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Abstract:

Recently, advancements in nanotechnology have opened up new avenues for
enhancing healthcare outcomes by leveraging the unique properties of nanomaterial.
Scientists have previously developed complexes of bacteriocins with nanomaterials
or bacteriocin-nanoconjugates for diverse biomedical applications that utilize
bacteriocins. The usage of bacteriocin—nanoconjugates has several benefits, including
enhanced stability over extended use, defense against proteolytic enzyme
degradation, and synergistic efficacy. The requirement to provide new antibiotic
alternatives is becoming more pressing in this regard. Because of their special
qualities, metal oxide nanomaterials are currently attracting a lot of attention as
possible antimicrobial and anti-cancer agents. The bacteriocin-like inhibitory
substance (BLIS) from Acinetobacter bumannii used to synthesiss selenium
nanoparticles. Atomic Force Microscopy (AFM), Field Emission Scanning Electron
Microscope (FESEM), X-Ray Diffraction (XDR) analysis and UV visible
spectrometry were used to characterize the biosynthesized nanoparticles and ascertain
the product's chemical and physical properties XRD verified the hexagonal structure,
AFM analysis used to reveal the roughness and distribution of nanoparticles indicated
the size range at 81,23 nm, and FESEM validated the surface morphology. The UV-
visible spectroscopic analysis revealed that the synthesized nanoparticles exhibited
their highest absorption peaks at a wavelength of 270 nm. Minimum inhibitory
concentration (MIC) at 250 mg/ml Biogenic selenium nanoparticles demonstrated
comparable in order to ascertain the optimal antimicrobial activity against pathogenic
microorganisms through the use of a well diffusion method, pathogenic
microorganisms were isolated clinically infections in Iragi patients and identified
using the VITEK-2 Compact. The cytotoxicity assays demonstrated that the treatment
with biologically synthesized selenium nanoparticles did not markedly compromise
the viability of human lymphocytes.

Keywords: Bacteriocin-like inhibitory substance, Human lymphocytes,
Sodium selenite.
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Introduction

Acinetobacter baumannii has emerged as a highly formidable pathogen in contemporary
healthcare due to its remarkable capacity to develop resistance to antibiotics. Numerous strains
of A. baumannii exhibit exceptional resistance to the majority of antibiotics commonly used in
clinical settings [1]. Bacteriocin is a short polypeptide or ribosomally synthesized protein that
has antibacterial activity against bacteria that are closely related to the strain that produces it
or against other bacteria [2]. A microbial community's cells may be susceptible to any
bacteriocin, resistant to all bacteriocins, or bacteriocinogenic (generate bacteriocin. When three
cell types coexist and compete for limited resources, only a fraction of bacteriocinogenic cells
become activated to synthesize and secrete bacteriocins [3]. Metallic nanoparticles show great
promise in applications such as biological diagnostic probes, components of optoelectronic and
display devices, and catalysts [4].
SeNP biosynthesis typically involves the addition of microorganisms or plant extracts
to a sodium selenite solution. The microorganisms produce organic materials on the surface
of SeNPs, such as proteins, polysaccharides, and lipids, to stabilize the structure, while also
using their own metabolism to convert the high-valent selenium to SeNP [5]. To get around
some of these restrictions, bacteriocin-nanoparticales have shown to be a workable solution
and the most potent antibacterial agent in vitro so the antibacterial activity of nanoparticles in
combination with bacteriocins is a new strategy against pathogenic bacteria [6]. The primary
objective of the present investigation is to synthesize SeNPs using bacteriocin derived from
Acinetobacter baumannii, which was isolated from burn wounds. Subsequently, the study
focuses on characterizing the biosynthesized SeNPs employing a range of analytical
techniques. To use nanoparticles as an alternative to antibiotics, which are ineffective, and
finally evaluated their cytotoxic activities on lymphocyte viability.
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Materials and methods
A. baumannii isolation and identification

In this study, one hundred fifty specimens from burns and wounds infections were collected
during September 2023 to December 2023 from patients in Baghdad medical city hospital in
Baghdad, Irag. The specimens were cultured on Acinetobacter agar base then incubated for 24-
48 hrs at 37°C under aerobic conditions. Isolates were subsequently confirmed A. baumannii
by using the Vitek 2 compact system (BioMe rieux/France) [7].

Antibiotic sensitivity test

The antibiotic sensitivity test was done for all isolates with positive growth with A.
baumannii only (44 isolates) by VITEK- 2 -the antibiotic Sensitivity Test Card (ASTC) AST-
N222 [8].

Biosynthesis of bacteriocin-like inhibitory substance (BLIS)

The agar well diffusion assay (AWD) method was employed to screen all Acinetobacter
baumannii isolates for their inhibitory activity against a panel of indicator strains, with the aim
of identifying the isolate exhibiting the highest production of the bacteriocin-like inhibitory
substance (BLIS) bumanniicin. The indicator strains included gram positive and negative
bacteria [9].

Optimization of BLIS

Synthesis of BLIS is optimized numerous factors were examined to determine the ideal
settings for high-level bumanniicin synthesis. Determination of optimum pH, determination of
optimum incubation time and effect of nitrogen source & carbon source (sugars).

Partial purification of bumanniicin-like inhibitory substance
Partial purification of crud bacteriocin was prepared via precipitation with ammonium sulfate
at different concentrations.

Estimation of proteinconcentration
Concentration was determined according to Bradford, (1976) [10].

Biosynthesis of Selenium Nanoparticles

For green synthesis of SeNPs, 2 grams of sodium selenite (Na2SeO3) was added to a volume
of 10 mL of A. baumannii BLIS solution (baumanniicin) concentration 10.65 pg/ml the flasks
were incubated at 30 °C to 35 °C for three days, and each color change was recorded. After
incubation, the reaction mixture was centrifuged at 6000 revolutions per minute for 25 min at
4 °C in order to separate out the supernatant. The supernatant was then replaced with deionized
water and the centrifugation process was repeated three more times under the same conditions
to remove the remaining supernatant. The collection of nanoparticles in the form of pellets was
transferred to a hot air oven set at 120 °C to evaporate all liquid contents. The dried powder
was carefully collected and stored for further analysis [11].

Characterization of biosynthesized Selenium Nanoparticles

According to [12]. UV-VIS spectroscopy, Atomic force microscopy AFM, Energy-
dispersive X-ray analysis EDX analysis Bruker/Germany, Field emission scanning electron
microscope, Fourier transform infrared (FTIR) spectroscopy.

Antibacterial application of SeNPs by agar well diffusion method:
The antibacterial activity of SeNPs was evaluated using the AWD method against gram-
positive and negative bacterial strains and determine the minimum inhibitory concentration
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(MIC) of SeNPs on them, isolates were inoculated into nutrient broth and cultured at 37°C for
24 hours. Then Mueller Hinton agar was used for the agar diffusion assay. Sterilized cotton
swabs were used, isolates suspensions (0.5 McFarland) onto Muller hinton agar plates. A
sterilecork borer was used to create wells, which were then filled with 100 ul of SeNPs solution
with 5 concentrations (1000, 500,250,125and 62.5) pg/ml were used. The plates were
subsequently incubated for an additional 24 hours at 37 ° C, after which the zones of inhibition
were determined the following day [13].

Isolation of human lymphocytes:

In assessing the cellular viability of different concentrations of SeNPs (1000, 500, 250, 125
pg/ml), the MTT assay, as mentioned in prior studies, was employed on normal lymphocytes.
The percent viability of cells exposed to treatments was calculated using the following equation
and the Concentration that inhibits 50% of cell growth was used as a parameter for cytotoxicity
Cell Viability (%) = (Mean OD of Treated Cells/Mean OD of Control Cells) x 100
The lymphocytes were obtained from the blood of a healthy, non-smoking donor who had no
symptoms of an infectious disease at the time of blood collection. Then treated according to.
The cytotoxic effect of SeNPs was performed by using MTT ready to usekit [14].

MTT Protocol:

1- In 96 flat well microtiter plates, cells (1x1041x106 cells/ml) were grown in a final volume
of 2000711 of complete culture medium (RPMI-1640) per well. Sterilized parafilm was placed
over the microplate, and it was meticulously shaken. The plates were incubated for 24 hours at
37°C with 5% CO..

2- After incubation, the medium was removed and two-fold serial dilutions of SeNPs (1000,
500, 250, 125, 62.5 ug/ml) were added to the wells containing lymphocytes. For every
concentration, triplicates were employed along with the controls, which were cells cultured in
serum-free medium. For the chosen exposure duration of 24 hours, plates were incubated at
37°C with 5% CO2.

3- Ten microliters of the MTT solution were added to each well following exposure. The plates
were further incubated for four hours at 37°C with 5% CO2. After taking care to remove the
media, 100 pl of the solubilization solution was added to each well and left for five minutes.
4- Absorbance was determined using an ELISA reader at a wavelength of 575 nm. The optical
density data statistically analyzed and the viability factor and IC50 (concentration of compound
required to cause a 50% reduction in cell viability) were calculated for cell line.

Results and Discussion

Isolation one hundred fifty Specimens from burns and wounds infections samples, were
examined and only 44 (MF1-MF44) isolates were identified A. baumannii as shown in (Table
1).

Table 1: Prevalence of Acinetobacter baumannii isolates among clinical Samples

Source of Samples Other gram- negative bacteria No. of Acing_tobacter
No. Isolates baumannii (%)
Burns 66 27 (61.36%)
Wounds 40 17 (38.63%0)
Total 106 (70.66%) 44(29.33%)

A. baumannii is non-fastidiousand grows well on ordinary culture media like Blood agar plates
it was appearing as creamy or white and mucoid or smooth colonies, non-hemolytic after 18-
24 hours of incubation at 37°C and non-lactose fermentive on MacConkey agar and colonies
are appear as slight lavender color [15]. The Acinetobacter agar medium has the advantage of
using pure chemical substances, such as sodium citrate and sodium deoxycholate, which inhibit
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the growth of cocci and Gram-positive bacilli. The crystal violet, in the used concentration,
increases the inhibitory action for the Streptococcus and Staphylococcus species, without
changing the sensitiveness of the medium for the Acinetobacter genus bacteria [16].

After 24 hours of incubation at 30°C in air as illustrated in figure, Acinetobacter spp. typically
produce circular, convex, smooth, opaque colonies with entire margins of 1 to 2 mm in
diameter. Shown in Figure 1.

(a) (b) (c)
Figure 1: A. baumannii on (a) Acinetobacter agar base, (b) MacConkey agar) and (c) Blood
agar at 37°C for 24 hrs

A. baumannii is a Gram-negative (G-ve), coccobacillus, non-motile, strictly aerobic and
non-glucose fermenting. Acinetobacter baumannii exhibits positive results in catalase and
citrate tests, while producing negative results in indole, oxidase, and urease tests. It is
noteworthy that A. baumannii is the sole species within the genus that can thrive at a
temperature of 44°C [17].

Antibiotic Sensitivity Test:

The current findings indicate that clinical isolates of A. baumannii exhibited high resistance
to most of the tested antibiotics. Specifically showed complete resistance (100%) to the
following antibiotics: Piperacillin, Ceftazidime, Cefepime, Cefotaxime, Ceftriaxone,
Ampicillin—-sulbactam, Piperacillin—-tazobactam, Ticarcillin—clavulanic acid, and Gentamicin.
A.baumannii has become one of the most successful pathogens in modern healthcare because
of its surprising ability to gain antibiotic resistance. Several strains of A. baumannii are
extremely resistant to most clinically available antibiotics [18]. To describe antimicrobial
resistance of Acinetobacter spp. various nomenclatures have been used, such as Multidrug
Resistance (MDR), Extended Drug Resistance (XDR), pan-drug resistance (PDR), and XDR
Acinetobacter spp., which is also resistant to polymyxins and tigecycline. MDR Acinetobacter
strains that are additionally resistant to carbapenems are referred to as XDR Acinetobacter spp.
MDR Acinetobacter spp. can relate to resistance to at least three classes of antimicrobial
medications, such as all cephalosporins and penicillins, aminoglycosides and fluoroguinolones
[19].
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Optimum conditions for bacteriocin production:
The results indicate that pH 4 the best value for production. Lower inhibition zone 15 mm
at pH 8 [20]. As shown in Figure 2.

PH value

25

20

ph4 pht ph7 ph8

Figure 2: Relationship between diameter of the inhibition zone in mm with different pH values.

At various incubation times it was noted that the highest production occurred after 48 hours of
incubation, resulted in the largest inhibition zone, measuring 24 mm [21]. As shown in Figure
3.

Incubation period
30

5

18hr 24hr 48r 72hr

Figure 3: Relationship between diameter of the inhibition zone in mm with different incubation
times.

Optimum nitrogen Source was peptone water reached 24 mm zone, best nitrogen source

than yeast extract, Lactose, and glucose carbon source reached (22 and 21) mm [22]. As shown
in Figure 4.
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Nitrogen source and carbon source
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Figure 4: Relationship between diameter of the inhibition zone in mm with different Nitrogen
& carbon source

Ammonium sulfate precipitation and dialysis

Gradually was added ammonium sulfate to the crude BLIS, stirring constantly on ice at
60% saturation. Then dialysis by dialysis membranes (wide flat 34MM — MwCO 8000-
14000D) as shown in Figure (5). Concentration for all steps in Table 2.

Table 2: The steps of bacterocin purification from A. baumannii

Sample Protein Conc.ug/mli
Culture filtrate Crud 4.343
(NH4)2504 precipitate 6.524
Dialysis 10.65

Biosynthesis of Selenium Nanoparticles

The biological reduction of selenite leads to the formation of elemental red selenium, which
is considered insoluble and non-toxic (8). In the process, sodium selenite salt (Na2SeO3) was
added to the volume of BLIS solution (baumanniicin), and the resulting reaction mixture was
incubated at 37 °C for duration of 96 hours. After this incubation, the color of the reaction
mixture changes completely to red. This change was the indication for the synthesis of
nanoparticles [23]. As shown in figure (8). Therefore, the development of a bacteriocin like
inhibitor with selenium nanoparticles (SeNP) products was planned through a biosynthetic
method using bacteriocin (MF19) from A.baumannii in a cost effective and facile manner. This
study also analyzed the properties of nanoparticles and their therapeutic applications. A
progressive increase in selenium reduction and production of selenium nanoparticles
(SeNPs)from selenium-enriched media as well as reduction of soluble, toxic, colorless
eleniumions to red, insoluble, nontoxic elemental SeNPs was demonstrated. According to [24],
the reduction phase (SeQO) of Bacillus subtilis BSN313 occurred during the log phase. Similar
observations have been made in the same genre.
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Characterization of SeNPs
1- UV-Vis Spectral Analysis

Based on the findings, biosynthesized SeNPs displayed a highest peak (absorption peak) at 200
nm to 800 nm. As shown in Figure (5), smaller particle size was indicated previously at sharp
peak observation at 270 nm. Using UV-Vis spectrophotometry, morphological changes
(nanoparticle size and agglomeration) were noted for the dispersion of SeNPs. The absorption
bands, where the maxima are situated at 300 and 800 nm. The characteristic spectrum and the

previously published spectra of even SeNPs made by Bacillus species did not match up well
[25].
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Figure 5: UV-Vis spectrum of Synergistic SeNPs.

2- Atomic Force Microscopy (AFM) analysis:

AFM was employed to identify and characterize the size distribution of selenium
nanoparticles (SeNPs), which exhibited an average diameter of 81.23 nm. The two-dimensional
and three-dimensional AFM images, as depicted in Figure 6, revealed that all the SeNPs
possessed a uniform size and shape. However, green synthesis zinc oxide nanoparticles exhibit

an average size lower than that of selenium based on the weight of the molecules and the
chemical structural influence of their characterization. [26].
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Figure 6: AFM images of SeNPs and average diameter of SeNPs and Two-dimensional image
(2D) and 3D image.

3- Field Emission Scanning Electron Microscope (FESEM)

The elemental and structural composition of NPs samples, as well as their morphology and
size, were all examined using SEM analysis. Figure (7) demonstrates the spherical shape of
SeNPs at 40000 magnification power and 3000 kv. SEM images revealed that the particles
were predominantly spherical in shape with a diameter ranging from 34 to nanometers,
exhibiting a uniform appearance [27].
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(@) (b)
Figure 7A: Field Emission Scanning Electron Microscope (FESEM). Figure 7B: Field
Emission of SeNPs
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4- Energy Dispersive X-ray (EDX):

In comparison with EDX-ray, FESEM allows to determine the presence of different
components in the examined model. The SeNPs components were examined using EDX. The
results showed the EDX spectra along with a prominent elemental peak around 22 keV that is
uniquely characteristic of selenium metal, as well as the corresponding percentage
composition. Other Additional minor peaks for A. baumannii biomolecules were detected, as
demonstrated in Figure 8.

cps/eV

22%
20§
13%
16;
14—3
12‘5 1

104

Figure 8: Shows the EDX image of SeNPs

5- Fourier transform infrared (FTIR) spectroscopy

The FTIR analysis of the prepared SeNPs was conducted by scanning the chemical bonds
within the wavelength range of 400—4000 cm-1, as illustrated in Figure 9. The FTIR analysis
revealed the presence of negatively charged surface functional groups on the SeNPs.
Specifically, the SeNPs synthesized in this study exhibited amino groups (NH). The NH group
is electron-rich due to the one available electron, which keeps the net charge negative. The
SeNPs' appearance in a dispersed form is favored by the presence of reducing agents (NH).The
outcome agrees with that of another study [28].
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Figure 9: Fourier transform infrared (FTIR) spectroscopy of SeNPs
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Antibacterial activity of SeNPs

Biogenic SeNP produced by Anabaena sp. PCC. By7120 has been shown to be successful
in combating gram-positive Gram-negative and Staphylococcus aureus bacteria Pathogenic
strains of Escherichia coli of bacteria. [29]. The increasing use of nanoparticles in medicine
has led to an increasing number of studies investigating the potential antimicrobial mechanisms
of nanoparticles. For example, metal nanoparticles can alter the metabolic activity of
bacteria.[30]. The minimum inhibitory concentration (MIC) against Gram positive and Gram
negative bacterial strains that evaluated using the agar well diffusion method and SeNPs
solution with 5 concentrations (1000,500,250,125and 62.5) ug/ml. Evaluated for their
antibacterial activity SeNPs against gram positive bacteria, as indicated in Figure 10-A. It was
discovered that the most effective inhibitory concentration range was between 125 and 250
micrograms per milliliter, and this demonstrated the greatest efficacy against resistant strains
of Gram-positive bacteria. Using the well diffusion assay method, the inhibition zone between
5-25 mm was measured after 24 hours of incubation at 37 °C. In the dissemination mean zone
of bacterial inhibition after at dfferent concentrations of SeNPs, statistical analysis revealed a
significant difference (p < 0.05) against Staphylococcus haemolyticus and Staphylococcus
sciuri compared to Staphylococcus epidermis and Kocuria kristinae that was not as significant.

S. epidermis Kocuria kristinae S. haemolyticus S. sciuri

301 ' 20+

i **

*%

*%

Zone of Inhibition Diameter
in mm
Zone of Inhibition Diameter

62.5 125 250 500 1000 62.5 125 250 500 1000 62.5 125 250 500 1000 62.5 125 250 500 1000

Se NPs Concen. in pg/mL Se NPs Concen. in pg/mL

Figure (10-A) : Mean (x SD) zone of bacterial inhibition in mm treated with different
concentrations (in pg/mL) of SeNPs against gram positive standard deviation, (n = 3).

The statistical analysis emphasized a significant difference (p < 0.05) in the dissemination
mean zone of bacterial inhibition after different concentrations of SeNPs (Figure10-B ). Where
it is possible to notice significant differences against Gram-negative Klebsiella pneumoniae,
Pseudomonas fluorescens, and Pseudomonas aeruginosa compared to other species,
Enterobacter cloacae complex, and Escherichia coli, while the less significant differences at
different concentrations show Pantoea spp. is only 1000 pg/ml concentration active.
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Figure ( 10-B) : Mean (x SD) zone of bacterial inhibition in mm treated with different
concentrations (in pg/mL) of SeNPs against gram negative bacteria Klebsiella spp
P. aeruginosa, E. coli and Salmonella spp without magnetic feld standard deviation, (n = 3).
**: p < 0.05, NS: Non- Significant, SD: Standard Deviation

The study reported other results showing that at a concentration of 150 pg/mL, SeNPs
exhibited no discernible variations (p > 0.05). Additionally, at a concentration of 200 pg/mL,
SeNPs demonstrated antibacterial activity against Pseudomonas aeruginosa, Staphylococcus
aureus ATCC 9027, and Escherichia coli. Using probiotic Bacillus subtilis as biofactories, this
work will be useful in the future to produce biogenic SeNPs that may be safely used in
nutritional and biomedical applications [31].

On other hand this investigation builds on our earlier work, which isolated bacteria resistant
to selenium (Bacillus subtilis BSN313) from a medium enriched in the element. This probiotic
strain is better able to demonstrate resistance in a medium that is enhanced with selenium. The
BSN313 strain could be utilized in a safe manner as a probiotic to produce SeNPs for dietary
and therapeutic purposes [32].
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Nanoparticles on lymphocytes
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Figure (11): Cell survival curve (meanzSD%) of A375 and Cellular viability in human
lymphocytes after treatment with SeNPs using MTT in vitro assay **: p < 0.01, NS: Non-
Significant, SD: Standard Deviation, n = 3

The cytotoxicity assay results showed that the biologically synthesized SeNPs nanoparticles
did not significantly reduce the viability of human lymphocytes. These results suggested that
the biologically synthesized SeNPs nanoparticles could be a good substitute for the physical
methods currently used to assess environmental toxicity. By using MTT assays, the
cytotoxicity was detected in human lymphocytes 24 hours after SeNPs interaction. MTT assay
results showed no appreciable decrease in cell viability when compared with control in a dose-
dependent manner. MTT assays have been widely used to assess the in vitro cytotoxicity of
NPs in cell culture experiments. 125, 250, 500, and 1000 pg/ml. The Selenium NPs exhibit the
least reduction in cellular viability and a comparable substantial decrease( Figure 11). SeNPs
treatment of human lymphocytes measured cellular viability using the MTT assay. After the
cell cultures were exposed to SeNPs for approximately 24 hours, the cytotoxic effect of SeNPs
on lymphocyte viability was assessed. The MTT assay results revealed that SeNPs outcome
concurs with the concentration of AgNPs used determines how cytotoxic they are to cells. [33].
When IONPs were tested for cytotoxicity at different concentrations, the viability of cell lines
was significantly reduced at 1000 pg/mL but did not significantly change at 125 pg/mL.

Conclusion

The extensive application of these nanoparticles can be attributed to their large surface area
and positive charge, enabling them to interact with the negatively charged bacterial cell
surfaces. SeNPs are the most researched materials among bacteriocin—metallic
nanocomposites, demonstrating synergistic benefits in biological applications. Antimicrobial
properties have been widely documented. Consequently, the rationale for combining selenium
nanoparticles (SeNPs) and bacteriocins becomes evident. This combination will lessen the
toxicity of nanoparticles while simultaneously broadening their antibacterial spectrum.
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