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Abstract

Background. Acinetobacter baumannii is a multidrug-resistant pathogen responsible for severe hospital-
acquired infections. The increasing resistance to conventional antibiotics has directed attention toward
green nanotechnology. Aim. This study aimed to biosynthesize iron oxide (Fe,O3) nanoparticles using
pyocyanin pigment from Pseudomonas aeruginosa and evaluate their antibacterial activity against A.
baumannii. Methods. A. baumannii were identified using VITEK-2 and standard biochemical tests.
Pyocyanin pigment was extracted for Fe,O3 nanoparticle synthesis. The synthesized nanoparticles were
characterized using UV-Vis spectroscopy, AFM, FTIR, and FE-SEM, while antibacterial activity was
assessed by the agar well diffusion method. Results. UV—Vis analysis confirmed nanoparticle formation
with characteristic absorption peaks. AFM and FE-SEM revealed nanoscale particles with an average size
of approximately 35 nm and rod-shaped morphology. FTIR analysis indicated the presence of functional
groups responsible for nanoparticle stabilization. Antibacterial assays demonstrated concentration-
dependent inhibitory activity against 4. baumannii, with the highest inhibition zone observed at 50 pg/mL
of iron oxide nanoparticles. Conclusion. The synthesized nanoparticles exhibited notable antibacterial
activity against multidrug-resistant 4. baumannii.
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Introduction

Acinetobacter baumannii is a type of
bacteria that is named after the American
bacteriologists Paul and Linda Baumann.
It is a Gram-negative bacterium that does
not have the ability to move, and it has a
shape that is between a sphere and a rod,
with a size ranging from 1 to 1.5
micrometres (1). It is commonly found in
pairs or long chains, and its length can
vary, especially during the stationary
phase. As it matures, it tends to become
more spherical in shape. Acinetobacter
baumannii is a multidrug-resistant
pathogen, meaning it is resistant to
multiple types of drugs. In hospitals and
other healthcare facilities, it may lead to

infections, especially in critically ill
patients or those with compromised
immune systems who have central
venous catheters. and caused serious to
patients with burn and wound infections
(2). A. baumannii has acquired a wide
range of resistance to antimicrobial
agents, which is linked to a higher death
rate in infected individuals compared to
other species that are not A. baumannii.
A. baumannii is capable of causing many
infections, with the respiratory tract
being the most commonly affected,
particularly in cases of ventilator-
associated pneumonia. Instances of
meningitis linked to A. baumannii have
been recorded. The primary factor of risk
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for acquiring multidrug-resistant (MDR)
infections is factors contributing to the
presence of A. baumannii include prior
antibiotic usage, subsequent mechanical
breathing, duration of
ICU/hospitalization, severity of disease,
and utilization of medical devices (1, 3)
NPs and nano-biomedicine involve the
ability to measure, display, control, and
create objects at an atomic level,
typically ranging from 1 to 100
nanometers. In today's world, the
efficiency and size reduction of
electronic devices are crucial factors,
with nanomaterials playing a significant
part in achieving these goals.
Nanotechnology is attracting widespread
attention due to its extensive range of
applications across various industries,
including textiles and medicine. One
particularly important aspect is its use as
an antibacterial agent. Nanostructures
are widely employed in fields such as
engineering, medicine, environmental
remediation, biotechnology,
microbiology,  electronics,  optics,
mechanics and material sciences (4,5).
The utilization of ecologically friendly
raw materials, such as biological extracts
derived from bacteria, for the production
of NPs of iron oxide offers numerous
compatible and economic benefits. Drug
firms and therapeutic targets benefit
from the prevention of using harmful
chemicals in the manufacturing
technique. (4,6). Chemical synthesis
procedures introduce hazardous
compounds that may have detrimental
impacts in medical applications. Bacteria
are currently being utilized to
biologically synthesise metallic NPs, and
their extracts are being utilised for
scientific purposes. (7,8,9). Biological
systems, like bacteria, consist of
macromolecules, the majority of which
are within the nanoscale scale (8). The

process of extracting cells from these
species of bacteria is utilised to generate
NPs with biological components and
diverse sizes (8). The isolated bacteria
include components that are responsible
for iron reduction. Ferric sulphate and
other suitable substrates can be utilised
to diminish bacterial extracts. (10) (9).
Biological nanotechnology is a highly
intriguing field that encompasses a
diverse range of techniques aimed at
reducing or eliminating hazardous
chemicals. to the conservation of the
environment. Biological manufacturing
offers greater benefits compared to
chemical and physical approaches due to
its simplicity in processing, cost-
effectiveness, and scalability for large-
scale production. (11,12). Magnetic iron
oxide NPs are the preferred choice for
biological and medical specialised
applications because of their chemical
stability, superparamagnetic behaviour,
and  biocompatibility  (13).  The
production of iron NPs (Fe:O3) NPS
utilising bacterial and fungal extracts has
notable advantages compared to
chemical and physical methods due to its
simplicity in handling, cost-
effectiveness, and ability to be scaled up
for mass production. This technique did
not require the utilisation of expensive
high-pressure  apparatus, hazardous
chemicals or elevated temperatures. The
pigment was determined to be produced
by Gram-negative P. aeruginosa (14).
One of the distinctive features of
Pseudomonas aeruginosa is its capacity
to synthesise the blue-green pigment
pyocyanin. This study was aimed; the
purified pyocyanin from P. aeruginosa
was used to biosynthesize iron oxide
nanoparticles as a reducing and
stabilizing agent. As well as the potential
application  of  the  synthesized
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nanoparticles in vitro as an antibacterial
activity against A. baumannii.
Materials and methods

The isolated bacteria Acinetobacter
baumannii were collected from
December 2023 to April 2024, this
encompasses A total of 120 samples The
Vitek-2 system and standard biochemical
test were utilized to identify all bacterial
isolates. The antimicrobial efficacy and
other characteristics of Iron oxide NPs
were investigated wusing multidrug-
resistant A. baumannii strains. (15, 16)
Bacterial isolation identification
VITEK 2 system

This process has multiple stages,
including:

A single, intact colony was placed into a
test tube containing normal saline (3mL).
An automated densities check verified
that the concentration of the colony
adhered to McFarland's recommended
value of 1.5 x 108 CFU/ml. The computer
software could utilise the barcode on the
cassette to accurately identify the sample
once standardised inoculums were
introduced. Once the barcode is scanned,

a VITEK 2 card type becomes linked to

a sample ID number.

Identification by biochemical tests

1. Indole test: Peptone broth medium
was utilised for inoculation of
cultures of bacteria, which were then
cultured at 37 degrees Celsius for 18
to 24 hours. A positive indicator for
the experiment was the appearance
of a crimson ring upon addition of
Kovac's reagent to each tube.

2. Oxidase test: An aseptic wooden
rod was employed to gently apply a
sample of the tested bacterial culture
onto the filter paper that had been
soaked in oxidase solution(17). A
favourable result was determined if
the colony rapidly changed colour to
ink blue(18).

3. Simmons Citrate: Following 48 to
72 hours of incubation at 37°C, the
bacterial culture was transferred on
a Simmons citrate slant. A change
from green to blue in the test
findings indicates a favorable
outcome (19).

4. Urease test: The urea agar slant was
placed in an incubator set at 37°C,
together with a freshly obtained
bacterial culture. After twenty-four
the results of the examination were
announced. The transition from
white to purple-pink in the medium's
colouration indicates a successful
conclusion (19).

5. Catalase production test: A glass
slide was coated with a modest
quantity of hydrogen peroxide (3
percent H202), and a loop containing
previously  confirmed bacterial
cultures was agitated with the
peroxide. The test was deemed
positive if bubbles formed.

Pyocyanin pigment production

After collecting each P aeruginosa

isolate sample, they were inoculated into

Luria Broth medium (20) and placed in

an incubator at a temperature of 28°C for

a period of 120 hours. Subsequently, the

samples were subjected to analysis.

Upon agitation of the flask, the green

pigment of pyocyanin was evenly

dispersed through the whole broth,
resulting in a blue-green coloration of the

medium (Figure 3). Based on (14), A 250

ml sample of a broth culture of P

aeruginosa ~ was  obtained  after

incubation. The liquid was then
subjected to centrifugation for a duration

of 15 minutes at a speed of 8000

revolutions per minute. As a result, a

supernatant and a deposit were formed.

The deposit was disregarded. In order to

obtain pyocyanin, chloroform has been

introduced to precipitate and produce
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pyocyanin (21). The pyocyanin was
extracted using a rotary evaporator and
lyophilized pyocyanin by wusing a
vacuum freeze dryer, resulting in the
collection of pyocyanin powder.
Biosynthesis of Iron Nano particles.
The initial step in utilising pyocyanin for
the biosynthesis of iron (Fe2Os) NPs
involves synthesising the compound.
This is achieved by combining of
deionized distilled water (DDW) (50ml)
and pyocyanin powder (5mg) and
dispersing it using an ultrasonication
bath for a duration of 30 minutes.
Additionally, (5g) of iron oxide is
dispersed in 50 ml of pyocyanin, which
was previously prepared in a flask and
agitated overnight in a darkroom.
Subsequently, the concoction underwent
centrifugation at a speed of 8000
revolutions per minute for a duration of
10 minutes. The solution containing the
whole iron (Fe;O3) NPs was subjected to
two rounds of washing with deionized
distilled water to eliminate any residual
pyocyanin pigment. The NPs were dried
by subjecting them to an oven at a
temperature of 37°C for the duration of
one night. Ultimately, the black material
was enclosed within an opaque vessel to
hinder its evaporation (22).
Antibacterial activity of iron (Fe203)
NPs

The bacterial susceptibility to iron
(Fe203) NPs was evaluated using the
agar well diffusion method. The Mueller
Hinton medium was utilised in this
examination. Acinetobacter baumannii
was cultured for 24 hours at a
temperature of 37°C. Following the
incubation period, a standard inoculum
was prepared for each bacterial isolate.
The concentration of the inoculum was
1.5 X 108 CFU / mL, as per the standard
0.5 McFarland solution. Aseptic
technique was utilized to immerse a
small sterile brush into the tube
containing the bacterial suspension. The
swab was then utilized to evenly spread
the bacteria onto the surface of a Muller
Hinton agar (MH) plate. On MH agar
plates, aseptic preparation of wells with
a 6 mm diameter was carried out.
Subsequently, 1 mL of Fe>O3; NPs at
various concentrations (50,25, 12.5,
6.25, 3.125, and 1.5625 pg/ml) were
distributed into individual wells. The
plates were then incubated overnight at
37°C. After the period of incubation, the
widths of the zones indicating the
susceptibility of the bacteria were
measured and documented (22, 23).
Results
VITEK 2 compact system

Figure 1 illustrate result of A.
baumannii VITEK2 system.
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Figure (1): VITEK II system for Acinetobacter baumannii.
Biochemical test results of the biochemical test conducted

Figure 2 and Table 1 displayed the on A. baumannii.

Table (1): The result of the biochemical test.

Test results
Indole test -
Oxidase test -
Simmons Citrate test +
Urase test -
Catalase test +

(emmmmmmmmeeeeeee——————

Figure (2): Biochemical tests for identification of bacterial isolate, (A): Indole test, (B): Oxidase test,
(C): Simmons Citrate test, (D): Urease test, (E): Catalase test.

Pyocyanin pigment extraction surface washed into and distributed
As the flask was agitated, the green throughout the liquid (Figure 3).
pigment that had settled on the broth's
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Figure (3): The Extracted pyocyanin

Characterization of  Pyocyanin aeruginosa is characterized by scanning
pigment a UV-visible spectrophotometer in
The UV-VIS spectral analysis of figure 4 to detect the maximum
Pyocyanin absorption at 363 nm.

The pyocyanin developed by P

3000 :
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Figure (4): UV-VIS of pyocyanin.

UV-VIS spectral analysis of iron

(Fe203) NPs meter for maximum absorption; the iron
Figure 5 shows the results of scanning NPs were found to have an absorbance at
a UV-visible spectrophoto- 290 nm.
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Figure (5): UV-VIS of Fe203 NPs.

Atomic Force Microscope (AFM) of

Iron Nano particles.
The formation of (Fe2O3) surface

shape of the NPs was examined via

atomic force microscopy to displayed
that (Fe2O3) NPs was in an average
diameter size (Mean) of 35.58nm (Figure
6).

Parameters
Unit
Particle #1
Particle #2
Particle #3
Particle #4
Particle #5
Particle #6
Particle #7
Particle #8
Particle #9

Global statistics
Mean

v Mean diameter v Z-maxim... v v

nm nm

331 57.93 576.6
624.7 22.21 3194
4005 66.17 550.9
6179 82,51 578.4
624.7 23.79 3189
4944 74.32 551.8
737.7 24.47 365.1
1623 41.24 349.1
2592 54.73 554.7
2115 35.58 3911
29.21 3.776 314.6
15953 1133 603.9

Number of particles

Particle analysis - Threshold detection
9 June 2024 Y ;/\\\\ Mountains
Particle analysis 3D view of the surface
o
£ -
2000
1500 "'{
1000 D $7 5" 0 €20, 0y v 04 O
500 0"
s M
6 o 500 1000 1500 2000 L;Onm
Information
Method Threshold detection
Threshold 1 3146 nm
Number of particles 564
Coverage 1753 %
Density 83523804  Particles/mm?

20

100 nm

Figure (6): Atomic Force Microscopy of Fe2O3 NPs (Histogram of iron oxide NPs, 3D of iron oxide
NPs).
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Fourier transforms infrared (FTIR)
spectroscopy analysis

Figure (7) display the FT-IR data
for the iron oxide NPs produced via
biosynthesis. Based on the result in table
(2), it is common to see a

succession of absorption peaks between
4000 and 400 cm™!, which correspond to
hydroxyl and carboxylate groups in the
substance. In particular, the frequency
range of about (680.83- 410.81) cm™.

Table (2): FTIR of NP of (Fe203).

Absorption

Functional Groups'

Compound Frequency (cm™) Bonds Compound class
3394.48 N-H stretching Primary amine
2873.74-2800.45 O-H bending Alcohol
2615.29 C-H Stretching Aldehyde
. 1654.81 C=C stretching Alkene
Pyocyanin 1550.66-1488.94 N-O stretching Nitro compound
Extract 1461.94-1398.30 | C-H bending Alkene
1118.64-1074.28 C-N stretching Amine
617.18 C-Br stretching Halo compound
794.62-765.69 C=C bending Alkene
3394.48-3371.34 N-H stretching Primary amine
. 1614.31 C=C stretching Alkene
Ferric Sulfate
684.68 Metal Oxide Fe203
414.67 Metal Oxide Fe203
3386.77-3369.41 N-H stretching primary amine
2437.86-2324.06 0=C=0 Carbon dioxide
Fes0s (NPs) _stretchmg
1614.31 C=C stretching Alkene
680.83 Metal Oxide Fe203
428.17-410.81 Metal Oxide Fe20s

Field emission scanning electron
microscopy (FE-SEM) analysis
Analyzing the biosynthesized iron
oxide NPs' morphological characteristics
was done using the field-effect scanning

electron microscopy technique. Figure 8

shows that the sample included the
synthetic iron oxide NPs with rod shaped
and the size of iron oxide NPs in average
diameter (31.99-21.98) nm.
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Figure (7): FTIR images of (Fe203) NPs synthesized using pyocyanin pigment, A: pyocyanin

pigment. B: Ferric sulfate. C: (Fe2O3)NPs.
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Figure (8): Images of the biosynthesized iron oxide NPs using FE-SEM

Antibacterial Activity of Iron NPs

The antibacterial effect of iron oxide
nanoparticles against Acinetobacter
baumannii is concentration-dependent,
according to the results presented in
Table (3). The maximum concentration
tested, 50 pg/mL, presented the highest
inhibition zone value of 21 mm, relating
to strong antibacterial activity. With a
decrease in the nanoparticle
concentration, there was gradual
diminution in the diameter of inhibition
zones for the other dilutions tested; their
values declined to 18 mm with 25
pg/mL, further to 13 mm with 12.5

pg/mL, and finally to 10 mm for 6.25
pg/mL. At the lower concentrations, no
marked evidence in terms of the
antibacterial impact was realized, as
expressed by the reduced inhibition zone
value recorded at 3.125 pg/mL with a
value of 5 mm, while at a concentration
of 1.5625 ng/mL, no inhibition activity
was observed for the nanoparticles.
These observations thus point to a
relationship between the increase in the
antibacterial efficiency of iron oxide
nanoparticles with respect to A.
baumannii and their concentrations.

Table (3): Antibacterial activity Test of Iron NPs For A. baumannii

Iron NPS ZONE OF Diameter
con.(png/ml) (mm)

50 21

25 18

12.5 13

6.25 10

3.125 5

1.5625 No inhibition Zone
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Figure (9): Antibacterial susceptibility test of Iron NPs against A. baumannii at
different concentrations. 1 : 50; 2 : 25; 3: 12.5; 4 : 6.25; 5 : 3.125; 6: 1.5625.

Discussion

In agreement with this finding of
this work about the extraction method of
pyocyanin, the study was represented
similar results (24). In addition, The
pyocyanin was characterized by
different approaches, included UV-
visible spectrophotometer (25), whereas
absorbance was measured at 363 nm in
corresponding with the result was
shown by (22) that indicates the UV-
visible of Fe2O3 is 315nm. Using UV-
Vis, the iron NPs were found to have an
absorbance at 290 nm in corresponding
with the result was shown by (26) that
indicates the UV-visible of Fe;Os is
304nm. In addition, AFM was showed
that an average diameter size (Mean) of
35.58 nm, in corresponding with the
result was shown by (27) that indicates
the average diameter size (Mean) of
Fe>0s is 35.01nm. Also, FTIR indicated
that the frequency range of about
(680.83- 410.81) cm™! in corresponding
with the result was shown by (28) that
indicates the FTIR of Fe>Os3 is (634.54-
418.52) cm’l. Using FE-SEM, the
synthetic iron oxide NPs with rod
shaped and the size of iron oxide NPs
was in average diameter (31.99-21.98)

nm in corresponding with the result was
shown by (27) that indicates the FE-
SEM of Fe;O3 NPs is (23.43-15.49) nm.
Iron NPs was applied as antibacterial
agent for MDR- A. baumannii with
strong biofilm production, whereas its
effects depended  upon  NP's
concentration. The main mechanism of
Iron NPs toxicity 1is potentially
associated with the nanoparticles
interact with bacteria by altering the
membrane's shape and increasing
permeability. It alters transporting
across the plasma membrane, resulting
in cell death (28).
Conclusions
1. Green synthesis of iron oxide NPs
from pyocyanin was an effective
method to give the best properties for
NPs synthesized.
2. Iron NPs anti-bacterial against A.
baumannii bacterial isolates.
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