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Mosquitoes, the primary malaria vectors in Nigeria, have developed increasing resistance to
synthetic insecticides, necessitating the search for eco-friendly alternatives. This study
investigates the insecticidal and biomedical properties of silver nanoparticles (AgNPs), gold
nanoparticles (AuNPs), and silver-gold alloy nanoparticles (Ag-AuNPs) synthesized via a
green method using Pleurotus ostreatus extracts. Nanoparticles were characterized using UV-
visible spectroscopy and Fourier-transform infrared spectroscopy (FTIR). Their larvicidal and
pupicidal efficacy was tested at 1-30 pig/mL concentrations over 12 and 24 hours, while adult
mosquitoes were exposed to nanoparticle-infused coil fumes. Additionally, antibacterial
activity against eight clinical bacterial isolates was evaluated. UV-visible spectroscopy
showed maximum absorbance at 430, 550, and 540 nm for AgNPs, AuNPs, and Ag-AuNPs,
respectively, while FTIR analysis confirmed functional group interactions at 3778, 3262, and
3037 cm?. Mortality increased with concentration and exposure time, with a maximum effect
at 170 pg/mL for adult mosquitoes. Antibacterial tests revealed inhibition zones of 5-12 mm
at 10-50 pg/mL concentrations. These findings highlight the potential of Pleurotus ostreatus-
derived nanoparticles as effective biopesticides with promising antibacterial applications.

Keywords: Nanoparticles, Pleurotus ostreatus, Mosquito control, Antibacterial activity,
Thrombolytic effect

Introduction

Mosquitoes are key disease vectors, transmitting
malaria, dengue, chikungunya, and other viruses, with females
requiring blood meals to mature their eggs. 'The key mosquito
genera are Anopheles, Culex, and Aedes, with Anopheles being the
only malaria carrier. Mosquitoes have a four-stage life cycle lasting
5 to 14 days. In temperate regions, eggs can enter diapause,
delaying hatching for months until conditions improve.? The
development of resistance in mosquitoes to synthetic insecticides
and in Plasmodium parasites to antimalarial drugs significantly
challenges malaria prevention and treatment, with widespread
resistance to older medications undermining control efforts.?
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Severe malaria can rapidly become fatal, highlighting the urgent
need for effective treatments to eliminate Plasmodium parasites,
prevent severe disease, and reduce the development of drug
resistance.* Pleurotus ostreatus, or oyster mushroom, is a widely
cultivated edible mushroom known for its rich content of protein,
carbohydrates, fibre, vitamins, and minerals, while being low in
fat.’Mushrooms, including P. ostreatus, are valued as
nutraceuticals for their high-quality proteins, vitamins, and
medicinal properties, such as antioxidant, anti-inflammatory,
anticancer, and antimicrobial activities, making them significant in
both culinary and medical research & The following properties
listed makes Pleurotus ostreatus a strong candidate for insecticidal
application. The biological synthesis of metallic nanoparticles,
particularly noble metals like silver and gold, is gaining global
interest for its applications in medicine and consumer products.
Using herbal extracts and microorganisms for nanoparticle
biosynthesis provides a simple, cost-effective, and eco-friendly
alternative to traditional methods, enabling easy scalability and
high yields.® Some nanoparticles, such as Silver and gold, are
widely studied for their optical and chemical properties, especially
in biomedicine. Silver-gold alloy nanoparticles have diverse
medical applications due to their low toxicity and improved
biocompatibility through plant-based biosynthesis, including
catalysis, antimicrobial activity, biofilm control, environmental
toxin detection, and photothermal action.®
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This study aims to synthesize silver nanoparticles (AgNPs), gold
nanoparticles (AuNPs), and silver-gold alloy nanoparticles (Ag-
AuNPs) using Pleurotus ostreatus and to evaluate their insecticidal
(larvicidal, pupicidal, and adulticidal) and antibacterial potentials.
The objectives are to:

Synthesize and characterize AgNPs, AuNPs, and Ag-AuNPs using
a green method. Evaluate their bioefficacy against different
developmental stages of Anopheles gambiae, and assess their
antibacterial activity against selected clinical pathogens.

Unlike previous studies with a focus on either larvicidal or
antibacterial activities of biogenic nanoparticles, this study
uniquely combines the green synthesis of nanoparticles from
Pleurotus ostreatus, and assesses their multi-target bioactivity
potential. The integration of nanoparticle-infused mosquito coils
derived from agro-waste presents an innovative, eco-friendly vector
control strategy with added environmental benefits.

Materials and Methods

The selected methods for the biosynthesis using Pleurotus
ostreatus, and characterization via UV-Vis, FTIR, TEM, EDX, and
SAED are well-established, eco-friendly techniques for
nanoparticle synthesis and analysis. The mosquito bioassays
(larvicidal, pupicidal, adulticidal) and antibacterial screening align
directly with the study’s goal of evaluating biomedical and
entomological potentials of the synthesized nanoparticles.

Collection and Drying of Plant Materials

Fresh oyster mushrooms (Pleurotus ostreatus, accession number:
MK751847) were obtained from the Microbiology and
Biotechnology Laboratory at Ladoke Akintola University of
Technology (8°8'0"N 4°16'0"E, 8°8'0"N 4°14'8"E). P. ostreatus
(MK751847) was collected at LTC mushroom farm (7°46' N
4°34'E), Osogbo, Osun State, in 2020, cultivated, characterized to
the species level, and registered in the GenBank database with
accession number: MK751847.1% After cleaning, they were air-
dried at (30 + 2°C) to reduce moisture content and preserve
bioactive compounds. Dried mushrooms were pulverized using an
electric blender.

Extraction of Pleurotus ostreatus

To prepare the extract, 10 g of powdered P. ostreatus was mixed
with 150 mL of sterile distilled water in a sealed cloth sack and left
at room temperature (30 £ 2°C) for 24 hours. The mixture was then
filtered using Whatman No. 1 filter paper and centrifuged at 4000
x g for 20 minutes. The resulting supernatant was stored in sterile
universal bottles at 4°C for further use *

Biogenic synthesis of Nanoparticles (silver, gold, and silver-gold
alloy)

Silver nanoparticles (AgNPs), gold nanoparticles (AuNPs), and
silver-gold alloy nanoparticles (Ag-AuNPs) were synthesized by
adding 1 mL of extract to 24 mL of 1 mM silver nitrate (AgNOs)
solutions, facilitating ion reduction.> The alloy was formed by
mixing 1 mM AgNOs and 1 mM HAuCls in a 4:1 ratio, followed by
the addition of 1 mL of extract to 24 mL of the alloy solution. The
reaction was allowed to proceed at room temperature (30 + 2°C) for
2 hours, with color changes indicating nanoparticle formation.!

Characterization of Nanoparticles

Pleurotus ostreatus-mediated nanoparticles (silver, gold, and
silver-gold alloy) were characterized using various technigues.
Colour changes indicated the biogenic reduction of silver and gold
ions, quantitatively monitored by UV-Spectrophotometry (Model:
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Shimadzu UV-1800, Manufacturer: Shimadzu Corporation, Japan)
to measure absorbance spectra. Fourier Transform Infrared (FTIR)
spectroscopy (Model: Nicolet iS50; Manufacturer: Thermo Fisher
Scientific, USA) identified functional groups in the samples by
revealing characteristic peaks of green-synthesized silver
nanoparticles, while Transmission Electron Microscopy (TEM)
(Model: JEOL JEM-2100; Manufacturer: JEOL Ltd, Japan)
confirmed nanoparticle size and morphology. Energy Dispersive X-
ray (EDX) Spectroscopy (Model: Oxford X-MaxN 80;
Manufacturer: Oxford Instruments United Kingdom (UK) and
Selected Area Electron Diffraction (SAED) (Model: JEOL JEM-
2100; Manufacturer: JEOL Ltd: Japan) provided elemental analysis
and crystallinity information. Absorbance spectroscopy determines
concentration using Beer-Lambert's Law. EDX provided elemental
mapping, and TEM created magnified images by transmitting
electrons through ultra-thin specimens.

Collection of Anopheles gambiae Larvae and Pupae
Larvae and pupae of Anopheles gambiae were collected from
Ladoke Akintola University of Technology Ogbomoso, (8°8'0"N
4°16'0"E, 8°8'0"N 4°14'8"E). The species was authenticated at the
Pure and Applied Biology Department and transported in clean
plastic containers for larvicidal and pupicidal assays.

Vector Rearing

Bowl containers filled with water were placed in a controlled
environment within the laboratory, with dry leaves and organic
matter added to create suitable breeding conditions. After one
month, A. gambiae larvae and pupae were observed. The larvae
respired through posterior spiracles located on the eighth abdominal
segment.*

Larvicidal and Pupicidal Activity

The larvicidal and pupicidal activity of AgNPs, AuNPs, and Ag-
AuNPs was assessed at varying concentrations (1-20 pg/mL for
larvae; 10-30 pg/mL for pupae). Groups of ten larvae or pupae
were exposed to each concentration at room temperature (30 + 2°C),
and mortality was recorded at 12-hour and 24-hour intervals.
Control experiments utilized sterile distilled water under identical
conditions. Mortality percentages were calculated using the
formula equation 1.1

Percentage Mortality (%) = Yumberofdeadorganisms gy, |

Numberoftreatedorganisms

Fume Effect on Adult Anopheles Mosquitoes

The fumigant effect was evaluated using AgNPs, as they exhibited
the highest toxicity. A glass chamber (60 cm x 40 cm) with an iron
mesh back was used for exposure. Mosquito coils were prepared
using sawdust, coconut shell powder, starch, water, and AgNP
extract. The mixture contained 10 mL of the extract, 0.8 g of
sawdust, 0.3 g of coconut shell powder, and 0.7 g of starch, forming
a semi-solid paste that was air-dried. The fumigant activity was
tested at three AgNP concentrations (50 pg, 100 pg, and 170 pg),
with negative control coils (without nanoparticles) and
commercially available mosquito coils serving as positive
controls.®

Antibacterial Activity of AGNPs, AuNPs, and Ag-AuNPs

The antibacterial efficacy of the nanoparticles was tested against
eight clinical bacterial isolates: Escherichia coli (ATCC 25922),
Escherichia coli  (stool), Staphylococcus aureus (Ear),
Pseudomonas aeruginosa (ATCC 27853), Proteus vulgaris
(Abdomen),  Listeria  monocytogenes (ATCC  19111),
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Staphylococcus aureus (ATCC 25923), and Streptococcus
pyogenes (Sputum). Peptone water was used to cultivate the
bacterial isolates and incubated for 24 h at 37°C. Cultures were then
spread onto Mueller-Hinton agar plates, where wells were drilled
for nanoparticle application at 10, 20, 30, 40, and 50 pg
concentrations. The zones of inhibition were measured after
incubating the plates at 37°C for 24 h. Positive controls included
gentamicin (10 pg) for Gram-negative bacteria and erythromycin
(5 pg) for Gram-positive bacteria. All discs were air-dried before
bacterial inoculation.®

Statistical Analysis

The results of quantitative data analysis were expressed as mean +
SEM. One-way ANOVA was used to determine statistical
significance using Duncan’s Multiple Range Test, with p-values <
0.05 considered statistically significant. Statistical software used
was SPSS version 2010.

Results and Discussion

Biosynthesis of Nanoparticles (silver, gold, and silver-gold alloy)
Pleurotus ostreatus (PO) extracts mediated AgNPs, AuNPs, and
Ag-AuNPs at 30 + 2°C, resulting in light brown, purple, and dark
brown hues after 10, 15, and 30 minutes. The colours intensified
and stabilised after 40, 60, and 120 minutes. These findings are
consistent with previous reports of purple 17 and dark brown hues 8
for AuNPs and Ag-AuNPs. Colloidal AgNPs, AuNPs, and Ag-
AuNPs solutions have been reported to be a variety of hues,
including light yellow, yellowish-brown, dark brown, pinkish, ruby
red, yellowish, and purple. The colour change in metallic
nanoparticles was caused by surface plasmon resonance. In this
green synthesis, Pleurotus ostreatus performed bio-reducing and
capping molecules that reduced silver ions to zero-valent silver and
stabilised the nanoparticles to prevent aggregation.

Characterization of Biosynthesized Nanoparticles (AgNPs, AUNPs,
and Ag- AuNPs)

UV-vis Spectroscopy

UV-vis spectroscopy of PO biosynthesised nanoparticles revealed
a maximum absorbance at 430 nm for PO-AgNPs, 550 nm for PO-
AuNPs, and 540 nm for PO-Ag/AuNPs (Figure 1). These numbers
are most likely attributable to protein molecules in the extract.
Previous research has reported that biosynthesized AgNPs, AuNPs,
and Ag-AuNPs had wavelengths ranging from 330 to 800 nm.1%202

Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR absorption spectra of PO-AgNPs (Figure 2) showed
strong peaks at 3788, 3262, 3037, 2549, 1736, 1592, 1441, 1109,
and 711 cm™. The peak at 3262 represents O-H stretching of
carboxylic acid, whereas the peak at 3037 represents C-H bonding
of alkenes. The 1736 peak relates to C=0 esters, the strong peak at
1441 is related to C-H bonding of methyl groups, and the peak at
1109 belongs to C-O stretching in carbohydrate rings. The FTIR
spectra of PO-AuUNPs revealed peaks at 3780, 3292, 3051, 2547,
1728, 1442, 1078, and 678 cm™ (Figure 3). The peak at 3292
corresponds to carboxyl group O-H stretching, whereas the peak at
3051 represents alkene C-H stretching. The peak at 1728
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corresponds to C=0 stretching of amides or C=C stretching of
alkenes, while the significant peak at 1442 is connected with C-H
bonding of methyl groups. PO-Ag/AuNPs exhibited strong FTIR
peaks at 3793, 3307, 3005, 2557, 1714, 1615, 1443, 1063, and 690
cm™ (Figure 4). The peak at 3307 indicates N-H bonding, while the
3005 peak corresponds to C-H of alkenes. The 1714 peak
corresponds to C=0 stretching of amides, the 1615 peak to C=C
stretching of alkenes, and the 1443 peak to C-H stretching of methyl
groups.

Figure 1: UV-vis spectroscopy of Pleurotus ostreatus
Biosynthesized AgNPs, AuNPs, Ag-AuNPs

Figure 2: FTIR of Biosynthesized Pleurotus ostreatus
AgNPs
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Figure 4: FTIR Biosynthesized Pleurotus ostreatus Ag-
AUNPs

Transmission Electron Microscopy (TEM), Selected Area Electron
Diffraction (SAED), and Energy Dispersive X-ray

The biosynthesized PO-AgNPs, PO-AuNPs, and PO-Ag-AuNPs TEM
images are shown in Plates 1a, 2a, and 3a. PO-AgNPs, PO-AuNPs, and
PO-Ag-AuNPs particles are polydispersed in distribution with various
sizes from 25-37 nm, 10-50 nm, and 5- 20 nm, respectively. The shapes
of the synthesized nanoparticles are mostly spherical with rod-like
structures and occasionally form aggregates [17, 18, 19]. Plates 1b, 2b,
and 3b showed a ring-shaped selected area electron diffraction pattern,
which indicated that the nanoparticles are crystalline in form [18, 19].
EDX pattern showed the prevalence of Ag in the PO-AgNPs (Plate 1c)
and gold in the PO-AuNPs solution (Plate 2c), while Plate 3c displays the
prevalence of gold and silver in PAAg—AuNPs solution. It is obvious from
these results that the bioreduction in gold and silver ions by the Pleurotus
ostreatus extract led to the formation of PO-AgNPs, PO-AuNPs, and PO-
Ag—AUNPs.

Larvicidal Activities

Pleurotus ostreatus (PO) silver, gold, and alloy nanoparticles (Figure
5) showed high larvicidal activity (70-100% against Anopheles
gambiae larvae) at doses of 5-20 pg/ml. PO-AgNPs were very
hazardous, causing 100% death within 12-24 hours at all tested doses.
AuNPs exhibited little toxicity, with a maximum mortality rate of
40% at 20 pg/ml after 24 hours. However, at the same concentration
and time, PO-Ag/AuNPs resulted in 100% death. Control samples
subjected to distilled water exhibited no mortality. The larvicidal
actions demonstrated in this investigation are comparable to recent
studies on plant extract-mediated AgNPs and Ag-AuNPs against
Anopheles larvae.''822AgNPs displayed remarkable potency,
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producing 100% mortality at lower concentrations (15 and 20 pg/ml)
within 12 hours, compared to 60 pg/ml over 72 hours as reported by
Lateef et al. (2016). The high toxicity of AgNPs' is likely due to their
tiny size (18-80 nm), which allows them to easily pass through the
insect's cuticle or digestive system, disrupting physiological
processes and causing cell death. 2 Once inside cells, AgNPs can
interact with macromolecules, causing cell death.?*This shows that
silver and gold nanoparticles produced by Pleurotus ostreatus have
the potential as environmentally benign mosquito control agents.
According to reports, metallic nanoparticles created by green
synthesis play key roles in developing methods for combating
medically and veterinarian-relevant mosquito species.?

Pupicidal Activities

The pupicidal activities of the biosynthesized nanoparticles revealed
that PO-AgNPs achieved 100% mortality in 12 and 24 hours at
concentrations of 10-30 pug/ml (Figure 6). In contrast, PO-AuNPs had
a maximum mortality of only 50% at 30 pg/ml in 24 hours (Figure
6). However, PO-Ag-AuNPs showed 100% mortality in 12 hours
across all concentrations, and all the alloy nanoparticles demonstrated
100% pupicidal potency within 24 hours (Figure 6). No mortality was
observed in the control groups exposed to distilled water or aqueous
extracts. Statistical analysis confirmed that AgNPs' toxicity against
pupae aligns with previous studies.?® 27 This toxicity is linked to
abnormal morphology and swelling of the pupal integument, causing
exoskeleton shrinkage during death.?® The pupicidal potency of these
biogenic nanoparticles suggests their potential use in malaria control
by targeting larvae and pupae of Plasmodium vectors.

a 1 ms o

Conc (pg'ml)

N Mortarty of larves

Figure 5: Percentage mortality (%) of larvae in 12 and 24
hours at different concentrations of synthesized AgNPs,
AuNPs, and Ag-AuNPs using Pleurotus ostreatus (PO)
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Figure 6: Percentage mortality (%) of Pupae in 12 and 24
hours at different concentrations of synthesized AgNPs,
AuNPs, and Ag-AuNPs using Pleurotus ostreatus (PO)

Fume effect of Nano-Coil-based insecticide

The fume effect of coils doped with AgNPs(Plate 4) from Pleurotus
ostreatus was reported in Table 1. PO-AgNPs showed no effect on
adult mosquitoes at concentrations of 50 and 100 pg/ml over 6, 12,
and 24 hours. However, at 170 pg/ml, 100% mortality was achieved
within the time frames, with no mortality recorded in control coils
without AgNPs. The maximum mortality of 100% was reached in 6
hours at 170 pg/ml, similar to the pyrethrin-based positive control.
These results indicate that AgNPs have the potential as an eco-
friendly mosquito control method, with the toxic vapours from
burning nanoparticles affecting the mosquitoes’ central nervous
systems.® Using Pleurotus ostreatus as a bio-reduction in
nanoparticle production and subsequent use as larvicidal, pupicidal,
and adulticidal against Anopheles mosquitoes will increase the
cultivation of Pleurotus ostreatus. Increased cultivation of P.
ostreatus will reduce the waste in the environment, especially agro-
waste, via bioconversion of waste to biomass (fruit body) to achieve
a greener environment. Nigeria is an agrarian country, generating
several million tonnes of waste annually, constituting an
environmental nuisance due to inappropriate disposal. The wastes, if
utilized for mushroom biomass production, will assist in the
conversion of waste to wealth. The added value is eco-friendly
mosquito control using biologically synthesized nanoparticles, which
could not pose any serious health effects in comparison with some
chemically synthesized insecticides used for mosquito control.
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Table 1: Percentage Mortality (%) of fume effect in 6 — 24
hours at different concentrations of synthesized AgNPs of

PO.
)Conc(pg/ml 6 hours (%) 12 hours (%) 24 hours (%)
50 0 0 0
100 0 0 0
170 100 100 100
(-) Control 0 0 20
(+) Control 100 100 100

-negative + positive

Mosquito coils were formed using sawdust and coconut shell powder
as major components for homogenization and burning. The usage of
the two agro-waste will serve as a means of cleaning the environment.
This study will contribute to Sustainable Development Goals (SDG)
3 (Good health and well-being), 9 (Innovation), and 13 (Climate
action). The cultivation will guarantee the production of exotic food
and insecticides for health promotion as well as eco-friendly means
of managing agro-wastes through bioconversion to valuable
products. The innovative aspect is bio-fabrication of nanoparticles
from Pleurotus ostreatus as potent larvicidal, pupicidal, and
adulticidal.

Antibacterial Activity

The nanoparticles of Pleurotus ostreatus (PO) showed antibacterial
activity against eight clinical bacterial isolates (Tables 2-4), reducing
their growth with zones of inhibition ranging from 5-12 mm at
concentrations of 30-50 pg/ml. Antibacterial activity was found at
concentrations of 30 pg/ml, 40 pg/ml, and 50 pg/ml, but was
ineffective at doses below 30 pg/ml. PO-AgNPs had no significant
antibacterial activity at 10 and 20 pg/ml but were effective at 30-50
pg/ml after 24 hours of incubation. At 50 pg/ml, the maximal
inhibition zone was 10 mm against Proteus vulgaris (abdomen) and
Escherichia coli (stool). The smallest zone of inhibition against E.
coli (ATCC 25922) was 5 mm. Figure 6 shows that PO-AuNPs were
ineffective at 10 and 20 pg/ml, with a maximum inhibition of 10 mm
at 50 pg/ml against E. coli(stool). Pleurotus ostreatus alloy
nanoparticles (Figure 6) had the largest inhibitory zone of 11 mm at
the greatest dose (50 pg/ml), but were ineffective at concentrations
below 30 pg/ml.

Table 2: Antibacterial inhibitory Activities of Biosynthesized AgNPs for PO at different concentrations

Clinical Organisms

Concentration (ug/ml)

10 20 30 40 50 +veC -veC
E. coli (stool) NA NA  8.33+0.33% 9.33+0.33° 10.33 £ 0.33¢ 24 NA
E. coli (ATCC 25922) NA NA  5.33+0.33 6 +0.577%® 7.33 +£0.33%¢ 22 NA
L. monocytogens (ATCC 19111) NA NA  8+0.577® 9+0.577° 9.33+0.33° 22 NA
P. Vulgaris (Abdomen) NA NA  8+0.577® 9.33+0.33° 10.33 £ 0.33¢ 26 NA
P. aeruginosa (ATCC 27853) NA NA  6x0.577° 8.33+0.33® 8.33 £ 0.33%°¢ 25 NA
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S. aureus (ATCC 25923) NA NA  7+05772 8.33£0.33® 8 +0.577%° 22 NA
S. aureus (Ear) NA NA  6.33+0.33% 7.33+£0.33® 9.67 +0.33% 20 NA
S. pyogenes (Sputum) NA NA  6.33+0.33% 7.33+£0.33® 7.33 £0.33%¢ 25 NA

NA: (No Activity); Values are expressed as mean + SEM, mean denoted with different letters in the same column indicates a significant
difference, P < 0.05; +veC (Positive control); -veC (Negative Control).

Table 3: Antibacterial inhibitory Activities of Biosynthesized AuNPs for PO at different concentrations

Concentration (ug/ml)
Clinical Organisms

10 20 30 40 50 +veC  -veC
E. coli (stool) NA NA  7.33+0.33° 9.33+0.33° 10 £ 0.577°¢ 24 NA
E. coli (ATCC 25922) NA NA 512 +0.24? 6.51 £0.21a 6.29 £ 0.25a 22 NA
L. monocytogens(ATCC 19111) NA NA 543 +0.03? 6.41 + 0.65a 7.45+0.07a 22 NA
P. Vulgaris (Abdomen) NA NA 6+0.5772 8.33+0.33° 9.33 £0.33%® 26 NA
P. aeruginosa (ATCC 27853) NA NA 605778 7.33+0.332 8 +£0.577° 25 NA
S. aureus (ATCC 25923) NA NA  6.62 £0.40? 7.51 £0.442 8.43 £0.22° 22 NA
S. aureus (Ear) NA NA  7.33+0.33° 8 £0.577° 8 +£0.577° 20 NA
S. pyogenes (Sputum) NA NA  7.40 +0.24° 8.56 +0.11° 8.62 + 0.45P 25 NA

NA: (No Activity); Values are expressed as mean + SEM, mean denoted with different letters in the same column indicates a significant difference,
P < 0.05; +ve C (Positive control); -ve C (Negative Control).

Table 4: Antibacterial inhibitory Activities of Biosynthesized Ag-AuNPs for PO at different concentrations

Concentration (pg/ml)
Clinical Organisms

10 20 30 40 50 +veC -veC
E. coli (stool) NA NA 9.33 £0.33%® 9.33 £0.33%® 11 £0.577°¢ 24 NA
E. coli (ATCC 25922) NA NA 6.45+0.112 7.62 £0.06° 7.51 +0.44° 22 NA
L. monocytogens (ATCC 19111) NA NA 6.0+0.5772 6.33 £0.332 7.21 £0.577° 22 NA
P. Vulgaris (Abdomen) NA NA  5.67+0.332 7 +0577° 9.33 +£0.33%® 26 NA
P. aeruginosa (ATCC 27853) NA NA 541 +0.27% 7.71£0.41° 7.44 £0.70° 25 NA
S. aureus (ATCC 25923) NA NA  6.24+0412 7.48 £0.17° 8.81 £ 0.42% 22 NA
S. aureus (Ear) NA NA  5.61+0.517 7.60 +0.41° 8.55 +0.18% 20 NA
S. pyogenes (Sputum) NA NA  5.44 +£0.502 6.43 £0.612 7.45 +0.42° 25 NA

NA: (No Activity); Values are expressed as mean + SEM, mean denoted with different letters in the same column indicates a significant difference,
P < 0.05; +ve C (Positive control); -ve C (Negative Control).
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Biogenic nanoparticles demonstrated improved antibacterial efficacy
against Gram-negative and Gram-positive bacteria at higher doses.
Gram-negative bacteria are more sensitive to nanoparticles due to
lipopolysaccharides interaction. Gram-positive and Gram-negative
bacteria have been reported to show differing degrees of
susceptibility to Pleurotus extracts.*® The strong peptidoglycan layer
in Gram-positive bacteria may inhibit penetration, although teichoic
acid interactions may assist it.3* The nanoparticles demonstrated
antibacterial activity, which is consistent with previous research on
green-synthesized AgNPs, AuNPs, and Ag-AuNPs.®23 Smaller,
spherical nanoparticles have higher antibacterial activity.?>?
Pleurotus ostreatus biogenic nanoparticles showed prospects as
alternatives to synthetic antibiotics in food and medicinal application.

Plate 1: Transmission Electron Microscopy (TEM) of PO-
AgNPs (A), Selected Area Electron Diffraction (SAED) of
PO-AgNPs (B), Energy Dispersive X-ray of the
Biosynthesized PO-AgNPs Nanoparticles (C) for Pleurotus
ostreatus biosynthesized nanoparticles

"ull Scale 527 cts Cursor: 0.000 keV|

Plate 2: Transmission Electron Microscopy (TEM) of PO-
AuNPs (A), Selected Area Electron Diffraction (SAED) of
PO-AuNPs (B), Energy Dispersive X-ray of the
Biosynthesized PO-AuNPs Nanoparticles (C) for Pleurotus
ostreatus biosynthesized nanoparticles

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Plate 3: Transmission Electron Microscopy (TEM) of PO-
AuNPs (A), Selected Area Electron Diffraction (SAED) of
PO-AuNPs (B), Energy Dispersive X-ray of the
Biosynthesized PO-AuNPs Nanoparticles (C)for
Pleurotusostreatus biosynthesized nanoparticles

Conclusion

This study demonstrates the green synthesis of AgNPs, AuNPs, and
Ag-AuNPs using Pleurotus ostreatus, resulting in spherical, poly-
dispersed nanoparticles (5-80 nm) with a crystalline structure. These
nanoparticles exhibit significant larvicidal, pupicidal, and adulticidal
effects against Anopheles mosquitoes, along with potent antibacterial.
Further research is recommended to explore their potential in drug
discovery.
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