showed good size-based cytotoxic behavior
against different cancer cells. Researchers have carried
out many investigations to explain Au nanoparticles
cytotoxic behavior. It has been found that the Au NPs
exert cytotoxic effects via ROS production and induction
of DNA breaking, mitochondrial dysfunctioning, and
activation of cell apoptosis cascade [47]. On the other

hand, many studies have proved the cytotoxic potential
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of Ag nanoparticles. This behavior was also explained by
its modulated oxidative stress, DNA and mitochondria
damage in addition to the induction of cell cycle arrest

and the activation of cell apoptosis [13].

CONCLUSION:

The current study has estimated the efficiency of new
Aspergillus fumigatus and Aspergillus flavus isolates to
synthesis Ag-Au nanocomposite. Although the
biosynthesized nanocomposites showed similar size and
morphological features, they reported a variable metallic
content. Gold was the major metal in the nanocomposite
synthesized by A. fumigatus ND2 OR636497 while silver
is the major metal in the nanocomposite synthesized A.
flavus ND1 OR636491. Both nanocomposites showed
good antibacterial, antifungal, and anticancer activities
with slight variability as a result of the variation in their
silver and gold content. This is the first study that utilized
A. fumigatus and A. flavus isolates for Ag-Au
nanocomposite biosynthesis. This study aimed to
estimate the antimicrobial potential of the synthesized
Ag-Au nanocomposites and evaluate their cytotoxicity to
assess their applicability in the food packaging systems
and in the biomedical field.
Abbreviations: IC50: Half-Maximal inhibitory
concentration, MCF7: Michigan Cancer Foundation-7,
NPs: Nanoparticles, PDA: Potato Dextrose agar medium,
PCR: Polymerase Chain Reaction, SPR: Surface plasmon
resonance, TEM: Transmission electron microscopy,
FT-IR: Fourier-transform infrared, SEM: Scanning
electron microscopy, ATCC: American Type Culture
Collection, EDX: Energy Dispersive X-Ray Analyzer, MTT:
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
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