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Nanotechnology is a crucial modern science focused on the creation of small-sized particles with
significant effectiveness, particularly in health applications. There are three primary methods for
synthesizing nanoparticles: physical, chemical, and biological. The biological method is
preferred due to its environmentally friendly nature, low cost, and minimal equipment
requirements. This study utilized the biological method to synthesize calcium nanoparticles
(CaNPs) using the supernatant solution from Pseudomonas aeruginosa bacteria isolated from
soil. The nanoparticles were characterized microscopically, morphologically, and molecularly.
Characterization techniques included colorimetric analysis, UV-visible spectrophotometry, FT-
IR, and scanning electron microscopy (SEM), all of which confirmed the successful synthesis of
CaNPs. Biofilm-forming bacteria were identified using Congo red and microtiter plate methods,
revealing that the pathogenic isolates Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Staphylococcus aureus exhibited a strong ability to form biofilms. Additionally,
the effectiveness of the synthesized nanoparticles in inhibiting biofilms formed by these
pathogenic bacteria was tested, demonstrating their antibacterial properties and ability to inhibit
catalase enzyme activity.
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INTRODUCTION

Nanotechnology is recognized as a significant modern research
field with a profound impact on medical sciences. It has emerged
as a multidisciplinary science, offering solutions to various
challenges. One key reason for the use of copper in nanosynthesis
is its high conductivity and non-oxidizing properties, making it a
viable alternative to gold and silver [1-3]. The metallic
nanoparticles of calcium (CaNPs) are important in various
applications due to their unique chemical and physical properties,
including antibacterial effects attributed to their high surface area.
Their small size allows calcium nanoparticles to penetrate the walls
of microorganisms. Additionally, calcium nanoparticles have
applications in other biological fields, such as pharmaceuticals and
environmental purification [4, 5]. The synthesis of calcium
nanoparticles (CaNPs) is crucial for inhibiting both Gram-negative
and Gram-positive bacteria. Additionally, these nanoparticles play
a significant role in absorption and adsorption, effectively serving
as an antidote to microbial activities [6]. The aim of this study is to
synthesize nanoparticles from Calcium salt and evaluate the
effectiveness of these particles in inhibiting biofilms formed by
pathogenic bacteria. And as antibacterial and anti-catalase enzyme.

MATERIALS AND METHODS

Sample Collection

Samples were collected from various soil types, including sewage,
soil from the banks of the Tigris and Euphrates rivers, agricultural
soil, and oil-polluted soil. These samples were gathered from the
northern region of Basra, particularly in the districts of Al-Qurna
and Al-Madinah, and then transported to the laboratory.

Isolation of Samples

Samples were grown on culture media (nutrient agar, blood agar,
and MacConky agar). Through these mediums, bacteria are grown
and then differentiated.

Bacterial Diagnosis

Microscopic Diagnosis

The bacteria were examined under a microscope to identify
whether they were Gram-positive or Gram-negative and to observe
their shapes.

Phenotypic Diagnosis

Bacterial isolates grown on different media are identified by the
color of the colonies, the shape of their edges, their height, and the
size of the colonies.

Biochemical Diagnosis
Biochemical tests were performed to diagnose the bacteria: methyl
red, catalase, oxidase, citrate, urease, and indole.

Molecular Diagnosis

DNA Extraction

The DNA of Pseudomonas aeruginosa bacteria used in the
biosynthesis of CaNP nanoparticles was extracted by the Presto
TMMinig DNA Bacteria Kit protocol provided by Geneaid
company.

Electrical Deportation

The electrophoresis process was carried out according to previous
research [7]

Polymerase Chain Reaction (PCR)
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The polymerase chain reaction (PCR) was performed on the DNA
extracted from the purified bacterial isolates using the Primax PCR
mix, and the Sequence of primers used in the study as shown in
table 1.

Table 1 Sequence of primers used in the study

Gene Primer sequence (5-3) bp Source

16Sr 5’AGAGTTTGATCMTGG F 1 (Burghal

RNA  CTCAG ‘(20mer) 5 )etal
5° R 0 2015
TACGGTACCTTGTTACG 0

ACTT3"(22mer)

Synthesis of Extracellular from P.
aeruginosa Bacteria

Preparation of Suspension for P aeruginosa. Bacteria
The P.aeruginosa bacteria were cultured in nutrient broth medium
and incubated in a shaking incubator at 150 rpm and 37 °C for 48
hours to form biomass. Afterward, the culture was centrifuged at
6000 rpm to remove the bacteria, resulting in a bacterial suspension

that was stored at 4 °C until needed.

Nanoparticles

Synthesis of Calcium Nanoparticles (CaNPs)
Nanoparticles were synthesized based on method [8]. 0.100 g of
calcium oxide was dissolved in 100 ml of sterile distilled water,
resulting in a concentration of 0.01 mm. This solution was stored
until needed. Subsequently, 100 ml of the calcium oxide solution
was mixed with 100 ml of a suspension of P. aeruginosa bacteria,
and a color change was observed.

Nanoparticle purification

The synthesized nanoparticles were washed three times with
distilled deionized water for 15 minutes each time. The resulting
mixture was then centrifuged at 6000 rpm to eliminate any
suspended sediments. Afterward, the nanoparticles were dried in a
hot oven at 100 °C for 3 hours. They were now ready for use and
for further tests to determine their size, shape, and composition.

Devices and Techniques Used in the Characterization of
CaNPs, Nanoparticles

Chromatic Variation

The first indication that the biosynthesis of nanoparticles has
occurred is the chromatic variation of the solution.

UV-vis Spectroscopy
A 3 ml sample of the bacterial supernatant solution from the
P.aeruginosa culture was placed in the device, and its absorbance
~asured. After observing a color change, another 3 ml
of the solution was taken, and the device was incubated.
The absorbance was measured again and compared to that of the
initial bacterial supernatant.

FT-IR Spectrometer

A FT-IR 4600 spectrometer was utilized to accurately and clearly
detect the functional groups present in the bacterial supernatant
solution after reduction by mineral salts, with a resolution of 4
cm™. To prepare the sample, 0.1 mg of nanomaterials were
weighed and dissolved in 10 ml of dimethyl sulfoxide. The solution
was then placed in an ultrasonic device for 16 minutes to
thoroughly homogenize the nanomaterials with the solvent.
Following this, a small aliquot (5-10 puL) was pipetted onto the
crystal lens, checked for bubbles, and pressed with the pressure
arm for analysis [9].

Scanning Electron Microscope (SEM)

Another method for examining nanoparticles is the use of a
scanning electron microscope (SEM) for surface imaging. This
technique reveals the shape and size distribution of nanoparticles
and allows for analysis of their structural characteristics. It also
provides crucial information about the degree of agglomeration
and the purity of the formed particles. Modern SEM devices can
accurately determine the shape of nanoparticles smaller than 15
nanometers. For the examination, the nanomaterial is placed on the
SEM plate and then coated with a layer of gold to ensure electrical
conductivity [10].

Detection of Biofilm-forming Bacterial Isolates

2.6.1 Use of Congo Red Agar Medium

This method was used according to what was stated in previous
research [11] and evaluated using bacterial specimens obtained
from Qurna College’s Microbiology Laboratory. Efficacy against.
Escherichia coli, K. pneumoniae, P. aeruginosa, and
Staphylococcus aureus.

Delection of Biofilm Formation by Microtiter Plate (MTP)
The bacterial isolates forming biofilms were detected according to
previous research [12] using the multiscan Go device. Then, the
absorbance of all the holes was calculated using the same device at
a wavelength of (630) nanometers according to previous research
[13] as follows:

Where A represents the planting holes that contain the suspension
with the culture medium. AC represents the control holes that
contain the culture medium only. Then the strength of biofilm
formation is calculated as follows:

A < AC Non-biofilm forming

AC<A<2*AC Medium biofilms

* 2AC < A Strong biofilms

The Effect of Calcium Nanoparticles on the Growth of
Pathogenic Bacteria

Several concentrations of Calcim nanoparticles were prepared by
dissolving 0.001 g of CaNPs and diluting them to achieve
concentrations of 25 pg/ml, 50 pg/ml, 75 pg/ml, and 100 pg/ml, in
accordance with previous research [14]. Four pathogenic bacterial
species isolated from pathological cases—P. aeruginosa, E. coli,
K. pneumoniae, and S. aureus—were tested in this study. The
bacteria were cultured on Muller-Hinton agar, and wells with a
diameter of 6 mm were created. A volume of 0.2 ml of the test
concentrations was added to each well and incubated at 37 °C for
24 hours. After incubation, the diameters of the inhibition zones
were measured using a numbered ruler [15].

Prepare the Minimum Inhibitory Concentration (MIC)

A set of sterile test tubes was prepared, each containing 1.8 ml of
nutrient broth medium. To this, 0.1 ml of bacterial suspension was
added. Different concentrations of calcium nanoparticles (25
pg/ml, 50 pg/ml, 75 pg/ml, and 100 pg/ml) were introduced at a
volume of 0.1 ml into separate tubes. Additionally, four control
tubes were prepared with only the culture medium and bacterial
suspension, without any calcium nanoparticles added; these served
as negative controls. All tubes were incubated for 24 hours at 37
°C. After incubation, the minimum inhibitory concentration (MIC)
was determined by assessing the turbidity of the test tubes. The
negative control tubes were compared with those containing
bacterial cultures and varying concentrations of calcium
nanoparticles to identify the lowest concentration that effe
inhibited bacterial growth [16]
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The test involved culturing the pathogenic bacterial species P.
aeruginosa, E. coli, K. pneumoniae, and S. aureus in test tubes
containing 1.8 ml of nutrient agar broth medium. To this, 0.1 ml of
the minimum inhibitory concentration was added to four test tubes.
Additionally, four test tubes containing only the culture medium
and bacterial suspension served as negative controls. The tubes
were then incubated at 37 °C for 24 hours. After incubation, a few
drops were collected from both the treated and untreated bacterial
cultures and placed on a sterilized glass slide. A few drops of 3%
hydrogen peroxide solution were added, and the appearance of
bubbles was observed [17].

Detection of Inhibitory Activity of Nanoparticles (CaNPs)
against Biofilm Forming Bacteria

The work was done according to method [18]. Biofilm-forming
bacteria were activated on a nutrient-agar medium. Subsequently,
5 ml of Brain Heart Infusion broth medium containing 2% glucose
was prepared in test tubes, into which the biofilm-forming bacteria
were transferred. A 100-microliter aliquot of the bacterial
suspension was added to each well of a standard plate for each
bacterial isolate. The first well served as a control sample with no
added nanoparticle concentrations. Next, 100 microliters of
nanoparticle concentrations (ranging from 100 mg/g to 50 mg/g)
were added to the remaining wells in a horizontal line, with three
replicates for each bacterial isolate. The calibration plates were
then incubated for 24 hours. After incubation, the contents of the
wells were emptied and washed three times with a local phosphate
buffer solution to remove non-attached bacterial cells. Crystal
violet at a concentration of 3% was added to each well of the
microtiter plate and allowed to sit for 15 minutes. Following this,
100 pl of 93% methanol was added, and the plate was left to dry
for 10 minutes to fix the attached bacterial cells. The contents of
each well were then emptied and washed with distilled water to
remove any non-adherent dye, with this washing repeated three
times. Finally, 160 ul of 33% glacial acetic acid was added, and the
absorbance of the plate was measured at a wavelength of 630 nm
using a Multiskan Go device. The following equation was then
applied to determine the level of inhibition [19].

Inhibition of biofilm formation = Wavelength of control pit —
Wavelength of equation pit X 100 Wavelength of the control pit.

RESULTS AND DISCUSSION

Sample Collection

Fifty-four soil samples were collected from various sites in
northern Basrah, southern Iraq (Fig. 1). These samples were
gathered in sterilized plastic bottles by digging 5 ¢cm into the soil
with a shovel. The samples represented different types of soil,
including agricultural, oil-polluted, riverbank, and those
contaminated with animal dung, as detailed in Table 2.
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Specifically, samples were taken from sewage, the banks of the
Tigris and Euphrates rivers, agricultural land, and oil-polluted
areas (Table 3). The collection sites were primarily in the Al-Qurna
and Al-Madinah districts in northern Basrah. The samples were
transported to the laboratory within three hours of collection,
labeled with information such as location, date, and type of soil.
Under sterile conditions, 1 g of each sample was added to a test
tube containing 10 ml of distilled water. Serial tenfold dilutions
(10r1 to 1075) of the samples were then prepared. Using a
micropipette, 0.5 ml of each dilution was placed on nutrient agar
plates, which were incubated overnight at 37 °C [20].

Table 2 Sites and sorts of samples

Site Sort of soil samples
Sewage 1 Main outfall of Al-Midaina
2 Central Processing unit of Al-
Midaina

Bahla farms soil
Northern Al-Midaina farms
Euphrates River edge soil

Farm soil 3
4
5
6 Tigris River edge soil
7
8
9

River edge soil

Rumaila oil field

Drill 335 cutting soil

Soil contaminated with chicken

dung
10 Soil

dung

Oil polluted soil

Soil contaminated
with animal dung
contaminated with animal

Diagnosis

Microscopic Diagnosis

All bacterial isolates were purified, and staining of the bacteria
showed that most of the bacteria were Gram-negative, i.e., 10
positive isolates (35.7%) and 18 negative isolates (64.2%).

Table 3 The isolation sites, samples sorts, number of samples, and collection date

No. Isolation site Samples sort Number of samples Collection date
1 sewage soil Sewage of Al-Midaina 8 18 /9/2022

2 River edge soil Euphrates River/ Al-Midaina 6 27 1912022

3 Agricultural soil Date palm farm 8 7110/2022

4 Pond soil Weeds pond 7 16 /10/2022

5 Garden soil Home garden 5 27 /10/2022

6 Oil contaminated soil Northern Qurna field 8 18/11/2022

7 Marsh soil Zichri marsh 5 18 /11/2022

8 Dung contaminated soil Barn 7 28 /11/2022

Table 4 The biochemical tests
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Bacteria Oxidase MR VP  Urease

H,S production

Citrate Gas production Indole Coagulase

P. aeruginosa + + - - -

+ _ - -

Phenotypic Diagnosis

The phenotypic characteristics for the initial diagnosis, as the
shape, color, smell, texture, and size of the growing colonies were
observed in the culture media of nutrient agar, blood agar, and
MacConKYy agar.

Biochemical Tests
Biochemical tests were performed, and the test results were as
shown in table 4.

Molecular Diagnosis

Molecular identification of the bacterial isolates under study was
carried out, and the PCR technique for the 16S rRNA gene was
used to identify the bacteria [21]. The results of the DNA
extraction of the bacteria showed the appearance of DNA bands
that were extracted from the bacteria.

Polymerase Chain Reaction (PCR)

After extracting the DNA from the bacterial isolates, the DNA was
amplified using polymerase chain reaction (PCR). The
amplification results showed that the DNA was at a size of 1400
bp when compared with the DNA ladder as shown in figure 2.

Fig. 2 the DNA size of bacterial isolates and its comparison with the DNA
ladder size index

Genetic Sequencing Analysis

The SANQR technique was used to perform sequencing analysis
resulting from the amplification of the 16rRNA gene. Blast
analysis was also performed at NCBI Biotechology, and the
bacterial isolate was registered at NCBI .and record under
accession no PP273433.

Biosynthesis of Nanoparticles

The present study showed that P. aeruginosa. bacteria could
biosynthesize nanoparticles of, CaNPs,. The properties of the
synthesized nanoparticles were confirmed using the following

20p  VES:

Color Variation

The initial observations of nanobiosynthesis reveal color
variations, with each material exhibiting distinct hues. For
instance, the color range of calcium oxide varies from yellow to

white in an emulsion, as illustrated in Figure 3. This color change
in the composition may result from the excitation of surface
plasmon vibrations in the nanoparticles, a defining characteristic
of these materials [22]. Surface plasmon vibrations may arise from
dipole oscillations when the electromagnetic field is in the visible
range, resulting in collective oscillations of conduction electrons
[23].

Fig. 3 the color variation in solutions for each of the following: a) Bacterial
suspension, b) Chromatic heterogeneity in calcium oxide

UV-visible Spectroometer

The next step in verifying the synthesis of nanoparticles is to
measure their wavelength, as each nanomaterial has a unique
wavelength. For calcium oxide synthesis, the wavelengths range
from 200 to 1000 nanometers, with peak absorption occurring at
318 nanometers, as illustrated in Figure 4. This result closely
aligns with previous studies [6]. Proteins and enzymes,
particularly the reduction enzyme present in the supernatant of
bacterial cultures, play a crucial role in the biosynthesis of
nanoparticles. The biological formation of nanoparticles, whether
occurring inside or outside of cells, is influenced by the specific
location where these particles are generated.

318 nm

(23
-
=

0.

0.

0.

0.

-0.2 200 500 800 T000

Wavelength(nm)

Fig. 4 UV-visible spectra of calcium oxide nanoparticles produced by P.
aeruginosa

Fourier Trensmission Infrared Spectroscopy FTIR

The active groups present in the bacterial supernatant were
detected using FTIR. These values were interpreted by entering
them on the Inata NANO website, where the numbers are entered
and the website identifies the active compounds and groups
(Tables 5).

SEM Examination

The shape, size, and surface morphology of the particles were
analyzed using scanning electron microscopy (SEM). The SEM
results for calcium oxide nanoparticles (CaNPs) synthesized
through extracellular methods using P. bacteria revealed that the



nanoparticles are composed of irregular granules, measuring
approximately 13.08 nm in size, as illustrated in Figure 5. The
nanoparticles, possessing a large surface area and high surface
energy, tend to agglomerate. These findings align with previous
studies [24]). The reason for the difference in the shape and size
of the nanoparticles that are synthesized by biological systems is
that this is a common matter [25]. The results of the current study
were consistent with Study [26].

Table 5 Active aggregates of CaNPs produced from the supernatant
solution of P. aeruginosa bacteria
FTIR of calcium nanoparticles formed from P. arognosia

Vehicles Effective group  Peak (/cm)
Alcohol O-H stretching  3741.23
Alkyne C-H stretching ~ 3266.82
Alkane C-H stretching ~ 2923.56
Carbodiimide N=C=N 2107.6
stretching
Alkyne C=C stretching  2028.75
Cyclopentanone C=Ostretching  1731.76
Alkene C=C stretching  1631.48
Nitro compound N-O stretching ~ 1538.92
Alkane C-H bending 1450.21
Carboxylic acid O-H bending 1390.21
Aromatic ester C-O stretching  1238.08
Anhydride €0-0-Co 1033.66
stretching

wo:752mm |
Det: S& SEM MV 150KV 200 nm
Date{midiy): 01223

Fig. 5 Electron microscope of calcium nanoparticles

SEM MAG: 200 kx

Detection of Biofilm Formation in Pathological Bacteria
The detection of biofilm-forming bacteria, which is considered a
virulence factor, was carried out for four types of bacteria, namely
E. coli, K. pneumoniae, P. aeruginosa, and S. aureus, using two
methods:

Congo Red Method

The bacteria were cultured on Congo red medium to determine if
they formed biofilms. The results revealed the presence of black
colonies, indicating that the bacteria produced biofilms with high
intensity, as shown in Figure 6. These findings are consistent with
previous research [8].
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2. aeruginos,

K. pneumonia
Fig. 6 Detection of biofilms in pathogenic bacteria using Congo red agar

Detection of Biofilms by a Standard Plate (Microtiter
plate)

Biofilm-forming bacteria were detected using a microtiter plate.
The ELISA results revealed that, by comparing the readings from
the negative control well (which contained only culture medium)
to those from the positive control well (which contained culture
medium and bacterial colonies), the intensity of biofilm formation
was calculated. All four isolates exhibited high-intensity biofilm
formation, as shown in Table 6. This finding is consistent with
previous studies [27].

Table 6 Intensity of biofilm formation in pathogenic bacterial isolates by
microtiter plate

Bacteria Biofilm intensity calculation equation Biofilm intensity
P. aeruginosa 2*0.097<1.135 2*AC<A Strong biofilm
E. coli 2*¥AC<A 2*0.073<1.511 Strong biofilm
K. pneumoniae 2*¥AC<A 2*0.096<1.164 Strong biofilm
S. aureus 2*¥AC<A 2*0.106<1.327 Strong biofilm

Antimicrobial Activity of CaNPs

The results of the current study demonstrated that biosynthetic
calcium nanoparticles (CaNPs) effectively inhibit the growth of
pathogenic bacteria, exhibiting varying diameters of inhibition
depending on the concentration used. The largest inhibition
diameter was observed for P. aeruginosa, reaching 21 mm at a
100% concentration, while the smallest inhibition diameter was
for E. coli, measuring 12 mm at a 25% concentration. These
findings indicate that calcium nanoparticles, at different
concentrations, can inhibit pathogenic bacterial growth to
varying extents, as summarized in Table 7 and Figure 7. The data
clearly show that bacterial growth inhibition occurs more
significantly at higher concentrations. Additionally, there were
notable differences in inhibition diameters among the bacterial
isolates, attributed to variations in bacterial cell wall composition,
overall cell physiology, genetic makeup, and the presence of
enzymes critical to cellular metabolism [28].

Minimum Inhibitory Concentration (MIC)

The MIC results for P. aeruginosa, E. coli K. pneumoniae bacteria
showed that it was 25 pg\ml while it was 50 pg\ml for S. aureus
bacteria, as in Figure 8.
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Table 7 Inhibition Zone (mm) on Pathogenic Bacteria

Inhibition zone (mm) on Pathogenic Bacteria

Pathogenic bacteria

Concentration Concentration

Concentration

Concentration -

100 pg \ ml 75 ug \ ml 50 pg \ ml 25 pg \ml -

21 mm 19.5 mm 15.5 mm 145 mm P. aeruginosa
145 mm 14 mm 12.75 mm 12 mm E. coli

17 mm 15.5 mm 145 mm 13.25 mm K. pneumoniae
16 mm 15 mm 15 mm 14 mm S. aureus

Fig. 7 Effect of CaNPs on pathogenic bacteria a-P. aeruginosa; b-E. - E.
coli c- K. pneumoniae d- S. aureus with concentrations (25-50 - 75-100
Mg/mL)

¥ "

S. aureus K. pneumonia E.coli P. aeruginosa
MIC 50 pg¥ml MIC 25 pg\ml MIC 25 pg\ml MIC 25 pg\ml
y
- t J - - -l'--r -— ;!“'T'
i :

P i

Fig. 8 The minimum inhibitory concentration (MIC)

Inhibition of Catalase Enzyme

Table 9 Biofilm inhibition rate of CaNPs nanoparticles

The examination results indicated that Calcim nanoparticles at
varying concentrations, as detailed in Table 8, effectively inhibited
the production of the catalase enzyme in pathogenic bacteria.
Catalase is a key virulence factor, as it helps bacteria decompose
hydrogen peroxide into oxygen and water, protecting them from
oxidative stress caused by reactive oxygen species (ROS). By
overcoming oxidative stress, the catalase enzyme plays a crucial
role in cellular defense. Meanwhile, the small size and positive
charge of silver nanoparticles enable them to penetrate bacterial
cells and disrupt biological molecules, ultimately leading to a
reduction or complete absence of catalase production (Fig. 9) [29].

Table 8 Concentrations of CaNPs on pathogenic bacteria inhibition
catalase

Inhibition concentration catalase Isolate

50 pg\ ml P. aeruginosa
25 ug \ml E. coli

25 ug \ml K. pneumoniae
50 pg \ ml S. aureus

Fig. 9 Inhibition catalase

Average effect of Average type of Concentrations of calcium nanoparticles Types of bacteria
Calcim nanoparticles bacteria 100 pg \ mi 75 pug\ml 50 pg \ ml 25ug\ml

88.05 87.80 89.53 % 88.16 % 87.77 % 86.80 % P. aeruginosa
89.79 90.38 91.00 % 90.53 % 89.40 % 91.07 % E. coli

90.49 91.63 92.57 % 91.90 % 91.30 % 90.87 % K. pneumoniae
91.37 89.90 93.40 % 92.03 % 91.70 % 83.47 % S. aureus

‘7 62” Bilateral interference LSD 2.253 calcim nanoparticles LSD 2.253 bacteria

Inhibitory activity of calcium nanoparticles (CaNPs)
against bacterial biofilms

The current study demonstrated that calcium nanoparticles
(CaNPs) exhibit significant inhibitory activity against biofilm-
forming bacteria, as detailed in Table 9. The highest inhibitory

effect was observed against S. aureus, reaching 93.40% at a
concentration of 100 pg/mL, while the lowest was against P.
aeruginosa, which showed 86.80% inhibition at a concentration
of 25 pg/mL. The findings indicate that CaNPs possess strong
antibacterial properties due to their large surface area. Their small



size enhances interactions with biofilm-forming bacteria,
allowing the nanoparticles to penetrate bacterial cells easily. This
penetration disrupts the cell membrane, ultimately leading to
bacterial cell death [30].

CONCLUSION

This study highlights that the biosynthesis of calcium
nanoparticles (CaNPs) by P. bacteria is a straightforward, eco-
friendly method. After confirming the characterization of the
synthesized nanoparticles using UV, FTIR, and SEM, we
observed that they were spherical in shape and varied in size,
ranging from 29 to 40 nm. The findings demonstrate that these
nanoparticles exhibit a strong inhibitory effect on biofilms formed
by pathogenic bacteria and are effective as antibacterial agents
and catalysts.
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