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Abstract: Curvularia spicifera (SUMCC 22003) is an endophytic fungus isolated from leaves of the medicinal plant Calotropis
procera that were collected from Wadi Bir-EL-Ain, Sohag, Egypt. The fungus was identified based on morphology and
phylogenetic analyses. The ability of C. spicifera to biosynthesize silver nanoparticles (AgNPs) was studied. The biosynthesized
AgNPs were characterized using UV-vis spectroscopy, XRD measurement, DLS, Zeta potential analysis, FTIR and HR-TEM
analysis. The formed AgNPs were stable, well-dispersed and spherical crystalline with an average diameter of 38.41 nm and a Zeta
potential of -6.35 mV. The FTIR analysis confirmed that AgNPs are capped with protein. The biosynthesis optimization study
indicated that 1 mM AgNO3, 5 g of biomass weight, pH 10.5 and a reaction temperature of 60°C were the optimal conditions for
AgNPs biosynthesis. AgNPs exerted significant antimicrobial activity at different concentrations against the tested species of
Gram-negative bacteria, Gram-positive bacteria and yeast species, demonstrating their potential as broad-spectrum antimicrobial
agents. Escherichia coli showed the highest susceptibility to AgNPs (50 pug) with an inhibition zone diameter of 23.7+0.3 mm and
MIC 4.2+0.1 pg. AgNPs (50 pg) exhibited an inhibition zone of 16.7+0.1 mm and MIC of 5.7+0.3 for Candida albicans.
Keywords: Calotropis procera, extracellular biosynthesis, characterization, optimization, antimicrobial activity

1. Introduction

Metal nanoparticles can be synthesized by various chemical
and physical methods, including solvo-thermal synthesis, laser
ablation, chemical reduction, ion sputtering and the sol-gel
method [1,2]. However, these approaches are often expensive,
time-consuming, energy-intensive and environmentally
harmful [3,5]. In contrast, biological methods are gaining
attraction due to their cost-effectiveness, environmentally
friendly approach and use of non-toxic chemicals for synthesis
[6,8]. Many microorganisms and plant extracts have the
capability to produce nanoparticles through biological
pathways [9,11]. Fungal-mediated synthesis of nanoparticles is
a promising approach in Nano-Biotechnology [12,14].
Compared to bacteria and plants, fungi offer advantages in
terms of ease of culture and maintenance in laboratory settings.
They secrete substantial amounts of enzymes and proteins,
enhancing productivity, ensuring protein coating and
promoting high stability while preventing nanoparticle
agglomeration [15,16].

Endophytic fungi are microorganisms that colonize living
plant tissue without causing immediate harm or symptomatic
infection to their host [17]. They colonize various parts of their
plant host, including the root, stem, leaf, flower, fruit and seed
[18]. Extracellular biosynthesis of AgNPs by endophytic fungi
could streamline downstream processing compared to
intracellular biosynthesis [19,20]. To enhance the yield of
biosynthesized AgNPs, it is essential to optimize cultural
conditions and various physical parameters such as pH and
temperature  [21,22]. Alterations in culture medium
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composition, pH, temperature, growth time and agitation can
impact the metabolism of microorganisms, thereby influencing
the physicochemical characteristics of the nanoparticles and
the composition of the capping [23].

The use of silver nanoparticles (AgNPs) has been
documented since ancient times for a variety of applications
they have been employed in the development of therapeutic
agents, disease diagnosis, biosensors and agriculture [24,26].
They are widely utilized for their antimicrobial, anticoagulant
and anticancer properties, as well as in medical devices and
drug delivery. This is due to its catalytic activity, chemical
stability, optical and thermal properties [27]. Silver
nanoparticles have shown promise in biomedical applications
such as infection prevention and wound healing. Studies have
demonstrated their strong antimicrobial activity against various
types of bacteria [28,30].

Calotropis procera (Aiton) W. T. Aiton is a desert plant
commonly found in tropical and subtropical regions of Africa
and Asia [31]. This plant is well-known for its medicinal
properties, with various parts exhibiting anti-inflammatory,
antioxidant, anticancer and antimicrobial activities [32]. The
medicinal properties of the plant can be attributed to their
endophytic fungi [33].

Curvularia species are found in subtropical to tropical
regions, although a few can also be found in temperate zones
[34]. Curvularia spicifera (Bainier) Boedijn is globally
distributed, isolated from soil and air and has a diverse host
range of plants [35]. This study aims to explore the ability of
the endophytic fungus C. spicifera (SUMCC 22003) to
biosynthesize AgNPs. Charchterization, optimization and
antimicrobial activities of AgNPs were studied.
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2. Materials and methods
2.1. Sample collection and fungal isolation

Curvularia spicifera was isolated from the leaves of the
medicinal plant Calotropis procera that were collected from
Wadi Bir-EL-Ain in eastern desert of Sohag Governorate,
Egypt. Isolation of the endophytic fungus followed the method
outlined by Hallmann et al. [36]. Isolation and purification
were carried out on potato dextrose agar (PDA; Oxoid,
Basingstoke, England) and malt extract agar medium (MEA;
2% w/v). Morphological characteristics were observed and
photographed in freshwater using using an Olympus BX51
compound microscope (Olympus, Tokyo, Japan) equipped
with a digital camera (Toup Tek XCAM1080PHA Toup Tek,
Zhejiang, China). The fungus was grown on Czapek yeast
extract agar (CYA), MEA, oatmeal agar (OA), PDA and
incubated at 25°C for 7 days. These media allow a
comprehensive assessment of the isolate’s morphological and
physiological characteristics, where each medium has a distinct
composition, influencing fungal growth, sporulation and
colony morphology. The fungal culture is deposited in Sohag
University microbial culture collection, Egypt (SUMCC
22003).

2.2. DNA extraction, sequencing and phylogenetic analyses

Fungal mycelium was obtained from pure fungal cultures
grown in glucose and yeast with peptone (GPY) broth [37] and
genomic DNA was extracted using the Microbial DNA
Extraction Kit (MOBIO; Mo Bio Laboratories, Carlsbad, CA,
USA) following the manufacturer’s instructions. PCR
amplification and sequencing of the ITS regions were
conducted using the primer pairs ITS1 and ITS4 [38],
following the methods described by Abdel-Wahab et al. [39]
by Solgent Co. Ltd (South Korea). Sequencher 4.2.2 (Gene
Codes Corporation) was used to assemble the sequences and
ClustalX [40] was used to align them with pertinent ones that
were obtained from GenBank. Maximum Likelihood (ML),
Maximum Parsimony (MP) and Bayesian inference (BI) were
used in phylogenetic studies. Maximum likelihood (ML)
analysis was carried out under the GTR+GAMMA substitution
model with 1000 rapid bootstrap replicates using RAXMLGUI
v. 2.0.8101 [41]. Phylogenetic analyses were performed based
on details outlined by Bakhit and Abdel-Aziz [42]. The
revealed sequence was deposited in NCBI GenBank to obtain
the isolate’s unique accession number.

2.3. Extracellular biosynthesis of AgNPs by C. spicifera

The fungus was cultivated in 100 ml of malt glucose yeast
peptone (MGYP) broth in a 250 ml Erlenmeyer flask [43]. The
inoculated flasks were incubated at 28°C for 96 hrs. The
resulting biomass was harvested and washed with sterilized
deionized water after that approximately 10 g (wet weight) of
the biomass was transferred to a 250 ml Erlenmeyer flask
containing 100 ml of sterilized deionized water. This flask was
then subjected to 72 hrs of incubation at 28°C [2]. The biomass
was removed and the filtrate was obtained by passing it
through Whatman filter paper No.l. The filtrate was then
reacted with a known quantity of silver nitrate (AgNO3) to
reach an overall silver ion concentration of 1 mM [44]. This
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reaction was carried out in the dark at 28°C. Fungus filtrate and
the AgNOs solution were used as controls under similar
experimental conditions and the color change was observed for
up to 72 hrs [45].

2.4. Characterization of the biosynthesized AgNPs

UV-visible spectra were measured by UV-visible
Spectrophotometer (JENWAY 7315 spectrophotometer, UK)
in the wavelength range of 300—700 nm to ensure the presence
of specific surface Plasmon resonance (SPR) peak of AgNPs.

The crystalline metallic pattern of AgNPs powder was
analyzed in a 20 region from 30° to 80° using (D8 Advance,
Germany) X-ray diffractometer operating at 40 mA and 40 kV
with Cu Ka radiation (A\=1.54060 A).

The size distribution of the biosynthesized AgNPs
(determined by dynamic light scattering (DLS) technique) and
Zeta potential were measured by Malvern Instrument Zetasizer
Nano ZS (Malvern, UK).

FTIR spectra of AgNPs and fungal filtrate were recorded
in the range of 4000-400/cm™ using FTIR spectroscopy
(Platinum-ATR, Bruker Alpha, Germany) to detect the
possible biomolecules responsible for reduction, capping and
effective stabilization of the biosynthesized AgNPs.

Transmission electron microscopy (TEM) and selected
area electron diffraction (SAED) analyses were performed for
the biosynthesized AgNPs using the JEOL JSM 100CX TEM
instrument, Japan (TEM, Electron Microscope Unit, Cairo
University, Egypt). The images of the appeared nanoparticles
were captured.

2.4. Optimization of AgNPs biosynthesis

AgNPs were produced under various physiochemical
conditions to determine the optimal conditions for producing
stable and uniform AgNPs. Optimization of AgNPs
biosynthesis involved examining the following factors: AgNO3
concentration, biomass concentration, pH value and the
reaction temperature [43,45,46]. Each factor was tested by
varying only a single parameter at a time. Different AgNO3
concentrations (0.1, 0.5, 1, 2, 3, 4 and 5 mM), biomass weights
(5, 10, 15 and 20 g), pH (5.5, 6.5, 7.0, 7.5, 8.5, 9.5 and 10.5)
and the reaction temperatures (10, 20, 28, 35, 45 and 60 °C)
were investigated. The absorbance of the colored solution that
resulted from the reaction for each factor was measured by
UV-visible spectrophotometer.

2.5. Antimicrobial activity of the biosynthesized AgNPs

The antimicrobial activities of AgNPs were assayed by disc
diffusion method as described by Humphries et al. [47]. The
synthesized AgNPs were tested against human pathogens:
Gram-negative bacteria (Escherichia coli and Pseudomonas
aeruginosa), Gram-positive bacteria (Bacillus cereus and
Staphylococcus aureus (ACCB 136) and 3 pathogenic yeast
strains (Candida albicans (AUMC 10440)), Candida tropicalis
(AUMC 10442) and Galactomyces candidum (AUMC
10443)). The test was performed using Mueller-Hinton agar
(MHA) for bacterial strains and Sabouraud's dextrose agar
(SDA) for yeast strains. Four AgNPs concentrations (5, 10, 25
and 50 pg) were loaded on sterile filter paper discs. Fungal
filtrate and AgNO; discs were used as negative controls.
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Ampicillin (10 pg) for bacteria and fluconazole (25 pg) for
yeast strains were used as positive controls. The plates were
incubated at 37°C for 24 hrs and the appeared clear zones were
measured in mm. These assays were carried out in triplicates.
The minimum inhibitory concentration (MIC) of AgNPs
was determined for the tested microorganisms by broth
microdilution method using 96-well microtiter plates as
described by Veiga et al. [48]. The concentrations of AgNPs
were adjusted from 0.5 to 50 pg in 0.5 pg increments to
facilitate the evaluation. The lowest concentration which
completely inhibited the growth of microbes was recorded as
MIC. From the above assay, a loopful of inoculum was taken
from each well showing no visual growth after incubation and
spotted onto MHA/SDA plates to validate the MIC assay.

2.6. Statistical analysis

The software XLSTAT version 2023.2.0 [49] was used to
statistically analyze the data using one-way analysis of
variance (ANOVA). Every experiment was conducted in
triplicate, and the data expressed as mean + standard deviation
[26]. Differences at P<0.05 were regarded as statistically
significant.

3. Results and discussion

3.1. Identification of the isolated fungus

Identification of the isolated fungus; Curvularia spicifera
(SUMCC 22003) was carried out based on morphology and
phylogenetic analyses.

3.1.1. Phylogenetic analysis

The ITS dataset consisted of 35 taxa, of which 33 belong to
the genus Curvularia and 2 taxa belong to Bipolaris were used
as outgroup. The maximum parsimony dataset consists of 451
characters that included: 366 constant, 38 variable parsimony
uninformative and 47 parsimony-informative characters. The
RAXML analysis of the ITS dataset yielded the best scoring
tree (Fig. 1) with a final ML optimization likelihood value of -
1367.863893. The matrix had 117 distinct patterns with 5.04%
undetermined characters or gaps. Estimated base frequencies
were found to be A=0.250583, C=0.245350, G=0.223739,
T=0.280328; substitution rates, AC=2.524190, AG=1.074583,
AT=1.080545, CG=1.079217, CT=4.495694, GT=1.0.
Phylogenetic analysis placed our strain (SUMCC 22003) close
to other isolates of Curvularia spicifera (CBS 274.52, CBS
125738, CBS 314.64, CBS 246.62, HN43-6-2, DAOM 575355,
CCTU 245, FV-11, LB-28, CBS 198.31).

3.1.2 Taxonomy

Curvularia spicifera (Bainier) Boedijn, Bull. Jard. bot.
Buitenz, 3 Sér. 13(1): 127 (1933) [50], (Fig. 2).

GenBank accession number — ITS: PQ587293.

Colony diameter after 6 d (mm) at 25°C: CYA 44-48; MEA
55-60; OA 70-80; PDA 43-50.

Colony characters: On CYA, greenish to olive, fluffy,
cottony, margin regular round, undulate, rhizoid; reverse dark
brown. On MEA, greyish to olive, margin regular round;
reverse dark brown. On OA, greyish to dark olive, texture
funiculose, fluffy, cottony, margin regular round reverse black.
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On PDA, greyish to dark olive, fluffy, cottony, margin
irregular round; reverse brown.
Micromorphology: On PDA after 6 days of growth at 25°C,
vegetative hyphae pale brown, 3.0-5.5 pm in diameter.
Conidiophores pale brown or brown, erect or slightly curved,
septate, unbranched, verruculose, mainly 30—85x3.5-5.0 pum
(x=65.2x4.5 pm, n=25) and extend to 350-450x5.0-5.5 um.
Conidiogenous cells are brown, sub-cylindrical to irregularly
shaped, verruculose, 1-multiple cicatrized, 8.4-20.8 pum in
length. Conidia straight, sometimes slightly curved broadly
elliptical, dark brown, smooth, 2-3 distoseptate mainly 3,
germination from apex, 24-30x8-11 pm (x=25.8x9.8 um,
n=40). Chlamydospores were not observed.
Materials examined: Egypt, Sohag Governorate, Wadi Bir-El-
Ain (26°38'36.8"N 31°50'13.5"E), from healthy leaves of
Calotropis procera (Apocynaceae), Feb. 2022, coll. G. G.
Faheem, The culture is deposited in Sohag University
microbial culture collection, Egypt (SUMCC 22003).
Hosts and distribution: Curvularia spicifera (SUMCC 22003)
on Calotropis procera in Egypt. Examples of previous findings
include its presence on Helianthus annuus in Iran [51], on soil
in Spain [52], on Capsicum anuum and Buchloe dactyloides in
Cyprus [53], on Trichosanthes dioica in India [54], on Barley
and wheat in Morocco [55], on Bouteloua gracilis in USA [34]
and on Foeniculum vulgare in Turkey [56].
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Figure 1. Phylogram generated from ML analysis (RAXxML) based on ITS
sequence dataset for Curvularia spicifera (SUMCC 22003) along with other
species of Curvularia. Bootstrap support on the nodes represents ML and MP
>50%. Branches receiving Bayesian PP >90% are in bold. The sequence of our
new isolate is in red.

is K1922393

3.2. Extracellular biosynthesis and characterization of
AgNPs

The color of myecelial free filtrate of C. spicifera turned
from pale yellow to dark brown after incubation with AgNO3
(1 mM) for 3 days. The color change reflects a primary
indication for AgNPs formation [22]. This was further
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confirmed by UV-visible spectroscopy, which revealed a
distinct surface Plasmon resonance (SPR) peak of AgNPs at
420 nm (Fig. 3A), consistent with the typical range of 400-500
nm [57]. No color changes or significant shifts in the UV-
visible spectra were observed for the control samples.

The biosynthesized AgNPs exhibited a crystalline structure,
as confirmed by XRD analysis. Examination of the XRD
pattern (Fig. 3B) demonstrated the presence of a face-centered
cubic (FCC) lattice of silver, with diffraction peaks observed at
38.185°, 44.381°, 64.573° and 77.557° corresponding to the
(111), (200), (220) and (311) planes, respectively (Pattern:
COD 9011607).

DLS analysis of AgNPs demonstruted that the
nanoparticles were displayed size range of 27 to 53 nm, with
an average diameter of 38.41 nm (Fig. 3C). It is obvious that
the most significant factors affecting the size of AgNPs were
AgNO;3; (mM) followed by reaction pH and filtrate to AgNO3
ratio [58]. The zeta potential of the AgNPs was found to be -
6.35 mV (Fig. 3D). These zeta potential values indicate that the
colloids demonstrate good stability, likely attributed to the
presence of fungal proteins serving as a capping agent with a
strongly negative charge on the surface of the AgNPs. This
leads to repulsive forces between the particles and prevent
agglomeration [59].

FTIR spectra of the synthesized AgNPs and fungal filtrate
are shown in (Fig. 3E). They exhibited common peaks, as the
stretching of -NH and -OH at 3200 to 3400 cm™.
Characteristic peaks were observed of AgNPs, indicating the
formation of new bonds that were absent in the fungal filtrate.
For example, peaks at 2920 and 2852 cm™! represented C—-H
stretching of alkanes [60]. Peaks at 2395 and 2359 cm!
corresponded to —NH,, while the peak at 1587 cm! was
assigned to amide I and amide II. The bands at 1388, 1109 and
618 cm! were associated with methylene tails of the protein
(CH3-R), C-N of aliphatic amines of polyphenols and O-H
stretching [58]. The protein capped the nanoparticles by

SOHAG JOURNAL OF SCIENCES

binding to either the free amine groups or cysteine residues
[46]. FTIR results indicated that AgNPs were capped with
fungal biomolecules that were protein in nature and they were
responsible for the synthesis and stabilization of AgNPs.

The TEM images were captured at magnifications of 94000
X to 630 KX, as shown in (Figs. 4A-4C). TEM images clearly
revealed the spherical and quasi-spherical shapes of the
AgNPs, demonstrating their uniform dispersion and separation
without any agglomeration. The particles maintained indirect
contact due to the protein capping agent. The crystalline nature
of the AgNPs was definitively confirmed by analyzing SAED
pattern (Fig. 4D), which exhibited a well-defined diffraction
lattice in the silver region, thus confirming the crystalline
structure of the synthesized particles [13].

\ V.

Figure 2. Curvularia spicifera (SUMCC 22003). A, B, C, D. Colonies on
CYA, MEA, OA, and PDA, respectively. E, F, G, H. Colonies reverse for the
same media, respectively. I-K Conidiophores and conidiogenous cells. L, M.
Conidia. Scale bars: I =30 um. J-M = 10 pm.
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Figure 3. Characterization of the biosynthesized AgNPs: A. UV-visible absorption spectra. B. XRD Pattern. C. DLS measurements. D. Zeta potential analysis. E. FTIR analysis
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Figure 4. TEM images of AgNPs: A, B, C. Nanoparticles images at different
scale bars. D. SAED pattern.

3.3. Optimization of AgNPs biosynthesis

Mycosynthesis of AgNPs with varying concentrations of
AgNOs solution from 0.1 to S mM was investigated (Fig. 5).
The results indicated that 1 mM concentration significantly
enhanced the consistent synthesis of AgNPs. The production of
AgNPs increased as the AgNO; concentration increased from
0.1 to 1.0 mM and then started to decrease. An increase in
AgNOs concentration resulted in larger particle size and
aggregation of the biosynthesized AgNPs [22].

The extracellular biosynthesis of AgNPs was observed
using varying amounts of fungal biomass (5, 10, 15 and 20 g).
The recorded UV-visible absorption spectra at 420 nm are
shown in (Fig. 5). The optimal wet weight of fungal biomass
was determined to be 5 g, as the production of AgNPs
decreased with an increase in biomass weight. The
concentration of the reducing agent in the green synthesis of
nanoparticles was shown to be crucial in controlling the yield
of formation, size, and shape of nanoparticles [61].
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Figure 5. The effect of different reaction parameters on AgNPs biosynthesis.

In this study, the influence of pH on the biosynthesis of
AgNPs was examined. Different pH values ranging from 5.5 to
10.5 were tested and revealed that the biosynthesis of AgNPs
was most significant at pH 10.5 (Fig. 5). The enzyme and
protein produced demonstrated greater reducing and stabilizing
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capabilities in an alkaline environment than in acidic mixtures
[57]. The obtained results indicated that C. spicifera has a
strong capacity for biosynthesizing AgNPs, with maximum
absorbance peaks observed at pH value of 10.5.

The impact of temperature in the biosynthesis processis
was investigated by incubating the reaction mixture at different
temperatures and recording the UV-visible absorption spectra
at 420 nm, as shown in (Fig. 5). The findings indicated that
higher reaction temperatures promote the biosynthesis of
AgNPs. The temperature used in the synthesis of AgNPs with
fungi can affect various parameters such as synthesis speed,
size and stability of the AgNPs [63]. According to the results,
the optimal temperature for AgNPs biosynthesis by C.
spicifera was found to be 60°C.

3.4. Evaluation of the antimicrobial activity of the
biosynthesized AgNPs

The efficacy of AgNPs as an antimicrobial agent was
assessed against pathogenic bacteria and yeast strains (Table 1,
Fig.6). At a concentration of 50 pg, AgNPs demonstrated
significant  efficacy against Gram-negative bacteria,
particularly E. coli, with an observed inhibition zone diameter
of 23.7+0.3 mm. The effect on P. aeruginosa at the same
concentration was of around 15.740.3 mm. The results
indicated a pronounced effect on Gram-positive bacteria,
indicating the the broad-spectrum antimicrobial effect of
AgNPs. Among the yeast strains, C. albicans showed the
highest susceptibility to AgNPs at 50 pg, with an inhibition
zone diameter of 16.7£0.1 mm. The results indicated a
consistent increase in the inhibition zone with increasing
AgNPs concentration. The results are align with those of Li et
al. [64] who reported inhibition zone diameters of 16.0+1.0
mm for C. albicans, 14+1.0 mm for C. tropicalis, 13.0+1.0 mm
for E. coli, 12.0+£1.0 mm for P. aeruginosa and 16.0+1.0 mm
for S. aureus at 20 pg of AgNPs biosynthesized by Aspergillius
terreus. AgNPs from Ocimum tenuiflorum showed inhibition
zone diameter of 24.1+0.31, 22.3+0.29 and 21.5+0.42 mm
against E. coli, P. aeruginosa and S. aureus, respectively [65].
Biogenic AgNPs from Aspergillus brunneoviolaceus exhibited
inhibition zone diameter of 17.0+£0.29, 19.0+0.31 and
19.0+£0.32 mm against E. coli, P. aeruginosa and S. aureus,
respectively [13]. AgNPs biosynthesized by Aspergillus
hiratsukae demonstrated inhibition zone diameter of 19.3£1.5,
14.9+1.1 and 12.2+1.4 mm against E. coli, S. aureus, and C.
albicans, respectively [18]. Green synthesized AgNPs from
previous studies exhibited inhibition zone diameter range 9.5—
19.3 mm againist E. coli, P. aeruginosa, S. aureus and C.
albicans [1,14,17,21,66].

The MICs of AgNPs was determined for the tested
microorganisms, as indicated in the Table 1. AgNPs showed
significant efficacy against E. coli and C. albicans, with MIC
values of 4.2+0.1 pg and 5.7+0.3 pg, respectively. In contrast,
P. aeruginosa and G. candidum exhibited the lowest
susceptibility, with MIC values of 6.8+0.1 and 11.3+0.3 pg,
respectively. In previous studies the MIC of biosynthesized
AgNPs against E. coli, P. aeruginosa, B. cereus, S. aureus and
C. albicans were found to be in range 0.235-7.8 upg/ml
[2,58,67,68,69].
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Table 1. Antimicrobial activity and the MIC of AgNPs against pathogenic bacteria and yeast species (P<0.05).

Inhibition zone diameter in mm
. . MIC
Microorganisms Amp / Flu Fungal | AgNO; AgNPs (ng) (ng)
filtrate (10 pg) 5 10 25 50
Gram- E. coli 8.3+0.3 g - - 12.8+0.1 | 15.7£0.3 | 18.5+0.25 23.7+0.3 4.240.1
negative g
bacteria P. aeruginosa | 9.7+0.3 PR - - - 7.3+0.3 12.3+£0.3 15.7+0.3 6.8+0.1
.% g,
. B. cereus 14.3+0.3 < - - 12.740.1 | 16.3+0.3 18.2+0.1 22.5+0.25 4.3£0.1
Gram-positive a
bacteria S. aureus 133£0.1 | 2 - - 12.8£0.1 | 14.840.1 | 17.340.1 | 21.740.3 | 4.7+0.1
o
C. albicans 7.3+0.3 B - - - 8.5+0.25 | 13.5+0.25 16.7+0.1 5.7+0.3
S ~
= o)
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Figure 6. The antimicrobial effect of AgNPs: A. E. coli. B. P. aeruginosa. C.
B. cereus. D. S. aureus. E. C. albicans. F. C. tropicalis. G. G. candidum. 1.
Fungal filtrate. 2. Ampicillin (10 pg) for A, B, C, D / Fluconazole (25 pug) For
E, F, G. 3. AgNO:s. 4. AgNPs (5 pg). 5. AgNPs (10 pg). 6. AgNPs (25 pg). 7.
AgNPs (50 pg).

The MICs of AgNPs bisynthesized by Aspergillus
caespitosus against E. coli, P. aeruginosa, B. cereus, S. aureus,
and C. albicans were found to be 1.174, 0.235, 0.939, 0.880,
and 1.174 mg/ml, respectively [63]. AgNPs biogenic from
Gloeophyllum striatum were experted MIC values of 15 pM
for E. coli and P. aeruginosa, and 30 uM for S. aureus [20].
The MIC of AgNPs against E. coli, S. aureus, and C. albicans
were found to be in range 40-500 pg/ml [70,71].

The AgNPs demonstrated effective antibacterial activity
against both Gram-negative and Gram-positive bacteria.
However, they exhibited greater antibacterial activity against
Gram-negative bacteria than Gram-positive ones. This
discrepancy is attributed to the variances in the cell wall
structures of the two types of bacteria [5,21,72]. AgNPs disrupt
the integrity of the bacterial cell wall, which facilitates the
permeation of substances into and out of the bacterial cell. This
mode of action of AgNPs may also involve the generation of
reactive oxygen species, leading to heightened toxicity and the
inhibition of the bacteria's respiratory chain [73]. The

©2024 Sohag University sjsci.journals.ekb.eg

antimicrobial activity of AgNPs is due to their large surface
area and small size, they can adhere to the cell membrane
surface, disrupting permeability and respiratory processes,
inhibiting enzyme functions, and inactivating DNA replication
of bacterial and fungal pathogens [57,74].

4. Conclusion

In the current study, it was observed that Curvularia
spicifera (SUMCC 22003), an endophytic fungus isolated from
leaves of the medicinal plant Calotropis procera, demonstrated
significant potential for AgNPs production. The synthesized
AgNPs were characterized using UV-visible spectroscopy,
revealing a distinct SPR peak at 420 nm. The AgNPs were
found to be stable, well-dispersed and spherical, with an
average diameter of 38.41 nm and a zeta potential of -6.35 mV.
Analysis using XRD and TEM confirmed the crystalline nature
of the AgNPs, while FTIR indicated the presence of a capping
protein contributing to their stability. The optimized reaction
conditions, including 1 mM AgNOs, 5 g of biomass weight, pH
10.5 and a reaction temperature of 60°C, were identified as the
ideal biosynthesis model. Furthermore, the biosynthesized
AgNPs exhibited potent antimicrobial activity against a range
of microorganisms, showcasing their potential as broad-
spectrum antimicrobial agents.
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