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ABSTRACT

In this article, a simple new technique for the green synthesis of copper oxide nanoparticles (CuO NPs) using peroxidases
oxidoreductases (POX) enzyme extracted from fig leaves for antifungal and antibacterial activities has been reported.
Subsequently, a comprehensive investigation of the structural, optical, and morphological properties of the synthesized CuO
NPs was elucidated, using X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), Electrodiagnostic
(EDX), atomic force microscopy (AFM), and transmission electron microscopy (TEM) analysis techniques. Specifically, the
resultant nanoparticles are spherical with a diameter ranging from 28—68. CuO NPs were further tested for their antifungal
activity against Candida and Aspergillus species, while the antibacterial activity was screened in contradiction of pathogenic
bacterial strains namely gram-positive Staphylococcus aureus and gram-negative Asinobacterial species. The present study
reveals a convenient use of POX fig leaves extract as fuel, for the well-organized synthesis of CuO NPs via green synthesis

technique to acquire considerably active antifungal and antibacterial materials.
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INTRODUCTION

CuO NPs, which are p-type semiconductor with an energy
band gap of ~1.7 eV, have drawn a remarkable consideration
due to their electrical, optical, and catalytic properties."
CuO NPs are widely employed in a variety of applications,
for instance, catalytic,® sensors,*> gas sensors,® solar energy,’
thermoelectric,®’ and high-temperature superconductors.'
In addition, CuO NPs are extensively applied in the medical
field as an antifungal, antimicrobial, and antibiotic agent,
especially when combined with plastics, textiles, and coating.”
Copper and other copper-based compounds have shown highly
effective biocidal features, in which these properties, generally,
can be employed in a number of health-related applications,
pesticidal formulation in particular.!! Therefore, a number of
CuO NPs preparation methods for biomedical applications
are available, viz., alkoxide based route,'> sonochemical,’
microwave irradiations,'® electrochemical procedure,14
solid-state reaction technique,' precipitation pyrolysis,'®
and thermal decomposition of precursor.!” In general, the
aforementioned chemical synthesis techniques result in the

occurrence of toxic chemicals that are absorbed onto the NPs’
surface. These toxic chemicals can lead to dramatic negative
effects in the medical application, biomedical in particular.?
Recently, a new approach, namely green synthesis technique,
has been established for the synthesis of metal oxide NPs which
demonstrates low toxic presence. The green synthesis approach
of metal oxide NPs is associated with the use of enzymes
extracted from different plants as fuel; among these plants
are lemongrass,'® alfalfa,'” Euphorbia tirucalli,*® tamarinds,?'
Cinnamomum camphora, etc.

POX, which is known as (EC.1.11.1.7), has drawn significant
attention as a preferred eco-friendly and cost-effective green
NPs synthesis agent.*> POX enzyme has attractive features,
such as, catalyze redox reactions and electron transfer.
Currently, POX enzyme is purified from different plants, such
as, strawberries, wheat, potatoes, soybeans, dates, tomatoes,
and apricots.?* In this attempt, this study aims to demonstrate
the synthesis of CuO NPs using the POX enzyme purified
from fig leaves as a fuel. Continuously, the structural and
morphological properties of the attained product (CuO NPs)
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are demonstrated in detail. Furthermore, using the agar well
diffusion method, the synthesized CuO NPs were evaluated
for antifungal activity using Candida and Aspergillus species
alongside antibacterial activity by employing gram-positive
S. aureus and gram-negative Asinobacterial species.

MATERIALS AND METHODS

Plant and Enzyme Extraction

Fresh leaves of fig have been obtained from Baghdad, Iraq, and
thoroughly washed with distilled water at room temperature.
Fifty grams of the washed leaves were shattered into small
pieces and blended to form a homogeneous mixture along with
10 mm of sodium phosphate (pH 6).2° The resultant mixture
was subjected to centrifuge at 7,000 rpm for 10 minutes. The
obtained supernatant was saturated with ammonium sulfate
(60—80%) under a stirring rate of 500 rpm for 1-hour, for the
purpose of enzyme purification. Consequently, the POX was
obtained through centrifuging at 8,400 rpm for 30 minutes. The
final precipitate was dissolved in 10 mm of sodium phosphate
and incubated at 4°C for further use in CuO NPs synthesis.

Synthesis of CuO NPs

In a typical procedure, the reaction mixture was prepared by
dissolving a particular amount (7, 10, and 15 mm) of hydrated
copper dichloride (CuCl, 2H,O0, Sigma Aldrich) in 100 mL of
deionized-distilled water (DDW) at room temperature, with
stirring rate of 500 rpm for 10 minutes.! Concurrently, the
purified peroxidase was poured into the solution and left for
stirring for 4 hours, while the residual water was eliminated
using an evaporator. The attained precipitate was subsequently
washed with a multi-cycle centrifugation procedure. Finally,
the synthesized CuO was post-baked at 70°C for 12 hours.
Hereinafter, the CuO samples are denoted as 7, 10, and 15 mm,
respectively.

Characterization

The structural properties were investigated via Shimadzu
X-ray diffractometer (XRD-6000) with Cu-Ka radiation
and wavelength A = 1.541 A°. Furthermore, the element
composition analysis was observed by the energy dispersion
X-ray spectrometer (Bruker X Flsh 6110, EDX). The compact
char surface (FT-IR) was distinguished using a Thermo
Nicolet Nexus, ranging from 400 to 4,000 cm™. Finally, the
topographical and the particle size features were studied using
AFM (SPM AA3000-AFM) and EM10C TEM, respectively.

Antifungal and Antibacterial Activities

Using the well-known agar well diffusion technique,?® CuO
NPs antifungal activity was screened against two fungal
strains namely Candida and Aspergillus species. Nutrient
agar plates were thoroughly swabbed using sterile cotton swap
with saturated 30 mL of 24 hours Sabouraud’s dextrose agar
culture media of each fungal strain. Wells were provided using
cork borer (5 mm) in the pre-solidified agar plates. Different
concentrations (25, 50, 100, 200, 400, and 800 pg/mL) of
the synthesized CuO NPs, after sonicating for 30 minutes,
were employed to assess the NPs antifungal activity. DDW

and standard antibiotics were negative and positive control
against fungal pathogens, respectively. The antifungal used
are Ketoconazole (KCA, 10 pg), Nystatin (NY, 100 um),
Amphotericin B (AMB, 20 pg), and Fluconazole (FCN, 10 pg).
Afterward, plates were incubated for 48 hours at 35°C, and
inhibition zones were measured in millimeters.

In a similar procedure to the antifungal activity, the
antibacterial activity was monitored against gram-positive
S. aureus and gram-negative Asinobacterial spp. using CuO
NPs (25, 50, 100, and 200 pg/mL). However, 30 mL of 24 hours
of blood agar culture media of each separate isolated bacterial
species were used. DDW was used as a negative control and
standard antibiotics as a positive control; antibiotics used were
Cerftriaxone (CRO, 30 pg), Amikacin (AK, 30 pug), Ampicillin
10 pg, Sulbactam 10 pg (SAM, 20 pg), Trimethoprim (TS,
1.25 pg), Clindamycin (CD, 2 ng), Ciprofloxacin (CIP, 5 ng),
and Azithromycin (ATH, 15 pg). Finally, the antibacterial
activity was recorded after incubation for 24 hours at 35°C.

RESULTS AND DISCUSSION

Characterization of CuO NPs

The XRD patterns of the synthesized CuO NPs are shown in
Figure 1a, which can be indexed to the single-phase structure
of CuO (JCPDS: 80-1916).%7 It can be clearly noticed that there
are no impurities perceived in the XRD results; this indicates
the purity and high crystallinity of the green synthesized
CuO NPs.2 However, it can be clearly observed (Figure 1a)
that increasing the precursor concentration from 7 to 10 mm
resulted in an upsurge of the peaks’ intensity of the resultant
CuO NPs, while further increment (15 mm) showed a decrease
in the intensity. This indicates a better crystal quality at 10 mm
concentration. Furthermore, the crystallite size was calculated
in accordance with the Debye-Scherrer’s module.?® The
crystallite size of 7, 10, and 15 mm CuO NPs at 20 = 35.5, was
estimated to be 20, 38, and 21 nm, respectively. It is well-known
that the crystal quality can be evaluated using the crystallite
size, where the full width at half maximum (FWHM) is
inversely proportional to the crystal size in accordance with
Debye-Scherrer’s module.?’ The results demonstrate an
increase in the crystallite size as the concentration increases,
which in turn indicates a better crystal quality of the prepared
nanoparticles at 10 mm concentration (Figure 1b).

The FTIR spectrum of the synthesized CuO NPs
(concentration of 10 mm) is demonstrated in Figure 2.
The spectral peaks of the FTIR spectrum suggest the
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Figure 1: Structural properties of CuO NP; (a) XRD patterns, and
(b) FWHM and crystallite size at 20 = 35.5
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Figure 2: FTIR spectra of CuO NPs with 10 mm concentration
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Figure 3: Energy dispersion X-ray spectra of CuO NPs

occurrence of O-H stretching (3,442.35 ¢cm™), C-H
stretching (2,897.19 cm™), C=C aromatic (1,633.4 cm™), and
C-O stretching (1,060.74 ¢cm™).3® The presence of bands at
476.46,524.67, and 559.88 cm™, corresponding to the vibrations
of Cu-0, confirms the formation of CuO NPs.!

The purity and chemical composition of the prepared
nanoparticles (10 mm) were investigated using the EDX t
echnique, as illustrated in Figure 3. The weight percentage of
both copper and oxide was calculated from the EDX outcomes,
to be 3.56 and 75.14 weight%, respectively. Additionally, other
elemental impurities, such as, the carbon in the EDX spectra
was found to be 21.31 weight%.

Figure 4 reveals two- and three-dimensional images of CuO
NP AFM outcomes with a concentration of 10 mm. As depicted
in Figure 4, CuO NPs demonstrated a well-uniform disruption
of spherical shape and grains with upfront alignment. The grain
size was found to be 60.15 nm. It is generally known that
nanoparticles with rough surface features provide a major
role in electrochemical activity as compared to smooth ones.*
The values of root mean square (RMS) and surface roughness
average was estimated to be 9.96 and 8.6 nm, which indicates
a highly rough surface of the prepared CuO NPs.

The TEM image of CuO NPs is illustrated in Figures 5a
and b. This study is carried out in order to develop a deep
understanding of the crystalline characteristics of the
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Figure 5: CuO NPs with 10 mm concentration; (a) TEM image;
(b) Diameter range distribution

prepared 10 mm CuO NPs. In general (Figure 5a), the
prepared nanoparticles exhibited a spherical shape with an
approximately average diameter of ~41.5 nm. As shown in
Figure 5b, a uniform nanoparticle distribution can be observed
with a minimum and maximum percentage of nanoparticles
diameters of 28 and 36 nm, respectively.

Antifungal Activity

It is generally known that the size of a bacterial cell typically
ranges in a micrometer scale, where these cells contain
membranes with nanometer range pores.*> Therefore,
nanoparticles, with a size range comparable to that of pore size,
demonstrates the unique property of a clear passage to the cell
membrane without exertion. This agrees well with the current
study findings, as illustrated in the TEM analysis.
Antifungal activity of the CuO NPs on both strains,
Candida, and Aspergillus species, are illustrated in Figure 6a,
respectively. As demonstrated in Figure 6a, a substantial growth
inhibition effect of fungal culture using CuO NPs was noticed
with respect to the positive control. The antifungal activity
in the case of Candida species indicated that 50 pg/mL
concentration of CuO NPs inhibits fungal diameter progress
of 12 mm, however, increasing CuO NPs concentration to
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Table 1: Zone of inhibition diameters of antibiotics used against fungal isolates, CuO NPs, and DDW

Minimum inhibition zone (mm)

Fungal KCA (10 ug) NY (100 un) AMB (20 ug) FCN (10 ug) DDW CuO NPs
Candida spp. 35 16 11.4 25 0 11
Aspergillus spp. 21 16 12 0 0 10.6

Table 1: Zone of inhibition diameters of antibiotics used against bacterial isolates, CuO NPs, and DDW

Minimum inhibition zone (mm)

Bacterial isolates CRO (30 ug) AK (30ug) SAM 20ug) TS (25ug) CD(2pg) CIP(Spg)  ATH (15u4g) DDW  CuO NPs
S. aureus 25 18.2 17 15 0 0 0 0 9.75
Acinetobacter
baumanii 0 0 0 0 0 0 0 0 12.2
* - spergilis @| T stapmrococeses ()]  not noticed on gram-positive S. aureus. As demonstrated in
__ 30 andida 25 WM Acinetobacter 1
E E ® Tables 1 and 2, the green synthesized CuO NPs demonstrated
° 2] higher anti-bacterial and anti-fungal effects in comparison to
R R the standard antibiotics.
% %1 1 In general analysis of both antifungal and antibacterial
£ £ activities, it is clear to be noticed that CuO NPs inhibited
higher zone diameter on fungi than bacteria with respect to
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Figure 6: Inhibition zones of CuO NPs for (a) fungi, and (b) bacteria
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800 uL/mL, showed a higher diameter interval of 30 mm. In
the event of Aspergillus species, inhibition zones of 9.5 and
25.7 mm were perceived for CuO NPs concentration of 50
and 800 pL/mL, respectively. The results specify that CuO
NPs have a higher effect on Candida species, as compared
to the case of Aspergillus species. From the aforementioned
investigation, it can be clearly anticipated that the synthesized
nanoparticles are operative in inhibiting/killing a noticeable
diameter range of fungal growth, yet a higher concentration
of CuO NPs is of great importance. A possible explanation
could be the uninterrupted interaction between the external
membrane surface of the fungal and the synthesized
nanoparticles.>

Antibacterial Activity

The antibacterial testing of the proposed study revealed
that CuO NPs demonstrated a significant performance as
antibacterial agents against both gram-positive S. aureus
and gram-negative Asinobacterial species as presented in
Figure 6b, respectively. Particularly, the diameter of the
inhibition zone was found to be proportional to nanoparticle
concentration in the medium. The effect of CuO NPs
on gram-negative bacteria growth was found higher as
compared to the effect on gram-positive bacteria. In detail,
inhibition zone diameters were found to be 10 and 20 mm,
as the concentration of the nanoparticles increased from 50
to 200 pg/mL, respectively, against gram-positive S. aureus.
Whilst in the case of gram-negative Asinobacterial, diameters
of the inhibition zones were found to be 17 and 27 mm, with
nanoparticles concentration of 50 and 200 uL/mL, respectively.
It is also noteworthy mentioning that CuO NPs exhibited
effects on gram-negative Asinobacterial, with concentration
as low as 25 pL/mL, while contrariwise, this behavior was

the concentration of the nanomaterials.

CONCLUSION

The green synthesis of CuO NPs using POX enzyme fig
leaves extract for antifungal and antibacterial activities was
successfully outlined. Afterward, a comprehensive analysis
of the prepared nanoparticles was demonstrated, by which
CuO NPs with a diameter in the range of 28 to 68 nm were
acquired. The antifungal activity was screened, using the
synthesized CuO NPs, against Candida and Aspergillus
species, while antibacterial activity was monitored on gram-
positive S. aureus and gram-negative Asinobacter baumanii.
It was proven that POX fig leaves extract plays a crucial role
in elevating the effect of CuO NPs for both antifungal and
antibacterial activities. It can be concluded that the green
synthesized CuO NPs demonstrated a higher effect on the
tested fungi compared to tested bacteria used in this study.
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