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Abstract: The biomass filtrate containing various meta-
bolites of endophytic bacterial strain, Brevibacillus brevis
PI-5 was used as a biocatalyst for reducing and stabilizing
copper oxide nanoparticles (CuO-NPs). UV-Vis spectro-
scopy, Fourier transform infrared, transmission electron
microscopy, scanning electron microscopy with energy-
dispersive X-ray (SEM-EDX), X-ray diffraction, and X-ray
photoelectron spectroscopy were used for CuO-NPs char-
acterization. A spherical, well-dispersed, and crystallo-
graphic structure with sizes of 2–28 nm was formed.
The SEM-EDX confirmed the presence of Cu and O with
weight percentages of 27.62% and 48.88%, respectively.
The biological activities including antifungal, anticancer,
and larvicidal of synthesized CuO-NPs were assessed
using the fungal radial growth inhibition, MTT assay
method, and mortality percentages, respectively. The
obtained data showed that the CuO-NPs exhibit high
activity in a dose-dependent manner. The growth of three
phytopathogenic fungi, Fusarium oxysporum, Alternaria

alternata, and Aspergillus niger was decreased by percen-
tages of 64.5% ± 4.1%, 62.9% ± 0.3%, and 70.2% ± 2.3%,
respectively at 300 µg·mL–1. Also, various clinical Candida
spp. were successfully inhibited with varied zones of inhi-
bition and minimum inhibitory concentration values in
ranges of 6.25–50 µg·mL–1. The in vitro cytotoxicity exhi-
bits target-orientation to breast cancer cells (T47D) at
low concentration compared to normal cells (HFB4)
with IC50 values of 122.3 ± 5.4 and 229.9 ± 5.7 μg·mL–1,
respectively. The mortality percentages of I, II, III, and
IV instar larvae of Culex antennatus were 60% ± 1.4%,
43.1% ± 1.1%, 36.2% ± 1%, and 32.1% ± 0.9%, at 10mg·L–1
and increased to 86.9% ± 2.1%, 68.1% ± 1.7%, 64.4% ± 1.9%,
and 53.1% ± 1.4% at 50mg·L–1, respectively.

Keywords: green synthesis, CuO-NPs, phytopathogenic
fungi, breast cancer, Culex antennatus

1 Introduction

Nano-scaled materials are unique in many physical and
chemical properties that distinguish them from their ana-
logs of bulk materials. The application of these materials
has been approved in the medical, environmental, and
agricultural fields. Therefore, the science and technology
of nanomaterials have gained increasing interest [1,2].
Recently, many highly stable nanoparticles have been
produced by green synthesis, using environmentally friendly
and efficient methods, making them safer alternatives to
chemical and physical methods [3]. Wherefore, plants,
algae, fungi, and bacteria were used to make non-toxic,
low-cost, and energy-saving metallic-based nanoparticles
[4]. Many thousands of these new materials are obtainable
in the markets; moreover, they are integrated into various
everyday products such as cosmetics, personal care, clothing,
pharmaceutics, drug delivery, and food industry [5,6].
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The bottom-up biogenic process is based on the biological
reduction and oxidation by plant-extracted phytochem-
icals or microbial enzymes [7]. Moreover, bacteria offer
fantastic benefits and potential for nanoparticle produc-
tion as they are easy to culture, have a short generation
period, facility for genetic modification, excellent stability,
simple experimental conditions, and extracellular produc-
tion of nanoparticles [8]. Therefore, metabolites of diverse
bacterial strains such as Bacillus cereus, Pseudomonas aer-
uginosa, and Shewanella oneidensis were newly employed
as reducing agents in the fabrication of Ag-NPs, ZnO-NPs,
and Cu-NPs, respectively [9–11]. Many of these green
synthesized nanoparticles showed a wide range of appli-
cations. For instance, Ag-NPs fabricated by leaf extract of
Trigonella foenum-graecum exhibit antimicrobial activity
against multi-drug resistant microbes, whereas those
synthesized by leaf aqueous extract of Moringa oleifera
displayed antifungal activity against Puccinia striiformis
that causes stripe rust disease in wheat plant [12,13].

Among the metal oxide NPs, Cu-NPs/CuO-NPs have
attracted attention due to their anticancer, antibacterial,
antiviral, and antifungal properties and have been used
in nanomedicine, as well as due to their beneficial effect
on plants in terms of nutrition, growth, and defense [14].
Accordingly, CuO‐NPs have been successfully induced
from extracts of marine Bacillus altitudinis, and the exe-
cuted cuprous oxide-NPs submitted great antibacterial
attributes against the pathogenic strain Pseudomonas
aeruginosa [15]. A low concentration of copper oxide
nanoparticles (CuO-NPs) (50 μg·mL–1) derived from leaf
extract of Aerva javanica plant manifested broad-spectrum
activity against all the tested Gram-positive and Gram-
negative bacteria, while 100 μg·mL–1 of the biosynthesized
CuO-NPs displayed enhanced antifungal potency against
four Candida species. In the same regard, concentrations
of CuO-NPs >60 μg·mL–1 showed significant toxicity on
Neuro2A cells, and authors suggested that the CuO-NPs
could be harmless when applied below this concentration
[16]. Likewise, the myco-synthesized CuO-NPs and Ag-NPs
considerably reduced the hyphal growth of the phyto-
pathogenic fungi Pyricularia oryzae and Alternaria alter-
nata, since CuO-NPs are less toxic than Ag-NPs, and they
may bemore useful in agricultural applications [17]. Recently,
CuO-NPs were formed using a leaf aqueous extract of Cissus
vitigineawith crystallite size of 32.32 nmand showed promising
antioxidant activity [18]. Interestingly, Cu-NPs fabricated by
extract of Duranta erecta leaf was used in water purification
from organic dye contaminants [19]. In an interesting study
about the toxicity of various concentrations of CuO-NPs
and CuSO4·0.5(H2O) on the reproductivity and fertility of
albino mice, the authors reported that the oral intake of

CuO-NPs was safer to reproductive system of mice com-
pared to the same concentration of CuSO4·0.5(H2O). More-
over the toxicological and histological changes appeared
in the mice after treatment with CuSO4·0.5(H2O) [20].
These data indicate that the uses of CuO-NPs are safer
than chemical compounds.

Considering the promising properties of nanomaterials as
antibacterial and antifungal as well as anticancer properties,
more efforts have beenmade to develop the properties of nano-
metals and their oxides formosquito control. Mosquitoes cause
many diseases to be transmitted, resulting inmillions of deaths
annually, such as the parasite Plasmodium (which causes
malaria), which infects 228 million cases worldwide annually,
resulting in the death of 405,000 people in 2018 [21]. Culex
mosquitoes are the main vector of the nematode (Wuchereria
bancrofti) that causes filariasis which is one of the most
dangerous and neglected diseases, whether in semi-urban
or urban areas [22]. In the same context, the biotoxic
impact of CuO-NPs/yttrium-doped CuO-NPs composite
against Culex pipiens mosquito, recorded enhanced larvi-
cidal activity with IC50s values of 11.65 and 7.67mg·L–1,
respectively [23]. Recently the biosynthesis of metal oxide
nanoparticles using green approaches have increased, but
the uses of endophytic bacterial strains for exploring their
importance and their activities in bio-fabrication of small
sizes and unique shapes of NPs are few. To the best of our
knowledge, this is the first report for green synthesis of
CuO-NPs using endophytic bacterial strain, Brevibacillus
brevis isolated from medicinal plant, Pulicaria incisa. To
this end, our study aimed for biosynthesis of CuO-NPs
using the extracts of endophytic bacterial strain, B. brevis
as a green, eco-friendly, rapid, cheap, and biocompatible
method. The obtained cuprous oxide nanoparticles are
characterized using UV-Vis spectroscopy, Fourier trans-
form infrared (FTIR), transmission electron microscopy
(TEM), scanning electron microscopy with energy-disper-
sive X-ray (SEM-EDX), X-ray diffraction (XRD), and X-ray
photoelectron spectroscopy (XPS). The potential of bio-
synthesized CuO-NPs in in vitro cytotoxicity against cancer
and normal cell lines, antifungal activity against phyto-
pathogenic fungi and various clinical Candida species,
and larvicidal activity against I, II, III, and IV instar larvae
of Culex antennatus were investigated.

2 Materials and methods

2.1 Bacterial strain

The CuO-NPs were synthesized using an endophytic bac-
terial strain, Brevibacillus brevis PI-5. This strain was
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isolated previously from leaves of the medicinal plant,
Pulicaria incisa collected from Saint Katherine, South
Sinai, Egypt [24]. The isolation procedure was achieved
by washing the collected healthy plant leaves with tap
water to remove any debris that adhered to the collected
samples. After that, the collected plant leaves were sub-
jected to surface sterilization by soaking in sterile distilled
water for 1 min, followed by soaking in ethanol (70% v/v)
for 1min, sodium hypochlorite (2.5%) for 4min, ethanol
(70% v/v) for 30 s, and finally washed thrice with sterilized
distilled water. The surface sterilization of plant samples
was confirmed by the absence of growth of bacteria, fungi,
and actinomycetes on appropriate growth media inoculated
by the last washing in distilled water [25]. The endophytic
bacterial strains were isolated by cutting the sterilized sam-
ples to small parts (6mm) and put approximately four parts
on the surface of nutrient agar plate containing nystatin
(25 µg·mL–1) to inhibit the growth of fungal species. The
loaded plates were incubated for 48 h at 35°C and observed
daily to pick-up any bacterial colony growth around plant
parts and re-inoculated onto the new plate.

The endophytic bacterial strain used in the current
study was identified based on morphological, physiolo-
gical, and biochemical tests [26], and confirmed the iden-
tification by amplification and sequencing of the 16 S
rRNA gene. The obtained sequence was deposited in Gen-
Bank under the accession number MT994671.

2.2 Bacterial synthesis of CuO-NPs

The endophytic bacterial strain, PI-5 was inoculated in
500mL nutrient broth media and incubated at 35°C ± 2°C
for 24 h under shaking conditions (150 rpm). At the end
of the incubation period, the inoculated nutrient broth
media was centrifuged at 5,000 rpm for 15 min to collect
bacterial biomass which was rinsed thrice with distilled
H2O to remove media components adhering. After that
the collected bacterial biomass was suspended in distilled
H2O (0.1 g·mL–1) for 24 h in dark conditions, followed by
centrifugation to collect the supernatant (bacterial bio-
mass filtrate) which was used as a biocatalyst for reducing
metal precursor (Cu(CH3COO)2‧H2O, Sigma Aldrich) to form
CuO-NPs as follows: 100 µg metal precursor was dissolved
in 3mL of distilled H2O and added to 97mL of collected
bacterial biomass filtrate to get a final concentration of
5mM. The previous mixture was stirred at 100 rpm for 1 h
and adjusted the pH of the solution to 8 by using 1 N NaOH
that was added drop-wise [27]. The as-formed greenish pre-
cipitate was collected by centrifugation at 5,000 rpm for

15min, washed twice with distilled H2O, and oven-dried
at 100°C for 24 h.

2.3 Characterization of bacterial-
synthesized CuO-NPs

2.3.1 UV-Vis spectroscopy

The color change of bacterial biomass filtrate after being
mixed with Cu(CH3COO)2·H2O as a sign of successful for-
mation of CuO-NPs was monitored by UV-Vis spectro-
scopy (JENWAY 6305, Staffordshire, UK). In this method,
2 mL of synthesized CuO-NPs solution was put in a cuv-
ette and the color absorbance was measured at a wave-
length of 200–800 nm, at regular intervals.

2.3.2 FTIR spectroscopy

The functional groups involved in bacterial biomass fil-
trate and their role in the fabrication of CuO-NPs were
detected by FTIR (Agilent system Cary 660 FTIR model)
using the potassium bromide (KBr) method. In this
analysis, 10 mg CuO-NPs powder was mixed with KBr,
pressed well to form a disk, and scanned in the ranges
of 400–4,000 cm–1 [28].

2.3.3 TEM

The morphological characteristics (size and shape) of
bacterial-synthesized CuO-NPs were investigated by TEM
(JEOL 1010, Japan, 200 kV, X25000). For this analysis,
the carbon grid was loaded with a few drops of diluted
CuO-NPs solution and subjected to vacuum desiccation
overnight to dry before being analyzed [29].

2.3.4 SEM-EDX

The chemical composition (qualitative and quantitative) of
the bacterial-synthesized CuO-NPs was investigated by EDX
(JEOL, JSM-6360LA, Japan) through SEM analysis [30].

2.3.5 XRD

The nature (crystalline or amorphous) of synthesized
CuO-NPs was investigated using XRD (X’Pert PRO, Philips,
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Eindhoven, Netherlands) at a 2θ scale of 10–80°. The scan-
ning was achieved at a condition of 40 kV (voltage); 30mA
(current); and the X-ray radiation source was Cu Kα. By
XRD analysis, the average crystallite size was measured by
Scherrer’s equation [31]:

=

×D
β θ

0.89 1.54
cos (1)

where D is the average crystal size of CuO-NPs, 0.89 is the
Scherrer’s constant, 1.54 is the X-ray wavelength, β is half
of the maximum intensity, and θ is the Bragg’s diffraction
angle.

2.3.6 XPS

The quantitative elemental composition of the surface of
synthesized CuO-NPs was investigated by XPS. This ana-
lysis was performed using ESCALAB 250 XI+ (Thermo
Fischer Scientific Inc., Waltham, MA, USA) connected
with a source of radiation, monochromatic X-ray Al-Kα
(1,486.6 eV). The analysis conditions were 10−8 mbar for
the prepared CuO-NPs sample, the energy was adjusted
using Ag 3d5/2 signal (ΔBE: 0.45 eV), C 1s signal (ΔBE:
0.82 eV), size spot was adjusted at 500 μm, the energies
of the narrow and full-spectrum pass were 20 and 50 eV,
respectively [32].

2.4 Antifungal activity

2.4.1 Activity of CuO-NPs against phytopathogenic fungi

The activity of bacterial-synthesized CuO-NPs was inves-
tigated against some phytopathogenic fungi including
Fusarium oxysporum, Alternaria alternata, and Aspergillus
niger collected from the Department of Plant Pathology,
Faculty of Agriculture, Zagazig University. In this method,
an agar plug (8mm) of each fungal strain covered with
heavy growing mycelia was inoculated in the center of
potato dextrose agar (PDA) media supplemented with
200 µL of CuO-NPs that were prepared at different concen-
trations (300, 200, and 100 µg·mL–1). After that, the inocu-
lated plates were incubated at 28°C ± 2°C for 5 days. At
the end of the incubation period, the fungal radial growth
was measured, and the growth inhibition was calculated
according to the following equation [17]:

( ) =

−

×Growth inhibition percentages % Radial growth of control Radial growth of treated sample
Radial growth of control

100 (2)

where radial growth of control is the diameter of fungal
growth after 5 days under the same incubation conditions
in the absence of CuO-NPs.

2.4.2 Activity of CuO-NPs against different clinical
pathogens Candida spp.

The anti-Candida activity of CuO-NPs was evaluated by
agar well diffusion method against four clinical species
designated as C. albicans, C. glabrata, C. tropicalis, and
C. parapsilosis. These strains were obtained and identified
using traditional and molecular methods in Microbiology
Laboratory, National Research Center, Cairo, Egypt. In
this method, 50 µL of fresh Candida sp. (optical density
(OD) = 1)was inoculated in 100mL of yeast extract peptone
dextrose agar media, shaking well, and poured under
aseptic conditions into Petri dishes. Upon media solidifica-
tion, four well (7mm)were prepared in each plate and filled
with 100 µL of prepared CuO-NPs solution (200 µg·mL–1).
The loaded plates were kept in the refrigerator for 1 h before
being incubated at 30°C ± 2°C for 24 h. At the end of the
incubation period, the results were recorded as the dia-
meter of the inhibition zone (mm) formed around each
well. DMSO (solvent system)was used as a negative control.
The same experiment was repeated with different CuO-NPs
concentrations (100, 50, 25, 12.5, 6.25, and 3.125 µg·mL–1) to
detect the minimum inhibitory concentration (MIC) based
on the lowest concentration that inhibits the Candida
growth [33]. The experiment was carried out in triplicates.

2.5 In vitro cytotoxicity assay

2.5.1 Cell lines culture

The T47D (epithelial cells, ductal carcinoma, breast
tissue, mammary gland) and HFB4 (adherent cells,
normal melanocytes) cell lines were purchased from the
Holding Company for Biological Products and Vaccines
(VACSERA) Cairo, Egypt.

2.5.2 MTT assay

The in vitro cytotoxic efficacy of CuO-NPs fabricated by
endophytic bacterial strain against T47D and HFB4 cell
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lines was evaluated by conducting a dimethyl thiazolyl
tetrazolium bromide (MTT) assay. The two tested cells
were grown in 96-well tissue culture plates (100 μL/well,
1 × 105 cells) and incubated at 37°C in a humidified con-
dition, 5% CO2 incubator for 24 h. After forming a con-
fluent sheet, the cell monolayer was washed twice with
washing media and incubated for 48 h in maintenance
media (RPMI medium with 2% serum) treated with var-
ious concentrations (1,000, 500, 250, 125, 62.5, and
31.25 μg·mL–1) of synthesized CuO-NPs, 3 wells receiving
only media without CuO-NPs as a control. After incuba-
tion, culture media were decanted and 50 μL of fresh
MTT solution (5mg·mL−1 in PBS, Bio Basic Canada Inc.)
were added to each well, thoroughly mixed for 5min on a
shaking condition (150 rpm), and plates were incubated
for 4 h to allow metabolization of MTT. After incubation,
media were dumped off and the developed formazan
crystals were dissolved in DMSO (10%) and plates were
shacked in dark for 30min. Finally, the OD of the formed
color was measured at 570 nm in a multi-well ELISA plate
reader [34]. Changes in cell morphology were visualized
by a phase-contrast microscope, and cell viability was
calculated by the following equation:

( ) = ×Cell viability % Absorbance of treated sample
Absorbance of control

100

(3)

2.6 Mosquitocidal activity

2.6.1 Mosquito rearing

The larvae of Culex antennatus mosquito species were
obtained from the Entomology Laboratory, Faculty of
Science, Al-Azhar University, Cairo, Egypt. The collected
larvae were put in a plastic container covered with tap
water and kept under in vitro conditions. The experiment
was achieved under relative humidity percentages of
70–80%, a temperature of 27°C ± 2°C, and a photoperiod
of 12:12 light/dark. The dog biscuits mixed with yeast
were used for larvae feeding under laboratory conditions.

2.6.2 Bioassay

The efficacy of bacterial-synthesized CuO-NPs against I, II,
III, and IV instar larvae of C. antennatuswas done according
to standard methods of WHO [35] with slight modification.
Approximately, 25 C. antennatus larvae from each instar
were transferred to the cup containing 100mL of CuO-NPs
at different concentrations (10, 20, 30, 40, and 50mg·L–1),
whereas the cup containing 100mL of dechlorinated tap

water was used as a control. The experiment was conducted
in five replicates for each CuO-NPs concentration. The
larvae were considered dead when they lost their ability
to reach the treatment solution surface after disturbing
the cups. The mortality percentages were calculated after
48 h using the following equation [36]:

( ) =

−

−

×

Mortality percentages %
Mortality in treatment Mortality in control

100 Mortality in control
100

(4)

2.7 Statistical analysis

Data obtained in the current study are represented as the
mean values of three independent replicates. Data were
analyzed using the statistical package SPSS v17. The mean
difference comparison between the treatments was ana-
lyzed by the t-test or the analysis of variance (ANOVA)
and subsequently by the Tukey HSD test at p < 0.05. The
larvae mortality percentages were analyzed using probit
analysis, with LC50 and LC90 calculated using Finney’s
method.

3 Result and discussion

3.1 Endophytic bacterial strain mediated
green synthesis of CuO-NPs

Green synthesis of nanomaterials is becoming more pop-
ular, safe, and cost-effective. Among green synthesis,
endophytic microorganisms such as bacteria, actinomy-
cetes, and fungi have the high potential to convert metal
and metal oxide ions to nanoscale structures [37]. Amongst
endophytic microbes, bacterial strains possess the potential
to establish various defense mechanisms to ameliorate the
toxicity of accumulated metal ions inside the plant cells by
converting them to the nanoscale, therefore it is a candidate
to become a good producer of nanoparticles [38]. In addi-
tion, the huge metabolites produced by endophytic bac-
teria are used to reduce metal-to-metal nanoparticles and
enhance the stability of fabricated nanostructure [39]. In
the current study, the metabolites secreted by the endo-
phytic bacterial strain, Brevibacillus brevis PI-5 were har-
nessed to fabricate CuO-NPs. These metabolites were used
as a reducing agent for Cu(CH3COO)2·H2O to form CuO-NPs
followed by capping of the final product to enhance their
stability. Change in biomass filtrate color after mixing
with metal precursor is an incredibly useful indicator for
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successful NPs fabrication [40]. Herein the first monitor for
the successful formation of CuO-NPs by endophytic bac-
terial strain EP-1 was the change in biomass filtrate from
colorless to greenish color. In contrast, no color change in
bacterial biomass filtrate was incubated under the same
condition in the absence of metal precursor. The change
in color is attributed to charged particle vibration existing
on the NPs surface and resonance [31]. The obtained data
agree with those reported that the biomass filtrate of Pseu-
domonas fluorescens was changed from blue (original
color) to greenish after mixing with CuSO4 solution indi-
cating the formation of CuO-NPs [41]. Similarly, the bio-
mass filtrate of endophytic actinomycetes, Streptomyces
zaomyceticus, and Streptomyces pseudogriseolus was
changed from pale blue to greenish color after mixing
with Cu(CH3COO)2‧H2O [42].

3.2 Characterization of CuO-NPs

3.2.1 UV-Vis spectroscopy

The greenish color intensity that formed due to the mix-
ing of biomass filtrate of endophytic bacteria strain with
Cu(CH3COO)2‧H2O was investigated using UV-Vis spectro-
scopy at a varied wavelength of 200–800 nm (Figure 1a).
Data showed that the maximum absorption peak was
observed at 290 nm which correlated to the maximum sur-
face plasmon of CuO. The obtained data are compatible
with the absorption peak of CuO-NPs in the published
literature [29]. The UV-Vis analysis is more sensitive to
size, shape, concentration, and refractive indices near
the NPs surface because of the unique optical NPs proper-
ties [31]. Therefore, UV-Vis spectroscopy is considered a

Figure 1: (a) UV-Vis spectroscopy showed the maximum SPR of bacterial-synthesized CuO-NPs at 290 nm and (b) FTIR of endophytic
bacterial biomass filtrate and fabricated CuO-NPs showed various functional groups.
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useful technique for the identification and characterization
of NPs. In the current study, the appearance of a single peak
in the UV chart predicted that the shape of green synthe-
sized CuO-NPs is spherical as reported previously [43].

3.2.2 FTIR spectroscopy

The functional groups related to various compounds pre-
sent in bacterial biomass filtrate and their role in redu-
cing, capping, and stabilizing CuO-NPs were detected
using FTIR (Figure 1b). As shown, the bacterial biomass
filtrate has three absorption peaks at 1,640, 2,060, and
3,440 cm–1. The strong observed peak at 1,640 cm–1 can
be signifying to (the amide I and II of proteins) and
(stretching C]O of polysaccharide moieties) secreted
by bacterial strain [9]. The peak at 2,060 cm–1 is attrib-
uted to the stretching CO of unsaturated ester and car-
boxylic compounds, whereas the peak at 3,440 cm–1 can
be related to the stretching O‒H of hydroxyl groups that
overlapped with stretching N‒H of aliphatic primary
amines [44,45]. The IR spectra of CuO-NPs showed varied
intense peaks at different wavelength values (Figure 1b).
The strong broad peak at 3,250 cm–1 is attributed to the
stretching O‒H of carboxylic acid, whereas the medium
peak at 2,920 cm–1 corresponds to the stretching C‒H of
alkane [46]. The medium observed peak in 2,000 cm–1 is
signified by stretching C]C]C of allene, while the peak at
2,100 cm–1 is related to C^C stretch of alkyne [47]. Peaks
at 1,628 and 1,540 cm–1 are corresponding to either C]N
(carbonyl groups), C]O (carboxylic group), or C]C (pri-
mary and secondary amides) [48,49]. The medium peaks
at 1,370 and 1,230 cm–1 are corresponding to stretching
S]O and C‒N of sulfonamide and amine, respectively,
whereas the strong peak at 1,025 cm–1 can be related to
the deformation of stretching CO or OH of alcoholic and
phenolic groups, respectively [50]. The presence of CuO in
the sample was confirmed at a wavenumber of 520 cm–1.
The obtained data are completely in agreement with var-
ious studies that confirmed that the peak of CuO-NPs was
in the range of 400–700 cm–1 [51–53]. The presence of
various functional groups such as an alkane, alkyne,
amines, phenolic, carbonyl, and carboxylic groups was
important for the reduction of metal precursors to form
metal oxide nanoparticles (CuO-NPs) followed by capping
and stabilizing the final product.

3.2.3 TEM

The size, surface charge, shape, biocompatibility, agglomera-
tion, and stability of NPs are considered themain parameters

that influenced their biological and biotechnological activ-
ities [7]. TEM analysis is a useful method for the determi-
nation of sizes, shapes, and agglomeration of synthesized
NPs. As seen, the CuO-NPs fabricated by endophytic
bacterial strain, B. brevis PI-5 were spherical in shape,
well-dispersed with sizes of 2–28 nm, and average particle
size of 10.8 ± 4.5 nm (Figure 2a and b). The obtained result
was compatible with those reported that the average size
of CuO-NPs synthesized by aqueous extract of pumpkin
seeds was 20 nm [54]. Also, the TEM analysis of CuO-NPs
fabricated by Streptomyces sp. strain MHM38 revealed that
the average size was in the range of 1.7–13.5 nm [55]. The
activity of CuO-NPs was size- and shape-dependent as
previously reported. For instance, the antibacterial activity
of CuO-NPs against E. coli, P. aeruginosa, B. subtilis, and
S. aureuswas dependent on size. The highest antibacterial
activity was recorded for the size of 20 nm followed by
21, 25, and 27 nm, respectively [56]. Mancuso and Cao
reported that the CuO-NPs at the nanoscale in the range
of 20–50 nm were more toxic as compared with micro-size
particles [57]. Moreover, the removal of methyl orange dye
using NPs was more effective for spherical shapes followed
by hexagonal, cuboidal, and cylindrical shapes [58]. The
activity of zinc oxide nanoparticles with nano-rod shape
against various pathogenic microbial strains and can-
cerous cell lines wasmore effective compared to hexagonal
shape [59]. Due to the smaller size of the bacterial-synthe-
sized CuO-NPs in the current study, we can predict their
high biological activity.

3.2.4 SEM-EDX

The EDX microanalysis is a useful technique used to
detect the qualitative and quantitative elements in the pre-
pared sample based on the emission of specific X-rays
[60]. In the current study, the elementary mapping of
the bacterial-synthesized CuO-NPs was analyzed using
EDX (Figure 2c). As shown, one peak for O was shown
at 0.5 keV, and three peaks for Cu were observed at 1, 8,
and 9 keV indicating the successful formation of CuO-NPs
as reported previously [61]. The elementary mapping
revealed that the prepared sample contains C, O, and Cu
with weight percentages of 23.5%, 27.62%, and 48.88%
and atomic percentages of 35.71%, 49.44%, and 14.85%,
respectively. The presence of C can be attributed to the
scattering of capping agents such as carbohydrates, pro-
teins, and polysaccharides due to X-ray emission [55,62].
No other additional peaks in the EDX chart imply that the
synthesized CuO-NPs were highly pure. Similarly, the EDX
chart of CuO-NPs synthesized by endophytic actinomycetes
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contains Cu and O with weight percentages of 75.5% and
24.5% and atomic percentages of 57.8% and 42.2%, respec-
tively [29].

3.2.5 XRD

The XRD analysis was achieved to examine the purity and
crystalline phase of as-formed nanoparticles. Figure 3
showed the XRD pattern of bacterial-synthesized CuO-NPs
and exhibit the presence of 8 diffraction peaks at 2θ degrees
of 32.62°, 35.6°, 38.68°, 48.8°, 53.68°, 58.4°, 61.58°, and
66.48° which corresponds to plane peaks of (110), (002),

(111), (−202), (020), (202), (−113), and (310), respectively.
The obtained data affirm the synthesized monoclinic
crystalline CuO-NPs according to JCPDS (80-1916) [16].
The obtained results are compatible with previous studies
on the green synthesis of CuO-NPs [47,63]. According to
the XRD pattern, the presence of well-defined and sharp
diffraction peaks confirmed the crystallinity nature of
synthesized CuO-NPs with a size less than 100 nm [64].
Naz et al. reported that the presence of diffraction peak
in XRD pattern in 2θ range of 35–39° confirmed the suc-
cessful formation of CuO-NPs [65]. The absence of addi-
tional diffraction peaks in the XRD pattern indicates
that the purity of synthesized CuO-NPs is high and this

Figure 2: Characterization of CuO-NPs synthesized by endophytic bacterial strain, B. brevis. (a) TEM analysis showed spherical shape,
(b) size distribution of synthesized CuO-NPs showed average particle size of 10.8 ± 4.5 nm, and (c) EDX chart showing the sample
containing Cu, O, and C.
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finding was compatible with EDX analysis. The crystal-
lite size of CuO-NPs can be calculated based on XRD
analysis using Scherrer’s equation which was 19 nm. A
similar result was observed by Amin et al. who reported
that the crystallite size of CuO-NPs fabricated by leaf
aqueous extract of Aerva javanica was 15 nm based on
a calculation using Scherrer’s equation [16].

3.2.6 XPS

Figure 4a shows the XPS survey spectra of the CuO-NPs.
It confirms the presence of the Cu element by different
formations (binding energy), i.e., (Cu 3p3, Cu 2p1, Cu 2p3,
Cu 2s, Cu LM1, and Cu LM2). In addition, other elements
either reflect the structure (C 1s, N 1s, O 1s, and O KL1,
O KL2) or are related to the metabolites (Na 1s and Na 2s).

The C 1s (Figure 4b) was split into six internal peaks
corresponding to the hydrocarbon skeletal, i.e., C]C,
C(H, C), C(S, N), C–OH, C‒O‒C, and O−C]O, these peaks
have appeared at 283.95, 284.83, 285.75, 286.6, 288.3, and
289.15 eV, respectively [28,66]. The O 1s (Figure 4c) was
deconvoluting to four peaks confirming both hydrocar-
bons and impeded CuO with Na element; these peaks
appeared at 529.75, 531.21, 532.35, and 535.9 for O–Na,
O (Cu(II), C,H), O–C]O, and C–O–C, NaKLL [32,67],
respectively. These peaks are parallel to the FTIR analysis
which shows NH, C]O, and C–O. N 1s (Figure 4d) was
split into two peaks for N(C, H) at a bending energy of
400.04 eV [68]. The Cu(II) (Figure 4e) shows mainly Cu 20
3/2 peaks verifying the Cu(II) species. This peak was split
into two peaks at 932.87 and 934.45 eV. From these data
(especially from O 1s and Cu 2p), it can concluded that the
Cu was found in the sample as divalent oxide.

3.3 Antifungal activity

Fungi are considered one of the main pathogens for
plants, animals, and humans. The world’s crops are sub-
jected to annual loss of 10–15% due to plant disease, and
70–80% of these diseases are caused by fungi [69].
Therefore, the discovery of new active compounds to
cope with these losses is considered one of the main
challenges. In the current study, the activity of different
concentrations of CuO-NPs synthesized by endophytic
bacterial strain as a green approach was assessed to
inhibit the growth of three important phytopathogens,
Fusarium oxysporum, Alternaria alternata, and Asper-
gillus niger. Data analysis revealed that the inhibitory
effects of CuO-NPs were dependent on the concentration
and the type of fungi. At low concentration (100 µg·mL–1),
the inhibition percentages of A. niger, F. oxysporum, and
A. alternata were 47.1% ± 3.3%, 43.4% ± 2.9%, and 41.7%
± 2.5%, respectively (Figure 5). The inhibitory percen-
tages were increased with the increase in the CuO-NPs
concentrations to 58.5% ± 2.4%, 52.8% ± 3.3%, and
50.9% ± 1.9% for a concentration of 200 µg·mL–1 and
70.2% ± 2.3%, 64.5% ± 4.1%, and 62.9% ± 0.3% for a
concentration of 300 µg·mL–1 against A. niger, F. oxy-
sporum, and A. alternata, respectively (Figure 5). As
shown, A. niger was highly sensitive to bacterial-synthe-
sized CuO-NPs followed by F. oxysporum, and A. alter-
nata. In a recent study, the CuO-NPs synthesized by
endophytic Streptomyces spp. were more active against
phytopathogen A. niger with a maximum inhibition per-
centage of 75% followed by A. alternata, F. oxysporum,
and Pythium ultimum with varied inhibition percentages
[42]. Various metal-NPs, metal oxide-NPs, and nanocom-
posites such as Ag-NPs, Cu-NPs, ZnO-NPs, and CuO/C

Figure 3: XRD pattern of CuO-NPs synthesized by endophytic bacterial strain B. brevis.
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Figure 4: The XPS analysis of CuO-NPs synthesized by endophytic bacterial strain B. brevis. (a) XPS survey, (b–e) C 1s, O 1s, N 1s, and Cu2p,
respectively.
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especially those fabricated by green methods are utilized
as a safe agent to control different phytopathogenic
fungi [70–72].

Diseases caused by Candida spp. have increased
especially in the last decade and are responsible for noso-
comial infections that cause serious health issues

Figure 5: The mycelial growth inhibitions of three phytopathogens, F. oxysporum, A. alternata, and A. niger growing on potato dextrose agar
media supplemented with different concentrations (300, 200, and 100 µg·mL–1) and incubation for 5 days.
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worldwide [73]. Therefore, it is urgent to discover new
active compounds to overcome the health problems caused
by Candida spp. In the current study, the activity of CuO-NPs
against various clinical Candida isolates, C. albicans, C. glab-
rata, C. tropicalis, and C. parapsilosis was investigated using
the agarwell diffusionmethod. Analysis of variance revealed
that the activity of bacterial-synthesized CuO-NPs was dose-
dependent. The obtained data are compatible with those
reported that the anti-Candida activity of CuO/C nanocom-
posite synthesized by leaf aqueous extract of Adhatoda
vasica was concentration-dependent [72]. The negative
control which was DMSO as a solvent system does not
exhibit activity against any Candida species. The highest
inhibition zones were 19.3 ± 0.7, 16.7 ± 1.5, 19 ± 1, and
13.7 ± 0.7mm for C. albicans, C. glabrata, C. tropicalis,
and C. parapsilosis, respectively at a maximum CuO-NPs
concentration (200 µg·mL–1) (Figure 6). The diameter of
inhibition zones was reduced by decreasing the concentra-
tions of CuO-NPs. For instance, at a concentration of
100 µg·mL–1, the diameter of the zone of inhibition was
16.7 ± 0.7, 15.3 ± 0.6, 17.3 ± 0.6, and 12.3 ± 0.5 mm for
C. albicans, C. glabrata, C. tropicalis, and C. parapsilosis,
respectively. Whereas these inhibition zones were reduced
to 15.3 ± 0.6, 15 ± 1, 15.7 ± 1.2, and 10 ± 1 mm at a concen-
tration of 50 µg·mL–1 for the same previous sequence of
candida species (Figure 6). In harmony with the obtained
data, the highest inhibition zones of 34.2± 1.4 and 23.7± 1.5mm
were attained due to treatment of C. albicans and C. glabrata
with 100 µg·mL–1 of CuO-NPs fabricated by leaf aqueous
extract of Achillea millefolium [74]. These zones of inhibi-
tions were reduced to 19.5 ± 0.6 and 18.6 ± 1.2mm, and

11.6 ± 0.5 and 15.2 ± 1.4mm at 50 and 10µg·mL–1 of CuO-NPs,
respectively. Also, CuO-NPs synthesized by harnessing
metabolites secreted by Aerva javanica showed anti-Candida
activity against C. albicans, C. tropicalis, and C. krusei with
zones of inhibitions of 9 + 0.5, 4 ± 0.0, and 5 ± 1mm at a
concentration of 100 µg·mL–1 [16]. The CuO-NPs fabricated
by different bacterial species, namely, Rhodococcus,Marino-
monas, Brevundimonas, Pseudomonas, and Bacillus isolated
from Antarctic ciliate Euplotes focardii showed high anti-
Candida activity against C. albicans and C. parapsilosis
with clear zones in the range from 16 ± 0.4 mm to
18 ± 0.4 mm as compared with clear zone formed by
CuSO4 (11 ± 0.2 mm) [75]. Moreover, Ag-NPs fabricated
by aqueous extract of Alhagi graecorum displayed high
activity against various Candida strains designated as
C. glabrata, C. albicans, C. tropicales, C. parapsilosis,
and C. krusei with inhibition zones in the range of
14–27 mm according to concentration used [76].

Successful infection control depends on the strategy
of treatment that is selected according to the dependable
evaluation of MIC [77]. Our study revealed that the lowest
MIC value of 6.25 µg·mL–1 was assigned against C. albi-
cans and C. glabratawith inhibition zones of 9.7 ± 0.6 and
9.3 ± 0.6mm, respectively. The MIC value was increased
to 12.6 µg·mL–1 for C. tropicalis and 50 µg·mL–1 for C. para-
psilosis with zones of inhibitions of 10.7 ± 0.6mm and
10 ± 1 mm, respectively. In a recent study, the MIC values
of green synthesized CuO-NPs against various Candida
species were in range of 160–300 µg·mL–1 [16]. Also, the
MIC value of CuO-NPs against C. albicanswas 400 µg·mL–1

[78]. The difference in MIC values could be attributed to
different parameters such as size, shape, and surface
charge [79]. Therefore, the lowest MIC value in the current
study could be attributed to the small size of bacterial-
synthesized CuO-NPs.

The inhibitory effects of CuO-NPs depend on several
parameters such as NP concentration, contact time, tem-
perature, size, shape, humidity, agglomeration, and sur-
face area [80,81]. The antifungal activity of CuO-NPs can
be attributed to different mechanisms such as the release
of toxic ions (Cu2+) due to the dissolution of CuO-NPs
inside the cells. These toxic ions can cause dysfunctional
proteins by reacting with –SH groups and hence destroy
the essential cytoplasmic membrane proteins. Moreover,
these ions can hinder or disrupt the electron transport
system and hence change the membrane potential [82].
The accumulation of CuO-NPs on the cell can inhibit the
conidia germination and hence suppress fungal develop-
ment. Another toxic mechanism of NPs can be related to
the over transcription of some genes responsible for oxi-
dative stress that generate reactive oxygen species (ROS)
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Figure 6: Activity of CuO-NPs against clinical pathogens C. albicans,
C. glabrata, C. tropicalis, and C. parapsilosis at different concen-
trations (200, 100, 50, 25, 12.5, 6.25, and 3.13 µg·mL–1).
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which causes acute damage to membrane components,
protein structure, nucleic acid materials, and interfere
with the absorption of nutrient [83,84]. In addition, the
anti-Candida activity of CuO-NPs could be their efficacy
to alter the sterol profile in the cell wall of Candida spe-
cies by hindering the pathway for synthesis of ergos-
terol [85].

3.4 In vitro cytotoxicity

Cancer is one of the main challenges that threaten world
health that has not yet been addressed. Recently, various
NPs showed high activity against different cancer cells
and hence can be incorporated into cancer therapy or
used as a carrier or delivery systems for drugs used in
cancer treatment [16]. Before the enforcement of NPs as
an antiproliferative agent against various cancer cells,
the side effects and safe dose that could be used to ame-
liorate the harmful effects on normal cell lines should be
detected. In the current study, the activity of green
synthesized CuO-NPs against cancer (T47D) and normal
(HFB4) cell lines were evaluated using the MTT assay
method. This method is sensitive, accurate colorimetric,
and target oriented to evaluate the metabolic activities
of cell lines by detecting the count of viable cells after
CuO-NPs treatment [86]. Data analysis showed that the
toxic effect of CuO-NPs against cancer and normal cell
lines was in a concentration-dependent manner that
was compatible with various published investigations
[29,34]. At high concentrations (1,000 μg·mL–1), the cell
viability of cancer and normal cell lines are highly affected
(cell viability = 3.7% ± 0.4% and 5.8% ± 0.3% for T47D
and HFB4, respectively) (Figure 7). Similarly, the highest
reduction in cell viability of colorectal cancer cells (HCT-116)
was 21% at the maximum concentration used for the green
synthesized CuO-NPs (35 μg·mL–1) [54]. Also, the CuO-NPs
synthesized by Cordia myxa aqueous extract showed high
toxic effects against breast cancer cell lines, MCF-7, and
AMJ-13 decreasing the cell viability to percentages of
80.6% and 73.7%, respectively, at 100 μg·mL–1 after incu-
bation times of 48 h [87]. In the current study, the cell
viability was decreased by increasing the concentrations
of CuO-NPs. For instance, at 125 μg·mL–1, the cell viability
of breast cancer cells T47D was decreased by a percen-
tage of 51% whereas the viability of normal HFB4 was
decreased by a percentage of 8% (Figure 7). Andra et al.
reported that the green synthesized CuO-NPs exhibit
high cytotoxic efficacy against cancer cell lines as com-
pared with those synthesized by chemical and physical
approaches [88].

Herein the CuO-NP concentration required for mor-
tality of 50% of cells (IC50) was calculated. Data showed
that the IC50 value for normal cell lines, HFB4 was
229.9 ± 5.7 μg·mL–1 which represented about twice the value
for cancer cell lines, T47D which was 122.3 ± 5.4 μg·mL–1.
In a recent study, the IC50 values of CuO-NPs fabricated
by fungal strain, Aspergillus terreus against WI38 (normal
cell lines) and Caco-2 (cancer cell lines) were 192.2 and
96.3 μg·mL–1, respectively [53]. Based on the obtained
data, it can be concluded that the low concentration of
green synthesized CuO-NPs has antiproliferative effects
on cancer cell lines, while it can affect the survival,
activity, and population of normal cell lines when applied
at a double concentration. Hence, it is likely to exploit
this target orientation to create a therapeutic window for
applying CuO-NPs as a chemotherapeutic agent. In addi-
tion, the morphological changes due to treatment with
various concentrations of CuO-NPs were noticed after
incubation for 48 h. As shown, the cells without treatment
(control) under the inverted microscope are well spread
and their morphology appears as adherent epithelial cells.
At high concentrations, the epithelial monolayer sheets
are lost partially or completely. Also, some morphological
changes such as shrinking, roundness, buoyancy, migra-
tion, and granulations appeared (Figure 8). These morpho-
logical changes disappeared gradually by decreasing the
CuO-NPs concentrations.

The activity of CuO-NPs against cancer cells could be
attributed to different mechanisms such as enhanced
ROS production, apoptosis, antioxidant activity, autop-
hagy, and cell cycle turned-off, which depend on the
source of CuO-NPs and type of cell lines [89]. The direct
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Figure 7: In vitro cytotoxicity of CuO-NPs against breast cancer cell
lines (T47D) and normal cell lines (HFB4) detected by MTT assay
method.
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anticancer mechanism of CuO-NPs is the ROS generation
or indirectly through enhanced redox reaction that ulti-
mately leads to ROS production [65]. Upon exposure
of the cell to CuO-NPs, it dissolutely forms Cu2+ that binds
to major macromolecules inside the cells such as pro-
teins, nucleic acid, and ribosomes leading to distortion
or breakdown of these molecules, ultimately leading
to cell death [89]. Also, in the cell, CuO-NPs react with
mitochondria or with acidic conditions of the lysosome,
leading to ROS production that is harmful to the cells
[90]. ROS has damage effects on proteins, DNA, and
cell membranes [91]. The most common free radicals

associated with ROS toxicity are H2O2, –O2, and •OH
[92]. Published investigations suggested that the genera-
tion of ROS in cancer cells is higher than in normal cells
due to high metabolic activity in cancer cells [89], and
this phenomenon is beneficial in the application of NPs in
cancer therapy. Apoptosis is a mechanism for cell death
controlled by a group of caspases due to DNA damage
and cellular stresses [93]. This type of cell death was
attained through extrinsic and intrinsic pathways. Treat-
ment with green synthesized CuO-NPs can upregulate
the expression of these pathways, leading to enhanced
apoptosis [94].

Figure 8: Morphological changes in cancer and normal cell lines due to treatment by various concentrations of CuO-NPs. T47D, C and HFB,
C denote the control (without treatment); T47D, I; T47D, II; T47D, III, and T47D, IV refer to the shape of cancer cell lines T47D after treatment
with 50, 25, 6.25, and 3.12 μg·mL–1, respectively; HFB4, I; HFB4, II, HFB4, III, and HFB4, IV refer to the shape of normal cell lines HFB4 after
treatment with 50, 25, 6.25, and 3.12 μg·mL–1, respectively.
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3.5 Larvicidal activity

Various human and animal diseases such as filariasis,
malaria, chikungunya, yellow fever, Rift Valley fever,
and West Nile virus are mainly transmitted by mosquito
vectors [95]. Therefore, it is important to control the
spread of these vectors. The usage of chemical methods
has declined due to their serious issues such as the devel-
opment of resistant mosquito vectors and the toxicity of
these chemical compounds to humans, animals, and
plants [96]. Therefore, the development of cost-effective
and low toxic substances for mosquito vector control is
considered the main challenge. Due to increasing devel-
opment in nano-biotechnology science and the unique
properties of nanomaterials, it can be used as an alter-
native source for vector control. In the current study, the
synthesized CuO-NPs by endophytic bacterial strain were
used to control the various instar larvae of Culex anten-
natus. To the best of our knowledge, this is the first trial
to utilize green synthesized CuO-NPs in the biocontrol of
C. antennatus.

Herein the activity of bacterial-synthesized CuO-NPs
to inhibit the various instar larvae of C. antennatus was

dependent on the concentrations. The obtained data are
compatible with published investigations about the effect
of various nanomaterials on the activity of mosquito vectors
[97,98]. At the lowest CuO-NPs concentration (10mg·L–1),
the mortality percentages were 60% ± 1.4%, 43.1% ± 1.1%,
36.2% ± 1%, and 32.1% ± 0.9% for I, II, III, and IV instar
larvae, respectively (Table 1). These percentages were
increased by increasing the CuO-NP concentrations to
reach 64.5% ± 1.5%, 49.3% ± 1.0%, 43.1% ± 1.0%, and
35.1% ± 0.5% at 20mg·L–1 and reached 86.9% ± 2.1%,
68.1% ± 1.7%, 64.4% ± 1.9%, and 53.1% ± 1.4% at the
highest concentration (50mg·L–1) for the same sequence
of instar larvae (Table 1). Similarly, the mortality percen-
tages of I, II, III, and IV instar larvae of Culex quinquefas-
ciatus due to treatment with 100, 250, and 500mg·L–1 of
CuO-NPs after 48 h were (73.3% ± 9.4%, 93.3% ± 9.4%,
and 96.7% ± 4.7%), (46.7% ± 9.4%, 73.7% ± 18.9%, and
77.3% ± 4.7%), (56.0% ± 8.2%, 60.7% ± 12.5%, and
66.3% ± 4.7%), and (36.3% ± 4.3%, 43.7% ± 4.7%,
and 56.7% ± 9.4%), respectively [99]. Also, the mortality
percentages of III instar larvae of Culex pipiens were
increased from 12.6% ± 0.5% to 76.8% ± 0.6% due to
increase in the CuO-NPs concentration from 1 to 20mg·L–1

Table 1: Larvicidal activity of CuO-NPs against I, II, III, and IV instar larvae of Culex antennatus

Instar larvae Concentrations (mg·L–1) Mortality percentages (%) LC50 (LCL–UCL) LC90 (LCL–UCL) χ2 (df = 3)

I Control 00.00 ± 0.0 2.4 (0.6–11.1) 53.6 (21.5–97.4) 7.951
10 60.0 ± 1.4
20 64.5 ± 1.5
30 72.1 ± 0.5
40 82.4 ± 2.0
50 86.9 ± 2.1

II Control 00.00 ± 0.0 13.4 (4.1–25.7) 54.5 (22.5–99.4) 8.624
10 43.1 ± 1.1
20 49.3 ± 1.0
30 55.2 ± 1.2
40 58.3 ± 0.5
50 68.1 ± 1.7

III Control 00.00 ± 0.0 21.9 (9.3–42.6) 62.6 (31.9–107.8) 9.361
10 36.2 ± 0.5
20 43.1 ± 1.0
30 47.1 ± 0.4
40 57.1 ± 1.0
50 64.4 ± 1.9

IV Control 00.00 ± 0.0 24.4 (12.1–51.7) 65.1 (37.1–115.4) 10.529
10 32.1 ± 0.9
20 35.1 ± 0.5
30 43.1 ± 0.7
40 47.2 ± 1.2
50 53.1 ± 1.4

LC50 and LC90– lethal CuO-NPs concentrations for 50% and 90% of larvae population, respectively; LCL and UCL – lower and upper
confidence limit, respectively; χ2 – chi-square value. Data are represented by mean value ± standard error (SE).
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[23]. Based on the obtained data, the CuO-NPs synthesized
by bacterial endophytes have a promising larvicidal activity
at low concentrations and this could be related to the small
size. Data analysis showed that the LC50 values (concentra-
tion for inhibiting 50% of larvae population) were 2.4, 13.4,
21.9, and 24.4mg·L–1 for the first, second, third, and fourth
instar larvae, respectively. Whereas the LC90 value (concen-
tration for inhibiting 90% of larvae population) was 53.6,
54.5, 62.6, and 65.1mg·L–1 for the same sequence of instar
larvae.

The green synthesized CuO-NPs have been showing a
promising insecticide activity and can be replaced by the
chemical synthetic agents as reported previously [97]. In
the current study, among the reasons that increase the
efficacy of CuO-NPs against various instar larvae is its
smaller size (2–28 nm) that facilitates its penetration
through insect cuticle and hence react with macromole-
cules inside the cells, leading to cell death [100]. Another
toxicity mechanism is the ability of CuO-NPs to dissociate
into Cu2+ and O2− inside the cell. The accumulation of
toxic Cu2+ ions leads to the disruption the cellular equili-
brium and hence more stresses were achieved causing
damage to cellular components such as proteins, DNA,
and amino acids leading to cell death [92]. Moreover, the
high amount of O2– inside the cells causes oxidative
stress that leads to generating ROS ultimately leading
to cell death [91].

4 Conclusion

In the current study, an environmentally friendly, cheap,
simple, and rapid green approach was used to fabricate
CuO-NPs to possibly integrate into various applications.
Therefore, biomass filtrate of endophytic bacterial strain,
Brevibacillus brevis PI-5 was used as a biocatalyst to
reduce metal precursor and form CuO-NPs followed by
capping and stabilizing as-formed final product which
was characterized by UV-Vis spectroscopy, FTIR, XRD,
TEM, SEM-EDX, and XPS analyses. Our study confirmed
the hypothesis that suggests the biological activity of nano-
particles was size and dose dependent. Therefore, the sphe-
rical and small size of formed CuO-NPs (2–28 nm) showed a
promising activity to control the growth of some important
phyto-pathogenic fungi as well as inhibit the growth of
various clinical Candida strains. Interestingly, the smaller
size of synthesized CuO-NPs displayed high orientated
activity toward breast cancer cell lines (T47D) at low dose
compared to the activity toward normal cell lines (HFB4).
Finally, bacteria-mediated CuO-NPs showed high mortality

percentages in the range from 86.9% ± 2.1% to 53.1% ± 1.4%
for the instar larvae of Culex antennatus. The synthesized
CuO-NPs need more applications against pathogenic bac-
teria and more cancerous cell lines to investigate their
broad-spectrum activity. However, the obtained data pro-
vides a safe approach for application in the agricultural
sector, biomedicine, and control of the spread of mosquito
vectors to overcome the disadvantages of the usage of che-
mical substances.
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