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Background. A fundamental component of innate immunity is represented by skin that acts as a first aid against infection. The
skin’s epithelial barriers, respiratory tract, and eyes directly contacting with the external environment have incremented the
probability of infection. The opportunistic pathogen Pseudomonas aeruginosa causes various infections in immunocompromised
hosts. In addition, one-third of P. aeruginosa clinical isolates are resistant to three or more antibiotics. Lately, lots of researchers
concentrate on halophilic microorganisms due to affordable novel biomolecules. One of these biomolecules is metal nanoparticles.
MNPs exhibited antimicrobial functionality against a variety of microbes. Amidst MNPs, SeNPs are one of the most extensively
studied. In this study, halophilic bacteria from solar saltern were employed for the biosynthesis of SeNPs. Aim. This study aimed to
evaluate the antibacterial properties of SeNPs which are synthesized by halophilic microorganisms. Result. The NPs were
synthesized by Halomonas eurihalina intracellularly. The produced SeNPs were identified through various assays such as UV-Vis
spectroscopy, XRD, DLS, FTIR, and SEM. UV-Vis spectroscopy confirmed the presence of SeNPs. In addition, the average particle
size of SeNPs was 260 nm. FTIR confirmed the presence of the capping agent to inhibit the aggregation of SeNPs. Also, synthesized
selenium nanoparticles have a natural crystalline nature that is verified by XRD. SEM also revealed the spherical shape. Fur-
thermore, SeNPs represented significant antibacterial activity against P. aeruginosa. Conclusion. According to the obtained result,
biosynthesized SeNPs demonstrated remarkable characteristics that make them profitable nonantibiotics and also decrease the
morbidity and mortality associated with tissue infections.

1. Introduction

Pseudomonas aeruginosa as gram-negative bacteria are
found in various natural habitats since they can simply
adapt to various circumstances. As a result of the ability for
quick adaptation, they are identified as opportunistic
pathogens [1, 2]. The opportunistic pathogen Pseudomonas
aeruginosa causes various infections in immunocompro-
mised hosts. The most significant infections are related to
soft tissues, such as burn and chronic wounds [3]. A fun-
damental component of innate immunity is represented by
skin acting as a first aid against infection. It activates cell-
mediated and humoral immune responses [4]. Evidence
indicates that P. aeruginosa causes epithelial damage (Ev-
idence for Epithelial Integrity Changes by Pseudomonas

aeruginosa). Moreover, it weakens mechanisms for post-
injury epithelial repair (Evidence for Epithelial Repair
Impairment by Pseudomonas aeruginosa). In fact, unin-
fected epithelia can set up an organized procedure of
complex mechanisms for restoring postinjury epithelial
integrity and function. Meanwhile, the capability of epi-
thelial tissues to adequately repair is restrained by the
presence of P. aeruginosa resulting in altered organ function
and persistent infections. Several studies have presented the
evidence for the negative effect of P. aeruginosa on repair
processes and epithelial integrity in the world. In these
studies, different species, pathologies, epithelia, and organs
were investigated. Thus, effective postinjury repair mech-
anisms are vital for maintaining epithelial integrity.
However, these healing procedures can be inadequate for
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restoring epithelial integrity, remarkably in infectious cir-
cumstances. Since Pseudomonas aeruginosa infections in
cutaneous and corneal principally cause disabilities, hos-
pitalizations, and mortality in the world, they have attracted
particular concerns [5]. Bacteria normally included in skin
infections are P. aeruginosa, MRSA, Acinetobacter spp.,
E. coli, and coagulase-negative staphylococci, such as
Staphylococcus lugdunensis and Staphylococcus epidermidis
[4]. Different organs are infected by Pseudomonas aerugi-
nosa like skin, eye, ear, heart, soft tissue, blood, or joints and
bone and respiratory, gastrointestinal, urinary, as well as
central nervous systems. The skin’s epithelial barriers, re-
spiratory tract, and eyes directly contacting with the ex-
ternal environment have incremented the probability of
infection. Therefore, corneal, cutaneous, alveolar, and air-
way infections should be concerned about their prevalence.
Mostly, the cutaneous epithelium’s P. aeruginosa infections
happen after injuries. Therefore, patients with chronic
cutaneous wounds and burn victims, a prevalent compli-
cation of diabetes, are mainly at higher risks of developing
P. aeruginosa infections [1, 5]. In addition, one-third of
P. aeruginosa clinical isolates are resistant to three or more
antibiotics, including third-generation cephalosporins and
imipenem, which have been the gold standard antibiotics
for P. aeruginosa infection [6, 7].

Nanotechnology focuses on the employment of molec-
ular and atomic techniques to arrange materials at a
nanoscale with remarkable physical, chemical, and biolog-
ical properties [8]. Nanotechnology has a wide variety of
applications such as food, electronics, pharmaceuticals,
fuels, chemicals, polymers, and environmental health [9].
Nanoparticles pose high reactivity due to the high surface,
small size, and surface chemistry [10, 11]. In addition, as a
result of significant antibacterial effect and low toxicity on
human cells of metal nanoparticles (MNPs) like silver (Ag),
cerium (Ce), iron (Fe), selenium (Se), silicon (Si), titanium
(Ti), and zinc (Zn), they attracted special attention [11-13].
Also, MNPs exhibited antimicrobial functionality against a
variety of microbes [11, 13]. Amidst MNPs, SeNPs are one of
the most extensively studied [14]. Se gains a special palace in
the field of medicine [15]. Se incorporated in the structure of
several enzymes like glutathione peroxidases (GPx), iodo-
thyronine deiodinases, and thioredoxin reductase (TrxR)
that play role in the process like antioxidation, detoxifica-
tion, and metabolism [8, 15-17]. Various forms of selenium
oxyanions such as selenide (Sell), selenite (SeIV), or selenate
(SeVI) have toxicity on animals as well as human cell lines
while the elemental form of selenium (SeO) under biological
concentration (<400 pg/mL) did not show toxicity. Also,
selenium exists in either organic form like selenocysteine
(Secys) and selenomethionine (Semet) or inorganic form
including selenate (SeOﬁ_), selenide (Se*”), and selenite
(SeO%‘) [18]. SeNPs demonstrated remarkable antimicro-
bial activity against Candida albicans [19], Streptococcus
mutans [20], Staphylococcus aureus [21, 22]. Moreover, the
biological characteristics of SeNPs including antibacterial,
antiviral, and antioxidant activity that possess low toxicity
on human cells have presented an area for research in
nanotechnology [8, 14].
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Various physiochemical methods have been applied to
synthesize SeNPs [16]. On the other hand, the synthesis of
NPs by employing microorganisms and plants provides new,
clean, safe, and eco-friendly techniques [8, 10, 17, 23].
Furthermore, the biosynthesized NPs generally capped via
cellular metabolites that are related to the microorganisms
[9, 24].

Different bacteria in the aquatic environments as well as
terrestrial, either in selenium-rich or selenium-free soils,
have the capability to reduce selenite/selenate oxyanions.
As a result of the continuous introduction of industrial and
urban swage, halophilic microorganisms face toxic metals,
including Se which result in enduring toxic ions and
changing them to wither less poisonous or nanoparticles
[18, 25, 26]. Although the potential of salt-tolerant bacteria
for reduction of selenite or selenate and other anions in
high salt concentrations has been relatively less explored
[16], existing in these severe environments like high-salt
concentration needs cell components that make them
typical microorganisms [9]. Lately, lots of researchers
concentrate on halophilic microorganisms due to afford
novel biomolecules [27]. Therefore, halophilic microor-
ganisms have the capacity to be applied in biotechnological
procedures including biopolymers, hydrolytic enzymes,
biosurfactants, biofuels, and bioremediation [9]. Therefore,
this study aimed to employ halophilic strain to synthesize
SeNPs and determine their antibacterial properties on
P. aeruginosa.

2. Material and Methods

2.1. Materials. Sodium Selenite was purchased from Sigma
Aldrich. All other chemicals used in this study were of
analytic grade.

2.2. Isolation and Characterization of the Bacterial Strains

2.2.1. Pseudomonas aeruginosa. In this study, 2 different
strains of P. aeruginosa were used. These strains are
P. aeruginosa ATCC 9027 and P. aeruginosa isolated from
ulcers. Strains obtained from the University of Tehran have
been molecularly identified.

For the PCR method, the primers were 9F and 1541R,
and their sequences have been shown in Table 1. In addition,
BLAST was performed via NCBI data bank.

2.3. Halophilic Bacteria

2.3.1. Isolation. The halophilic microorganism was isolated
from Hoz-e Soltan area which is a salt lake located in Qom,
Iran. In addition, to culture halophilic bacteria, salt water
10% (SW) is used.

2.3.2. DNA Extraction. In the first stage of extraction,
remove some of the colony and add it to 200yl of Tris-
ethylene diamine tetra acetic acid buffer and then vortex it to
dissolve completely. The contents of this buffer cause DNA
to separate and also act as a chelator, leading to the loosening
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TaBLE 1: Primers sequencing was used for PCR assay to charac-
terize the strains that isolated from wounds.

Primers Sequence
9F 5'-AAG AGT TTG ATC ATG GCT CAG-3'
1541R 5'-AAG GAG GTG ATC CAG CCG CA-3'

of the wall. In the second step, 20 ul of 1 mg/ml lysozyme was
added and incubated for 37 minutes at 37°C. This lysozyme
breaks down the bacterial wall. In the third step, 100 ul of 1%
SDS solution is added and reheated in the incubator for 30
minutes to dissolve the fat in the cell wall and eliminate it. In
the fourth step, add 100yl of 5mM NaCl and leave the
solution at 65°C for 30 minutes. Salt breaks down DNA-
bound proteins more easily. In the fifth step, the same
volume of chloroform solution was added and the solution
was centrifuged at 11500 rpm for 15 minutes to form 3
layers. Separate the supernatant or top layer. The fifth step is
performed three times, and in the sixth step, isopropanol
(cold isopropanol) is added to the solution and refrigerated
for 24 hours. In the seventh step, after 24 hours, centrifuge at
11500 rpm for 15 minutes and then remove the supernatant.
In the eighth step, 70% ethanol is used, which is added in the
amount of 200-300 microns per liter, dissolved in ethanol
using blows, and in the next step, for 15 minutes centrifuge
at 11500 rpm. In the tenth step, discard the topical solution,
which was ethanol, so that no ethanol remains in the vial. In
the last step, 200 microliters of TE buffer were used to store
the extracted DNA.

2.3.3. PCR. To perform PCR on the DNA extracted in a vial,
we add the materials in Table 2 in order and place them in
the PCR machine. It is also a DNA-free vial, which we test as
a negative control. The primers used with the desired se-
quences are also listed in Table 3.

2.3.4. 16srRNA Sequencing. The sample was sent to the
Pishgam Company along with the 16SrRNA primer for
sequencing. After sequencing the amplified fragment of the
16SrRNA gene, the isolated strain was compared with other
sequences in the gene bank at the NCBI site using Blast
software [28].

2.3.5. Phylogenic Tree. In this section, the similarity of the
desired strain with similar strains was first obtained. For this
purpose, the sequence edited by ChromasPro software is
compared with the sequences registered in NCBI and
EZTAXON databases. The sequence was then saved in the
desired FASTA format to draw the phylogenetic tree. In the
next steps, phylogenetic analysis of the desired strain and
similar strains was performed using Mega7 software.
Maximum liquidity method was also used to draw the
phylogenetic tree of this strain. The validity of the branches
in the drawn tree was checked using bootstrap analysis
algorithm and sampled 1000 times.

TaBLE 2: Materials required for PCR.

Materials Amount (total volume = 30y)
DDW 12
Forward primer 1
Reverse primer 1
Extracted DNA 1
Master mix 15

TaBLE 3: Primers sequencing to employ for PCR experiments to
characterize halophilic strain.

Primers Sequencing
27F 5'-AGAGTTTGATCCTGGCTCAG-3'
1492R 5'-GGTTACCTTGTTACGACTT-3’

2.4. Biosynthesis of SeNPs

2.4.1. Intracellular. For intracellular synthesis, 200 ml of
SW10% was inoculated with the isolated strain and so-
dium selenite (final concentration of 5mM) which was
filtrated through 0.2-micron filters. The mixture was
incubated at 40°C for 24 hours. Simultaneously, unin-
oculated SW10% with sodium selenite was employed as a
control [9].

2.4.2. Extracellular. For this method, the bacterium was
first inoculated in 200 ml of sterile SW10% culture me-
dium and then incubated at 150 rpm for 48 hours in an
incubator shaker. In the second step, the inoculated
culture medium was centrifuged at 4000rpm for
20 minutes, and the supernatant was separated. The ob-
tained supernatant was then passed through a 0.22-mi-
cron filter, and in the next step, 5mM filtered sodium
selenite was added to it. The mixture was placed in an
autoclave for 20 minutes at a pressure of 1 atmosphere at
121°C [9].

2.5. Purification of SeNPs. To purify SeNPs, the bacterial cells
were harvested by centrifuge at 4000 rpm for 20 minutes.
Then, the lysis buffer (SDS1% and lysozyme) was added to
the harvested cells. In addition, this mixture is sonicated for
20 minutes. 1-Octanol was added to this mixture and in-
cubated overnight at 4°C. Sediments were collected and
washed through chloroform, absolute ethanol, ethanol 70%,
and distilled water, respectively [9].

2.6. Characterization of SeNPs

2.6.1. Visual Observation. Changing the yellow color of the
culture media through visual observation confirmed the
generation of SeNPs [9].

2.6.2. UV-Visible Spectroscopy. SeNPs were dissolved in
distilled water through sonication (20 min, 110 W). 1 mL of
dispersed NPs was added to the covet. Then, the absorbance
of SeNPs between 200 and 800 nm was noted by Shimadzu



UV-1601, and also for the blank, distilled water is used. In
addition, sodium selenite dissolved in water is used as a
control [9].

2.6.3. Dynamic Light Scattering (DLS). 1 mL of dissolved
SeNPs in water was sent to the Central Laboratory at Tehran
University for measuring the particle size and distribution
with utilizing HORIBA.

2.6.4. X-Ray Diffraction (XRD). This assay determined
crystal shape of SeNPs [9]. Radiation source was recorded by
the XRD method (40 kV/40 mA, 10° to 80°, a step size of 0.04
of seconds) [29].

2.6.5. Fourier Transform Infrared Spectroscopy (FTIR). To
identify functional chemical groups on the exterior area of
SeNPs [9], this assay was performed. The sample was tested
using Tensor 27 via KBr pellet method as described by
Nakamoto [30] in the range of 400-4000 cm ™" at a resolution
of 4cm™ [9].

2.6.6. Scanning Electron Microscopy. The SeNPs were fixed
and stabilized for 2 hours in 2% of glutaraldehyde at 27°C,
then it is dehydrated, and also coated with gold. The fixed
SeNPs were observed via MIRA3 to identify the morpho-
logical characteristics of SeNPs [31].

2.7. Antibacterial Activity

2.7.1. Well Diffusion Assay. Two wells on the culture me-
dium were produced by pipet Pasteur. Then, new culture of
bacteria was prepared by Sterile swab. 0.0932 gr of SeNPs
was dispersed in a 500 mL water. 100 pt of final concentration
was loaded in one of the wells. For the second well that is
considered as a standard well, 100 p of culture media without
bacteria and SeNPs were added.

2.7.2. Antibiotic Susceptibility. Susceptibility of isolated and
standard strains to the antibiotic including Clindamycin,
Nitrocefin, Sulfadiazine/trimethoprim, Sulphamethoxazole/
trimethoprim, Ampicillin/sulbactam, Temocillin, Penicillin,
Ceftazidime, Amphotericin B, Gentamicin, Ciprofloxacin,
Pipemidic acid/tazobactam, Co-trimoxazole, Amikacin,
Imipenem, Tetracycline, and Lincomycin was evaluated via
the disk diffusion approach according to the Clinical and
Laboratory Standards Institute (CLSI). To perform this
experiment, a new culture of the strain was prepared, and
antibiotic disks were added to each plate and incubated for
24 hours at 300C.

3. Result
3.1. Characterization of Isolated Strains

3.1.1. Pseudomonas aeruginosa. Microscopic observation
represented gram-negative and bacillus morphology of the
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strain. In addition, the result of the molecular assay has been
presented in the table below (Table 4).

3.2. Halophilic Bacteria

3.2.1. 16StRNA Sequencing. The result demonstrated that
the isolated strain showed 98/30% similarity to the Hal-
omonas eurihalina. This is the first report on the biosynthesis
of SeNPs by H. eurihalina. In addition, the result has been
shown in Table 5.

3.2.2. Phylogenic Tree. Moreover, with the sequence, the
phylogenic tree was conducted via MEGA 7 which is shown
in Figure 1.

3.2.3. Biosynthesis of SeNPs. This halophilic strain is able to
produce the SeNPs via intracellular approach. In the suc-
ceeding parts, biosynthesized SeNPs were prepared for
further analysis.

3.3. Characterization of SeNPs

3.3.1. Visual Observation. Color transition of culture media
from to brick-red represented the formation of SeNPs which
is shown in Figure 2.

3.3.2. UV-Visible Spectroscopy. For the primary confirma-
tion, UV-Vis spectrophotometry was conducted. The sharp
absorption peak has been seen at 275nm that is possibly
associated with the surface plasmon vibrations. However, no
sharp peak is seen for the control sample (Figure 3).

3.3.3. Dynamic Light Scattering (DLS). Biosynthesized NPs
size was within 200-400 nm, and also, the average size (Z-
average) was 260 nm. Moreover, the polydispersity index
was 0.2 (Figure 4).

3.3.4. X-Ray Diffraction (XRD). In Figure 5, on the 20 axis of
the diagram, there has been 5 peaks that belong to the 23.2°,
29.5°, 45.5°, 55.5°, and 59.8° corresponding to the (100),
(101), (111), (113), and (202). In addition, this assay rep-
resented great peaks all over the whole spectrum ranging 20
to 80.

3.3.5. Fourier Transform Infrared Spectroscopy (FTIR).
The first and second peaks, which are between 626.21 and
681.88 cm ™, are related to C-Cl bond vibration. The third
peak with wavelength cm™ is 865.61 related to C-O. The
fourth peak with wavelength cm ! is 996.92, and the other
peak with wavelength cm™" is 1393.16 due to the presence of
C-H bond. The 1637.60 cm™" wavelength corresponding to
the sixth peak is the first type of hope due to the presence of
carbonyl amide bonds of proteins. The wavelength of
2175.12 cm™', which is the seventh peak, is due to the vi-
brations of alkynes (carbon-carbon triple bond). Also, the
eighth peak with a wavelength of 2917.78 cm™" is associated
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TaBLE 4: Different properties of wound strain.

Strain name Sequence length

Microorganism

Accessibility code Similarity

Wound sp. 739

Pseudomonas aeruginosa MLTBM?2

MT646431.1 99/19

TasLE 5: Different properties of characterized halophilic strain.

Strain name Sequence length

Microorganism

Accessibility code Similarity

H98 780

Halomonas eurihalina

142620 98/30

Halomonas

JAY6719755.481B; P

Halomonas pacificaNBRC 102220[BJUKD1000094 194,

Halomonas niordiana|ATF 5.4|SDSD01000014P4,

Halomonas. 7[EF52767394

Halomonas

J27KMDBE108 4.

CP038437 sY2R2ICPO38437P4 27|

Halomonas cerina|SP4|EFB1311284

Halomonas

10|KT79656294

Halomonas gudaonensislCGMC C 16133]gi. 105796584

' |A¥962237 P4 3]

Halormanas pellis|L5 MNOS9429194

Halomonas saliphila|LC 8169008364194,

Halomonas organivoransiG-16.1}AJ516910P5.01|B:
Halomonas

0|AVEE257995

Halomonas U-107|EU159469124.

Halomonas stenop hilalN12|HM242216/95.47 |

Halomonas 1S[EFE13113p94.

Halomonas |KUBBES76/94.

RIEUS4134984

Halomona:

721 [EU305728P4 41

IDSM 4683 4.1306392/34 27

Halomanas litopenaeil SYSU ZJ2214 KP301091P5
@as aestuariiHb3|CPO18139/95.21B:
En Halomonas aidingensic|Ad-1/GC281062195 61(B:
97 L—Halomonas shengliensis|SL014B-85(EF 121853/94.95(B:

CP045417 s[THAF5a|CP0454 175 35|B
?q;mmonas urniana[TBZ3|EUS05729195
75 Hale \J275 [EF 14414995 21
s t 29317194 95/B: i

311AJ271864P5 44|
Halomonas smymensis|AADEIAJKS02000002F6.

Halomonas halophilalC CM 3662)ANMI 4174496
Halomonas salinalF8-11]AJ295145P6 54Ba

Halomonas borealis)ATF 5.2|SDMCO1 0000226 41
cl TS-4N|AJ2772054

75 THalomonas elongatalD SM 25811 478 Py

Halomonas eurihalina|ATC C 49336|L42620P8 79

Hals B7|B:

Halomonas halmophilalATC C 19717|AJ306869/96 81 |B:

98 IHalomonas sabkhael-3[EF 44276986 BB

Halomonas caseinilytical/CM 14802|BD EP01000022/98.14[B

Halomonas sinaiensis|DSM 18067 BDECO1

1198148

557315095 16|

r Halomonas salicampilBH1 03)KF263827134 651B:

Halomonas

ille-P2426|LTEI97 454 i mon

KIG66039 s|HL- 370

LT907845 sHL-4.T907845 34 36(B:

cleria0 mana

Halomonas bofiviensis|LC10/H393258B4 1

—
aoosa

Halomonas glacieiDD 39)AJ431369P4 37|Bal teria0
35 Halomanas sangne nensisNEAU-ST10-39)) Q76 2269/94 37

F1GURE 1: Phylogenic tree conducted by MEGA7. Query 1 represented the isolated strain that is the most similar to Halomonas eurihalina.

with asymmetric tensile vibrations of the C-H groups. The
last peak related to the wavelength 3237.12 cm ™" which can
be related to the O-H groups. These moieties inhibit the
aggregation of SeNPs and make them more stable. All results
have been shown in Figure 6.

3.3.6. Scanning Electron Microscopy. The results showed the
dispersion of particles in size and also show that the
biosynthetic nanoparticles have spherical surface
(Figure 7).

3.3.7. Well Diffusion. The result showed 2.5 cm inhibitory
zone diameter for standard strain and 2 cm for a strain
isolated from wound. Also, the obtained results have been
represented in the picture below (Figure 8).

3.3.8. Antibiotic Susceptibility. Based on susceptibility to
disks, strains were divided into two groups sensitive and
resistant. In this study, collected strains that were isolated of
wounds and urinary were resistant to all types of antibiotic
disks. In addition, respiratory strains were sensitive to
Amikacin and Pipemidic acid/tazobactam and resistant to
the other antibiotics, and also, the standard strain was
sensitive to Co-trimoxazole, Amikacin, Temocillin, and
Pipemidic acid/tazobactam. Table 6 demonstrates the
results.

4, Discussion

The complication of a bacterial infection within the burn
wound is one of the highest challenges in the burn clinic. It
may result in more severe disease states such as sepsis. The
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Figure 2: Conversion of Selenium to elemental Selenium.
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challenge imposed by resistant microorganisms is further ~ develop new antimicrobial treatments. The pigs, rats, and
escalated by the scarcity of new antimicrobials, particularly =~ mice are the three most common models of burn wound
antibiofilm agents in the treatment of burn wound infec-  infection in vivo. The best substitute for human skin is the
tions. Various animal models are used for recapitulating the ~ porcine model. However, high costs and ethical implications
hallmarks of clinical burn wound infection and assisting to ~ hinder their usages for screening vast libraries of
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FIGURE 8: (a) Standard strain (left picture) showed more susceptibility to biosynthesized SeNPs; (b) also, the right picture is isolated strain.

antimicrobials. Mice present the highest range of advantages
to characterize aspects of the host’s reaction to burn in-
fection, in terms of genetic mutants. However, they are often
restricted to acute (less than 48h postinoculation) burn
wound infection prior to the fast onset of sepsis and death,
possibly owing to requiring for injecting the higher bacterial
inoculums under the burn eschar for inducing the burn
infection. Formulating the pathogens in a biopolymer matrix
is also included for driving the infection to a more chronic
biofilm-like state [32].

Several studies demonstrated that the cells at the wound
edges of injured airway epithelia and the denuded basement
membranes are more susceptible to binding by
P. aeruginosa. More specifically, it has been shown that
P. aeruginosa adheres more frequently to mucus and ex-
truded/dead cells as well as basal and migrating flattened
cells with lamellipodia. Amino-acid sensor-driven chemo-
taxis and flagella-driven swimming appear to be the
mechanisms by which P. aeruginosa reaches the cells at the
wound edge of airway epithelia. Finally, fibronectin, asia-
loGM1, and «o5Blintegrin may mediate P. aeruginosa
binding to the airway epithelial cells [5].

According to the results obtained from molecular
identification of 16STRNA sequence, the obtained strain is
98/30% of H. eurihalina, which is isolated from Lut desert
and also has the ability to biosynthesize selenium nano-
particles intracellularly.

To confirm the synthesis of nanoparticles, first, quali-
tatively by changing the color of the culture medium from
yellow to red brick color, which is due to the conversion of
selenite to selenium as an element, over time, the sodium
selenite in the culture medium changes color to red [15, 23].
This indicates the reduction of selenite to elemental sele-
nium, and also, the distinct red color created indicates the
resonance of the surface plasmons of selenium nano-
particles. Slightly, the maximum light absorption was at
250 nm. In a study conducted by Dr. Mohammad Amoozgar
and colleagues, the light absorption of selenium nano-
particles in the UV-Vis method was 294 nm [18]. In another
paper, a group of scientists synthesized selenium nano-
particles by microorganisms isolated from different parts of
Saudi Arabia, with the selected strain having an absorption
peak of 290 nm [33]. Another experiment was performed in

TaBLE 6: Susceptibility of standard strain and wound strain to
various antibiotic disks.

ATCC 9027 Wound sp.

NI300
SAM20
IMI10
CIPR5
CTR30
TEM30
TS25
AK30
GM10
PI+TZ
SXT
AMB
CAZ
P
DA
L
TE
Ni300: nitrocefin; SAM20: ampicillin/sulbactam; IMI10: imipenem; CIPR5:
ciprofloxacin; CTR30: co-trimoxazole; TEM30: Temocillin; TS25: sulfadi-
azine/trimethoprim; AK30: amikacin GM10: gentamicin; PI+TZ: piper-
acillin/tazobactam; ~ SXT:  sulphamethoxazole/trimethoprim;  AMB:
amphotericin B; CAZ: ceftazidime; P: penicillin; DA: clindamycin; L: lin-
comycin; TE: tetracycline (R: resistance; S: sensitive; NT: not tested).
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2015 on the synthesis of selenium nanoparticles by the
bacterium Ralstonia eutropha. The absorption peak for this
synthetic nanoparticle is shown at 270nm [34]. Various
studies prove the resonance peak of synthetic selenium
nanoparticles around 200-300 nm. However, this absorp-
tion peak also depends on various factors such as particle
size, shape, material composition, and isolated environment
of the desired strain [35]. In addition, there is a great deal of
research on the formation of selenium nanoparticles, which
indicates different absorption peaks for the presence of
selenium nanoparticles [36].

The size of biosynthetic nanoparticles measured by the
DLS test in this experiment was 260 nm on average, and the
amplitude of the absorption peak in UV-Vis test also proves
the dispersion of nanoparticle size. In addition, the dis-
persion index or PI was 0.2. In another experiment per-
formed by Srivastava et al. on the synthesis of selenium



Advances in Materials Science and Engineering

nanoparticles by a bacterium, the average particle size was
70.9nm [34]. Another experiment synthesizing selenium
nanoparticles from a bacterial source showed that the
particles were 170-160 nm in size [37]. It has been proven
that when the scattering indices are less than 0.5, the
nanoparticle stability is higher and the nanoparticle ag-
gregation rate is lower [38].

In addition, according to research, selenium nano-
particles synthesized by bacteria are coated by various
biomolecules or macromolecules such as proteins and
polysaccharides. In fact, the reduction of metal salts to metal
nanoparticles can be caused by carbohydrates and proteins.
FTIR analysis can provide useful semiquantitative results in
relation to the presence of biological compounds in the
nanoparticle coating layers and their associated contents by
the vibration of the functional groups (proteins and car-
bohydrates) of the nanoparticles [39]. The test results prove
the presence of proteins and polysaccharides.

According to the results of the XRD experiment, the
synthesized selenium nanoparticles have a natural crystalline
nature. In another study, XRD results show that synthetic
selenium nanoparticles are crystalline, which is a natural
form [40]. However, in other experiments, the results showed
that the synthetic selenium nanoparticles did not have any
specific crystalline form, and amorph was seen [28, 41].

In addition, based on the results of the SEM test, syn-
thetic nanoparticles are dispersed in size. This dispersion
may be due to the accumulation of nanoparticles. Also,
based on the morphology shown in the results, it is observed
that the obtained particles have a spherical surface. In an
experiment conducted by a group of researchers in 2018,
synthetic selenium nanoparticles also had a spherical shape
[28,41]. In 2016, the results of SEM analysis also showed that
the biosynthetic SeNPs by P. aeruginosa have a spherical
surface [42].

5. Conclusion

Regarding the result of various analyses, it is concluded the
biosynthetic SeNPs by halophilic bacteria represented
suitable characteristics which possess antibacterial proper-
ties against the most common pathogenic bacteria. Hence, it
is concluded that biosynthetic SeNPs can be considered as an
alternative candidate for traditional antibiotics to lessen the
side effect of employing antibiotics and also increasing the
efficiency of therapeutics. On the other hand, further
analysis and in vivo tests are in demand to find out the
various aspects of employing these NPs.
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