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ABSTRACT

Nanotechnology is a well advanced area and different types of nanoparticles are now produced.
The most revolutionary topic of the twenty-first century is nanotechnology. Recently, metallic
nanoparticles (NPs) have gained a lot of attention. In this study a straightforward, safe, and
economical method is used for synthesizing copper nanoparticles (CuNPSs) by using cell free filtrate
of Aspergillus niger. Fungi secretes enormous amount of enzymes which act as reducing as well
stabilizing agents. Synthesized CuNPs were characterized by different techniques. Ultraviolet (UV)-
visible spectrophotometer showed a characteristic peak at 380nm, Dynamic Light Scattering (DLS)
analysis indicated that CuNPs have average size of 570nm with 0.480 PDI. SEM (Scanning
Electron Microscopy) revealed CuNPs are of cubic shape. As per FTIR (Fourier Transform Infrared
Analysis) two functional groups i.e., -O-H- and C=C- on the surface of CuNPs. Genetic analysis of
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Aspergillus niger revealed the presence of nitrate reductase enzyme that may involve in reduction
of metal into NPs. Furthermore, CuNPs showed significant antibacterial action against Escherichia
coli, Bacillus subtilis, Staphylococcus aureus, and Klebsiella pneumoniae with 17mm, 20mm,
17mm and 20mm respectively. CuNPs also showed antioxidant potential with 59.41ug/ml.

Fungi secretes valuable enzymes with inherent ability to reduce metal ions into NPs. This reduced
the cost of NPs synthesis and also synthesized NPs exhibit greater biomedical applications.

Keywords: CuNP; fungi; reductase enzyme; antibacterial activity; antioxidant activity.

1. INTRODUCTION

Nanotechnology is the field of science that
involves the production of nanoparticles. Utilizing
tiny atoms or molecules in order to produce
incredibly tiny but useful particles known as
nanoparticles is essentially a combination of
science and engineering [1]. These are
categorized as particles that differ from other
extensive material because of their size range of
1 nm to 100 nm Nanotechnology is a highly
developed field that alters people’s ways of
thinking by allowing them to handle tiny particles
on a vast platform to achieve a variety of
objectives [2]. It emerged in the twenty-first
century and has attracted a lot of interest
globally. Since nanotechnology manipulates
multiple Nano size materials in the fields of
physics chemistry, and biology in addition to
atoms and molecules, it has become increasingly
important during the past 15 years [3]. According
to their shape, size, and chemical makeup,
nanoparticles are broadly categorized into a
number of classes. The most frequently used
NPs (Nanoparticles) types, according to their
physical and chemical characteristics are, carbon
based, semiconductor NPs, ceramic NPs,
polymeric NPs, lipid based NPs and metal based
NPs [4]. Two commonly used approaches for
synthesis of NPs are top down and bottom up.
Among all these NPs metal NPs are widely used
and most important these days [5].

The latest approach towards nanoparticles is the
production of metal NPs like Copper, Palladium,
Gold, Silver, Platinum etc. Metal nanoparticles
exhibit unigue magnetic, catalytic, optical, and
electrical capabilities. Different chemical and
physical processes are used to produce metal
nanoparticles. They are frequently employed in
biotechnology [6]. Metallic nanoparticles can be
applied in a variety of fields, including electronic
devices, skin care products, protective coatings,
packing, and biotechnology [7-11]. The biological
method is used quite frequently because it is less
expensive, more effective, environment friendly,
and simple to use because it doesn't require
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expensive or toxic substances [12]. Now a day’s
different materials are used for the production of
NPs like filtrates of plant, fungus, algae, bacteria,
virus and yeast. However, the production of NPs
from fungus is latest approach [13]. As different
fungi have been using for the production of NPs.
Fungi are more efficient Nano factories than
bacteria and plants because, they are capable of
producing large amounts of enzymes and
proteins [14]. According to various studies, fungi
are relatively easy to synthesize large numbers
of nanoparticles [15]. Since they release a lot of
the enzymes required for the process. Reductase
enzyme is present in fungus that believed to
reduce metal into metallic nanoparticle. Copper
nanoparticle (CuNPs) are produced from
Aspergillus niger that is filamentous ascomycota
having spectate hyphae. Easily grown on all
media and have higher amount of biomass than
others. CuNPs produced from A. niger show
excellent biological activities [16].

2. MATERIALS AND METHODS
2.1 Isolation and Purification of Fungus

From soil sample, Aspergillus niger (A. niger)
was isolated. Soil samples were collected from
the area around plant roots, where most of the
activity of microbes is centered. The soil
specimens, that weighed approximately 4g, were
collected using a sterile spade and clean
polythene plastic bags. From June to August of
2022, samples of soil were taken at various sites
of Bahauddin Zakariya University in Multan.
Samples were diluted by serial dilution.

2.1.1 Serial dilution

A serial dilution is the process of gradually
reducing a solution's concentration in
accordance with an appropriate dilution rate. In
biological processes, it is usual practice to
decrease the total number of cells present in a
culture in order to accelerate the process [17].
Carefully weigh 1g of soil and added it to a test
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tube containing 10 ml of filtered water so as to
remove fungus spores from the soil samples. Six
test tubes containing 9 ml each of sterile diluents
(0.9% saline or distilled water) and the soil
sample wereused. A clean pipette was filled with
1 ml of a thoroughly mixed sample. The sample
was added to the first tube after it has been filled
to a total volume of 10 ml. By adding and
removing the pipette multiple times, the dilution
properly mixed. The liquid was removed from the
101 dilution and poured into the second tube
[18]. The overall diluting factor in the second tube
has changed to 102. After that, the remaining
portion of the tube had the same treatment. The
result is the ultimate dilution of the fungus and
cells. Fungal cultures are then grown on SDA
(Sabouraud Dextrose Agar) plates using the final
dilution. Media was produced for the fungus to be
cultured [19]. For preparing the media, added
17.1 g of SDA with 250 ml of filtered water,
weighed it, mixed it, and finally autoclaved it.
Cooled it between 37°C and 40°C. Media was
poured into petri plates, where it was then
solidified. Wire loops that have been sterilized
are used for fungal spore culture. Plates were
cultured and then stored in an incubator for
seven days at 37°C. For the purpose of fungal
purification, sub-culturing was done. Pure culture
was stored 4°C.

2.2 ldentification of Fungus

Aspergillus niger was identified by different
methods like morphological characterization and
biochemical assay.

2.2.1 Morphological identification

For 7 days, macroscopic characteristics such
colony size, colour, and shape were observed. In
order to determine microscopic characteristics, a
typical coverslip approach was used. The slides
were prepared, microscopy was carried out [20].
Pure fungal spores were collected using a
needle. They were forced onto a slide and
tortured until  enormous  structures were
completely destroyed. After adding a drop of
water onto the slide, it was covered with a
coverslip. The excess moisture was absorbed
using tissue paper. The slide was observed
under a microscope to see the characteristic
structures of fungus.

2.2.2 Biochemical assay

Fungus culture was biochemically identified
using the catalase assay. Some of fungal
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colonies were picked from culture plate and
dipped into 4 ml of 3% H20:2 solution for the
catalase assay using a sterilized wire loop for 8
to 10 seconds to watch the bubbling pattern.
Three runs of the experiment were done to get
the mean value [21].

2.3 Preparation of Biomass

For the preparation of cell free extract to use for
the preparation of nanoparticles, biomass of
fungus was prepared. For this purpose this
purpose, the Sabouraud Dextrose Broth (SDB)
media was made in a 100ml flask. 7.5g of SDB
and 250 ml of autoclaved water were added
before being swirled. After that, prepared
media was autoclaved. Media autoclaved cooled
at room temperature [22]. A. niger spores were
mixed in media using sterile wire loop. The
medial flask was removed from the rotatory
shaker after being shaken at a speed of 120rpm
for 7 days while maintaining a temperature of
37°C.

2.4 Preparation of Filtrate

Utilizing Whatman White Filter Paper No. 1,
biomass was collected. The media was
eliminated by washing the biomass three times in
deionized water, leaving only the fungal biomass
[23] .The flask was cleaned and then filled with
the washed biomass. In 100 ml of deionized
water, 5 g of fungal biomass was introduced. For
one day of incubation, the mixture was randomly
shaken at 12 rpm. Following that, the Whatman
filter paper method and the 0.5 m syringe filter
were used, respectively, to filter the biomass.
CuNPs were synthesized using the produced
filtrate.

2.5 Synthesis of CuNPs

The synthesis of CuNPs involves a variety of
criteria. In order to produce the largest number of
nanoparticles possible, the synthesis of CuNPs
was optimised by adjusting the pH, time,
concentration, and ratio. To evaluate the effect of
pH on the formation of CuNPs, the pH of the
reaction mixture was kept constant between 7
and 8. At pH 7, the majority of color shift was
seen. Different concentrations of copper sulphate
were maintained. The ratio between the
changing quantities of the fungal filtrate and the
copper sulphate solution was altered using
various ratios that were established as (fungal
filtrate: CuSOa solution) 1:1. For the synthesis of
CuNPs, 5ml of filtrate and 5ml of salt solution
were combined at a ratio of 1:1. As a control, 2-3
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ml of fungal filtrate free of CuSO4 was left in the
shaker while tubes were randomly stirred for 24
hours at 120 rpm.

2.6 Drying of CuNPs

After one day of incubation, CuNPs were
centrifuged three times at 12000 rpm for 5
minutes. They were then washed with distilled
water. Three times through these steps, only
NPs in the form of pellets remained after three
washings. The pellets were oven dry at 100°C for
one day. Before being transferred to 1.5 ml
Eppendorf, NPs finely powdered.

2.7 Genetic Characterization of CuNPs
Synthesizing Aspergillus niger Strain

2.7.1 Apparatus

The Gel Electrophoresis System apparatus
(Cleaver Scientific, UK), NanoDrop
spectrophotometer (BIODROP) and PCR thermal
cycler machine (BIO-RAD T100) were used to
analyze the presence of gene responsible for the
nitrate reductase enzyme production.

2.7.2 Genomic DNA
Aspergillus niger

isolation from

To extract DNA from isolated fungal samples,
already utilized procedures were modified
somewhat [19]. The mycelia of the fungus were
removed carefully through filtration utilizing a
sterilized funnel and filter paper after 48—60
hours of A. niger culture on SDB. Using a
cleaned scalpel mycelia were scraped off the
filter paper's surface before being dried.
Dried mycelia were crushed into a fine powder
using liquid nitrogen. 50mL falcon tubes were
filled with 2-3 g of either fresh or crushed mycelia
and 5 mL of extraction buffer. Used a sterilized
pestle and mortar to fully ground new mycelia in
the extraction buffer. The falcon tube was then
filled with 5 mL of a 3 M sodium acetate buffer
(pH 5.2), which was then incubated at -20
degrees Celsius for 10 minutes. At 4°C and

8,000 rpm, the tube was rotated for five minutes
(6,080 g). The resulting solution was collected in
a new falcon tube, and an equal volume of ice-
cold isopropanol was added next. The tube was
held at ambient temperature for 5 minutes and
then spun again at 8,000 rpm (6,080xg) at 4°C
for an additional five minutes. The pellet
was washed with 70% (v/v) chilled ethanol for
five minutes at 4°C by rotating at another 8,000
rpm in 400 mlof TE buffer or double-distilled
deionized water (D3H20). The quality of the
extracted DNA was evaluated on a 1% (w/v)
agarose gel. The quantity of DNA was
determined using NanoDrop (BioDrop). The DNA
was then preserved at 4°C [24].

2.7.3 Polymerase Chain Reaction (PCR)

A PCR thermal cycler was used to amplify the
desired niaD gene responsible for the nitrate
reductase  enzyme. The primers were
designed using Primer 3 Plus. The sequence of
primers and their details are provided in Table 1.
The niaD gene, which may produce the
reductase nitrate enzyme in A. niger, was
detected using a specific primer. This enzyme
might aid in the transformation of metal into
nanoparticles. 20 pl of reaction mixture were
prepared for the PCR procedure. 2 ul of reverse
and forward primers, 3ul of nuclease-free water,
3ul of genomic DNA, and 10pl of 1X master mix
were added to the reaction mixture. Gel
documentation was used to analyze the PCR
products. On a 2.5% agarose gel, amplified PCR
products were separated using horizontal gel
electrophoresis. DNA banding patterns
observed using gel documentation. As a
molecular marker, a 100 bp DNA ladder was
employed.

2.8 Physical Characterization of NPs

The CuNPs were assessed using UV visible
spectrum, Fourier transform infrared (FTIR), and
dynamic light scattering (DLS) analyses, SEM
and XRD.

Table 1. Primer sequence and its details

Sequence (5°to 3’°) Length Tm GC% Product

(bp) (°C) size (bp)
Forward primer  -GGTTACTGGGGAGAACGACA- 20 59.03 55.00 243
Reverse primer  -CTCAGAAACGTCGATGCCAG- 20 59.01 55.00 243
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2.8.1 UV-Visible spectrophotometry

A UV spectrophotometer was used to determine
the absorbance of CuNPs [25]. 1 ml of CuNPs
were collected at various concentrations after
one day of incubation, with only the wavelengths
between 200 nm and 800 nm being changed.
Micro-plate spectroscopy on a 96-well plate for
the UV spectrum was used to find
CuNPs. Distilled water used as a blank. sample
data were taken and the resulting graph was
produced on an Excel spreadsheet.

2.8.2 FTIR (Fourier Transform Infrared

Analysis)

FTIR analysis was done using an FTIR Spectrum
listed as a sequence of wavelengths from 1000
to 3500 cm-1 In order to identify the functional
groups that bind with CuNPs. FTIR analysis was
carried out using an interferometer. Potassium
bromide was diluted CuNPs at a ratio of 1:100.
On the sample holder, one drop of the solution
[26].

2.8.3 DLS (Dynamic
Analysis)

Light  Scattering

Dynamic light scattering (DLS) was used to
examine the size distribution and colloidal
stability of CuNPs [27]. Presented the
mathematical strategy required to calculate the
Z-average and extract size data from the
correlation function. The charge on the surface of
CuNPs was determined using dynamic light
scattering analysis and a particle size analyzer at
25°C with a 90° detection angle.

2.8.4 XRD (X Ray Diffraction)

X-Ray diffraction was used to investigate the
crystalline structure of Cu nanoparticles. The
XRD study was performed on a Philips XRD
3100 diffractometer (Philips Electronics Co.,
Eindhoven, Netherlands) at 45 kV and 30 mA. To
produce X-Rays with a 1.54060 wavelength,
copper K radiation and a graphite
monochromatic radiation were used. Iron
nanoparticles were placed in a glass container
that was tilted from 20° to 60° [28].

2.8.5 SEM (Scanning Electron Microscopy)

The solution of the nanoparticles must first be
dried before being applied on the sample
container and sputter-coated with a conducting
substance, such as gold, for SEM analysis. The
sample was then scanned with a precisely
focused electron beam. The nanoparticles must
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be resistant to vacuum, and the electron beam
could harm the polymer. Findings from
dynamically scattered light are equivalent to the
average size information from the SEM [29].

2.9 Antibacterial Activity of CuNPs

Infections by bacteria can result in fatal health
problems. We used NPs as an option to treat
serious bacterial infections. Gramm positive and
gramm negative microorganisms were used to
investigate the antibacterial effectiveness of
CuNPs [30]. Gram-negative bacteria Klebsiella
pneumoniae and Escherichia coli, as well as
gram-positive Bacillus subtilis and
Staphylococcus aureus, were the focus of
CuNPs' antibacterial effect. Nutrient broth was
used for growing various cultures of bacteria. 1.3
g of nutritious broth was dissolved in 100 mL of
distilled water, and then autoclaved. Tubes were
incubated for 24 hours at 37°C. The agar well
diffusion method was used to assess the
antibacterial activity of CUNPs. Nutrient agar petri
plates were prepared by mixing 7 g of nutrient
agar with 250 ml of distilled water in flask
measuring 500 ml, then autoclaved and cooled at
room temperature. A 5mm sterilized steel borer
was used to drill wells into agar plates after agar
solidified. Cotton swabs that had been sterilized
were used to disseminate bacterial culture onto
agar plates. 100 ul of a CuNPs solution (1 mg/ml)
were added to designated wells. The drug
ciprofloxacin served as a standard. Petri plates
were placed in incubator for 24 hours at 37 °C.
After 24 hours of the incubation period, the zones
of inhibition around each well were assessed.

2.9.1 Minimum Inhibitory Concentration (MIC)
and Minimum Inhibitory Concentration
(MBC)

Using a common micro-dilution method, the
Minimum Inhibitory Concentration (MIC) of
CuNPs produced by the fungus A. niger was
evaluated. A 96-well round-bottom microtiter
plate was used to measure MIC. Three bacteria,
Staphylococcus aureus, Salmonella enterica and
Pseudomonas aeruginosa, were tested for MIC.
Bacterial strains were mixed in Luria burtani
medium, and each strain's optical density was
assessed using a spectrophotometer set to 600
nm. The preparation of two fold repeated
dilutions of each strain involved adding 100ul of
nutrient broth to each well. "Broth + Microbial
Culture" was chosen as the negative control,
while "NPs + Microbial Culture" was chosen as
the positive control. Pre-incubation absorbance
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was measured at 600 nm. The absorbance at
600 nm was measured 20 hours after incubation.
Minimum Bactericidal Concentration (MBC)
refers to the lowest concentration of NPs that
could be effective in killing 99.9% of bacteria.
Following MIC, a particular dose section of MIC
was set for MBC. MBC was assumed to
observe bacterial strains growing or not [31].

2.10 Antioxidant Activity

The DPPH (2,2-Diphenyl-1-picrylhydrazyl)
scavenger assay was used to compare the
antioxidant activity of CuNPs to ascorbic acid,
which acted as the positive control [32]. 1 ml of
different concentrations (10-100 pg/ml) CuNPs
and ascorbic acid were mixed with 1 ml of a 0.5
mM DPPH in methanol solution, and the mixture
was then incubated for 30 minutes at room
temperature in the dark. A  UV-Vis
spectrophotometer was then used to detect the
reaction mix's absorbance at 517 nm. The %age
inhibition was calculated as follow.

Mature Spores

%age inhibition= 1- (Ao - As/Ac) x 100

Where Ao, is absorbance of blank, As is
absorbance of test sample and Acis absorbance
of control.

find the

IC50 was also calculated to

concentration of CUNPs.
3. RESULTS
3.1 Morphological Identification

Fungal colonies on SDA media had a smooth
look after 7 days of incubation, were primarily
straw to pale yellow in color on the opposite edge
of the colony and had a white color that changed
to a dark brownish black colors from the first day
(Fig. 1). Fig. 2 depicts the fungal strains that
were recognized through microscopic
examination. These strains had septate hyphae,
globular vesicles, long, unbranched, smooth
conidiophores, and black conidia.

White Growing Mycelium |

Black Velvety Appearance

Fig. 1. Morphological identification of fungal isolates
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present in fungi, assists hydrogen peroxide break
down into water and oxygen gas. Bubbles
For the catalase test, fungal strains showed formed in the presence of oxygen gas, indicating
bubbling patterns. Enzyme catalase, which is the fungus was functionally active (Fig. 3).

3.2 Biochemical Assay

[ Bisicerace phisbises | [ Giobutar vesicie | [ Seprace Hyphae |

Fig. 2. Microscopic identification of fungal isolates

| Bubbling Pattern |

Fig. 3. Biochemical assay of fungal isolates
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3.3 Synthesis of CuNPs

The screening demonstrated that only two of the
four Aspergillus niger strains, SN1 and SN2,
generated CuNPs. For the synthesis of CuNPs
from copper sulphate salt, A. niger filtrate acted
as a reducing agent. This process reduced the
copper, and the formation of CuNPs was
confirmed by a change in colour from colourless

to blue. As illustrated in Fig. 4 the blue colour of
copper nitrate changed to brown.

3.4 Chain Reaction (PCR) Amplification

PCR products of niaD gene are shown in the Fig.
5. The size of gene was 243 as compared to
ladder.

Blue Color before Reaction

Blue to Brown Color

Fig. 4. Color changes indicates the production of nanoparticles

Fig. 5. PCR products of niaD gene
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3.5 Physical Characterization of CuNPs
3.5.1 U.V. visible spectrum analysis

UV-visible analysis confirmed that A. niger
produced CuNPs. Between 200 and 600 nm in
the UV-visible spectrum, CuNPs were studied.
The absorbance of biosynthesized CuNPs can
be seen in Fig. 6 to range broadly between 350
nm and 500 nm, with the largest absorbance
peak occurring at 380 nm. CuNPs showed
matching large absorption peaks as a result of
surface Plasmon resonance (SPR).

3.5.2 Dynamic Light Scattering (DLS)

Adopting a dynamic light scattering method Fig.
7 depicts the size distribution of CuNPs that is
identical to that of other materials. For separated
CuNPs with an average NP size of 570 nm and
the greatest frequency, the model peak was
readily apparent in the 500 nm—800 nm region.

Using dynamic light scattering analysis, the
polydispersion index (PDI) of CuNPs was
observed to be 0.480.
3.5.3 FTIR  (Fourier infrared
analysis)

Transform

Biosynthesized copper nanoparticles produced
by FTIR displayed absorbance peaks. The
highest peak at 3330.07cm* and the peaks that
measure the stabilized CuNPs were obtained.
The bending of the O-H bond is expressed by the
O-H functional group on the phenolic ions in this
way. The range of the FTIR spectrometry wave
was 1000-3500cmt. The stretching of the -C=C
bond demonstrated the presence of a (alkene)
functional group in copper nanoparticles near the
strong absorption peak of 1636.91 cm-l. The
results shown in Fig.8. These peaks serve to
identify the functional bonds involved in the
capping and binding of CuNPs.

UV spectrophotometer graph

3.5
3
2.5
a
£
= 2
=
E 1.5 = CUuNPs
=2
1 F.extract
0.5
]
200 300 400 500 600
wavelength
Fig. 6. U.V analysis of copper nanoparticles
Size (d.nm): % Intonsity: St Dev (d.n...
Z-Average (d.nm) Peoak 1: 4219 100.0 1185
Pal ) 480 Peoak 2: 0.000 00 0.000
Intercept: 0855 Peak 3: 0.000 00 0.000
Result quality - Refer to quality report
S@re Distridution by Intensity
i
= 15
g
2
= 1o
2 s
of
0.1 ] 10 100 1000 10000
Sze (d.nm)
[ Record 977: CUNPS-3 1)

Fig. 7. DLS analysis of copper nanoparticles
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3.5.4 SEM (Scanning Electron Microscopy)

The diameters of CuNPs were analysed by
scanning electron microscopy. The image that
was displayed was created by the scanning
equipment using an electron light beam with a
resolution of 5.25 A°. This offers a very extensive
demonstration of the precise size of the CuNPs.
One nm-sized nanoparticles can be detected by
it. A JSM-6380 SEM of the kind was used to take
a scanning electron micrograph. Before the test,
the samples were filtered and dried.

3.5.5 X ray diffraction analysis

XRD analysis is used to evaluate the newly
synthesized nanoparticles' purity, crystallized
structure, and phase development. This result
validates the synthesized CuNPs nanoparticles'
face-centered cubic (fcc) configuration. The
presence of unused peaks besides to the Bragg
peaks that are typical of fcc copper nanoparticles

8 -

o
>

80

Transmittance [%)
70

50

32982

3500

2500

shows that the capping and reducing agent
crystallises on the nanoparticles' outermost layer.
Images of the CuNPs generated by the A. niger
fungal extract are shown in Fig. 10.

3.6 Biological Applications
3.6.1 Antibacterial activity

Escherichia  coli, Klebsiella  pneumoniae,
Staphylococcus aureus, and Bacillus subtilis
were employed to investigate the antibacterial
properties of the myco synthesised CuNPs. Fig.
11 (A-D) and Table 2 presents results of the
antibacterial activity of CuNPs. Results indicated
that zones of inhibition (ZOIl) enhanced with
increasing CuNPs concentration and that CuNPs
had moderate antibacterial efficacy against
bacteria. The 20 mm substantial inhibitory zone
of Bacillus subtilis showed that it was more
sensitive to CuNPs than other bacteria.

18261

2000 1500 1000

Wavenumber cm-1

Fig. 8. Fourier transform infrared analysis of CuNPs

Fig. 9. SEM results of copper nanoparticles
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X-ray Diffraction of Copper Nanoparticles

20 30

40

50
20

Fig. 10. XRD graphs of copper nanoparticles

Fig. 11. Antibacterial action of CuNPs against bacteria

MIC and MBC Using a common micro-dilution
method, MIC of CuNPs produced by the fungus
A. niger was identified. Three bacteria, S.
aureus, S. enterica, and Pseudomonas
aeruginosa, were tested for MIC. Pre-incubation
absorbance was measured at 600 nm. The
absorbance at 600 nm was measured 20 hours
after incubation. MIC values and MBC values
shown in Table 3.

56

3.6.2 Antioxidant activity

At a concentration of 10-100ug/ml, the
antioxidant values of nanoparticles and the
standard (ascorbic acid) were computed. The
IC50 wvalue, which was calculated and
acquired after comparison to the standard,
clearly showed the anti-oxidant efficacy of
CuNPs (Table 4).
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Table 2. ZOI of CuNPs against different bacteria and standard drug

Bacterial Strain

Zone of Inhibition (Drug)

Zone of Inhibition (CuNPs)

Bacillus subtilis 40 mm
Staphylococcus aureus 45mm
Escherichia coli 38 mm
Klebsiella pneumonia 40 mm

20 mm
17 mm
17 mm
20 mm

Table 3. MIC and MBC of CuNPs, where positive sign showing no growth

Salmonella Pseudomonas Staphylococcus
enterica aeruginosa aureus
MIC MBC MIC MBC MIC MBC
Drug (Ciprofloxacin) 5mg/5ml + 5mg/5ml + 5mg/5ml +
CuNPs 5mg/5ml + 5mg/5ml + 5mg/5ml +
Table 4. Antioxidant activity of CUNPs as compare to standard
Concentration % Inhibition of IC50 % Inhibition of IC50
Standard (ug/ml) CuNPs (ug/ml)
100 32.094 21.30
75 40.241 32.41
50 49.939 42.35
25 62.13 57.15
10 71.734 43.27 67.13 59.41

4. DISCUSSION

Nanoscale materials, which are larger than an
atom but smaller than a micron, are the main
focus of nanotechnology. There are numerous
ways to produce, modify, and use these
chemicals. Although there are many physical and
chemical ways to make nanoparticles, it has
become also possible to use biological things. In
recent years, myco-genesis of nanoparticles has
emerged as a significant technique for using
fungus to produce nanoparticles with the desired
size and form by means of an intracellular or
extracellular process. Several studies have
demonstrated that the NADH-dependent nitrate
reductase enzyme is necessary for the
conversion of metallic ions into metallic
nanoparticles [33]. As fungi consist of a range of
proteins and enzymes that function as reducing
agents, they can always be employed to produce
metal nanoparticles under similar circumstances,
fungi frequently grow more quickly than bacteria.
Although the production of metal nanoparticles
by bacteria is widespread, fungi are
better because their mycelia offer a large surface
area for interactions. Microbe-derived
nanoparticles are safe and eco-friendly, and they
have a variety of uses in the textile, medical,
delivery of drugs, physiological detector, and
other sectors [34]. In this study, presented the
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result of two distinct fungal strains whose
molecular identification was already completed.
Between the four strains, SN1 and SN2 both
produced nanoparticles. The other two did not
produce NPs because, there may be isoforms of
enzyme reductase having mutation at some
extent even though they all carried the niaD
gene. We developed practical, secure, and
straightforward biological methods for making
CuNPs, which are crucial for bio-
nanotechnology. In that method, copper
nanoparticles synthesized using A. niger extract.
The process is improved by adjusting the time,
salt pH concentrations, and filtrate-to-salt ratio.
When copper sulfate solution (15 mM) was
mixed to fungal filtrate in similar ratio and
cultured for 24 hours at a pH of 7, copper
nanoparticles were among the most numerous
particles formed. First, UV-visible spectrum
analysis is used to detect CuNPs that have been
produced. CuNPs generated by myco-synthesis
have a broad absorbance range of 200 nm to
600 nm. CuNPs show distinct peaks in the 200
nm — 800 nm wavelength range. The use of
ultraviolet spectroscopy confirms that NPs are
stable and exist extracellularly. FTIR research
identified the functional groups responsible for
nanoparticle stability. Absorption at 3331.0 cm!
and 1635.98 cm! confirmed the presence of
phenol and alcoholic functional groups due to O-
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H stretching, while vibrating stretch of the C = C
bonds suggested the presence of an alkene
functional group, as established by DLS analysis
was used to determine the CuNPs' size. poly-
dispersed CuNPs with an average diameter of
570 nm and poly-dispersion index (PDI) of 0.480.
CuNPs are  studied using biological
characterization as well as other physical
characterization technigues. Both antioxidant and
antibacterial activity occurred. The antibacterial
activity of CuNPs was investigated in this study,
and different bacteria displayed varied zones of
inhibition. Inhibitory zones for Escherichia coli,
Bacillus subtilis, Staphylococcus aureus, and
Klebsiella pneumoniae were 20 mm, 17 mm, 17
mm, and 20 mm, respectively IC50 values are
used to calculate the antioxidant activity of
CuNPs. The niaD gene was identified in both
strains of A. niger using a PCR equipment. In A.
niger, there are several reductase enzymes that
can reduce metal to metal nanoparticles. The
niaD gene, which codes for the nitrate reductase
enzyme and may be involved in the reduction
process, is the focus of this study's search for its
presence. The NADPH-reductase enzyme, which
is linked to the niaD gene and patrticipates in the
whole reduction process, provides electrons to
copper ions during the production of CuNPs and
transforms them into neutral copper.

5. CONCLUSION

Copper nanoparticles produced by fungus A.
niger. It is an efficient, safe, and simple biological
approach. Metal is transformed into metallic NPs
by reducing enzymes called nitrate reductases in
fungi. The niaD gene's presence is verified in this
work using a PCR thermal cycler. The
amplification of the reductase enzyme confirmed
the existence of the gene expressing it. U.V.
Visible Spectroscopy (with a peak at 380 nm),
DLS (with a peak at 570 nm and PDI of 0.480,
XRD, FTIR, and SEM are used to analyze the
synthesized CuNPs. CuNPs inhibited the growth
of Klebsiella pneumoniae, Bacillus subtilis,
Staphylococcus aureus, and Escherichia coli.
CuNPs had an IC50 for their antioxidant activity
of 59.41 pg/ml.
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