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Abstract

Fungal biogenic production of silver nanoparticles (AgNPs) is a promising trend due to their facile
handling and high metal tolerance. Moreover, they release a lot of extracellular molecules, which help
to keep the nanoparticles in a steady form. Fusarium oxysporum (F. oxysporum) has a prolonged life
span in the soil. It is one of the main causes of agricultural plants wilting in several commercially
significant crops. In this investigation, a fungus was isolated from Minyat Al Nasr in Egypt, identified
by traditional and molecular procedures as Penicillium expansum (P. expansum), and deposited
in the gene bank with a code of PQ084992. P. expansum produced silver nanoparticles, which could be
seen by a change in color. It has a notable peak at 420 nm through testing by UV spectrophotometry.
Nanoparticles have been examined by electron microscopy, revealing their size range as 40-80 nm.
The characterization has been completed using XRD, EDX, and FTTR. The myco-synthesized
silver nanoparticles had anti-F. oxysporum with an inhibition zone of 23.141.2 mm, and its MIC was
15.6+0.6 pg/mL. This anti-F. oxysporum is produced by altering the ultrastructure of F. oxysporum
when using the produced wilt disease in plants. Nanoparticles in relation to amphotericin B. Silver
nanoparticles were tested on Vero cells and showed minimal cytotoxicity with IC, = 165.0+2.6 pg/mL.
These results suggest the potential of applying myco-synthesized silver nanoparticles against fungal
pathogens.
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Introduction

Specialists have expressed worries about plant
pathogens becoming an immediate danger to human
and animal health [1]. Animals, poultry, and plants may
acquire the phytopathogen Fusarium oxysporum [2]. F.
oxysporum is one of the plant pathogens. It is considered
the world’s fifth most significant fungal plant pathogen
that causes the greatest financial damage [3]. About 106
identified formae speciales of the F. oxysporum species
complex (FOSC) invade over 100 distinct hosts and
cause vascular wilts [4]. Their characteristics include
being soilborne, having a long lifespan, being resistant
to treatment with chemicals, and having the ability to
quickly change past host resistance [5, 6]. They lead to
total plant mortality and crop loss as hemibiotrophic
infections, in addition to revenue loss [7].

F. oxysporum, the primary cause of Fusarium wilt
disease, seriously damages plants at every growth
stage [8]. In El-Badari, Assiut Governorate, Egypt,
pomegranate trees were found to be wilting due to
F. oxysporum for the first time in Upper Egypt [9].
F. oxysporum infections have recently caused serious
damage to all phases of plant development, resulting in
injuries to tomato production in up to 67% of Egypt’s
total planted area [10]. The fact that spores can persist
in living conditions for several years and that remnants
of pesticides have a harmful impact on human health
has rendered the conventional methods of controlling
the disease, such as using antifungal agents and crop
rotation, ineffective. Therefore, it is imperative to
enhance novel and effective control methodologies [11].

The developing implications of nanotechnology
provide the potential to overcome the challenges facing
agriculture. Novel nanomaterials and technological
applications have been made possible by the development
of nanotechnology in a variety of disciplines, including
managing pests [12], food storage and packaging [13],
and synthesizing fertilizers and pesticides. Due to their
nanoscale dimension, nanomaterials typically present
the potential for developing nano-fertilizers (NFs) with
bioavailable substances that have excellent absorption
and intake competence in both ways, through foliar
application or by adding to the soil. This is due to their
tiny dimensions ranging from less than 100 nm and
abundant surface-to-volume ratio. Nanomaterials’ novel
chemical, physical, and visual properties enable their
development as biochemical and natural sensor devices
with fast analyte detection [14-16].

The outstanding properties of silver nanoparticles
(AgNPs) include size-dependent biological,
psychological, and physical aspects; these nanoparticles
have been extensively studied [17]. The thermodynamic
properties of silver nanoparticles, such as their point of
melting and molar heat of fusion, are directly correlated
with their particle diameter [18]. The antimicrobial
properties of silver nanoparticles synthesized by
environmentally friendly techniques have drawn
attention to their possible uses in disinfection and

antimicrobial protection [19, 20]. The safety and
ecological impacts associated with employing these
nanoparticles must be taken into account to ensure their
compatibility and reliability [21]. In this work, AgNPs
were biosynthesized using isolated Peculium expansium,
and their capacity to fight against F. oxysporum, which
causes wilt disease, was investigated. AgNPs were also
thoroughly characterized by TEM, FTIR, UV—vis, XRD,
and EDX. Additionally, the ultrastructure alterations of
F. oxysporum were examined.

Materials and Methods
Fungal Stain and Chemicals

Fusarium oxysporum (ATCC48112) was kindly
provided by the Regional Center for Mycology and
Biotechnology-Al-Azhar University. All chemicals used
during this work were purchased from Sigma, Egypt.

Collection of Specimens

Soil specimens were taken from various locations in
Minyat Al Nasr in Egypt (31°07°34.46” N 31°38°35.27” E)
following the excavation of 10-15 cm deep trenches.
Prior to being utilized, the specimens were gathered and
kept at 4°C in sterile zippered polythene bags [22].

Isolation of Fungi

Various media were utilized, such as yeast extract,
sucrose, potato dextrose, Czapek’s dox, malt extract, and
yeast malt extract agar medium. Techniques for isolation
included the use of sprinkle plates. The soil was evenly
distributed directly onto the medium’s surface to create
sprinkle plates. The plates were incubated at 25°C for
5-7 days. After being purified using the single spore
and hyphal-tip procedure, the fungi growing on the
agar plates were moved to malt extract slants, which
were kept as a stock culture [23]. The ability of each
isolate to produce AgNPs was examined and tested. The
fungal isolate labeled was the sole isolate with a high
production potential for AgNP biosynthesis (Fun 5).

Identification of Fungi Using Standard
and Molecular Methods

Based on its morphological characteristics and
microscopic investigation, the isolated fungus with the
greatest capacity to produce AGNPS was recognized at
the genus and species level.

The fungal mycelium was macerated in Tris-EDTA
buffer pH 7.9, which contained 1.6 M sodium chloride,
0.2 mg/mL proteinase K, 9.8 mM B-mercaptoethanol, and
2.0% SDS (w/v) in order to extract the DNA. A mixture
of chloroform, isoamyl alcohol (23:1, v/v), and 3.0 M
potassium acetate was used to purify the nucleic acids.
After that, the DNA was separated using ethanol, dried at
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ambient temperature, and rehydrated using DNAse-free
water. PCR was used to amplify the 18S rDNA. Primers
A (5-AACCTGGTTGATCCTGCCAGT-3") and 564R
(3'GGCACCAGACTTGCCCTC-5") were used. The ABI
3730x1 DNA sequencer (ThermoFisher, USA) was used
to sequence the PCR results after being purified using
a PCR purification kit. The BLAST (NCBI) search
similarity analysis was utilized to compare the amplified
product sequences. Using MEGA X, a phylogenetic tree
was constructed using the neighbor-joining method to
confirm the strain’s phylogenetic area [24].

Myco-Synthesis of AgNPs

Preparation involved putting the fungal Fun 5
into 200 mL of malt broth and mixing the mixture
for 5 days (28+2) at 2000 rpm. The culture was spun
for 20 minutes at 30100 xg after incubation to separate
the pellet and supernatant. One milliliter (1 mM) of
silver nitrate solution and 100 milliliters of supernatant
were placed into a clean 250 milliliter conical flask.
AgNO,-free control testing was conducted using the
second reaction. To stop AgNO, from oxidizing, the
mixture was left to stand in a dark, shaking incubator
at 200 rpm and 37°C for a whole day. The yellow color
of the cell-free extract changed to a brownish color
with the addition of the precursor, allowing for visual
verification of AgNPs formation. The supernatant was
dried at 60°C and then crushed to produce a fine AgNP
powder. AgNPs were carefully cleaned with distilled
water to eliminate impurities from the control flask and
then stored for characterization [25].

Characterization of Myco-Synthesized AgNPs

Conventional characterization techniques, including
ocular color change and a UV-visible spectrophotometer
(Agilent UV-1200, USA), with a scanning spectra span
of 300 to 700 nm were used. Transmission electron
microscopy (JEOL 1010 TEM, Japan) investigated the
morphology of AgNPs. X-ray diffraction (XRD) (Agilent
6000, USA) with a Cu-Ka X-ray source (A = 1.5418 A)
analysis was used to assess the crystallite nature of
AgNPs. Fourier transform infrared spectroscopy (FTIR)
(Agilent, USA) was utilized to study the functional
groups involved in reducing, capping, and stabilizing
AgNPs. The standard operating protocol was followed
in order to determine the spectral bands of prepared
(crystalized form) AgNPs. An x-ray microanalysis
(Oxford 6587, UK) linked to (JEOL, Japan) scanning
microscopy for EDX testing [26].

Antifungal Impact of Myco-Synthesized AgNPs

Agar well diffusion was used to assess AgNPs’
effects on F. oxysporum. The fungus was cultured
on PDA plates and kept at 28+2.0°C for 5 days.
A suspension of 107 spores/mL of fungal suspension
in a sterilized phosphate buffer solution pH 7.0 was

used. Agar MEA plates were evenly filled with one
milliliter. Wells (8 mm) were cut using a sterile cork
borer. 100 uL of AgNPs and AgNO, were added to
each well separately and incubated for two hours at 5°C.
Following the application of a conventional antifungal,
amphotercin B, the plates were incubated for five days
at 2842.0°C. The inhibitory zones were identified and
noted following incubation. A serial level of AgNPs was
tested to illustrate the minimal inhibitory level [27].

Cytotoxicity Evaluation

Data was obtained from the American-type culture
collection (ATCC), and the MTT technique was used to
assess the cytotoxicity of AgNPs towards the Vero cell
line [28].

Transmission Microscopic Examination

In order to set up TEM samples, fungal specimens
(about 1 mm, 3 each) were taken out of agar colonies.
After being fixed in 3% glutaraldehyde and rinsed
in phosphate buffer, the samples were post-fixed in
potassium permanganate solution for five minutes at
ambient temperature. The specimens were soaked
in ethanol dilutions ranging from 10% to 90% for
15 minutes each, and then they were dried for 30
minutes in 100% ethanol. They were then injected with
acetone and epoxy resin in a graduated sequence before
being immersed in pure resin. Copper grids were used to
capture extremely tiny particles. Uranyl acetate and lead
citrate were then used three times to stain the sections.
A 70 kV voltage was applied to the (JEOL 1010, Tokyo,
Japan) transmission electron microscope to evaluate
stained slices [29].

Statistical Testing

All experiments were conducted three times, and
GraphPad Prism V5 (CA, USA) was used to determine
the means and standard errors. P<0.05 was used to
represent a dramatic difference.

Results and Discussion
Fungal Isolation and Identification

The fungus in the petri dish had a pale green color,
an axially sulcate appearance, a crocheted texture, and
a yellow inverse yellow, according to the examination
of the color change by the naked eye. However, a light
microscope inspection revealed that it had branching
septal conidiophores with sporulating cells and gloomy
green, cylindrical conidia. The isolated fungus’s whole
macroscopic and microscopic analysis is available in
(Fig. 1). The fungal identification was confirmed using
18s rRNA. The fungus was identified as P. expansum,
and the phylogenetic tree was created and showed
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Fig. 1. Microscopic examination of P. expansum (magnification
= 40X). The fungus was terverticillate with smooth spta.
Where conidiophores were 200-400 pm long; Metula was
12 um; philidies were 10 um lond; and globose conidia were
2-4X 2.3 -3.4 um in size.

an interconnected connection between it and other
Penicillium spp., as shown in (Fig. 2). The sequencing
information was submitted to the Gene Bank under the
accession code PQ084992. (https:/www.ncbi.nlm.nih.
gov/nuccore/Pq084992). The 18S rRNA sequences of

genes are the target of multiple primers unique to fungi
and are a well-known marker for fungal categorization
[30, 31]. This is in accordance with Park et al. [32],
who followed the same steps for identifying isolated
Penicillium species from different regions. Furthermore,
Demjanova et al. [33] applied the same classical protocol
for Penicillium sp. identification.

Green Production of Silver
Nanoparticles Using P. Expansum

It was noted that, prior to 3 days of incubation,
the color changed to brown, and silver nitrate reacted
with the P. expansum cell-free extract. The positively
energized Ag ions contacted the electrostatically
polarized hydroxyl groups of the bioactive molecules
in the filtrate, reducing them to Ag0 and ultimately
giving AgNPs. No control color changes were made, as
illustrated in (Fig. 3) in the same line as Mohammadi
and Salouti [34], who followed the same steps to obtain
silver nanoparticles from Penicillium chrysogenum.
Furthermore, Ammar and El-Desouky [35] showed
that  Aspergillus  terreus successfully  produces
AgNPs. Besides, Yassin et al. [36] illustrated that
Penicillium verrucosum could be used to prepare silver
nanoparticles.

Characterizing the Prepared Silver Nanoparticles
UV Spectrophotometry

A UV-Vis spectrophotometry was applied to
describe the prepared AgNPs in the initial phase,
generating an absorbance peak at 420 nm (Fig. 4).
A strong confined SPR was the trigger of the NPs
stimulants. In accordance with earlier research, the form
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Fig. 2. Phylogenetic analysis of P. expansum by distance examination procedure of 18 s rRNA sequence of genes.
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Fig. 3. Preparation of AgNPs using P. expansum (A) Cell-free
extract of P. expansum (B) Color change after incubation of P,
expansum cell-free extract with silver nitrate.

and dimensions of AgNPs are frequently associated
with the particular SPR record [37]. This is in line with
Guilger-Casagrande and Lima [38], who illustrated that
the change of color upon the production of nanoparticles
could be detected using a UV spectrophotometer.
Additionally, Osorio-Echavarria et al. [39] showed that
fungi could mediate the synthesis of silver nanoparticles
and could be detected through color change and
spectrophotometry. Moreover, Al-Soub et al. and Tang
et al. [40, 41] showed that airborne fungi could produce
silver nanoparticles at 420 nm.

Electron Microscopic Examination

Particles larger than 16.5 nm were visible in the
TEM image; the size of the particles determined by
TEM analysis differed from that determined using
the Scherrer equation for XRD. The shift in active
species, such as the amount of polyphenols in the cell-

free extract, may cause this. The speed of production
and nucleation activities is slowed down when fewer
species are active [42]. The dimensions, structure, and
distribution of NPs are among the variables that affect
their microbiological and physiological functions [43].
NPs’ biocompatibility and effectiveness rose as their
dimensions shrank [44]. As such, it is crucial to look
at the structural characteristics of the NPs at TEM,
which were represented as monodispersed circles with
a size range of 40-80 nm. In accordance with Rudrappa
et al. [45], Penicillium brasilianum could produce silver
nanoparticles with a size of up to 60 nm. Meanwhile,
Basheer et al. [46] used marine fungi to prepare AgNPs
with dimensions of about 25 nm and showed that the
TEM picture shows that monodispersed round AgNPs
can be effectively reduced and capped by the culture
extract’s metabolites without aggregating (Fig. 5). TEM
is better for the characterization of nanoparticles than
TEM, as it has a simpler method for preparation, better
resolution, and extra analytical tools [47].

EDX and XRD Analysis

EDX gives both quantitative and qualitative
status to the components that could be associated with
the production of AgNPs. The energy and amplitude
pattern of X-ray impulses produced by a concentrated
electron ray on a sample is measured as part of EDX
testing. The findings are displayed in (Fig. 6a), which
displays the profile from EDX spectra. It is evident
through EDX examination that silver was present
by 75% in the sample (Table 1). According to earlier
research, silver nanoparticles exhibited peak absorbance
at 3 keV [47]. In another investigation, it was revealed
that AgNPs were bound by plant-based constituents
via oxygen atoms as they were analyzed by EDX.
The powerful signal of Ag atoms demonstrated the
crystalline feature, and the existence of oxygen peaks

== pptrd ==tample

e E ) N iTh am &

i3 475 S b el N m 4
Wavelongrth

Fig. 4. UV-visible spectrophotometry for prepared AgNPs by P. expansum (blue peak); Cell-free extract of P. expansum (black line).
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Fig. 5. TEM electron microscope micrograph showing different sizes of extracellular silver nanoparticles from P. expansum (x 200000).

together with the silver evidence demonstrated this
[48, 49].

The XRD structure and the existence of peaks
validate their production and illustrate the crystal
form of prepared AgNPs. It showed the reflections
in the range of 3-82° at 20 = 31.14°, 37.1° 47.2° 56.9°,
63.1°, and 76.0°, which match the XRD form of the
planes (111), (200), (220), and (311), as shown in (Fig.
6b). Usually, the (111) surfaces of the crystal metallic
silver nanoparticles are attributed to the peak at
37.1°. This suggests that the procedure yields AgNPs

2) b3

Full seale = 135 cowris 2

Lin (Counts)

with crystal forms of high grade. In accordance with
earlier reports that illustrated similar forms of XRD [50,
36].

FTIR

The FTIR assessment of AgNPs (Fig. 7) showed
intense peaks at 3442.8, 2923.32, 1634.86, 1367.62,
1219.45, 772.51, and 673.13 c¢cm™. The OH and the
OH-extended group of phenols and alcohol or
NH-extending of aliphatic primary amines could

d=2.47923

d=2.8187]
d=p.60615

d=1.47955

0=1.62500 d=1.37888

d=1.91371
d=1.35913
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Fig. 6. a) X-ray microanalysis of AgNPs produced by P. expansum with a silver peak at 3KeV. b) XRD form of the prepared AgNPs by

P, expansum.
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Table 1. The percentage of elements produced by P. expansum
after incubation with silver nitrate measured by X-ray micro-
analyzer.

Elements Means of % + standard
Edx ..
deviation
Elements Ag O N
% 75 13 12

potentially be responsible for the broad peak displayed
at 3442 cm™ [51]. The peak at 2923 cm™ represented
the C-H vibratory extending of aliphatic methyl (CH,).
A mild migration of the amide-extending peak shifted
from 1640 to 1634 cm™. It could be linked to the charged
connection among the exterior of AgNPs and the amide
bonds of protein molecules, which was in agreement
with the preceding research [52]. The observed peak at
12190 cm™ may result from C—O-C or C—O absorbance
[53]. The expanding peaks at 772 and 673 cm™' were
indicative of amides I'V extended bends for proteins and
alkenes (=C—H stretching) [54].

Antifungal Impact

The present research assessed the antifungal
capability of AgNPs towards F. oxysporum compared
to amphotericin B. The results showed that, in
comparison to the usual medication, the produced
AgNPs demonstrated remarkable antifungal action
against F. oxysporum, with inhibition zones of 23-
25 mm consequently. Furthermore, the minimum
inhibitory values (MICs) of silver nanoparticles versus
F. oxysporum were ascertained and presented in

(Table 2). The MIC results indicated that the standard
medication inhibited growth at 3.9 pg/mL towards F.
oxysporum, whereas the silver nanoparticles inhibited
growth at values of 15.6 pg/mL. Higher concentrations
of AgNPs in solution may allow them to stick to and
saturate fungus hyphae, killing the fungus cells. Ag*
is responsible for this inhibitory action, which mainly
impacts the activity of membrane-associated proteins
like those in the respiration pathway. Ag" may also
impact how some microbial protein and enzyme
compounds are expressed. Documentation of DNA
replication interruption has also been made. AgNPs
may collaborate with precursors to inactivate enzymes
and stop them from producing products necessary
for cells’ functioning via inhibitory competition [55,
28]. The most frequently used antifungal medication
for treating fungal diseases is amphotericin B, which
displays concentration-related fungicidal action towards
the majority of fungal isolates (Borman et al., 2017). Ata
46-52 ng/mL dosage, AgNPs made from P. chrysogenum
cell-free culture filtrates showed substantial antifungal
effectiveness against the mycotoxigenic fungi [56].
AgNPs generated by A. sydowii were found to have
antifungal action towards different species of Aspergilli
by Wang et al. [57].

Examination of The Role of Silver
Nanoparticles Towards F. Oxyspoum

Ultra-thin examinations of normal cells of
F. oxyspoum (Fig. 8a) showed cells with regular
cytoplasm, homogenous cytoplasm, and a uniform
pattern; the control cell’s cell wall was completely
incorporated and unharmed. There is a clear lysis in the
cellular surface upon using the MIC of amphotericin
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Table 2. Determination of the inhibition diameter (mm) and
MIC (pg/mL) for produced silver nanoparticles relative to the
standard drug.

Silver nitrate Sllve_r Amphotericin
nanoparticles B
Inhibition N.D 231412 | 250412
zone (mm)
MIC (ug/mL) N.D 15.6+0.6 3.9+0.2

B (Fig. 8b). Finally, applying the MIC of prepared
silver nanoparticles leads to the alteration of cellular
structure, including cellular surface and internal
organelles, and the nanoparticles deposited in the outer
surface lead to its antifungal impact and designation
of fungal cells (Fig. 8(c, d)). This was in line with
Akpinar et al. [58], who illustrated the fungicidal
role of silver nanoparticles towards various
Fusarium strains. Besides, Ansari et al. [59] explained
the destruction of the fungal cells using electron
microscopy examination.

Impact of Myco-Prepared Silver Nanoparticles
on The Cytotoxicity of Normal Cells

The MTT procedure was used to confirm the
proportion of cell inhibition and assess the cytotoxic
properties of biosynthesized AgNPs towards a Vero
conventional cell line. (Fig. 9) shows the MTT in Vero
cell lines subjected to AgNPs for 24 hours at various
levels (15.62-1000 pg/mL). It could be noticed that the
rise in AgNP level led to the decline in Vero cell survival.
At 15.62 pg/mL of AgNPs, 99.3% of the cells were still
viable. At 1000 pg/mL of AgNPs, however, cell viability
was dramatically reduced to 10%, and the damaging
percentage for Vero cells was 0.7% and 90% at 15.62
and 1000 pg/mL, consecutively. The cytotoxic properties
of these nanoparticles were indicated by the dramatic
decrease in Vero cell lifespan that the AgNPs showed at
an IC, of 165.0+2.6 ng/mL. According to earlier research,
the normal Vero cell demonstrated 100% viability at
15.63 pg/mL, and survival dropped as the AgNP level
increased with an IC, of 279 pg/mL [60-62]. In general,
a substance is considered non-cytotoxic if its IC, value is

Fig. 8. TEM investigation of F. oxyspoum a) untreated cells (magnification = 4000X); b) Treated by amphotericin B; c) Treated by
silver nanoparticles [Scale bar 500 nm] and d) Deposition of silver nanoparticles in the cellular surface of £ oxyspoum [Scale bar

100 nm].
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Fig. 9. Testing the cytotoxic impact of the myco-synthesized
AgNPs towards the normal cell line (IC,;= 165.0£2.6 ug/mL;
various symbols refer to various levels of difference among
levels).

greater than 90 pg/mL [57]. As a result, using the myco-
synthesized AgNPs from this work is safe.

Conclusion

The isolated P. expansum in this investigation
could potentially be used to myco-synthesize silver
nanoparticles. Their color could be seen by the naked
eye and characterized by several instruments, including
a UV-visible spectrophotometer, electron microscopy,
FTIR, XRD, and FTIR. These nanoparticles have an
antifungal impact on F. oxyspoum, and this impact was
confirmed using a transmission electron microscope,
which illustrates the deposition of AgNPs in the fungal
cells to be applied with high security towards normal
cell lines. This could have an economic impact as it
could be applied safely versus F. oxyspoum, which could
lead to many biohazards in crops and poultry infections.
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