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ABSTRACT

Background: Copper oxide nanoparticles (CuO NPs) have attracted increasing
attention for their versatile applications in catalysis, biosensing, anticancer therapy, and
other biomedical fields. Green synthesis using microbial extracellular components offers
a sustainable and eco-friendly alternative to conventional chemical methods. Objective:
This study aimed to elucidate the biosynthetic process of copper oxide nanoparticles
(Cu(NO3), NPs) utilizing extracellular components from the environmental isolate
Lactobacillus plantarum as a natural reducing and stabilizing agent. Methodology: For
nanoparticle synthesis, 1 g of copper nitrate was added to 10 mL of extracellular filtrate.
The obtained CuO NPs were characterized using Atomic Force Microscopy (AFM),
Fourier Transform Infrared Spectroscopy (FTIR), and Field Emission Scanning Electron
Microscopy (FE-SEM). Antibiotic resistance profiles of the bacterial isolates and the
antibacterial activity of the CuO NPs were assessed. Results: FE-SEM analysis revealed
spherical CuO nanoparticles forming nano-cluster aggregates. All isolates exhibited 100
% resistance to cefotaxime and 91 % resistance to ceftriaxone and lincomycin, while
resistance to other antibiotics ranged from 18 % to 73 %. Multidrug resistance was
observed in all isolates, with at least four antibiotics resisted. The biosynthesized CuO
NPs showed strong antibacterial activity, producing inhibition zones of 33 mm against
Staphylococcus saprophyticus (150 % concentration) and 19 mm against Burkholderia
cepacia (100 % concentration). Conclusion: Lactobacillus plantarum proved effective
for the eco-friendly biosynthesis of CuO NPs. Given the high prevalence of antibiotic
resistance, these nanoparticles demonstrate promising potential as alternative
antimicrobial agents against multidrug-resistant pathogens.

INTRODUCTION

L. plantarum is a member of the group of
lactobacilli that are capable of heterofermentation. The
species is adaptable and hardy, and it can be found in a
wide variety of biological niches. These niches include
dairy, meat, fish, cheese, and a variety of plant or
vegetable fermentations. In addition, there is evidence
that certain strains of L. plantarum have successfully
colonized the intestines of mammals, including
humans!. It is possible to differentiate Lactobacillus
plantarum from other types of bacteria due to the
characteristics that these bacteria possess?. Not only are
these components utilized as reducing agents, but they
are also utilized as biological defenses against a variety
of stressors, including phage infections, toxic metallic
ions, and dehydration. On the other hand, iron particles
that are smaller than one micron in size are referred to
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as nanoscale iron particles. Because they have such a
large surface area, they are more reactive than that of
other substances®. In the presence of oxygen and water,
they promptly undergo oxidation, which results in the
production of free iron ions. It has also been explored
whether or not they are useful in restoring industrial
sites that have been contaminated by chlorinated
organic compounds. They are used frequently in
medical and laboratory settings 4. Urinary tract
infections (UTIs) are the most common bacterial
infection worldwide and are defined as the presence of
at least one of the following urinary tract symptoms:
fever (greater than 38°C) in patients aged 65 or younger,
lower back pain, urinary frequency, dysuria or retention,
pain with urination, bloody or burning urination, nausea,
and vomiting 5.

They affect both sexes and all ages, with females
being more susceptible than males due to anatomical
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and physiological differences in the urogenital system,
as well as lifestyle differences. The incidence of UTIs is
higher in elderly men. When infection occurs, different
parts of the urinary tract may be affected. Bacteria are
widely distributed in various environments, including
soil, salt and fresh water, plants, and animals, and they
also infect humans. This widespread distribution
indicates  their high adaptability to different
environments. Therefore, bacteria are among the most
widespread, complex, and ecologically diverse
organisms °.

The advent of multidrug-resistant bacterial strains
has significantly increased the frequency of UTI,
rendering this condition a major social and economic
burden globally®. By 2016, an estimated 150 million
cases occurred annually worldwide”. Hospital infections
are one of the most important and dangerous health
problems facing the world, as they increase the
mortality rate and complications of the disease, as well
as the patient's length of stay in the hospital 8. What
increases the complexity of this problem is that many
bacterial species have become resistant to commonly
used antibiotics, as they can survive and multiply in the
presence of the antibiotic ®. The ability of bacteria to
acquire resistance to antibiotics is a result of the
development of several mechanisms that enable them to
resist, such as the occurrence of genetic mutations or the
acquisition of resistance plasmids. Despite the
increasing knowledge of bacterial pathogenesis and the
application of modern treatments, the rate of bacterial
infections remains high'®. Therefore, there was a need to
find modern methods and strategies and to use new
antibacterial agents, including the use of nano-inorganic
metal oxides. This study aimed to elucidate the
biosynthetic process of copper oxide nanoparticles
(Cu(NO3), NPs) utilizing extracellular components
from the environmental isolate Lactobacillus plantarum
as a natural reducing and stabilizing agent.

METHODOLOGY

Isolation and identification of pathogenic bacteria

Pathogenic bacteria were collected from patients at
Tikrit Teaching Hospital in Tikrit, Iraq, who were
suffering from UTIs. Following the culture of the
samples on mannitol salt agar, blood agar, and
MacConkey agar, the samples were then incubated at 37
degrees Celsius = for twenty-four hours. Initial
identification of the bacteria was accomplished by
analyzing the morphological characteristics of the
colonies, and subsequent examination of the bacteria
under a microscope was performed following Gram
staining. A large number of biochemical assays were
carried out in order to identify the bacteria that were
isolated!!, and the identification was validated by
utilizing a VITEK 2 Compact System.

Antibiotic sensitivity test

The CLSI 2024 guidelines 2 were followed by all
isolates. The Kirby-Bauer disk diffusion method '3 was
used to test the antibacterial susceptibility of Mueller-
Hinton agar. The antimicrobial drugs that were tested at
different doses are listed in Table 1. A digital caliper
was used to measure the diameters of the inhibition
zone surrounding the disks. According to the CLSI 2024
recommendations, the outcome was classified as
sensitive, moderate, or resistant.

Synthesis of copper oxide nanoparticles
Lactobacillus plantarum isolate

Species were obtained by collecting samples of
Lactobacillus species that were isolated from a food
product that had been fermented. MRS broth was used
to culture the isolates, and the directions provided by the
manufacturer were followed . The VITEK2 system
was utilized in order to identify all of the bacterial
species that were isolated through the utilization of
conventional biochemical assays and identification
procedures.

Extracellular production

Following the incubation of Lactobacillus plantarum
isolates in MRS broth at a temperature of 28 °C for a
period of 48 hours, the extracellular solution was
collected by centrifugation at 8000 revolutions per
minute for a period of ten minutes 5.

Synthesis of copper oxide nanoparticles from
extracellular

Utilizing Cu(NOs), (Indian) with modification'é, a
biological method approach was employed to synthesize
copper oxide nanoparticles (CuO NPs) from
intracellular sources for Lactobacillus spp. During a
standard operation: 5. gm In order to dissolve
Cu(NO3),, fifty milliliters of the extracellular product
solution of Lactobacillus SPP was utilized. After that,
the solution was dispersed in an ultrasonication bath for
ten minutes in order to improve the mixing of the
components. Finally, the mixture was shaken and
incubated in the dark for a whole night. Following the
centrifugation of the resulting solution at 8000
revolutions per minute for ten minutes, the solution was
subsequently washed twice with deionized distilled
water in order to remove any remaining extracellular
cells. After that, the substance was dried in an oven at a
temperature of 40 °C for an entire night, which resulted
in the production of a brown powder. This powder was
then kept in a dark place for use in the future.
Characterisation of Nanoparticles
Atomic force microscope (AFM)

After applying fifty microliters of the CuO
nanoparticle solution that was created, the slide was
then dried in an oven at a temperature of 40°C for an
entire night. An atomic force microscope (Phywe
measure nano/ England) was utilized in order to
investigate the surface topography of nanoparticles and
to ascertain the diameters of these particles. At the
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University of Baghdad's College of Sciences, the
Department of Chemistry and Biotechnology
Department Laboratory, the material was examined
according to the established protocols.

Fourier transmission infrared spectroscopy (FTIR)

Subsequently, the material was compacted into a
thin pellet after being mixed with KBr. The Fourier
transform infrared spectrometer (FTIR) in Germany was
used to gather infrared spectra over the entire
wavelength range of 400-4000 cm-1. For the purpose of
demonstrating the functional group of the CuO
nanoparticles, this assay was utilized ™18, Within the
College of Sciences at the University of Baghdad, the
Department of Chemistry and Biotechnology
Laboratory was responsible for conducting the analysis
on the sample.

Scanning electron microscopic analysis (SEM)

The generated nanoparticles were coated with gold
and subjected to scanning electron microscopy (SEM)
imaging (Angstrom/Advanced/USA) in order to
examine the form and surface topology of the
nanoparticles. Following the removal of any extra
powder and the creation of thin films of the sample, the
material was next analyzed using a SEM. A laboratory
at the Chemistry and Biotechnology Department of the
College of Sciences at Baghdad University was
responsible for conducting the analysis on the sample®.
Inhibitory activity of CuO NPs:

To test the inhibitory activity of synthesized CuO
NPs against 11 multidrug-resistant Gram-negative and
Gram-positive bacteria isolated from patients with UTI

Table 1: Results of the biochemical and morphological

infections, 0.2 ml of fresh cultures of each organism
were inoculated into 5 ml of sterile nutrient broth
(Himedia/India) and incubated for 3—5 h to standardize
the culture to McFarland standards (106 CFC). Three
copies of each microbe were created by spreading 100
pl of revived culture on Mueller Hinton Agar media
(Himedia/India) using a spreader. Following gel
puncture (6 mm), 0.1 ml of different CuO synthesis
dilutions from extracellular sources were added to wells.
(75, 100, and 150%) were loaded in a well, along with a
solvent control sample of deionized water. The plates
were incubated overnight at 37°C. The inhibitory zone
was measured in mm. The post-incubation inhibitory
zone around the well was assessed %20, After three runs,
averages and SD were calculated.

RESULTS

Isolation and identification

The results indicated that 11 samples exhibiting
positive bacterial growth were obtained from UTIs. The
isolates were identified by microscopic morphological
criteria and several biochemical tests for both gram-
positive and gram-negative bacteria. The identification
was validated via the VITEK 2 Compact system. The
identification revealed that there were 5 isolates of
gram-positive bacteria, constituting 45.5%, while gram-
negative bacteria included 6 isolates, accounting for
54.5%, as presented in Table 1.

roperties of isolated microorganisms

Isolated bacteria Gram stain | IND | VP |[MR| C | Oxidase | Catalase | Coagulase
[Escherichia coli G-ve -+ |- - + ND
[Proteus mirabilis G-ve VI i+ ]|V - + ND
Klebsiella pneumoniae G-ve + | V| + - + ND
Citrobacter koseri G-ve -+ 1+ - + ND
[Enterobacter aerogenes G-ve + - + - + ND
[Burkhoderia.cepacia G-ve ND |[ND|[ND |ND + + ND
Streptococcus.agalactia G+ ve ND [ND|ND |ND - - ND
Staphylococcus.aureus G+ ve ND |[ND|[ND |ND - + +
Staphylococcus.waxenri G+ ve ND |[ND|[ND |ND - + -
Staphylococcus.hominis G+ ve ND |[ND|[ND |ND - + -
Staphylococcus.saprophyticus G+ ve ND |[ND|ND |ND - + -

G~ ve: Gram negatine bacteria, G* ve: Gram positive bacteria, IND: indole, MR:methyl red, VP: Voges proskaur, C: Citrate

utilization, ND: not don

Sensitivity of bacterial isolates to antibiotics:

The effectiveness of ten different medications was
evaluated against twelve different bacterial species that
were isolated from UTI. It was established by the
findings presented in Table 2 that all isolates exhibited
resistance to the majority of the antibiotics that were
utilized in this investigation. All isolates showed the

Egyptian Journal of Medical Microbiology

highest percentage of resistance, 100%, against
cefotaxime, while the resistance to ceftriaxone and
lincomycin decreased slightly by 91%. Thus, their
resistance to other types of antibiotics ranged from 18%
to 73%. All isolates showed multiple resistance to
eleven different types of antibiotics, with a resistance
rate of no less than four antibiotics.
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Table 2: Antimicrobial sensitivity of bacterial isolates a

ainst antibiotics

Antibiotics ATM | N

Bacteria species

CN

IPM | AMC CTX | MEM | OFX

a
~
=}

Klebsiella pneumonia

Citrobacter.koseri

Streptococcus.agalactia

Staphylococcus.waxenri

Staphylococcus.hominis

Staphylococcus.saprophyticus

Burkhoderia.cepacia

Escherichia.coli

Enterobacter.aerogenes

Staphylococcus.aureus

W |m|I B |I|F| ||| 0|
AR || BT F | n | R | R |n

Proteus.mirabilis

nnn|@nnnnnn|x

Aln|mRR R R

wn|R|H n|n|ln|n|n|ln|n|ln
AR | nn|F AR AR
ANRNANRNR A RNR AR
| |B || |n|H| v |n|n|n
n|n | TR n|n|n|ln|n|n
ANRNANRNR AR ==

ATM: Aztreonam, N: Neomycin, CN: Gentamycin, [PM: Imipenem, AMC: Amoxicillin/ Clavulanic acid, L: Lincomycin, CTX:
Cefotaxime, MEM: Meropenem, OFX: Ofloxacin, CRO: Ceftriaxon,

4- Characterization of biological synthesis CuONPs
AFM analysis of CuO from intracellular:

Figure 1 AFM images indicate that the
biosynthesized CuO nanoparticles are spherical in
shape. The average diameter determined by AFM was
44.85 nm (Figure 1).

FE-SEM study of CuO derived from extracellular
sources

FE-SEM was utilized to capture images of the
sample at a magnification of 50,000x. Concentrated on
(Figure 2). The entire sample exhibits soft planes and a
consistent morphology, characterized by CuO
nanocluster centers ranging from 34.6 to 67.62 nm.

By analyzing the CuO nanoparticles using the
extracellular FT-IR spectra, the functional groups
contained inside them have been revealed by FT-IR
research. Biologically produced nanoparticles’ FT-IR
absorption spectra are shown in Figure 3.

ZAws - Scan ooward  Parnbola it

—

472
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A pronounced peak in the FTIR spectra for CuO at
459.03 - 414.07 cm™' was seen, ascribed to the OH
stretching mode. The notable peak at 1629.74 cm-1
signified the presence of crystallographic H20
molecules, particularly the O—H bending vibration.

The prominent peaks at 455.17 cm™ and 572.82 cm™!
corresponded to the Cu—O band".

The inhibitory activity of CuO NPs test:

Copper Oxide NPs inhibitory activity was
investigated against 11 species of Gram-negative and
Gram-positive bacteria isolated from patients with UTI
by the use of the agar well diffusion technique!®?’. The
outcomes of CuO NPs from extracellular inhibitory
activity are illustrated in Figure 4. The inhibitory
activity was directly correlated with the concentration of
CuO NPs.

(7 ——

(3D)

Fig. 1: AFM of CuO nanoparticles produced via extracellular methods demonstrates 2D and 3D topological
characteristics.
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D2 =67.62 nm

D3 =38.27 nm

SEM MAG: 200 kx Det: InBeam
WD: 5.93 mm

MIRA3 TESCAN
BI: 7.00

View field: 1.04 ym 'Date(mldly): 07/03/21

Fig. 2: FE-SEM Images of CuO NPs synthesized using Extracellular
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Fig. 3: FT-IR image of CuO NPs synthesized using extracellular
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Fig. 4: Inhibitory activity of CuO NPs from extracellular against multi drug resistant isolated bacteria

Table (3) shows that the inhibition zone differed
according to the concentration of CuO and species of
isolated bacteria under study. The highest inhibition
zone was reached at 30 mm at a concentration of 75%
against Staph. hominis and Staph. saprophyticus, while
the lowest inhibition zone was 20 mm against
Strept.agalactia and Burkhoderia cepacia. Whereas the
highest inhibition zone was located at 100% CuO NP
concentrations and was 32 mm  against
Staph.saprophyticus, while the lowest inhibition zone
was 19 mm against Burkhoderia cepacia. As for the
highest concentration of copper nanoparticles, 150%,
the highest inhibition zone was 33 mm against
Staph.saprophyticus, while the lowest inhibitory activity
was in the inhibition zone of 21 mm, also against
Burkhoderia cepacia.

Table 3: The antimicrobial activity of CuO from
extracellular sources on MRSA bacteria found in
UTIs and their inhibitory zone

Concentration % 75 ] 100 [ 150
Diameter of
Bacteria ies inhibition
zone (mm)
Klebsiella pneumonia 25125 |26
Citrobacter.koseri 22123 |25
Streptococcus.agalactia 20 123 |26
Staphylococcus.waxenri 25124 |27
Staphylococcus.hominis 30 [ 30 |31
Staphylococcus.saprophyticus 30 [ 32 |33
Burkhoderia.cepacia 20119 |21
Escherichia.coli 21 |21 [ 22
Enterobacter.aerogenes 23122 |21
Staphylococcus.aureus 25125 |26
Proteus.mirabilis 24 121 |21
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DISCUSSION

Antibiotic resistance in Enterobacteriaceae and
certain gram-positive cocci demonstrates substantial
changes in traits due to the widespread occurrence of
RTF. B-Lactamase is expressed by the majority of
resistance genes, yet some bacteria may exhibit
resistance from other classes, as they pick up
resistance genes from their surroundings or from

other bacterials' Some of B-lactamases have been
imaged from the chromosomally encoded genes that
occur spontancously in some species to conjugative
plasmids increasing their spreading ability among
other species. RTF can be conveyed to drug-sensitive
strains through conjugation, demonstrating kinetics
similar to F transfer in E. coli*'.

The variation in inhibitory width may result from
differing interactions between CuO nanoparticles and
the microorganism, as well as the susceptibility of the
bacteria employed in this investigation. The primary
mechanism of toxicity of CuO nanoparticles, potentially
linked to metal oxides, involves a positive charge that
interacts with negatively charged microorganisms,
resulting in electromagnetic interactions that induce
oxidation and ultimately lead to microbial death. The
bactericidal efficacy of CuO nanoparticles against
bacteria is critically significant due to the potential of
pathogenic bacteria to integrate into the ecosystem's
food chain?»?®. The antibacterial efficacy of CuO
against bacteria has been established and reported in
contemporary research. The nanoparticles may interact
with  the fundamental biological components,
specifically sulfur and phosphorus?*?*. As a result of
nanoparticles, this mechanism has the potential to
modify the phosphorus and sulfur content of genomic
DNA. This would result in the inhibition of DNA
replication, which would ultimately lead to the
elimination of microbes?$. The findings were consistent
with the findings of other researchers who demonstrated
that TiO2 nanoparticles had antibacterial activity when
exposed to visible light 2’. Furthermore, the findings
revealed that oxide nanoparticles were the nanoparticles
that were the most biocompatible and antibacterial.

CONCLUSION

In this study, it was effectively established that
copper oxide nanoparticles may be successfully
generated from a simple and inexpensive
nanocrystalline CuO NPs powder by using extracellular
components produced from environmental isolate
Lactobacillus plantarum as a reducing agent. This was
accomplished through the development of a biosynthetic
process. Following the completion of an antibacterial
activity test, it was demonstrated that the bio-
synthesized material exhibits a powerful antibacterial
activity against the bacteria that were first introduced. It

was discovered that the largest inhibition zone against
Staph. saprophyticus, and the lowest inhibition zone
against Burkhoderia cepacia.
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