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STUDY OF GENUS BACILLUS (B. CLAUSII)
PROBIOTIC BACTERIA REGARDING

THE BIOGENIC EXTRACELLULAR SYNTHESIS
OF SELENIUM NANOPARTICLES

The biogenic method of nanoparticle synthesis with the participation of microorganisms that are capable of producing
nanomaterials of different shapes, sizes, and chemical compositions is a promising innovative direction of nanotechnol-
ogy. Bacteria are chosen for the production of nanoparticles due to their rapid reproduction, ease of cultivation, low
energy requirements, and minimal costs. The complex synthetic mechanisms available to microorganisms allow them to
use a large number of building blocks to construct new biosynthetic nanostructures that can accumulate in vesicles inside
the cell or by extracellular synthesis. In the modern world, the so-called «green» technologies come to the fore, and the ac-
tive studies of microorganisms with a high enzymatic potential, which can be used in nanobiotechnology and are promis-
ing for practical application, are being actively expanded. We have screened strains of Bacillus bacteria for their ability to
reduce Se (IV) in the composition of sodium selenite to Se’. The aim of the research was to study the processes of biogenic
synthesis of selenium nanoparticles by probiotic strains of Bacillus clausii and their prospects for practical application.
Methods. Cultivation of B. clausii was carried out in vials (500 cm?) on a rotary shaker (20 rpm) at of 30 °C for 3 days
on a nutrient medium of MPB. Sodium selenite 0.0065 g/100 mL was additionally added to the medium. A visual as-
sessment of the color change in the nutrient culture medium was carried out under the conditions of its enrichment with
30 ppm Se in the composition of sodium selenite. The characteristics of nano-Se were studied using transmission electron
microscopy (TEM). Results. It was established that the addition of sodium selenite 0.0065 g/100 mL (30 ppm Se) within
the composition of sodium selenite to the nutrient medium revealed the ability of B. clausii to reduce oxyanions Se (IV)
into nanoparticles of elemental selenium Se” (appearance of orange color). Bacterial cells and biosynthesized selenium
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nanoparticles were separated for further transmission microscopy. Synthesized Nano-Se nanocrystals were detected in
TEM images. Nano-Se particle sizes determined from TEM images varied within 298+52 nm. Nanoparticles obtained
by B. clausii formed conglomerates of nanocrystals; individual nanoparticles had a spherical shape. A change in the color
of the environment under the influence of Na,SeO, during the cultivation of B. clausii was noted when the growth phase
of the cultures went from logarithmic to stationary mode. Research has established for the first time that B. clausii is
capable of reducing selenite to elemental selenium, as evidenced by TEM data. Conclusions. The obtained data indicate
the ability of B. clausii to reduce sodium selenite with the formation of extracellular selenium nanoparticles (Nano-Se).
The B. clausii-assisted transformation of sodium selenite with extracellular deposits of Nano-Se opens an accessible
source of biogenic Nano-Se and the creation of selenium-containing probiotic preparations based on it.

Keywords: biogenic synthesis, sodium selenite, selenium nanoparticles, probiotic strains, Bacillus clausii, TEM, extracel-

lular synthesis.

Statement of the problem and analysis of the
recent research. Biogenic nanotechnology is
an interdisciplinary field that combines biol-
ogy and materials science. Green synthesis of
nanoparticles using environmentally friendly
methods and materials has become an impor-
tant area of research in recent years. Nanopar-
ticles are becoming more and more popular in
various industries due to their unique properties
and application possibilities. However, conven-
tional methods of nanoparticle synthesis have
several limitations, including the use of hazard-
ous chemicals, high energy requirements, and
high costs (Tao, Huachen et al., 2021). Green
nanoparticles, are produced using environmen-
tally friendly methods and materials and have
several advantages over conventional nanopar-
ticles. One of the main advantages of green
nanoparticles is their biocompatibility. They are
often made using non-toxic, biodegradable, and
renewable materials, making them safe for use
in a variety of applications. Green nanoparticles
also have improved properties compared to con-
ventional nanoparticles, such as increased stabil-
ity and bioactivity. Another advantage of green
nanoparticles is their cost-effectiveness. Tradi-
tional synthetic methods of nanoparticle syn-
thesis can be expensive, but ecological synthesis
methods are often more affordable. In addition,
green nanoparticles are environmentally sus-
tainable and contribute to sustainable develop-
ment by reducing the use of hazardous chemicals
and promoting the use of renewable resources.
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The biogenic method of nanoparticle synthesis
is a particularly promising approach to obtain-
ing green nanoparticles (Tymoshok et al., 2019).
This method uses natural biological systems
such as plants, animals, fungi, and bacteria to
produce nanoparticles, resulting in a more envi-
ronmentally friendly and cost-effective process.
For example, plant extracts contain phytochemi-
cals necessary for the synthesis of nanoparticles
and for enhancing their bioactivity.

Nanoforms of selenium have attracted con-
siderable attention due to their high bioavail-
ability and lower toxicity compared to inorganic
and organic forms of Se (Bokulich et al., 2016;
Stewart et al., 2002; Zhang et al., 2008; The target
program of fundamental research of the NASU
0120U102297, OK: 0222U004405). In addition,
inorganic compounds of selenium are more tox-
ic than organic ones (Gordon et al., 2010).

The development of an environmentally
friendly and inexpensive method of synthesis
of nanoparticles is of crucial importance. There
are numerous organisms capable of synthesiz-
ing nanoparticles and having the potential to use
them. Significant applications of nanomaterials
are usually size-dependent, so size-controlled
synthesis of nanomaterials is highly desirable.

Microorganisms are also increasingly be-
ing used to produce nanoparticles. Despite the
unique reaction mechanism of each biogenic
material, they all function essentially the same,
resulting in the production of the desired nano-
structures. In addition, biogenic synthesis can
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be used to create biomimetic materials, which
have advanced biomedical applications. The use
of biopolymers, plant extracts, and biomolecules
in green synthesis is of increasing interest. These
reagents are biocompatible and function in a
variety of ways, such as blocking, reducing, and
modulating agents. Thus, the biogenic method of
nanoparticle synthesis is a promising approach
for obtaining green nanoparticles. The use of en-
vironmentally friendly procedures, such as the
use of biopolymers, plant extracts, and biomole-
cules, is of increasing interest to achieve this goal.
Microorganisms can produce nanomaterials
of different shapes, sizes, and chemical composi-
tions. The complex synthetic mechanisms avail-
able to microorganisms allow them to use a large
number of building blocks to construct new bio-
synthetic nanostructures that can accumulate in
vesicles inside the cell or be transported outside.
In this way, possible toxicological effects can be
avoided. This inherently complex synthesis of
nanomaterials has been a source of biological in-
spiration and biomimicry for many years. In par-
ticular, bacteria were chosen for the production
of nanoparticles due to their rapid reproduction,
ease of cultivation, low energy requirements, and
minimal costs (Antezana et al., 2022). There are
reports on the biosynthesis and most important
properties of NPs (gold, silver, copper, selenium)
obtained by bacterial methods, and the suggest-
ed intracellular and extracellular mechanisms of
their bacterial biosynthesis are also discussed.
Molecular mechanisms of the production of
selenium nanoparticles aerobically from selenite
with the participation of the bacterium Pseudo-
monas putida KT2440 were presented for the
first time in research (Avendado et al., 2023).
The obtained results indicate that the reduction
of selenite to nanoselenium occurs through an
interconnected metabolic network, which in-
cludes central metabolic reactions, in particu-
lar 2-oxoglutarate/glutamate metabolism (con-
trolled by genes sucA, D2HGDH and PP_3148),
sulfur metabolism (regulated by genes cysG, sqr
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p do2, sqrR, ssuEF,and sfnCE), as well as response
to oxidative stress (Ggqr, IsfA, ahpCE and sadl
genes). Importantly, these steps are combined to
produce glutathione. Mutations affecting sulfite
reductase activity reduced the bacteria’s ability to
transform selenite into nanoselenium. Scientists
isolate genes that were not linked to selenium
metabolism in other bacteria and focus on genes
of biotechnological interest (sqrR, pdo2, and
sqr), whose inactivation results in the produc-
tion of selenium nanoparticles at a higher rate
than the original strain bacteria. This provides
prospects for the development of biotechnologi-
cal tools to increase the efficiency of bionano-
technology for the production of nanoselenium
with the participation of bacteria. Transcriptome
studies have proven the effect of selenite on in-
creasing the expression of membrane-associated
proteins, and these changes in the expression
patterns of membrane proteins are explained
by the fact that the restoration of selenite leads
to the accumulation of extracellular selenium
nanoparticles and causes the rearrangement of
the membrane proteome.

Recently, the first attempts were made to syn-
thesize selenium nanoparticles, which were ob-
tained extracellularly using the probiotic bacte-
ria B. clausii, and their antibacterial effectiveness
against multiresistant bacteria was evaluated.
Biosynthesized Nano-Se showed antibacterial
activity against most multidrug-resistant (MDR)
bacteria, such as Staphylococcus aureus, Strepto-
coccus pyogenes, Escherichia coli, Klebsiella pneu-
monia, Acinetobacter baumannii, Proteus mira-
bilis, Pseudomonas aeruginosa, and Shigella sonii
in comparison with the results of the antibiotic
study of ceftriaxone, azithromycin, cefepime,
amikacin, meropenem, oxacillin, gentamicin,
and ciprofloxacin. The authors envisage the use
of probiotics and Nano-Se to enhance or replace
antibiotics (Al-Shemmary et al., 2022). Wide
enzymatic activity of B. clausii and the presence
of intracellular sulfite reductase and nitrate re-
ductase enzymes were established (Beller et al.,
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2013). The presence of NADPH-dependent en-
zymes, including nitrate reductase, which plays
a key role in the formation of nanoparticles, was
revealed in the structure of B. clausii. The abil-
ity of B. clausii bacteria cultured from probiotic
Enterogermin (Sanofi India Ltd.) to the extracel-
lular biosynthesis of silver nanoparticles due to
the significant nitrate reductase activity has been
investigated by (Nadaf et al., 2019).

Currently, Bacillus cultures coagulans, subtilis,
clausii, toyoi, lichemiformis, mesentericus, and
polymyxa are included in probiotic preparations.

Enzymes produced by B. subtilis and B. licheni-
formis contribute to the improvement of digestion
and assimilation of food, as well as the cleansing
of wounds and inflammatory foci from necro-
tized tissues. The ability of B. subtilis IMB B-7393
and IMB B-7392 strains to reduce Se (IV) in the
form of sodium selenite to Se’ (Vaidyanathan et
al.,, 2010; Tymoshok et al., 2019) and to accumu-
late more than 1 mM of sodium selenite was re-
vealed. Such reports served as a basis for further
research on the ability of B. clausii to transform
sodium selenite into an elemental Se state.

It was shown that for the culture of B. clausii,
NADPH-dependent nitrate reductase is respon-
sible for the biosynthesis of nanosilver. There is
a report on the ability of B. clausii to biosynthe-
size gold nanoparticles (Beller et al., 2013; Shi et
al., 2011).

By changing the color of the medium, the cul-
tivation of B. clausii in the presence of sodium
selenite 0.006 g/100 mL, i.e. 30 ppm Se, led to the
appearance of an orange-brick color, which indi-
cated the reduction of Se (IV) and the formation
of Nano-Se.

All these studies have become the basis for
studying the enzymatic potential of B. clausii for
the synthesis of Nano-Se, since previously the
culture of B. clausii was not used specifically for
the biosynthesis of Nano-Se.

The purpose of the research was to study
the processes of biogenic synthesis of selenium
nanoparticles by probiotic strains of B. clausii.

6

Materials and Methods. Cultivation of B. clau-
sii was carried out in vials (500 cm?) on a rotary
shaker (20 rpm) at a 30 °C for 3 days of cultivation
on the MPB nutrient medium. Sodium selenite
was additionally added to the medium in a dose
of 0.0065 g/100 mL. A visual assessment of the
color change in the nutrient culture medium was
carried out under the conditions of its enrichment
with 30 ppm Se in the composition of sodium
selenite. Nano-Se characteristics were studied by
transmission electron microscopy (TEM) using a
JEM-1400 electron microscope (Japan).

Results. This research has established for the
first time that B. clausii is capable of reducing
selenite to elemental selenium, which is evi-
denced by the appearance of orange color in the
medium (Fig. 1).

The addition of sodium selenite in the amount
of 0.0065 g/100 mL (30 ppm Se) within the com-
position of sodium selenite to the nutrient me-
dium revealed the ability of B. clausii to reduce Se
(IV) oxyanions and the formation of an orange
color. A change in the color of the medium under
the influence of Na,SeO, during the cultivation
of B. clausii was noted in the case of transition
from the logarithmic phase of culture growth to
the stationary one, which is consistent with the
literature data (Wang et al., 2007). Further re-
search on Nano-Se was carried out after the puri-
fication of the nanoforms by centrifugation.

To confirm the Nano-Se formation and clarify
the morphology of nanoparticles, TEM analysis
was performed. For the first time, based on the
analysis of data on the involvement of the nitrate
reductase enzyme in the synthesis of nanopar-
ticles, we confirmed the formation of Nano-Se
during the transformation of sodium selenite by
the B. clausii culture (Fig. 2).

TEM was conducted to find out the micro-
structural features of the obtained samples.

TEM image analysis showed that the synthe-
sized electron-dense Nano-Se particles existed
extracellularly in the microenvironment of cells
of the B. clausii strain in the form of nanoag-
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Fig. 1. The formation of nanoselenium particles under the conditions of 72-hour cultivation of B. clausii in a medium
containing 30 ppm Se in the composition of sodium selenite (1) and purification of the obtained nanoforms by
centrifugation (2): a — control; b — experiment

.
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Fig. 2. TEM images of B. clausii (a) and biosynthesis of selenium nanoparticles using
B. clausii (b—m) in the case of Nano-Se extracellular formation by the strain B. clausii
under the conditions of enrichment of the culture medium with 30 ppm Se in the
500 nm | composition of sodium selenite. TEM revealed the presence of electron-dense Nano-
Se particles and the formation of nanoagglomerates localized extracellularly (b—m)

m
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Fig. 3. TEM images of nanoparticles produced by B. clausii under the conditions of enrichment
of the culture medium with 30 ppm Se in the composition of Na,SeO,

gregates. That is, when enriching the culture
medium with 30 ppm Se (IV) and cultivating
aerobically for 48 h at 30 °C, these extracellular
electron-dense NPs are agglomerated.

The formation of sediment by B. clausii cul-
ture is shown for the first time. The transfor-
mation of B. clausii sodium selenite with ex-
tracellular deposits of nanoselenium opens an
accessible source of biogenic Nano-Se and the
creation of selenium-containing probiotic prep-
arations based on it.

A separate part of the work was devoted to
obtaining Nano-Se, i.e. separation of bacterial
cells and formed nanoparticles for further trans-
mission microscopy. Synthesized conglomerates
of Nano-Se nanocrystals can be distinguished
in TEM images (Fig. 3). Nano-Se particle siz-
es determined from TEM images vary within
298+52 nm.

Nanoparticles formed by B. clausii form con-
glomerates of nanocrystals. Some nanoparticles
have a spherical shape. A change in the medium
color under the influence of Na,SeO, during the
cultivation of B. clausii was noted during the
transition from the logarithmic phase of culture
growth to the stationary phase.

The reduction of Se in SeO,*~ to SeO,* is
mainly catalyzed by soluble or membrane-bound
selenate reductase (Ser), which combines three

8

subunits that have molybdenum as a cofactor
located in the periplasm or on the cytoplasmic
membrane.

Discussion. Due to the presence of NADPH-
dependent nitrate reductase enzymes, which are
involved in the biosynthesis of nanoparticles,
B. clausii is able to form silver and gold NPs.
NADH-dependent nitrate reductase, which acts
as an electron shuttle, accepts electrons from ni-
trate and transfers them to the metal ion to form
nanoparticles, as illustrated for E oxysporum, P.
aeruginosa, and other microorganisms (Kalim-
uthu et al., 2008; Mikhailova et al., 2020; Mohd
Yusof et al., 2019).

Involvement of transmembrane respiratory
nitrate reductase (Nar) (Downey, 1966) and peri-
plasmic nitrate reductase (Nap) (Tao, Huachen
etal., 2021) are very important in the biosynthe-
sis of NPs (Gupta, 1997). It should be noted that
the active center of these enzymes is molybde-
num. In particular, a membrane-bound nitrate
reductase was found in the bacterium Bacillus
licheniformis, which is involved in the synthesis
of silver nanocrystals (Kumar et al., 2007). At the
same time, the recovery of metals or metalloids
occurs in response to the introduction of the
corresponding ions and is caused by the stress
reaction of the microorganism to a change in the
environment (Mukherjee et al., 2018).

ISSN 1028-0987. Microbiological Journal. 2025. (1)
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The research results show that B. clausii, which
was cultivated from the probiotic Enterogermin
(Sanofi India Ltd.), is appropriate to use for ob-
taining probiotic selenium-containing prepara-
tions, since B. clausii is capable of transforming
sodium selenite into an elemental state.

In the modern world, the so-called «green»
technologies take first place, and the active
studies of microorganisms that have a high en-
zymatic potential to be used in nanobiotech-
nology and are promising for further research
and practical application are being conducted.
We screened strains of Bacillus bacteria for their
ability to reduce Se (IV) in the form of sodium
selenite to Se’, which required additional re-
search, including by TEM.

Our research showed for the first time the
ability of B. clausii to reduce sodium selenite
with the formation of Nano-Se. However, the
confirmation of the probability of involvement
of the selenate reductase enzyme of the cul-
ture of this strain in the recovery of Se (IV) re-
mains unclear. For Thauera selenatis, the ability
of periplasmic nitrate reductase to catalyze the
reduction of selenite to elemental selenium was
shown. In addition, the ability of B. clausii to
form silver nanoparticles with the help of nitrate
reductase was proven. In addition, anaerobic
respiration of Bacillus stearothermophilus has
been shown even earlier due to inducible nitrate
reductase (Fajt et al., 2009).

In the applied aspect, it should be noted that
the enzymes nitrate reductase (NaR) and ni-
trite reductase (NiR) are able to ensure the ex-
tracellular synthesis of nanoparticles (Bharti et
al., 2020). Nitrate reductase converts nitrate to
nitrite. The enzyme complex of the denitrifying
bacteria T. pantotropha has two types of nitrate
reductase enzymes, i.e., the membrane-bound
NaR enzyme, which is active only under anaero-
bic conditions, the periplasmic NaR enzyme (ac-
tive under aerobic conditions), and the nitrite
reductase (NiR) enzyme, which reduces nitrite
to N, (Hallol et al., 2013).

ISSN 1028-0987. Microbiological Journal. 2025. (1)

Some authors suggest using Bacillus lichenifor-
mis culture and its enzymatic potential, namely
nitrate reductase, for the reduction of Ag* and
the production of silver nanoparticles. In partic-
ular, the widespread mechanism of silver biosyn-
thesis with the participation of bacteria is the ac-
tion of the enzyme nitrate reductase. For Bacillus
licheniformis, during bacterial reduction, alpha-
nicotinamide-adenine-dinucleotide phosphate
reduced form of NADPH-dependent nitrate
reductase is involved. In the case of reduction,
the nitrate turns into nitrite, and the electron is
transferred to the silver ion; therefore, the silver
ion (Ag") is reduced to Ag’ (Jeevan et al., 2012;
Vogel et al., 2018).

Conclusions. The obtained data indicate the
ability of B. clausii to reduce sodium selenite
with the formation of extracellular selenium
nanoparticles (Nano-Se). For the B. clausii cul-
ture, the involvement of a nitrate reductase
in the biosynthesis of silver nanoparticles has
been proven; in our research, the ability of Ba-
cillus clausii to transform selenite into extracel-
lular Nano-Se was established for the first time
(the target program of fundamental research
NASU 0120U102297, OK: 0222U004405). How-
ever, further analysis and determination of the
profile of the reductase enzyme and the under-
standing of the enzyme activity at the proteomic
level will help to develop more effective strategies
and practices for obtaining nanoparticles of ex-
tracellular localization. Therefore, the following
experiments are aimed at comparative studies of
the ability to transform sodium selenite and the
formation of extracellular Nano-Se by different
probiotic strains of the genus Bacillus.
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TOCJIIKEHHA ITPOBIOTUYHVX BAKTEPIV POY BACILLUS (B. CLAUSII)
OO BIOTEHHOT'O EKCTPALIETIO/IAPHOI'O CMHTE3Y HAHOYACTMHOK CEJIEHY

BioreHHumit MeTOJ CMHTE3y HAHOYACTMHOK 3a Y4acTi MIKpOOPraHi3MiB, sIKi MalOThb 3aTHICTb BUPOO/LITI HAHOMATeE-
pianu pisHOI popmi, po3mipy Ta XiMIYHOTO CKIafy, € IePCIeKTUBHUM iIHHOBAI/IHIM HAIIPSIMKOM HaHOTEXHOJIOTIIL.
Bakrepii 061patoThcs A/ BUPOOHMUIITBA HAHOYACTMHOK 3aBJAKN IX LIBUIKOMY PO3MHOXEHHIO, IPOCTOT] BUPOILY-
BaHHsI, HM3bKVM eHepreTUIHNUM notpebam i MiHiManbHuM BuTpaTaM. CKIafHi CMHTeTUYHI MeXaHi3MU, HOCTYIIH]
MiKpoopraHismMam, JO3BOJIAIOTD iM BUKOPYCTOBYBATH BEIUKY KiIbKiCTb OyAiBeIbHMX OI0KIB /st HOOYRZOBY HOBUX
6i0CYHTETUYHUX HAHOCTPYKTYP, AKi MOXXYTb HAKOMMYYBATHCS Y Be3UKY/IaX BCEPEANHI KTITUHY, a0 LIIIXOM eKC-
TpaleNIoNIAPHOTO CMHTE3Y. Y Cy4acHOMY CBiTi Ha Iepllle Miclle BUXOIATh TaK 3BaHi «3e/leHi» TeXHOJOrii, MpoBo-
INTbCA aKTUBHE BUBYCHHA Ta BUKOPUCTAHHA MIKpOOPTraHi3MiB, 1110 MalOTh BYCOKII (hepMEeHTATUBHUI IIOTEHI AL,
MO>XXYTb BUKOPUCTOBYBATICSI B HAHOO10TEXHO/IOTII Ta € IepCIEeKTUBHIIM [/Isl IIPAKTUYHOTO 3aCTOCYBaHHs. Hamu
Oy710 IpoBefeHO CKPUHIHT MmTaMiB 6akTepiit poxy Bacillus 3a 3gaTHicTio o penykuii Se (IV) y cxrani ceneniry Ha-
Tpito o Se’. Meta. JlocniuTu npolecy 6ioreHHOro0 CUHTEe3y HAHOYACTUHOK CeeHY TPOOiOTUYHMMU IITaMaMU
Bacillus clausii Ta iX TepCIeKTUBY OO MPAKTUYHOTO 3acTocyBaHH:A. Metomu. KynsrusyBauus B. clausii mpo-
Bopw y ¢rakoHax (500 cm®) Ha porauiitHomy 1merikepi (20 06/xB.) 3a remueparypu 30 °C BIpogoBx 3-X #i6 Ha
noxusHoMmy cepenosuii MIIB. ¥V cepenosuie nopatkoBo BHOCUIN ceneHiT Harpiro 0.0065 r/100 mi. IIposopunn
Bi3ya/IbHY OLI{HKY 3MiHM KO/IbOPY IIO>KMBHOTO CepefoBIIIa KY/IbTYPU 3a yMOB jioro 36aradenss 30 ppm Se y cka-
Ii ceneHiTy Harpiro. XapakTepucTuku Nano-Se BUBYa/IM 3a JOIIOMOTOK TPAaHCMICIITHOI eIeKTPOHHOI MiKpocKoIii
(TEM). PesynbraTn. BuecenHs ceneniTy Hatpito 0.0065 r/100 M1 (30 ppm Se) 1o IO>KMBHOTO CepelOBUIIA BIABIUIIO
spaTHicTb B. clausii fo pemyxuii okcuanionis Se (IV) y HaHOYacTHHKY eleMeHTapHOTO ceneny (Se®) Ta yrBopeHHs
HoMapaH4eBoro 3abapsieHHs. [IpoBoannu cemapariiio 6akTepianbHNUX KITITUH Ta 610CMHTE30BaHNX HAHOYACTUHOK
cenmeny pys nopgansioro TEM ananisy. Ha TEM-306pakeHHSX BUSB/IEHO CMHTe30BaHi HaHOKpucTamu Nano-Se.
Posmipu wacturok Nano-Se, BusHadeni 3 TEM 306pakeHb, BapilooTh y Mexkax 298 + 52 HM. HaHoyacTHKY, yTBO-
peHi B. clausii, opMyOTb KOHIJIOMEPaTy HAHOKPUCTAJIIB; OKpeMi HAHOYAaCTUHKY MaloTh chepudny popmy. 3MiHy
KOnMbopy cepefoBumia i BrymBom Na,SeO, npu KynbTusysanHi B. clausii Bifmidany mpu nepexozi Bif morapud-
MiqHOi a3y 3pOCTaHHS KY/IBTYP A0 CTalioHapHOL. JJOCTiIKeHHAMY BIIepliie BCTAHOBJIEHO, 110 B. clausii 3patHi 5o
PenyKIii CeNeHiTy /10 eleMeHTapHOrO CeleHy, Ipo 1o cBifyarh faHi TEM. BucHoBknu. OTpuMaHi gaHi cBigyaTh
PO 31aTHICTD B. clausii o pefyKIil ceeHiTy HaTpifo 3 yTBOPEHHAM IO3aK/IITHHHIX HAHOYACTHHOK ceneHy (Nano-
Se). Tpancdopmauis cemeHiTy HaTpito min BinnBoM B. clausii BifkpuBae focTymHe mKepeno 6iorenHoro Nano-Se
I7Is1 CTBOPEHHSI Ce/IEHOBMICHUX IMPOOIOTUYHMX MperapariB Ha JIOro OCHOBI.

Kntouoei cnosa: 6iozernnuii cunmes, cenexim HaAmpito, HAHOYACMUHKU ceneHy, npobiomuuni wumamu, Bacillus clausii,
TEM, no3axnimunxuil cunmes.
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