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Abstract: The aim of this study was to synthesize selenium nanoparticles (SeNPs) using cell
suspension and total cell protein of Acinetobacter sp. SW30 and optimize its synthesis by
studying the influence of physiological and physicochemical parameters. Also, we aimed to
compare its anticancer activity with that of chemically synthesized SeNPs in breast cancer
cells. Cell suspension of Acinetobacter sp. SW30 was exposed to various physiological and
physicochemical conditions in the presence of sodium selenite to study their effects on the
synthesis and morphology of SeNPs. Breast cancer cells (4T1, MCF-7) and noncancer cells
(NIH/3T3, HEK293) were exposed to different concentrations of SeNPs. The 18 h grown cul-
ture with 2.7x10° cfu/mL could synthesize amorphous nanospheres of size 78 nm at 1.5 mM
and crystalline nanorods at above 2.0 mM Na,SeO, concentration. Polygonal-shaped SeNPs of
average size 79 nm were obtained in the supernatant of 4 mg/mL of total cell protein of Acine-
tobacter sp. SW30. Chemical SeNPs showed more anticancer activity than SeNPs synthesized
by Acinetobacter sp. SW30 (BSeNPs), but they were found to be toxic to noncancer cells also.
However, BSeNPs were selective against breast cancer cells than chemical ones. Results sug-
gest that BSeNPs are a good choice of selection as anticancer agents.

Keywords: comparison, selective, 4T1, MCF7

Introduction

Selenium (Se) is an essential trace element required by many organisms. It is a crucial
cofactor of antioxidant enzymes such as glutathione peroxidases and thioredoxin
reductases.'? As the selenium nanoparticles (SeNPs) possess antimicrobial and anti-
cancer properties, they can be used as nanomedicines.>* Also, they exhibit less toxicity
as compared to their inorganic and organic counterparts.’ Thus, their methods of
synthesis need to be studied in detail. SeNPs can be synthesized by physical, chemi-
cal and biological routes.**” Methods of biological synthesis of SeNPs are less toxic,
ecofriendly and cost-effective, and yield stable SeNPs which do not aggregate because
of a protein coating over them.®’ However, the activity of these SeNPs has not been
compared with chemically synthesized SeNPs.

Nanoparticles (NPs) possess size- and shape-dependent properties. Such properties
need to be explored and hence, it is the need of the hour to have procedures enabling
a higher degree of control over the sizes of SeNPs.!*!! In biological systems, various
parameters are known to modulate the synthesis and morphology of NPs.*!>"14 There are
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many studies on optimization of parameters to control the size
and shape of gold and silver NPs.'>!3 However, such studies
are missing on SeNPs, necessitating a need for a thorough
study to enhance the overall properties of SeNPs.

Many bacteria, fungi and plants are reported to synthe-
size SeNPs.* However, there is no report on the synthesis
of SeNPs by Acinetobacter sp. Acinetobacter is a diverse
group of organisms and present ubiquitously in nature.'>!
They have excellent biofilm-forming capability.?>?* They
have high degree of antibiotic and metal resistance.'®2627
Acinetobacter is known to synthesize gold, silver and
platinum NPs.'>132 4cinetobacter sp. SW30 isolated from
activated sewage sludge is reported to produce polyhedral-
shaped gold NPs."? Hence, it can be used to synthesize SeNPs.
Use of'total cell protein (TCP) for the synthesis would avoid
extraction of particles from the cell.

The aim of this study was to synthesize SeNPs using cell
suspension and TCP of Acinetobacter sp. SW30 (BSeNPs) and
to study the influence of physiological and physicochemical
parameters on their synthesis and morphology. This study
also compares their anticancer activity with that of chemically
synthesized SeNPs (CSeNPs) in breast cancer cells.

Materials and methods
Synthesis of SeNPs using cell suspension
of Acinetobacter sp. SWW30

A loop-full of culture of Acinetobacter sp. SW30 isolated
from activated sewage sludge was inoculated in 200 mL
Luria—Bertani (HiMedia, Mumbai, India) broth and incu-
bated at 30°C, 200 rpm for 24 h.'? Cells were harvested by
centrifugation (10,000 rpm for 10 min at 10°C) and washed
thrice with sterile distilled water (D/W). Cell pellet was
suspended in sterile D/W and challenged with sodium sel-
enite (Na,SeO,; SD Fine Chemicals, Mumbai, India) so as
to get a final concentration of 1 mM and incubated at 30°C,
180 rpm. Synthesis of SeNPs was observed preliminarily
by change in color of the suspension. In all the experi-
ments, after every 24 h, 200 uL aliquots were withdrawn;
UV-Visible (UV-Vis) spectra were recorded from 200 to
800 nm on Spectra Max M2 Multimode Microplate Reader
(Molecular Devices LLC, Sunnyvale, CA, USA) and those
showing maximum synthesis of SeNPs were observed under
transmission electron microscopy (TEM).

Optimization of parameters for obtaining
SeNPs in nanometer size

TEM observation showed that the biosynthesized SeNPs were
more than 100 nm in size. However, in our previous studies,
it was observed that various physicochemical parameters

such as culture age, cell density, metal salt concentration,
temperature and pH have profound effect on the rate of syn-
thesis and morphology of NPs.!? Hence, the effect of such
parameters on SeNPs was studied in order to get particles of
size <100 nm. The effect of culture age was studied by incu-
bating the culture for 6, 12, 18, 24, 30, 36 and 48 h in Luria—
Bertani broth. The culture was harvested and challenged with
1 mM Na,SeO,. Synthesis of SeNPs was monitored up to 120
husing UV—Vis spectral analysis with an interval of 24 h. The
outcome of cell density was studied by adjusting the density
of 18 h grown culture to <0.3,0.3,0.6,0.9,1.2,1.5,1.8,2.1,
2.4 and 2.7x10° cfu/mL as per McFarland’s standards.? The
18 h grown culture with a cell density 2.7x10° cfu/mL was
challenged with different concentrations of Na,SeO,, namely,
0.1,0.3,0.5,0.7,0.9, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 mM,
and incubated at 30°C, 180 rpm. Hereafter, all the experiments
were performed using 18 h grown culture with 2.7x10° cfu/mL
cell density at 180 rpm, unless otherwise specified.

Temperature of incubation is a very important parameter.
The cells were challenged with 1.5 and 3.0 mM Na,SeO,
and were incubated at different temperatures, namely,
20°C, 30°C, 37°C, 50°C and 60°C. Optimized temperature
(37°C) and Na,SeO, (1.5 and 3.0 mM) concentration was
used to study the effect of pH. The pH of cell suspension
was adjusted at 2,4, 6, 7, 8,9 and 10 using 0.1 N HCI and
NaOH (Himedia). NPs were observed under TEM to study
the effects of respective parameter.

Synthesis of SeNPs using TCP of
Acinetobacter sp. SWW30

It was found that extraction of SeNPs from bacterial cells was
difficult, and therefore, cells suspended in 50 mM phosphate
buffer (pH 7.4) were disrupted by Qsonica sonicator at 4°C
by keeping the sonifier output at 50 amplitude and giving
10 strokes, each of 60 s, with 60 s interval. The homogenate
was centrifuged under cold conditions at 18,000 rpm for
20 min. The clear supernatant obtained was collected and
called as TCP. Protein content of TCP was measured by Folin
Lowry method* using bovine serum albumin as the standard.
The three concentrations of TCP (1, 2 and 3 mg/mL) were
challenged with various concentrations of Na,SeO,, namely,
0.1,0.3,0.5,0.7,0.9, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 mM,
and incubated at 30°C, 180 rpm.

Characterization of biosynthesized

SeNPs

The nature of NPs was analyzed by X-ray diffraction (XRD).
Thoroughly dried, thin film of SeNPs solution was taken on
a glass slide and observed under D8 Advance Brucker X-ray
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diffractometer with Cu Ko (1.54 °A) source. The exact
morphology of SeNPs was seen under TEM (Technai G2,
20 ultrawin; FEI, Eindhoven, the Netherlands). Selected area
electron diffraction pattern of SeNPs was done by selecting
the specific area from TEM image. Surface morphology of
SeNPs synthesized by cells and TCP was observed by scan-
ning electron microscopy (SEM; JSM-6360A; Jeol, Peabody,
MA, USA) and elemental composition was detected by energy
dispersive X-ray spectroscopy. Raman spectrum of the SeNPs
was recorded on a confocal laser micro-Raman spectrometer
(JY Labram-HR) using 24 mW excitation at 514.5 nm.

Fourier transform infrared spectroscopy
(FTIR) analysis

To study the functional groups present on the cell surface or
in TCP that were involved in NP synthesis, FTIR analysis of
culture of Acinetobacter sp. SW30 and TCP challenged with
(test) and without (control) Na,SeO, was performed. These
cultures were air dried and FTIR spectrum was recorded
from 380 to 4,000 cm™ at a resolution of 2 cm™ using Bruker
tensor 37 FTIR spectrophotometer.

Cell viability assay

The effect of BSeNPs and CSeNPs on mouse (4T 1; obtained
from American Type Culture Collection [ATCC], Manassas,
VA, USA) and human (MCF-7; obtained from NCCS, Pune,
India) breast cancer cells was assessed by MTT assay. Cells
(2x10*) were seeded in a 96-well, flat-bottomed culture
plate and incubated for 24 h, followed by the treatment
with NPs (0-100 pug/mL). After incubation, MTT solution
(2.75 mg/mL) was added to each well, followed by incubation
in dark for 4 h at 37°C. The formazan crystals were dissolved
in isopropanol. Absorbance was measured at 570 nm on a
microplate reader (Spectra Max MS5; Molecular Devices
LLC)."* Appropriate controls were used, and percent viability
of treated cells was calculated. The anticancer activity of
BSeNPs was compared with CSeNPs. To study the cyto-
toxic effects of NPs on noncancer cells, the same assay was
repeated with mouse fibroblast (NIH/3T3; obtained from
NCCS) and human embryonic kidney (HEK293; obtained
from NCCS) cell lines. Experiments were performed in trip-
licates. The details of CSeNPs are given in Supplementary
material.

Wound migration assay

Wound migration assay was performed using 4T1 breast
cancer cells (ATCC [CRL-2539™]). 4T1 (3x10%) cells
were grown in a monolayer per well in 12-well culture
plate; wound with uniform size was made using sterile

micro tip after seeding and cells were treated with BSeNPs
(0-50 pug/mL) in separate experiments and photographed
at t=0, 12 and 24 h by phase contrast microscope (Nikon,
Melville, NY, USA). Wound closure was measured by
Image-Pro Plus software, analyzed statistically and repre-
sented in the form of bar graph.!* The wound migration was
measured by Image-Pro Plus software and estimated by the
following equation:

Wound area at Tt
Wound area at TO

Wound migration% =1- ( ) X 100%,

where Tt is the time after wounding (12 and 24 h) and TO is
the time immediately after wounding (0 h).

Results and discussion
Synthesis of SeNPs using cell suspension
of Acinetobacter sp. SVWW30

Cell suspension of Acinetobacter sp. SW30 could efficiently
reduce Se* ions in Na,SeO, to SeNPs intracellularly after
24 h of incubation, which was evident from change in color
of the cell suspension to bright orange with absorption peak
at 300 and 540 nm. NanoSe showed color change from
yellow to red as per the size of synthesized SeNPs.!° Lin and
Wang stated that the red shift in the absorption spectra of
nanoSe indicates increase in particle size. Also, the absorp-
tion spectra in UV range indicated that the particles were
below 100 nm in size. Presence of two peaks in our study
might indicate that two sizes of NPs were present, with
one being =100 nm (due to peak at 300 nm) and the other
being =100 nm (due to peak at 540 nm). Synthesis of SeNPs
by bacteria is widespread, and they show large variation in
the absorption peak due to differences in sizes of NPs.>3!-3

Optimization of parameters for obtaining
SeNPs in nanometer size and their

characterization
SeNP synthesis was observed in all culture ages, with the
maximum observed in 18 h grown culture (Figure 1A).
Particles synthesized by 18 h grown culture were uniform
and spherical when observed under TEM (Figure 1A inset).
Very less synthesis was observed in 6 and 12 h grown culture,
which may be due to the presence of less concentration of
biomolecules responsible for reduction of sodium selenite.
It was found that the synthesis of SeNPs reduced after 18 h
of culture age. Hence, 18 h was considered as the optimum
culture age.

Concentration of biomolecules in the reaction mixture
has a considerable effect on NP synthesis.'' Here, the
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Figure | Effect of physiological and physicochemical parameters on biosynthesis of SeNPs.

Notes: UV-Vis spectrum of SeNPs synthesized by cell suspension of Acinetobacter sp. SW30 (A) using culture of different ages at 30°C (Inset: TEM image of SeNPs
synthesized by 18 h grown culture), (B) culture of different cell densities and (C) different Na,SeO, concentrations at 30°C. Inset: Color change in SeNP solution with
different salt concentrations: (i) 0.1 mM, (i) 0.3 mM, (i) 0.5 mM, (iv) 0.7 mM, (v) 0.9 mM, (vi) 1.0 mM, (vii) 1.5 mM, (viii) 2.0 mM, (ix) 2.5 mM, (x) 3.0 mM, (xi) 3.5 mM and
(xii) 4.0 mM and incubated at (D) different temperatures, (E) different pH values using 1.5 mM Na,SeO, concentration at 37°C and (F) different pH values using 3.0 mM

Na,SeO, concentration at 37°C.

Abbreviations: SeNPs, selenium nanoparticles; TEM, transmission electron microscopy; UV-Vis, ultraviolet—visible.

concentration of biomolecules is in terms of cell densities.
Atlower cell densities, that is, >0.3-0.6x10° cfu/mL, synthe-
sis of SeNPs was not observed (Figure 1B inset). Synthesis
of SeNPs increased with increase in cell densities, with the
maximum synthesis observed at 2.7x10° cfu/mL. The concen-
tration of reactants, that is, biomolecules, was most favorable
at a cell density of 2.7x10° cfu/mL; thus, for further studies,
cell density was adjusted to 2.7x10° cfu/mL (Figure 1B).
Similarly, Synechococcus leopoliensis produced significantly
more SeNPs at higher cell densities as compared to lower
and medium cell densities* because at higher cell densities,
more reducing molecules are present in the solution.

Synthesis of SeNPs was observed with Na SeO, at a
concentration from 0.3 to 4.0 mM, except at 0.1 mM. Inten-
sity of color increased with increasing Na,SeO, concentration
(Figure 1C). When these particles were observed under TEM,
it was found that from 0.3 to 2.0 mM Na,SeO, concentration,
the SeNPs were spherical in shape. The average diameter
of SeNPs at 0.3, 0.5, 1.0 and 1.5 mM was 126, 96, 113
and 78 nm, respectively (Figure 2A-D). Thus, at 1.5 mM,
smallest particles were synthesized. However, at higher con-
centrations from 2.5 to 4.0 mM, selenium rods were observed
(Figure 2F-H). At 3.0 mM, comparatively shorter rods were
observed; therefore, for spherical particles, 1.5 mM was
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Figure 2 TEM micrographs of SeNPs synthesized at different Na,SeO, concentrations at 30°C: (A) 0.3 mM, (B) 0.5 mM, (C) 1.0 mM, (D) 1.5 mM, (E) 2.0 mM, (F) 2.5 mM,

(G) 3.0 mM, (H) 4.0 mM.

Abbreviations: SeNPs, selenium nanoparticles; TEM, transmission electron microscopy.

considered as the optimum, and for rods, 3.0 mM Na,SeO,
concentration was considered the optimum. On the contrary,
there was no significant effect of different Se concentrations
on the morphology of SeNPs synthesized by Shewanella sp.
HN-41 and Lactobacillus sp.>>*¢ Streptomyces bikiniensis can
synthesize nanorods of size 17 nm.*’

It was observed that during the period of incubation,
shape of elemental Se changed from spherical to rod-like
structure. After 6 h, spheres were observed, while after 48 h
of incubation, length of particles increased in one dimension
and they were converted into rods. It may be owing to the
Ostwald ripening process evoked by the high free energy of
SeNPs.’” In our studies, synthesis of Se rods could be due
to the Ostwald ripening process at higher concentration of
Na,SeO,. Lortie et al found that increase in selenite concen-
tration increased the reduction rate up to 19 mM of selenite
and above 19 mM, selenite reduction rate was decreased due
to toxicity of selenite.*

Temperature and pH are known as size and shape
modulating agents.?* Synthesis of SeNPs was observed at
30°C and 37°C, with maximum synthesis observed at 37°C
(Figure 1D). Our results are similar to Lortie et al; they also
could not get synthesis of SeNPs at higher temperature.*
The reason can be that the biomolecules/proteins respon-
sible for the reduction of sodium selenite are active only at
30°C and 37°C. So, 37°C was considered as the optimum

temperature. Synthesis of SeNPs by Citrus reticulata peel
extract was found to be efficient at 40°C.** An increase in
temperature from 80°C to 100°C causes aggregation of NPs
into rods.*

Surprisingly, at 1.5 mM Na,SeO, concentration, synthesis
of SeNPs was noticed at all tested pH except at pH 2, while
at 3.0 mM Na,SeO, concentration, synthesis of SeNPs was
noticed at all tested pH values. At pH 2 and 1.5 mM, pos-
sibly fewer functional groups are available, which are not
sufficient for the reduction process.'" At 1.5 mM Na,SeO,
concentration, synthesis of SeNPs increased with increase
in pH up to 9. However, at 3.0 mM Na,SeO, concentration,
synthesis increased up to pH 6, and then it reduced. Also,
the spectra changed because of the different morphology of
SeNPs (Figure 1E and F). TEM analysis was conducted at
pH 6, 7 and 9 for both the Na,SeO, concentrations. Sele-
nium spheres and rods were observed at 3.0 mM Na,SeO,
concentration, while at 1.5 mM Na,SeO, concentration, only
spheres were observed (Figure 3). From TEM images, it was
concluded that there is no significant effect of pH on the size
of SeNPs. On the contrary, others have found significant
influence of pH on SeNP size. In case of enzyme purified
from Geobacillus wiegeii, the size of all NPs was <100 nm
at pH 4. Over 50% of NPs were <100 nm in size at pH 5
and 90% were of size <100 nm at pH 6 and 8. At pH 7, NPs
were of size 120 nm and only 20% were <100 nm. So, acidic
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Figure 3 TEM micrographs of SeNPs synthesized at 37°C using 1.5 mM Na_SeO, concentration incubated at (A) pH 6, (B) pH 7 (Inset: SAED pattern of SeNPs) and (C) pH 9.
TEM micrographs of SeNPs synthesized at 37°C using 3.0 mM Na,SeO, concentration incubated at (D) pH 6, (E) pH 7 and (F) pH 9 (Inset: SAED pattern of SeNPs).
Abbreviations: SAED, selected area electron diffraction; SeNPs, selenium nanoparticles; TEM, transmission electron microscopy.

and basic pH favored the formation of NPs with size below
100 nm.* In Bacillus megaterium and Pseudomonas stutzeri,
reduction of sodium selenite was increased with an increase
in pH up to 7 and 8.3%4!

Synthesis of SeNPs using TCP

Synthesis of SeNPs was observed at all the tested concentra-
tions of TCP against all the Na,SeO, concentrations from
0.1 to 4.0 mM. However, the spectra of three of TCP were
different from each other due to different shapes and sizes
of biosynthesized SeNPs as discussed above. Maximum syn-
thesis of SeNPs was noticed at 2 mM Na,SeO, concentration
for 1 and 2 mg/mL TCP concentrations (Figure 4A and B).
However, for 3 mg/mL TCP concentration, 3.5 mM Na,SeO,
concentration gave maximum synthesis (Figure 4C). Inter-
estingly, when SeNPs of 4 mM Na,SeO, synthesized using
1 mg/mL of TCP were centrifuged, very nice green color was
observed in the supernatant; remaining particles were orange
colored, which settled at the bottom. When this green super-
natant was observed under TEM, polygonal shaped SeNPs
were found with average size of 79 nm (Figure 4E). At 1 mg/
mL, two peaks, that is, 350 and 530 nm, were found. At 2
mg/mL, there were prominent peaks at 390 and 570 nm. At
3 mg/mL, a single peak at 350 nm was observed. When these

particles were observed under TEM and their particle size
was measured using ImageJ software, it was found that at 1,
2 and 3 mg/mL TCP concentration, the average particle size
was 158, 184 and 211 nm, respectively. This indicates that
average particle size increases with increasing concentration
of TCP. That is why, 1 mg/mL can be used for further studies.
There is no report on synthesis of SeNPs by TCP.

Characterization of BSeNPs

The presence of rods and sphere was confirmed by SEM
(Figure 5A and B). In selected area electron diffraction pat-
tern, it was noticed that selenium spheres were amorphous,
while the rods were crystalline in nature (Figure 3B and F
inset). This was further confirmed by the XRD pattern of
SeNP sample containing rods that gave two sharp peaks
at 20 values of 23.3° and 31.7° corresponding to crystal
planes of 100 and 101, respectively, which is in agreement
with Joint Committee on Powder Diffraction Standards
(file n0-06-0362), as shown in Figure 5G. However, SeNPs
synthesized by 1 mg/mL TCP did not give any sharp peak,
as only nanospheres were present in the sample which was
amorphous in nature (Figure SH). Such crystalline SeNPs
are also synthesized by many bacteria as well as plants.**!
Figure 5D shows the Raman spectra of SeNPs. Elemental
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Abbreviations: SeNPs, selenium nanoparticles; TEM, transmission electron microscopy; UV-Vis, ultraviolet—visible.
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Figure 5 Characterization of SeNPs.
Notes: SEM of SeNPs synthesized by cell suspension of Acinetobacter sp. challenged with (A) 3.0 mM Na SeO, concentration incubated at pH 9 and (B) |.5 mM Na SeO,

concentration incubated at pH 7. (C) SEM of SeNPs synthesized by TCP of | mg/mL concentration at 2.0 mM Na,SeO, concentration. (D) Raman spectra of SeNP. EDX
spectra of (E) SeNP spheres, (F) SeNP rods. XRD of SeNPs synthesized by (G) cell suspension of Acinetobacter sp. challenged with 3.0 mM Na,SeO, concentration incubated
at pH 9 and (H) TCP of | mg/mL concentration at 2.0 mM Na,SeO, concentration.

Abbreviations: EDX, energy dispersive X-ray spectroscopy; SEM, scanning electron microscopy; SeNPs, selenium nanoparticles; TCP, total cell protein; XRD, X-ray diffraction.
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content of selenium spheres and rods was confirmed by the
presence of peak at 1.37 keV in Energy Dispersive X-ray
Spectroscopy (Figure SE and F), which is the characteristic
peak for SeLo. 3!

The presence of peak at 1,655 cm™ revealed amide I,
while the peak at 3,289 cm™ indicated the presence of amino
acids/amines in Acinetobacter cell suspension (Figure 6A(1)).
After addition of Na,SeO,, few new peaks were observed at
2,919, 1,574, 1,378 and 1,049 cm™ (Figure 6A(ii)). Peaks at
1,574 and 1,378 cm™ are due to amide group and C—N stretch-
ing of proteins, respectively. Those at 2,919 and 1,049 cm™!
represent C—H and C-O stretch. This shows that SeNPs are
coated by proteins. In TCP, 3,301 and 1,635 cm™ represent
primary amines and amide I, respectively (Figure 6B(i)).
After addition of Na,SeQ,, the peak at 3,301 cm™! reduced
drastically, indicating the participation of amines and amides
in the reduction process (Figure 6B(ii)). Comparable peaks
were obtained in SeNPs synthesized by Lactobacillus sp.
and Bacillus licheniformis JS2.%4 The carbonyl groups from
amino acids can bind strongly to metals, and hence, they can
form a coat around NPs to prevent agglomeration.>

Cell viability assay

This study gives a comparison of the anticancer activity of
SeNPs synthesized by Acinetobacter sp. SW30 with that
of chemical ones. Both types of SeNPs showed antipro-
liferative activity against 4T1 cells in a dose-dependent
manner (Figure 7A). Figure 7B represents the antiprolif-
erative activity of SeNPs against NIH/3T3 cells. However,
CSeNPs (20.7%) showed more inhibition of cell viability
than BSeNPs (53.5%) at 100 pg/mL. Similar results were
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observed in MCF-7 cells; CSeNPs (15.8%) exhibited more
inhibition of cell viability than BSeNPs (26.6%), as shown
in Figure 8A. CSeNPs (97 nm size) had a zeta potential
of —13 mV, whereas BSeNPs (94 nm size) had +10 mV
(Figure 9). Secretion of large amount of lactate anions from
cancer cells and exposure of more phospholipids on the sur-
face of breast cancer cells lead to negatively charged surface
of cancer cells as compared to fibroblasts; thus, positively
charged BSeNPs may have strong affinity for breast cancer
cells, causing enhanced anticancer efficacy of BSeNPs.*
Thus, CSeNPs (31%) showed comparatively more inhibi-
tion in NIH/3T3 cells than BSeNPs (77%) at 100 pg/mL
(Figure 7B). In case of HEK293, CSeNPs (17%) caused
more inhibition than BSeNPs (30%), as shown in Figure 8B.
CSeNPs showed more cytotoxicity than BSeNPs even in
NIH/3T3 and HEK293 cells. Hence, CSeNPs cannot be
considered for further studies. MTT assay of Na,SeO, was
also performed, which showed 93% cell viability in MCF-7
cell line (data given in Supplementary material).

SeNPs have anticancer activity against many cancerous
cells.*#” However, there are very few reports on the anti-
cancer activity of SeNPs synthesized by bacteria.’”* SeNPs
synthesized by Bacillus strain ZYK have profound anticancer
activity against H157 lung cancer cell line.* It has been
reported that elemental selenium exists as endogenous SeNPs
in H157 cell line and induces cytotoxicity by many mecha-
nisms such as inhibition of glycolysis, glycolysis-dependent
mitochondrial dysfunction, and so on.*

Microscopic observation of 4T1 cells treated with SeNPs
showed a dose-dependent reduction in cell number, loss
of cell-to-cell contact and cell shrinkage (Figure 10A-D).
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Figure 6 FTIR analysis of (A) cell suspension of Acinetobacter sp. SW30 and (B) TCP of Acinetobacter sp. SW30 (i) without Na,SeO, and (ii) with Na,SeO,.
Abbreviations: FTIR, Fourier transform infrared spectroscopy; TCP, total cell protein.
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Figure 7 Anticancer activity of BSeNPs and CSeNPs against (A) 4T | cells and (B) NIH/3T3 cells.
Notes: The data are expressed as cell viability (% control) vs concentrations of SeNPs and represent the mean £ SEM (n=3). *P=<0.05 vs control, ¥*P=0.01 vs control.

“Denotes insignificant P-value.

Abbreviations: BSeNPs, SeNPs synthesized by Acinetobacter sp. SW30; CSeNPs, chemically synthesized SeNPs; SEM, standard error of the mean; SeNPs, selenium nanoparticles.

The same cellular morphologic changes were observed when
MCEF-7 cells were treated with selenium nanorods synthesized
by S. bikiniensis strain Ess_amA-1.>” Ahmad et al proposed
the possible mechanism of anticancer activity of SeNPs,
which could be due to their ability to bind to Cu (II), leading
to its reduction to Cu (I), and regeneration of Cu (II) causes
the production of reactive oxygen species, which selectively
kill cancer cells as there is high level of copper in cancer-
ous cells.*® BSeNPs are also reported to exhibit significant
anticancer activity against H157 lung cancer cell line,

fibrosarcoma cell line and A375 human melanoma.>#505!
Oral administration of SeNPs can enhance immune response
in mice bearing 4T1 breast cancer tumor.*

Wound migration assay

The assessment of effect of BSeNPs on cell migration of 4T1
cells was performed by wound migration assay (Figure 11).
There was significant inhibition of cell migration after 12 h
of incubation. SeNPs with 5, 20 and 50 ng/mL concentrations
showed percent inhibition (64%, 54% and 27%, respectively)
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Figure 8 Anticancer activity of BSeNPs and CSeNPs against (A) MCF-7 cells and (B) HEK293 cells.
Notes: The data are expressed as cell viability (% control) vs concentrations of SeNPs and represent the mean = SEM (n=3). **P=<0.01 vs control. “Denotes insignificant

P-value.

Abbreviations: BSeNPs, SeNPs synthesized by Acinetobacter sp. SW30; CSeNPs, chemically synthesized SeNPs; SEM, standard error of the mean; SeNPs, selenium

nanoparticles.
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Figure 9 The average hydrodynamic diameter of (A) BSeNPs and (C) CSeNPs and the zeta potential of (B) BSeNPs and (D) CSeNPs.
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Figure 10 Microscopic images of 4T| cells: (A) untreated and treated with (B) 5 pug/mL, (C) 20 pug/mL and (D) 50 pg/mL BSeNPs.
Abbreviations: BSeNPs, SeNPs synthesized by Acinetobacter sp. SW30; SeNPs, selenium nanoparticles.
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Figure 11 Inhibition of wound migration by BSeNPs.

20 pg/mL 50 pg/mL

Notes: Effect of various SeNP concentrations (0, 5, 20 and 50 ug/mL) on migration of 4T| cells. Bright field micrographs of (10x magnification) of cell monolayers at 0, 12

and 24 h.

Abbreviations: BSeNPs, SeNPs synthesized by Acinetobacter sp. SW30; SeNPs, selenium nanoparticles.

in cell migration as compared to the control cells (Figure 12).
Similar results were observed when SeNPs conjugated with
anisomycin suppressed cell migration in HePG2 cells.™

Conclusion

Acinetobacter sp. SW30 was found to synthesize intracel-
lular SeNPs which were characterized by different physico-
chemical techniques such as UV—-Vis spectrophotometry,

T1

4
100.0 -
80.0 - .
kK
60.0 -
40.0 -
kk
20.0 | l
0.0 - . . .
0 5 20 50

Concentrations of SeNPs (ug/mL)

% cell migration

Figure 12 Percentage migration of 4T | cells after 24 h treatment with 0, 5, 20 and
50 pg/mL SeNPs.

Notes: *P=0.05 vs control; **P=0.01 vs control.

Abbreviation: SeNPs, selenium nanoparticles.

XRD, SEM, energy dispersive X-ray spectroscopy and
TEM. The 18 h grown culture with 2.7x10° cfu/mL could
synthesize amorphous nanospheres of size 78 nm at 1.5 mM
and crystalline nanorods at 2.0 mM Na,SeO, concentration
onward. The pH had no significant effect on the morphology
of SeNPs. Polygonal-shaped SeNPs of average size 79 nm
were obtained in the supernatant of 4 mg/mL of TCP.
FTIR studies have confirmed that proteins are the essential
molecules for the reduction and coating of SeNPs. Though
CSeNPs have shown more anticancer activity than BSeNPs,
they are toxic to noncancer cells also; hence, BSeNPs are a
good alternative to anticancer agents.
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Supplementary materials
Methodology

Chemical synthesis of selenium nanoparticles
Selenium nanoparticles (SeNPs) were synthesized by
adding 2 mL of 100 mM Na,SeO, to 100 mL of 10 mM
heated sodium borohydride kept on a magnetic stirrer. Then,
100 mM triton X-100 was added as a stabilizer.! Chemically
synthesized SeNPs were characterized by ultraviolet—visible
spectrophotometer and transmission electron microscopy.

MTT assay for Na SeO,
MTT assay of Na,SeO, (2.5 mM) on MCF-7 cell line was
performed.

Absorbance
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Figure S| (A) UV-Vis spectra and (B) TEM of chemically synthesized SeNPs.
Abbreviations: TEM, transmission electron microscopy; UV-Vis, ultraviolet-visible.

Results

Chemical synthesis of SeNPs

Synthesis of SeNP was observed immediately after adding
Na,SeO, but after few minutes color disappears. The stable
particles were obtained after addition of triton X-100. The
specific peak was observed at 500 nm when observed under
UV-Vis spectrophotometer (Figure S1A). Under transmis-
sion electron microscopy, crystalline rods and amorphous
spheres were found (Figure S1B). These nanoparticles were
concentrated by ultracentrifugation and their concentration
was determined by dry weight analysis and used for com-
parison on anticancer activity with biological ones after
sterilizing in autoclave.
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MTT assay for sodium selenite
Na,SeO, showed 93% cell viability in MCF-7 cell line
(Figure S2).

100 —

80 —

60 —

40 —

Cell viability (%)

20 —

Control Na,SeO,

Figure S2 Cell viability assay of Na,SeO, against MCF-7 cells compared to control
cells.

Notes: The data are expressed as cell viability vs Na,SeO, and represent the mean +
SEM (n=3). *P=0.05 vs control.

Abbreviation: SEM, standard error of the mean.
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