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ARTICLE INFO ABSTRACT

Acrticle History Nanotechnology is a trend that highly advanced over the past thirty
Received:15/7/2024  years, addressing and resolving more challenges across different fields. In
Accepted:19/8/2024 this investigation, biogenic silver nanoparticles (Ag-NPs) were formed using
Available:23/8/2024 Brevibacillus agri as an endophytic bacterial strain and utilized as a safe
approach to control the spread of medical insect, Culex pipens. The formed

K?YWOF_dSi Ag-NPs were characterized by UV-vis analysis that showed maximum
Biogenic; Ag-NPs;  surface plasmon resonance at a wavenumber of 420 nm. Fourier transforms
Culex pipens, infrared analysis exhibits the role of various biomolecules in bacterial filtrate
larvicidal. reduction and capping as-formed NPs. The sizes of biogenic NPs were 20 —

50 nm with spherical shapes with weight and atomic percentages of Ag ions
of 46.20% and 13.96% respectively as shown by SEM-EDX analysis. The
crystalline structure was confirmed by XRD. The mortality of various instar
larvae and pupae of C. pipens were concentration-dependent and showed
maximum percentages of 88.4+0.95, 76.3+0.8, 69.6+1.1, 52.1+1.4, and
47.3+1.01% for first to fourth instar larvae and pupae respectively at a
concentration of 30 ppm. The concentrations of proteins, carbohydrates, and
lipids of Il instar larvae were decreased from (172.1 + 4.31, 118.1+4.6, and
463.1+1.32 pg/g) for the control to (54.2+1.72, 91.3+2.17, 204.6+9.31 ug/q)
respectively upon treatment with 30 ppm of Ag-NPs.

INTRODUCTION

Numerous human diseases are spread by the Culex mosquito, particularly in tropical
and metropolitan areas. Elephantiasis, also known as lymphatic filariasis, is a disease that is
spread to humans by mosquitoes and results in covert lymphatic system damage that can
permanently disable a person (Organization, 2016). At this time, 1.5 billion people in
approximately 73 nations are infected with lymphatic filariasis, putting them at risk of
infection (Al-Kubati, Al-Samie, Al-Kubati, & Ramzy, 2020). Moreover, the current Zika
virus epidemics that have been reported in the Caribbean, Central America, and South
America are the result of the fourth and most recent arrival of arboviruses in the Western
Hemisphere. These arboviruses do not have a specific treatment (Benelli & Mehlhorn, 2016).
After the emergence of the Zika virus, the West Nile virus surfaced in 1999, Chikungunya
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appeared in 2013, and Dengue, which had been subtly proliferating throughout the
hemisphere for decades, intensified its spread in the 1990s (Benelli & Mehlhorn, 2016).
China is among the nations where filariasis poses a health risk, and its government has been
making great efforts to stop the disease's spread throughout all of its provinces (De-Jian, Xu-
Li, & Ji-Hui, 2013). Typically, microbiological agents, regulators of insect growth, and
organophosphates are used to target mosquito larvae. In actuality, the environment and
human health are negatively impacted by these pollutants.

Recently, safe and effective methods such as mosquitocidal nanoparticles (MNP)
and the sterile insect technique (SIT) have been created to better combat mosquitoes. The
dengue vector Aedes aegypti, the filariasis mosquito Culex quiquefasciatus, and the malaria
vector Anopheles stephensi are all severely poisoned by a few parts per million of various
MNP. Nonetheless, despite mounting evidence of MNP's effectiveness, only modest
attempts have been made to highlight the potential non-target effects of the chemical on
aquatic organisms and the natural enemies of mosquitoes (Benelli, 2015; Muthukumaran,
Govindarajan, Rajeswary, & Hoti, 2015). Biological organisms, such as Bacillus species,
which are well-known for their impact on mosquito larvae, have been utilized in mosquito
control efforts for a long time.

The two that work best against Culex mosquitoes are Bacillus spp. including B.
sphaericus and B. thuringiensis (Soni & Prakash, 2014). Researchers are focusing on the
need to develop new insecticides, such as silver nanoparticles (Ag-NPs), due to the rise in
insect resistance to chemical pesticides and toxicity issues (Panneerselvam, Murugan,
Kovendan, Kumar, & Subramaniam, 2013; Roni et al., 2015; Santhosh, Ragavendran, &
Natarajan, 2015).

A common bacterial endophyte that infects a lot of plants, Bacillus
amyloliquefaciens has drawn a lot of attention for helping plants become more resistant to
diseases. Crude lipopeptides made from B. amyloliquefaciens cultures have been shown to
have antagonistic activity against three different types of pathogens (Chen et al., 2013; Li,
Soares, Torres, Bergen, & White Jr, 2015).

Biocontrol-active B. amyloliquefaciens and B. subtilis isolate yield a variety of
antimicrobial CLP and control of Land Pollution such as fengycin, iturin A, and surfactin.
In addition to their effect on insect pests, the metabolites also possess antifungal and
antibacterial properties that influence the movement of bacteria and the production of
biofilms (Chowdhury, Hartmann, Gao, & Borriss, 2015; Nam, Yang, Oh, Anderson, & Kim,
2016). In the twenty-first century, agriculture depends on the prevention of plant diseases.
Microorganisms have caused substantial losses for farmers and are linked to a number of
deadly illnesses that affect economically significant crops globally. Xanthomonas oryzae pv.
oryzae (Xo00), one of the microbes that cause rice leaf blight, is the one that causes the most
economic loss.

It is most severe in Asia and has been documented to occur in all rice-growing
regions. According to reports, BLB can significantly impact yield losses in tropical regions
of Asia, reaching up to 50 or 60% (Van Hop et al., 2014). Thus, the key to maintaining rice
yield is lowering the annual disease rate and the pace at which epidemics occur. These days,
it's quite difficult to control sickness because most germs have become resistant to
bactericidal agents. Preventing the disease's spread to uninfected plants was the main goal
of the present control methods. Nanoparticles for the management of plant diseases have
garnered a lot of attention in recent studies. The present study aimed at evaluating. The
activity of silver nanoparticles synthesized using Fungi and Bactria against Culex pipiens in
different stages, The activity of copper nanoparticles synthesized using Fungi and Bactria
against Culex pipiens in different stages. The activity of silver and Copper nanoparticles
synthesized using Fungi and Bactria against Culex pipiens at different stages.
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MATERIALS AND METHODS

Bacterial Strain:

The endophytic bacterial strain Brevibacillus agri strain Af.15 was employed for
the biosynthesis of Ag-NPs. This strain was originally isolated from the medicinal plant
Achillea fragrantissima, collected from Wadi Selebat in the Saint Katherine Protectorate,
South Sinai, Egypt. The sequence obtained for bacterial strain Af.15 has been added in
GenBank with number of KY555795 (Alkahtani et al., 2020).

Biosynthesis of Ag-NPs:

The nutrient broth media was used to inoculate the strain Af.15 before incubation
under a shaking state at 35 + 2°C for 24 h followed by centrifugation for ten minutes at 7000
rpm to harvest the cells. After that, the sterilized distilled water (dH20) was used to wash
collected cells before being resuspension into 100 mL of dH2O for 24 h. followed by filter
paper filtration to collect the filtrate (cell-free filtrate, CFF). Finally, the collected CFF was
used as a biocatalyst for the reduction of metal precursor (AgNO3z) to form Ag-NPs as
follows: 1 mM of AgNOswas added to 100 mL of CFF under stirring conditions at 50°C for
2h. During stirring, the pH of the mixture was adjusted at 8 using 1 N NaOH which added
drop wisely. The mixture was kept at room temperature in dark conditions till completely
formed of yellowish-brown colour which refers to Ag-NP formation (Alsharif et al., 2020).
The resultant was dried overnight at 100°C to collect the residue. The CFF and AgNOs
aqueous solution were used as a negative control.

Ag-NPs Characterization:
UV-Visible Spectrophotometry:

UV-visible spectrophotometric analysis was conducted using a JENWAY 6305
Spectrophotometer to evaluate the optical features of the biosynthesized nano-Ag. The
colour of the nano-solution was investigated in the range of 300 — 700 nm, with 10 nm
intervals (Sher et al., 2022). To confirm the occurrence of this colour change indicative of
Ag-NPs formation, the blank for the JENWAY spectrophotometer consisted of the CFF of
the endophytic bacterial strain.

Morphological and Elemental Mapping Investigations:

The morphological feature of bacterial synthesized Ag-NPs was assessed using
scanning electron microscopy (JEOL, JSM-6360LA, Japan). The sample was prepared by
fixing it onto a conductive substrate and coating it with a thin layer of gold. Once prepared,
the sample is placed in the vacuum chamber of the SEM. Electron beams are then directed
at the sample surface, and secondary electrons emitted from the sample are detected. The
interaction between the electrons and the sample provides detailed information about its
surface morphology. The SEM was connected with an Energy Dispersive Spectroscopy
(EDX) unit to detect the elementary mapping of synthesized Ag-NPs (Thangamani &
Bhuvaneshwari, 2022).

Fourier Transform Infrared (FT-IR):

The characterization of groups related to different compounds in the bacterial CFF
and their involvement in the reduction, capping, and stabilization of Ag-NPs was conducted
using FT-IR spectroscopy. FTIR with the model of Cary 630 was utilized to achieve this
analysis within a wavenumber of 400-4000 cm™".

X-ray Diffraction (XRD):

The X-ray apparatus (X'Pert, Philips, Eindhoven, Netherlands) was used to
investigate the nature of nano-Ag within the 20 range of 5° to 80°. The source of X-ray
radiation was Ni-filtered Cu Ka with a voltage of 40 kV and a current of 30 mA. The
determination of the average size of Ag-NPs synthesized by bacterial strain Af.15 was
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achieved using the Scherrer equation as outlined below (Hossain et al., 2022):
0.944 1)

fcosé

Where 0.94, A, B, and 0 are the Scherrer’s constant, the wavelength of the X-ray used, the
half of the maximum intensity, and the Bragg’s angle respectively.
Dynamic Light Scattering and Zeta Potential Analysis:

The assessment of the distribution and hydrodynamic sizes in the colloidal solution
utilized dynamic light scattering (DLS) on the Nano-ZS instrument from Malvern Ltd,
Malvern, UK. To prevent any interference in the signal during analysis, the Ag-NPs were
suspended in high-purity H.O. Additionally, the surface charge of the synthesized Ag-NPs
was determined using the Zetasizer apparatus (Nano-ZS, Malvern, UK) (Abdel-Rahman A.
Nassar, Atta, Abdel-Rahman, EI Naghy, & Fouda, 2023).

Mosquito Rearing:

The Culex pipiens eggs were obtained from the Medical Entomology Institute in
Giza, Egypt, and promptly transferred to the Mosquito Lab., Al-Azhar University, Cairo,
Egypt. The eggs were incubated under optimal conditions (Temp., 27 + 2 °C, humidity, 75—
85%, and photoperiod: 14:10 hours light-dark) in Cup filled with 0.5 L tap H2O until they
hatched. The feeding of larvae was achieved on yeast hydrolysate: dog biscuits in a per cent
1:3 ratio (w/w). Once pupae had emerged, they transferred to a second cup containing 0.5 L
of dechlorinated H20 and placed on a chiffon cage (90 x 90 x 90 cm?) until the adults
emerged, which were subsequently fed a 10% (v/v) sucrose solution (Awad et al., 2022).
The experiment to study the toxicity of the synthesized nano-Ag was applied to collected
larvae and pupae.

Measurement of Ag-NPs Toxicity Against Larvae and Pupae:

The larvae (1, I1, 111, and IV instars) as well as the pupae of C. pipiens were used to
investigate the toxicity of biogenic Ag-NPs. The assessment was achieved through the
mixing of nano-Ag with distilled H2O at concentrations of 10, 15, 20, 25, and 30 ppm. The
growth patterns, body proportions change, head width, colouration, and body segment parts
were used as the main characteristics to differentiate between insect instars. To explore these
differences, 25 larvae or pupae were incubated overnight in a glass cup containing 0.5 L of
dechlorinated H2O, supplemented with the designated concentration of nano-Ag and 0.5 mg
of larval food. This experiment was conducted separately for each larval instar and for the
pupae, with the specified nanoparticle concentration, and was repeated three times for
accuracy. (Ayubi, Moravvej, Karimi, & Jooyandeh, 2013). A control group, consisting of
larvae and pupae in the same above solution without NPs, was maintained under the same
conditions.

Mortality percentages were calculated after 24, 48, and 72 hours using the
following equation:

Mortality % = % x 100

Where NT and NC are the numbers of treated and control individuals respectively.
Biochemical Parameters Analysis:

Following a 24-hour treatment period, the larvae were picked up from the solution
and rinsed with cold saline. A 10% tissue homogenate of the larvae was prepared using a
homogenizer in a chilled sucrose solution (0.25M). This homogenate was then centrifuged
at 700 rpm for 10 minutes to eliminate cellular debris. The resulting supernatant was utilized
for the quantification of total carbohydrates, lipids, and proteins, as well as alkaline and acid
phosphatase activities. All biochemical assessments were conducted in triplicate.
Assessment of Total Proteins:

The protein contents in the larvae extract were estimated by Lowry’s method. Folin-

Crystallite average size =
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Coicalteu will react with larvae protein to form purple blue color which estimated their
intensity by reading its absorbance at 620 nm (Lowry, Rosebrough, Farr, & Randall, 1951).
Assessment of Total Carbohydrates:

Carbohydrate Estimation Procedure:

Carbohydrate levels were determined following the method outlined by Nelson
(Nelson, 1944). Initially, proteins were precipitated out of the tissue homogenate, leaving a
filtrate that contained glucose as the reducing sugar. This filtrate was then reacted with an
alkaline copper reagent and subsequently treated with an Arsenomolybdate reagent. The
resulting blue colour was measured at an absorbance of 540 nm, allowing for the
quantification of the carbohydrate content.

Lipids Estimation:

Method outline by Entenman (Entenman, 1957) was utilized to estimate the total
lipids that exist in the extract. The chloroform-methanol solution was used to separate the
lipid content from the non-lipid. A sulphuric acid dichromate mixture was used to reduce
lipids in the tissue extract that were found in the aqueous phase. The resultant green color
was measured at 600 nm and the concentration of lipid was calculated.

Data Analysis:

The SPSS software (version 16.0) was used to statistically analyse the collected
data. For the laboratory assays on acute toxicity, the data were first transformed into arcsine
proportions and then analyzed using a two-way ANOVA, considering dosage and mosquito
instar as the two factors. Additionally, the mortality data for insect pests were subjected to
probit analysis, and the LC50 and LC90 values were calculated following Finney’s method
(Mocroft et al., 1998).

RESULTS AND DISCUSSION

Endophytic Bacterial Strain Mediated Biosynthesis of Ag-NPs:

The production of Ag-NPs by endophytic bacterial strains is an exciting new
direction in nanotechnology with clear advantages over more conventional chemical and
physical synthesis methods. Producing NPs using endophytic bacteria, which exist within
plant tissues, is an environmentally friendly method (Salem & Fouda, 2021). The elimination
of potentially harmful chemicals and high-energy uses means less of an influence on the
environment, making this a major plus (Mayegowda et al., 2023). The endophytic bacterial
strains serve as natural bioreactors, catalysing the reduction of silver ions and the consequent
creation of nanoparticles through their metabolic processes. The use of endophytic bacterial
strains offers a sustainable alternative with inherent biocompatibility (Eid et al., 2021). This
biological synthesis method yields Ag-NPs with less cytotoxicity, making them more
broadly applicable in the biomedical field. This is a major benefit compared to chemically
synthesised nanoparticles, which may require the addition of stabilising agents or capping
agents, both of which raise safety concerns (Bogas et al., 2022). Furthermore, the endophytic
bacterial strain-mediated NPs synthesis also coincides with the growing desire for green and
sustainable practices in nanotechnology. The biosynthesis process occurs under mild
reaction conditions, reducing energy consumption and minimizing the overall environmental
footprint associated with nanoparticle production (Rahman et al., 2019). Additionally, the
use of naturally occurring bacterial strains introduces an element of biocompatibility that is
crucial for applications such as drug delivery, where compatibility with biological systems
is paramount (Eid et al., 2020).

Herein, the bacterial endophytic strain, Brevibacillus agri Af.15 which was isolated
from the medical plant Achillea fragrantissima was used to fabricate nano-Ag. The change
of CFF colour to yellowish-brown was considered the first sign of successful formation. The
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change of colour was related to surface plasmon resonance (SPR) excitation. This
phenomenon occurs due to the collective oscillation of free electrons on the nanoparticle's
surface when they are exposed to light (Soliman et al., 2021). Upon the reduction of Ag,
ions occur to form Ag-NPs that exhibit unique optical properties, specifically the absorption
and scattering of light, which contribute to the observed colour change (Thangamani &
Bhuvaneshwari, 2022).

Ag-NPs Characterization:

UV-Vis Spectroscopy:

The intensity of colour change was measured at varied wavelengths to detect the
maximum SPR for the synthesized Ag-NPs. As shown, the UV analysis revealed a distinct
SPR manifested by a well-defined peak at 425 nm (Fig. 1). This spectral feature is indicative
of the spherical shape characteristic of the synthesized Ag-NPs as mentioned previously (Lee
et al., 2018; Wypij et al., 2018). Previous studies have linked the spherical morphology of
Ag-NPs to the occurrence of a SPR peak in the 410-450 nm region (Salem et al., 2020;
Zaheer & Rafiuddin, 2012). Similarly, the SPR of Ag-NPs produced by the action of
metabolites of Bacillus cereus strain A1-5, Streptomyces noursei strain H1-1, and Rhizopus
stolonifera strain A6-2 was observed at 420 nm (Alsharif et al., 2020). Also, the maximum
SPR of Zingiber officinale that produces Ag-NPs was localized at 425 nm (Vijaya et al.,
2017). Dong and co-authors indicate the typical SPR peak for nano-synthesized Ag through
green methods fell within the wavelength 400450 nm range (Dong et al., 2017). Any
deviation in the SPR peak could be related to different biomolecules that have dual reducing
and capping functions.

2.5 1 225 nm
2 =
3
c 15 4
1]
2
(1]
0.5 +
0 L] L] L} L] L] L]
200 300 400 500 600 700 800
Wavelength (nm)

Fig. 1: UV-Vis analysis of Ag-NPs formed by bacterial strain Af15 exhibits the SPR at 225
nm.

SEM and EDX:

The shape, surface morphology, NP sizes, and as-formed sample elemental
components were detected using SEM and EDX. SEM is a useful technique that can be used
to assess the nano-Ag size and shape. SEM provides high-resolution images, allowing for
the visualization of surface morphology and details of nanoscale structures (Khan, Saeed, &
Khan, 2019). As shown, the synthesized Ag-NPs were spherical in shape, well arranged, and
had sizes in the ranges of 20 - 50 nm (Fig. 2A). Recently, the Ag-NP sizes produced by
pomegranate peel extract were less than 100 nm (Goudarzi, Mir, Mousavi-Kamazani,
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Bagheri, & Salavati-Niasari, 2016). The elementary mapping of biosynthesized Ag-NPs was
assessed using EDX analysis as shown in Figure 2B. Data analysis showed that the primary
constituent of the synthesized material is Ag, with weight and atomic percentages of 46.20%
and 13.96%, respectively. EDX chart exhibits a strong peak for Ag compared to the weak
signals for other compounds, indicating the Ag ions reduction to elemental Ag (Jyoti,
Baunthiyal, & Singh, 2016). Cu's EDX peak is an artefact of the Cu-grid that was used to
cover the sample. The EDX analysis detected the presence of other elements in the sample,
including O, C, N, P, Na, Al, P, Mo, Cl, K, and Ca, with low weight and atomic percentages
(Fig. 2B). These elements could originate from the scattering of various biomolecules from
the bacterial strain or the growth medium used in the synthesis process (Femi-Adepoju,
Dada, Otun, Adepoju, & Fatoba, 2019; Fouda, Awad, et al., 2022). Given the wide range of
elements present, it is likely that many different biomolecules work together to reduce, cap,
and stabilise the Ag-NPs. Similarly, the EDX analysis of nano-Ag fabricated by Gleichenia
pectinata indicates the presence of Ag in addition to other elements such as O, Si, Al, and K
with varied weight percentages (Femi-Adepoju et al., 2019). The authors suggested that the
presence of these elements is due to biomolecules in the plant aqueous extract. Also, the Ag
element represented the major component of Ag-NPs fabricated by bacterial strain B. cereus
with weight percentages of 46.0%, additionally the presence of other weak peaks
corresponding to the O, C, Pb, Na, Ca, Cl, P, and Mg (Alsharif et al., 2020).

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

kev
‘,,',e,‘f"e,"‘,‘ C N o Na i Al P Mo <l K Ca Cu Ag
Weight (%6) 4.54 0.62 25.98 7.21 0.40 0.22 0.62 1.27 0.71 0.46 11.76 46.20

Atomic (%) 12.32 1.43 52.94 10.23 0.49 O.2§ 0.21 1.17 0.59 0.38 6.04 1396

Fig. 2: A is the SEM image of bacterial synthesized Ag-NPs, and B is the EDX analysis
showing the components of the as-formed compound.
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FT-IR:

The functional groups related to biomolecules in CFF utilized to form nano-Ag were
investigated by FT-IR. As shown the FT-IR of CFF contains three peaks at 3404, 2050, and
1632 cm™* (Fig. 3). The broadness peak at 3404 cm signifies to N-H and O—H stretching
of amino acids and proteins (Mohammed F. Hamza et al., 2022). This peak was changed to
a wavenumber of 3410 cm™! after nano-Ag fabrication. The peak at a wavenumber of 2050
cm™ corresponding to aromatic compounds overlapped with the vibration of the v(C-O)
(Hamza et al., 2021). The peak at 1632 cm™* related to the C=0 and C=N stretching amides,
as well as related to the N-H in primary amines (Coates, 2000), shifted to 1639 cm™ upon
forming nano-Ag. The other at wavenumbers of 1382, 1078, and 777 cm* were shown in
FT-IR spectra of Ag-NPs. The stretching OH and NH of secondary amines overlapped with
the binding CH were observed at a wavenumber of 1382 cm™ (Abdel-Maksoud et al., 2023;
Ghosh, Roy, Naskar, & Kole, 2023). On the other hand, the peaks at 1078 cm~ and 777 cm™
! correspond to the stretching CN of amines and stretching C-Cl of halo compound
respectively (Coates, 2000; Mohammed F Hamza et al., 2022). According to the presented
evidence, proteins, amines, amino acids, and amides play a crucial role in the reduction,
stabilization, and dispersion of biosynthesized Ag-NPs. As a result, it is reasonable to deduce
that the various metabolites found in the biomass filtrates of endophytic bacterial strain
Af.15 play a significant role in the production and size reduction of Ag, leading to well-
stabilized nano-formations. This complex interaction between metabolites will likely affect
the biosynthesized nanoparticles' functional characteristics and potential uses.
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Fig. 3. FT-IR of CFF of endophytic bacterial strain AF.15 and biosynthesized nano-Ag
showed the presence of various functional groups.

XRD:

The structure of bacterially formed nano-Ag was examined using XRD analysis,
which was analyzed at 20 values ranging from 5° to 80° (Fig. 4). The XRD pattern revealed
four prominent diffraction peaks at 20 values of 38.06°, 44.3°, 64.1°, and 77.34°,
corresponding to the (111), (200), (220), and (311) planes, respectively. These results align
with reference number 04-0783 of the Joint Committee on Powder Diffraction Standards
(JCPDS), confirming that the produced nano-Ag possess a face-centred cubic structure,
indicative of their crystallographic nature (Awad et al., 2022; Vijayabharathi, Sathya, &
Gopalakrishnan, 2018). This data was in agreement with various studies concerning the
synthesis of Ag-NPs using different biological entities (Femi-Adepoju et al., 2019; Rahman
et al., 2019; Vijayabharathi et al., 2018). The weak XRD signals could be related to the
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metabolites of bacterial strains that act as capping agents, which is compatible with EDX
analysis. The average crystallite sizes of formed nano-Ag were estimated by the Scherrer
equation. Data showed that the average crystallite nano-Ag size was 55 nm. Interestingly,
the average Ag-NPs crystallite size of formed by CFF of B. cereus Al1-5 was 55 nm (Alsharif
et al., 2020). Whereas those formed by Urtica dioica leaf extract have an average crystallite
size of 25 nm (Jyoti et al., 2016).
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50 - (111)
40 -
30 4
20 - (200)

Intensity (a.u.)

220
o) e

2 - —'II"-:; i _— _-”I lLl]‘

0

0 20 40 60 80
26°
Fig. 4: Crystalline nature of nano-Ag detected by X-ray diffraction analysis.

DLS and Zeta Potential:

The size distribution of as-formed nano-Ag in colloidal solution was assessed by
DLS. The analysis revealing a particle size in a colloidal solution of 58 nm for Ag-NPs
synthesized by the endophytic bacterial strain Brevibacillus agri Af.15 is significant (Fig.
5A). This size determination provides valuable insights into the physical characteristics of
the NPs. The size of NPs is a critical parameter influencing their behaviour, reactivity, and
potential applications. In this case, Although the sizes obtained by DLS are higher than those
of SEM and XRD, it is still relatively small and suggested that the synthesized Ag-NPs fall
within the nanoscale range. The higher DLS sizes may be due to the fact that measuring sizes
using DLS was achieved in a hydrated state (hydrodynamic residue) while measuring using
TEM calculates the NP diameter in the solid state (Fouda, Hassan, Eid, Abdel-Rahman, &
Hamza, 2022; Mollick et al., 2019). Additionally, DLS can be influenced by coating agents
and non-homogeneous distribution, leading to an increase in recorded sizes (Fouda, Al-
Otaibi, et al., 2022; Abdel-Rahman A Nassar, Eid, Atta, EI Naghy, & Fouda, 2023). The
DLS analysis indicating a particle size of 58 nm provides information on the homogeneity
and stability of the synthesized Ag-NPs in the colloidal solution.

However, NPs of this size have a number of desirable characteristics that make them
useful in many fields, including the medical and chemical sciences. Due to their diminutive
stature, they boast a larger surface area in comparison to their size; this makes them more
reactive in biological settings and has the potential to boost their catalytic efficacy. Improved
cellular penetration and absorption by nanoparticles in this size range is particularly
important for medication administration and imaging applications (Altammar, 2023).

The Ag-NPs are stable in the colloidal solution, as indicated by their measured zeta
potential of —19 mV (Fig. 5B). A rise in the absolute value of the zeta potential (either
positive or negative) signifies an increase in the electrostatic repulsion between particles,
leading to greater stability. Because particles with like charges are repelled by each other,
agglomeration and precipitation are prevented when the zeta potential is negative
(Bhattacharjee, 2016).
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Fig. 5: A'is a dynamic light scattering of biosynthesized Ag-NPs showing the average sizes
in the colloidal solution was 58 nm, and B is the zeta potential analysis showing the surface
of Ag-NPs bearing a negative charge.

Larvicidal Activity:

The mortality rate for Culex pipiens mosquito larvae in I, Il, 111, and IV larval instars
as well as their pupal stage was determined by applying WHO recommendations. Percentage
of dead pupae and instars I, 11, 11, and 1V subjected to varying doses (10, 15, 20, 25, and 30
ppm) of nano-Ag produced by the bacterial strain Brevibacillus agri as shown in (Table 1).
For the I, I, 111, and IV instars, the corresponding LCso (LCg0) values were 16.34 (30.74),
17.19 (36.59), 21.70 (39.54), and 27.68 (51.57) ppm. In a similar vein, the pupal stage's LCso
and LCgo levels were 26.29 and 49.33 ppm. It was discovered that the toxicity or mortality
inflicted upon mosquito larvae depended on the concentration. For example, it was
discovered that the treated larvae's mortality rate rose as the nanoparticle concentration rose
(Table 1). The outcome suggests that in order to cause toxicity against larvae in the 111 instar,
a greater concentration is needed (Table 1). The resistance may result from the structural and
functional changes that instar larvae go through as they mature. Our results are consistent
with those that showed that Ag-NPs produced by fungal strains were effective at killing
larvae. Moreover, the findings from this study indicate that exposing larvae to a consistent
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concentration of nanoparticles (10 ppm) results in a higher mortality rate among second-
instar larvae compared to third-instar larvae (Shamia, Mohan, & Srivastava, 2006). This
suggests that in order to enhance mortality rates among more developed larvae in higher
stages, it would be necessary to increase the nanoparticle concentration (Sharma, Mohan, &
Srivastava, 2009).

Using WHO guidelines, the mortality rate for C. pipiens mosquito larvae in stages
I, 11, 111, and 1V as well as their pupal stage was calculated. for samples exposed to different
dosages of silver nanoparticles made by the bacterial strain Brevibacillus agri (10, 15, 20,
25, and 30 ppm).

Table 1. Larvicidal and pupicidal activity of filaria vector mosquito by biosynthesized Ag-
NPs from endophytic bacterial strain, Brevibacillus agri

Mosquito Mortality percentage of larvae and pupae + SD*
stage
Conc. 10 ppm 15 ppm 20 ppm 25 ppm 30 ppm Leso(ppm) Lc9y(ppm)
(LFL-UFL) (LFL-UFL)
I instar 32+0.41 46.2+0.31 62.0=0.87 72.2+0.13 88.4+0.95 16.34 (14.12- 30.74 (28.30-
18.63) 31.01)
II instar 28.1£0.03 | 56.3+£0.71 55.2+0.09 63.0=1.12 76.3+0.81 17.19(13.11- 36.59 (31.29-
19.68) 37.22)
101 instar 25.1+1.10 | 32.0£0.19 49.1+0.69 55.1=1.19 69.6+1.12 21.70 (17.79- 39.54 (36.62-
22.66) 39.95)
IV instar 20.4+0.32 | 26.2+1.22 40.5£1.00 46.5+0.99 52.1+1.41 27.68 (23.59- 51.57 (45.19-
27.58) 51.46)
Pupa 14 £0.61 20.1+0.31 30.1=1.71 40.3=1.63 47.3+1.01 26.29 (24.12- 49.33 (45.99-
29.32) 51.68)

Number of tested larvae = 25 per one replicate; Conc. = Concentration; All data represented as Mean + SD.

Biochemicals Assessment:

Table 2 shows the amount of protein in the tissues of Il instar larvae subjected to
varying doses of Ag NPs. It was discovered that the treated larvae's estimated protein content
had dropped, which may have a direct bearing on the death rate. Increased toxicity leads to
a large downregulation of protein content because it lowers the protein level in mosquito
larvae (Table 2). A change in protein metabolism may result from stress placed on the larvae,
which either boosts or decreases their ability to synthesize proteins for energy. This
demonstrates that the production of proteins is dominated by proteolysis under stress. This
may be caused by the degradation of protein into amino acids (Nath, Suresh, Varma, &
Kumar, 1997). Consequently, upon entering the TCA cycle as keto acids, these amino acids
contribute to generating energy for the insect (Nath et al., 1997). Therefore, depletion in the
protein tissues from physiological mechanisms and may contribute to compensatory
mechanisms that maintain hemolymph's free amino acid content during insecticidal stress,
thereby providing intermediates for the Krebs cycle (Murray, Granner, Mayes, & Rodwell,
2003). Our findings are consistent with those reported that Culex larvae treated insecticidally
with eucalyptus oil nanoemulsion had lower protein content (Sugumaran, 2010).

The protein content in the larval tissues was significantly decreased upon exposure
to manufactured Ag nanoparticle-induced toxicity in a concentration-dependent manner
(Géde, 2004). This indicates that disruption of the metabolism of carbohydrates has a
positive effect on nanoparticle therapy. During stress, fat bodies' glycogen stores are the
primary source of carbohydrates, which leads to an increase in the amount of soluble
carbohydrates in hemolymph (Géade, 2004). The polysaccharides are broken down using
insects into simple sugars which absorb glucose in the midgut, which immediately raises the
hemolymph's glucose concentration. Glycolysis uses some of the glucose directly, converts
some into trehalose, and stores the remainder as glycogen in the fat body (Lum & Chino,
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1990). Additionally, it is consistent with research that confirmed the effects of derivative
from benzoyl phenyl urea on Culex pipiens larvae (Djeghader, Hamid, Bouaziz, & Soltani,
2013).

The third instar larvae exhibit a considerable reduction in lipid levels upon
treatment with Ag NP. This decrease was inversely correlated with both mortality and Ag
NP concentration. In addition to their importance in the cell's membrane made up, lipids
have various important such as its necessary for reproduction, maintenance, and
development of embryos. The cholesterol levels decrease may be attributed to reduce the
synthesis of lipids and the mobilization of stored lipids, which occur as lipid molecules
progressively unsaturated (Mulye & Gordon, 1993). Our findings support the findings of
Senthilkumar and coauthors, who showed that Anoepheles stephensi larvae treated with
several plant-based insecticidal formulations experienced a decrease in total lipid levels,
hence causing stress to the larval species (Senthilkumar, Varma, & Gurusubramanian, 2009).

Table 2:Protein, carbohydrate, and lipid content in 11 Instar larvae of filaria vector mosquito
by biosynthesized Ag-NPs from endophytic bacterial strain, Brevibacillus agri

Ag-NPs Protein (ng/g) | Carbohydrate (png/g) | Lipid (ng/g)
conirol 172.1 =431 118.1=4.61 463.1=1.32
10 ppm 129.5+ 1.41 128.4=4.89 402.1=3.16
15 ppm 107.4+4.21 148.5%4.34 341.3£5.71
20 ppm 91.4=1.82 175.6=4.13 301.2+6.34
25 ppm 75.1£2.24 198.7£2.15 246.3+10.71
30 ppm 54.2+1.72 91.3=2.17 204.6=9.31

Conclusions:

In this investigation, Ag at the nanoscale was formed using CFF of bacterial
endophytes namely Brevibacillus agri strain Af.15. The produced nano-Ag was
characterized by UV, FT-IR, SEM-EDX, XRD, DLS, and zeta potential which confirmed
the reduction of metal precursor (AgNO3) to form nanoscale structure (Ag-NPs). The
biological applications of this nanoscale structure demonstrated their strong larvicidal
effectiveness against various instars of Culex pipiens larvae and pupae as shown by
percentages of mortality at different NPs concentrations and reducing in the biochemical
characteristic of larvae extract (lipid, proteins, and carbohydrates). Our findings suggest that
these nano-Ag could serve as effective agents for reducing Culex pipiens larval populations.
Overall, this avenue of research holds significant potential for addressing mosquito-borne
diseases by controlling the larvae and pupae in an eco-friendly, cost-effective, and rapid
method.
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