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CHANGES IN THE PIGMENT COMPOSITION
OF RHODOPSEUDOMONAS YAVOROVII IMV B-7620
UNDER THE INFLUENCE OF HEAVY METAL SALTS

The aim of the study was to clarify the changes in the pigment composition of
Rhodopseudomonas yavorovii IMB B-7620 under the influence of ferric(Ill)
citrate, cobalt(Il) chloride, copper(ll) chloride and potassium bichromate.
Materials and methods. R. yavorovii IMV B-7620 bacteria were grown at + 27
.. + 30 °C for 14 days in ATCC No 1449 medium supplemented with 1.0—12.0
mM ferric(Ill) citrate, 1-15 mM cobalt(Il) chloride, 0.050-0.500 mM copper(Il)
chloride, or 0.010-0.045 mM potassium dichromate. The bacterial cells were
sedimented, resuspended in acetone, and disintegrated by sonication. The resulting
suspension was kept for 24 hours at -20 °C, after which it was centrifuged, and
0.5 ml of supernatant were filtered through membrane filters (pore diameter
0.45 um). Chromatographic separation of pigments was performed using a high-
performance liquid chromatography system. Results. On the 14" day of cultivation
under the influence of heavy metal compounds, the qualitative and quantitative
changes in the pigment composition in R. yavorovii IMV B-7620 cells occurred.
Under the influence of ferric(lll) citrate, cobalt(Il) chloride, and potassium
dichromate, a decrease in the pigment content in R. yavorovii IMV B-7620 cells was
detected. The content of lycopene decreased by 22.1-83.9%, bacteriochlorophyll
a — by 33.8-86.0%, compared to the control. Under the influence of copper(Il)
chloride, not only the pigment content but also the quantity of its isomers
increased. Under the influence of the studied metal compounds, a small amount of
anhydrorhodovibrin was detected in the cells, whereas it was not detected in the
control. Conclusions. Under the influence of heavy metal compounds, changes
in the qualitative and quantitative composition of pigments occur in the cells of
bacteria R. yavorovii IMV B-7620. Ferric(Ill) citrate, cobalt(Il) chloride and
potassium bichromate caused a decrease in the pigment content in R. yavorovii
IMV B-7620 cells. Under the influence of copper(Il) chloride, not only the content
of pigments increased, but also the quantity of their homologues and isomers, in
particular lycopene, which can perform a protective function. Under the influence
of all the studied metal salts, a small content of anhydrorhodovibrin was detected
in the cells, which was not detected in the control. It can also contribute to the
protection of cells from stressors.

Key words: carotenoids, bacteriochlorophyll a, iron, cobalt, copper, chromium
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3MIHU IMITMEHTHOTI'O CKJIAAY RHODOPSEUDOMONAS YAVOROVII IMB B-7620 ...

The biosynthesis of photosynthetic pigments by microorganisms is a process
sensitive to many factors, including the influence of heavy metals [8], that inhibit
the biosynthesis and accumulation of pigments due to enzymatic degradation
[3]. The Hg, Cd, Cu, Pb, Ni, and Zn ions can replace Mg in the porphyrin ring
of chlorophyll or bacteriochlorophyll molecules, resulting in its inactivation in
the process of photosynthesis [11]. High content of Ni(Il) or Zn(Il) inhibits the
synthesis of photosynthetic pigments and disrupts the photosynthetic apparatus
[11]. Photosynthetic bacteria of the phyla Chlorobiota, Acidobacteriota, Bacillota,
Cyanobacteriota, Pseudomonadota, Chloroflexota, and Gemmatimonadota [9, 15]
may serve as model systems for studying the physiology, biochemistry and molecular
biology of photosynthesis [15]. Among them, purple phototrophic bacteria, which
have a flexible metabolism, are the most interesting in terms of their practical
use in various biotechnologies [14]. In particular, the purple nonsulfur bacteria
Rhodopseudomonas yavorovii IMV B-7620, isolated from the technologically
created Yavorivske Lake (Lviv region, Ukraine), are characterized by significant
biotechnological potential. R. yavorovii IMV B-7620 can be heterotrophic or
autotrophic, depending on the light conditions, oxygen level, carbon sources, and
electron donors. These bacteria can use a variety of organic compounds (alcohols,
carbohydrates, fatty acids, amino acids, and toxic aromatic organic compounds)
[25]. An important physiological and biochemical feature of bacteria of the genus
Rhodopseudomonas is the capability for CO, fixation in the Calvin cycle and
nitrogen fixation [14]. R. yavorovii IMV B-7620 are efficient exoelectrogens and H,
producers during growth on the wastewater of different origins [25]. The pigment
formation in photosynthetic microorganisms under the influence of heavy metals,
which can be present both in the environment and in wastewater, has been studied
insufficiently. Therefore, the aim of the study was to clarify the changes in the
pigment composition of R. yavorovii IMB B-7620 under the influence of ferric(III)
citrate, cobalt(Il) chloride, copper(Il) chloride and potassium bichromate.

Materials and methods

Bacteria R. yavorovii IMV B-7620 were grown at a temperature of + 27 ...
+ 30 °C and an illuminance of 200 lux in 250 ml flasks with 200 ml of modified me-
dium ATCC No 1449 [25]. Na,-citrate at a concentration of 12 mM, which was op-
timal for the growth of these bacteria, was added to the medium as a carbon source.
To study the effect of metals on R. yavorovii IMV B-7620 cells, the corresponding
salts were added to the ATCC No 1449 medium: FeC H,O, — at concentrations 1.0;
3.0; 6.0; 9.0; 12.0 mM (the total citrate concentration was 12 mM); CoCl x6H,0 —
at concentrations 1.0; 5.0; 10.0; 15.0 mM; CuCl x2H,O — at concentrations 0.050;
0.100; 0.125; 0.250; 0.500 mM; K Cr,O, — at concentrations 0.010; 0.0175; 0.025;
0.0375; 0.045 mM. Instead of metal salts, sterile distilled water was added to the
control.

To obtain pigment samples, R. yavorovii IMV B-7620 was cultured in
modified ATCC No 1449 medium for 14 days, then separated from the culture
medium by centrifugation (2600 g, 20 min). The supernatant was removed, and
the cells were resuspended in acetone and disrupted at 0 °C by sonication (using
an ultrasonic disintegrator UZDN-2T, at 22 kHz, 5 min). The resulting suspension

— ISSN 2076-0558. Mikpobionoeis i 6iomexnonozia. 2024. Ne 1. C 621 —— 7
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was transferred to 2 ml Eppendorf microtubes and incubated for 24 h at -20 °C.
The cell extracts were then centrifuged (1800 g, 10 min). Pigment extracts were
obtained after filtering known volumes of supernatant through membrane filters
(pore diameter 0.45 pum). All manipulations were performed at room temperature
and without direct sunlight to avoid photooxidation of the pigments. Pigments
were separated using high-performance liquid chromatography as described
[2]. The pigments were determined by their absorption spectra recorded using a
spectrophotometric detector with a photodiode array according to the literature [4,
6, 7, 20]. The conditional unit of pigment content was the peak area per gram of
biomass. Biomass was determined turbidimetrically (A = 660 nm) and calculated
using the coefficient obtained by the weight method.

Statistical processing of the research results and visualization were performed
using “Microsoft Excel 2016 and “OriginPro 8.5”. The results are presented as
mean values corrected for standard deviation (x+SD). The reliability of the data
and the differences between them were estimated by the Student’s coefficient. The
difference was considered significant at a significance level of p<0.05 [1].

Results

The pigment content of R. yavorovii IMV B-7620 cells was studied on the
14" day of culture growth. The peaks obtained on the chromatogram were charac-
terized by their retention time, spectra, and absorption maxima (Table 1).

During cultivation of R. yavorovii IMV B-7620 in ATCC No 1449 medium
without metals, 7 isomeric forms of lycopene were detected, among which the peak
of lycopene 5 had an area 15.9%, lycopene 6 — 11.7%, lycopene 7 — 11.1% (Table
2). The peaks of other isomeric forms of lycopene had an area of 0.3-2.0% of all
peaks detected at A=474 nm. In R. palustris 420L, lycopene is the main carotenoid
(46.6 to 54.0% of the total carotenoid content), detected in cells grown under both
aerobic and anaerobic conditions. Besides it, rhodopin, rhodovibrin, spiriloxanthin,
and anhydrorhodovibrin are also found in cells of this strain [19]. In the work [2],
anhydrorhodovibrin was detected in R. yavorovii IMV B-7620 cells on the 7% day
of cultivation. However, we have not observed this peak on the 14" day of cultiva-
tion in a metal-free medium.

Among the homologues of bacteriochlorophyll @, the highest content of bac-
teriochlorophyll a of the third (28.2 % of all peaks at A =770 nm) and fifth (33.6% of
all peaks at A = 770 nm) homologous forms was found in R. yavorovii IMV B-7620
cells (Table 4). Bacteriochlorophyll a in most purple bacteria is the only pigment of
the photosynthetic reaction center, although it is known that bacteriochlorophyll »
is found in Rhodopseudomonas viridis, Rhodopseudomonas sulfoviridis [23].

When metal salts were added to the culture medium, changes in the qualita-
tive and quantitative composition of pigments of R. yavorovii IMV B-7620 were
detected.

Under the influence of all studied concentrations of cobalt(Il) chloride, the
quantity of lycopene isomers decreased from seven to five (Table 2). Under the
influence of 1.0 and 5.0 mM cobalt(II) chloride, peaks of anhydrorhodovibrin were
detected (Table 3). No changes in the quantity of bacteriochlorophyll @ homologues
were detected under the influence of this salt (Table 4).

8 ——  ISSN 2076-0558. Mixpobionocis i 6iomexnonoeis. 2024. Ne 1. C 6-21 —
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Table 1
Characterization of pigments from Rhodopseudomonas yavorovii
IMYV B-7620 cells under the influence of metal salts
Pigment* Isomericf/homologous Retentiqn time, UV Amax,
orm min nm
1 20.9-23.6 448/472/501
2 28.1-30.7 447/472/503
3 30.8-31.7 449/472/500
4 31.7-33.0 447/472/502
5 41.0-42.6 448/472/503
6 41.6-42.8 447/472/503
7 50.7-52.5 447/472/502
8 19.7-22.4 448/472/501
Lycopene 9 25.6-27.3 448/472/501
10 12.5-12.8 447/472/503
11 32.7-33.6 448/472/502
12 30.9-31.6 447/472/502
13 20.4-21.2 447/472/503
14 25.9-26.4 447/472/502
15 29.3-29.4 447/472/503
16 16.8-17.2 448/472/502
1 35.0-37.0 461/485/516
2 40.842.2 461/486/516
Anhydrorhodovibrin 3 35.0-36.2 461/485/516
4 24.4-26.0 461/485/516
5 47.1-47.6 461/484/516
6 46.6-46.7 461/485/516
1 28.2-31.3 361/605/770
2 34.3-353 361/604/770
3 37.1-39.1 361/605/770
Bacteriochlorophyll a 4 35.0-36.7 362/600/770
5 36.4-38.8 362/605/770
6 31.0-33.9 361/605/770
7 28.4-29.4 361/605/770

Note. * — Pigments were identified according to the literature data [4, 6, 7, 20]
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Under the influence of ferric(IIl) citrate, the quantity of lycopene isomers in
R. yavorovii IMV B-7620 cells decreased from seven to six or five (Table 2). Un-
der the influence of 1.0 mM of this salt, three isomers of anhydrorhodovibrin were
detected, the peaks of which had an area of 7.5% of all peaks detected at A=474 nm
(Table 3). Under the influence of 12.0 mM ferric(III) citrate, the quantity of lyco-
pene isomers decreased from seven to five, and bacteriochlorophyll @ homologues
from five to four (Table 2, 4).

Under the influence of 0.010-0.0175 mM potassium dichromate, the quantity
of lycopene isomers decreased from seven to four, but anhydrorhodovibrin isomers
were detected (Table 2, 3). At higher concentrations of this salt, the quantity of
lycopene isomers increased to five or six. The number of bacteriochlorophyll a
homologues under the influence of potassium dichromate was lower than in the
control (Table 4).

Under the influence of copper(Il) chloride, significant differences in the
quantity of lycopene isomers were found (Table 2). While in the control there were
seven lycopene isomers, under the influence of 0.050 mM copper(Il) chloride there
were eight of them, and under the influence of 0.500 mM — twelve isomers. The
quantity of bacteriochlorophyll @ homologues increased to six only under the in-
fluence of 0.500 mM copper(Il) chloride, and under other concentrations it didn’t
differ or was fewer than in the control (Table 4).

The amount of the homologous forms or isomers of pigments is not a taxonomic
feature but rather indicates the physiological state of the culture [4]. We assume that
the change in the number of homologous forms or isomers of R. yavorovii IMV
B-7620 pigments under the influence of metal salts is an adaptation of the culture
to its effects.

In addition to the number of isomers and homologues, the content of pig-
ments in R. yavorovii IMV B-7620 cells changed under the influence of heavy met-
al salts compared to the control. The pigment content in R. yavorovii IMV B-7620
cells differed depending on the metal in the medium and its concentration (Fig. 1).

Under the influence of 1.0 mM cobalt(II) chloride, the lycopene content in-
creased by 1.38 times compared to the control. The content of bacteriochlorophyll a
did not change compared to the control. As the concentration of cobalt(II) chloride
increased from 5.0 to 15.0 mM, the content of all pigments decreased significantly.
Under the influence of 5.0-15.0 mM cobalt(II) chloride, the content of lycopene
decreased by 35.3-82.1%, bacteriochlorophyll a — by 56.2-86.0%, compared to
the control (Fig. 1A).

Similar changes were found under the influence of ferric(IIl) citrate. When
1.0 mM of this salt was added to the culture medium, the content of lycopene and
bacteriochlorophyll a in the cells didn’t differ from the control. A small amount
of anhydrorhodovibrin was detected. However, as the salt concentration increased
from 3.0 to 12.0 mM, the content of all pigments decreased significantly. Under
the influence of 3.0-12.0 mM ferric(III) citrate, the content of lycopene decreased
by 59.4-83.9%, bacteriochlorophyll a — by 37.7-72.2%, compared to the control
(Fig. 1B).

A decrease in the pigment content in R. yavorovii IMV B-7620 cells was
also detected under the influence of all concentrations of potassium dichromate,
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Fig. 1. Pigment content in Rhodopseudomonas yavorovii IMV B-7620 cells under
the influence of cobalt(IT) chloride (A), ferric(IIl) citrate (B), copper(Il) chloride (C),
potassium dichromate (D)

(x£SD, n =3, ** —p<0.01, *** — p<0.001 — a significance level
of changes compared to control)

except 0.0375 mM. Under the influence of potassium dichromate, the content of
lycopene decreased by 22.1-53.6%, and bacteriochlorophyll a — by 33.8-52.8%,
compared to the control. Under the influence of 0.0375 mM potassium dichromate,
the content of lycopene and bacteriochlorophyll a was 2—6 % higher than that of
the control (Fig. 1D).

Under the influence of copper(II) chloride, the pigment content in R. yavorovii
IMV B-7620 cells increased compared to the control. Mostly, the increase in
lycopene content is related to the increase of lycopene 6 percentage. A decrease in
the content of lycopene and bacteriochlorophyll a, compared to the control, was
found under the influence of 0.125 mM copper(II) chloride (Fig. 1C).

In the photosynthetic apparatus of anoxygenic purple bacteria, bacteriochlo-
rophylls @ or b and carotenoids (C, ) are responsible for light absorption, energy
transfer from light-harvesting complexes to reaction centers, electron transfer to the
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reaction center (bacteriochlorophylls), and photoprotection (carotenoids) [15, 24].
Lycopene is involved in a variety of chemical reactions that prevent the degradation
of important cellular biomolecules, including lipids, proteins, and DNA, which en-
sures the antioxidant role of this carotenoid [13, 18]. Due to the presence of unsat-
urated double bonds, lycopene undergoes oxidative degradation or isomerization in
response to environmental changes. Under the influence of environmental factors,
including different light intensity, oxygen level, temperature, pH, and precence of
Cu?* or Fe*" ions, seven of the eleven double bonds of lycopene can undergo mono-
or poly-cis-isomerization, which affects its bioavailability [13,22]. It is known that
copper stimulates the synthesis of carotenoids in Myxococcus xanthus [17].

Zechmeister noted the possible presence of 72 geometric isomers of lycopene
[5]. In bacteria, 3-cis-lycopene, 5-cis-lycopene, 7-cis-lycopene, and 9-cis-lycopene
were detected [10]. As a result of lycopene cis-isomerization, the pigment reten-
tion time on the chromatogram is reduced, and a hypsochromic shift of absorption
maxima in the pigment spectrum occurs [12]. Our results suggest the presence of a
large quantity of lycopene cis-isomers in R. yavorovii IMV B-7620 cells under the
influence of copper(II) chloride.

The physicochemical properties and bioavailability of al/l-trans- and cis-iso-
mers of lycopene differ. Cis-isomers of lycopene are more bioavailable than the
native all-trans-form. Lycopene and other carotenoids in vitro prevent peroxidation
processes caused by singlet oxygen and peroxyl radicals. Particularly, the isomeri-
zation of all-trans-lycopene to its cis-isomers improves the scavenging of peroxyl
radicals [18].

The detected peaks of bacteriochlorophyll in R. yavorovii IMV B-7620
cells, identified as bacteriochlorophyll a, differed in the retention time. We
assume that this is bacteriochlorophyll a, esterified by various phytol derivatives.
In Rhodobacter sphaeroides, minor peaks of bacteriochlorophyll @, that had the
same absorption spectra but differed in the retention time, were identified as
bacteriochlorophyll a esterified with geranylgeraniol, dihydrogeranylgeraniol or
tetrahydrogeranylgeraniol [23]. Bacteriochlorophylls a and bacteriopheophytins a
esterified with geranylgeraniol, dihydrogeranylgeraniol, tetrahydrogeranylgeraniol,
and phytol were found in six phylogenetically distinct classes of purple bacteria,
including bacteria of the genus Rhodopseudomonas [16]. Because geranylgeraniol
is more unsaturated than the other three alcohols mentioned, it is more susceptible
to free radical damage.

Thus, under the influence of heavy metal compounds, changes in the
qualitative and quantitative composition of pigments occur in the cells of bacteria
R. yavorovii IMV B-7620. Ferric(Ill) citrate, cobalt(Il) chloride and potassium
bichromate caused a decrease in the pigment content in R. yavorovii IMV B-7620
cells. Under the influence of copper(Il) chloride, not only the content of pigments
increased, but also the quantity of their homologues and isomers, in particular
lycopene, which can perform a protective function. Under the influence of all the
studied metal salts, a small content of anhydrorhodovibrin was detected in the cells,
which was not detected in the control. It can also contribute to the protection of
cells from stressors.
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SMIHU HI'MEHTHOI'O CKUVIALY
RHODOPSEUDOMONAS YAVOROVII IMB B-7620
3A BIUVIMBY COJIEHN BA’KKUX METAJIIB

Pedepar

Memoro pobomu 6yno 3’sicysamu sminu niemenmno2o ckiaoy Rhodopseudomonas
yavorovii IMB B-7620 3a ennusy ¢epym(Ill) yumpamy, xobarem(ll) xnopu-
9y, kynpym(ll) xnopudy ma kanivi 6ixpomamy. Mamepianu i memoou. baxmepii
R. yavorovii IMB B-7620 eupowysanu 3a memnepamypu + 27 ... + 30 °C ynpo-
0oeoic 14 0i0 y cepedosuwi ATCC Ne 1449, y sixe enocunu 1,0—12,0 mM ¢hepym(I1I)
yumpamy, 1,0—15,0 mM xobanem(I1) xnopuoy, 0,050-0,500 mM xynpym(Il) xnopu-
9y uu 0,010-0,045 mM raniu 6ixpomamy. Knimunu 6baxmepii 6i00Kpemuo8aiu 6io
cepedosuya Yenmpugy2y8anHam, pecycnenoys8aiu 8 ayemoni ma pyuHysam na
yavmpazeykosomy oesinmezpamopi. Ompumany cycnensito UmMpumMy8dnu ynpo-
00e6dic 24 200 3a memnepamypu -20 °C, nicis woeo yenmpudghyeyeanu i 0,5 ma cy-
nepHamanmy Qitompysanu Kpize memopanui ginompu (diamemp nop 0,45 mxm).
Xpomamoepapiune po3oinenns niemeHmis 30CHIOBANU 3 O0NOMO2010 CUCTEMU
sucoxoedexmusroi piountoi xpomamoepagii. Pesynomamu. Ha 14 000y xynomu-
8YBAHHSL 34 GNIUBY CNOJVK BANCKUX MEMAlie y Kiimunax oaxmepiu R. yavorovii
IMB B-7620 6i06ysaiombcsi 3MiHU SKICHO20 MA KIILKICHO20 CKAAOY NIZMEeHmIs.
3a snausy gepym(Ill) yumpamy, kobarem(Il) xropudy ma kaniu dixpomamy 6usie-
JIeHO 3HUJICeHHA emicmy niemenmie y kaimunax R. yavorovii IMB B-7620. Buicm
aikoniny 3Hudicyeaecs na 22,1-83,9%, 6axmepioxniopoghiny a — na 33,8—86,0%,
nopisusino iz koumponem. 3a enaugy kynpym(Ill) xiopudy spocmas ne auwe emicm
niemenmia, a i KilbKicmoy iXHix isomepie. 3a 6naugy CNomyK 00Cai0AHCEHUX MEemAlie
V KITMUHAX GUSIBNIEHO HEBETUKULL BMICH AH2IOPOPOOOBIOPUHY, AKULL HE GUSLGIISLIU Y
Kowmpoii. Buchoexku. 3a éniugy cnoiyk eaxckux Memaiis y Kiimunax baxmepii
R. yavorovii IMB B-7620 6i0bysaiomscsi 3MiHU SKICHO20 MA KIILKICHO20 CKIAOY
niemenmis. @epym(Ill) yumpam, xobarem(Il) xropuo ma xanit 6Gixpomam cnpu-
YUHSIU 3HUdICEHHS emicmy niemenmig y kiimunax R. yavorovii IMB B-7620. 3a
enaugy kynpym(Ill) xnopudy spocmag ne nuwie émicm niemenmis, a Ui KilbKicmb
iXHIX 2coMon02i6 ma izomepis, 30Kpema AiKONIHY, AKUL MOXCe BUKOHYBAMU 3AXUCHY
QyHKyiio. 3a 6naugy 6Cix 00CAIONCEHUX CONLEU MEMAi8 Y KIIMUHAX 6Us6IEHO Hese-
JIUKUTL 6MICIM AHZIOPOPOO0GIOPUHY, KU He 8Us6IsIU Y KOHmpoii. OuesuoHo, uo
ye ModHce maKoH#C CAPUAMU 3aXUCMY KIIMUH 8i0 CIMPecosux YUHHUKIS.

Knwuoei crnosa: xapomunoiou, Oaxmepioxiopoin a, ¢hepym, kobaivm,
KYRpYM, XpOm
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AHTUMIKPOBHA AKTUBHICTb OJIIiA 3 HACIHHA
TI'APBY3A 3BUYAHUHOI'O, KICTOYOK BUHOI'PATY
I IVIOAIB OBJIIINXH

Hapasi ne empauac ceoei akmyanbHOCmi NOWYK HOBUX ANbIMEPHAMUBHUX epeK-
MUBHUX Odicepei Oist OMPUMAHHSL CROLYK 3 AHMUMIKPOOHOW akmugnicmio. Mema.
Jocnioumu anmumixpoOHy aKmueHicmb ONil, OMPUMAHUX MEMOOOM XOLOOHO20
npecysants 3 HACIHHA 2apOy3a 36UNAIHO20, KICMOYOK GUHO2PA0y [ nio0ie obainu-
xu. Memoou. Anmumixpo6uy 0iio onitl 3 HACIHHA 2apOy3a, KICMOYOK 8UHOZPAOY I
n00die 0ONINUXU W00 UWMAMIE IHOUKAMOPHUX MiKpoopeanizmie Staphylococcus
aureus ATCC 25923, Micrococcus luteus ATCC 4698, Enterococcus faecalis ATCC
29212, Bacillus subtilis ATCC 6633, Kocuria rhizophila DSM 3480, Escherichia
coli ATCC 25922, Proteus vulgaris ATCC 6896, Salmonella enterica NCTC 6017,
Klebsiella pneumoniae ATCC 10031, Pseudomonas aeruginosa ATCC 27853,
Pseudomonas putida KT 2440 ma Candida albicans ATCC 18804 susnauanu na
nanispiokomy cepedosuwyi LB memooom nynox. Pezynemamu. Yci npomecmosa-
HI POCAUHHI O] NPOSGUIU AHMUMIKPOOHY AKMUBHICMb U000 OKPEMUX ULMAMIG
2PAMNOZUMUBHUX | 2PAMHEe2AMUBHUX Dakmepill, ale GUABUNUCS HeepheKMUSHUMU
npomu B. subtilis, P. aeruginosa, P. putida ma eyxapiomuunoeo mikpoopearis-
my C. albicans. lImamu epamnozumusHux Oaxmepiil UsAGUIUCS OLIbWL Yymu-
sumu 00 Oii ycix mpvox 6udie pociunnux onid. Haubinow uymausum 0ys uwimam
M. luteus ATCC 4698, posmipu 30H 8i0cymHOCII POCIY SIKO2O NepesUUy8aiu
16 mm 3a enaugy ycix npomecmosanux oniu. Kpawy egpexmusnicmos w000 uym-
JIUBUX MECM-ULMAMIE THOUKAMOPHUX MIKDOOP2AHI3MIE NPOSGUNA OISl 3 HACIHHA
eapoysa. Bucnosexu. Pociunni onii, ompumani Mmemooom Xoi00H020 Npecy8aHHs.
3 HACIHHA 2apby3a, KICMOYOK 6UHO2PAOY [ NI00I6 00NINUXU, NPOSGUIU 6APIAMUG-
HY QHMUMIKPOOHY AKMUBHICMb, SIKA Kpawoio Oyna y onii 3 Hacinus 2apoysa. /o
i enauey natuymausiviumu oynu wmamu K. rhizophila DSM 3480 i M. luteus
ATCC 4698, posmipu 30u iocymuocmi pocmy skux ckaanu 16,5 + 0,1 um i 16,3
+ 0,2 mm, 6ionosiono. Ilposedents nodarbuiux 00CiioHceHb HeoOXiOHe Ol GU-
BHAYEHHsL XIMIUHO20 CKIAQY | KINbKICHOI OYiHKU OIOAKMUSHUX CROJVK YuXx Olill, a
MAKOHC MeXanizmy ix Oii Ha KIIMUHU MIKPOOP2AHIZMIE.

Knwuoei cnosa: anmumikpodna akmueHicme, pOCIUHHI Oil, IHOUKAMOPHI Mi-
Kpoopzauizmu

© L.B. CrpamHoBa, @.I1. Tkauenko, €.1. Yurpina, 2024
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PocnuuHI 0111 AOCHTH PI3HOMAaHITHI 3a CBOIM CKJIAJOM Ta Oi0JIOTTYHUMU
BJIACTUBOCTSAMH 1 IIUPOKO BUKOPUCTOBYIOTHCS TEPENYCiM y XapuoBiii i ¢apmarie-
BTUYHIHM POMHUCIIOBOCTI, @ TAKOXK y METUITMHI. PocIMHHI 0J1ii — 11e €KOJIOTIYHO YH-
CTa CUPOBHHA, SIKa B JOCTATHIN KUIBKOCTI € B IPUPO/I, TOCTYIIHA B YChOMY CBITI
Ta Mae€ BiHOCHO HM3bKY BapTiCThb. IX 6ioMONEKyJaM IpUTaMaHHi Pi3HOMAHITHi
010JIOTIYHI BJIACTUBOCTI, 30KpeMa aHTHOKCUAAHTHI, aHTHOAKTEepiaabHi, MPOTHU3A-
NaJbHI Ta TPOTUITYXJIMHHI, 3aBISKH YOMY POCIHHHI OJIii € IOCUTh MEPCIIEKTUBHU-
MU B [IEBHUX acrniekTax Oiomenuuunuu [19]. PociauHHI 01111 X0I0JHOTO pecyBaHHs
BBXAIOTHCS OLIBII SKICHUMHU 1 KOPUCHUMH 32 XapUOBOIO IIHHICTIO, HIXK Ti, SIKi
00pobieHi TepMiyHO a00 po3unHHUKamu [7, 17].

I"apOy3 3Buuaitnuii (Cucurbita pepo L., Cucurbitaceae) mae BUCOKY XapuOBY
Ta JiKyBabHy LiHHICTB [5]. lOro miomu, KBiTH Ta HACIHHS CIIOXKHBAIH SK OBO-
yi, siki OaraTi Ha BiTaMiHM Ta aHTHOKCHIAHTH. EKcTpakTu iHrpemieHTiB rapOysa
(mkipka, M’SIKOTh, OJIisl 3 HACiHHS Ta OOPOIIHO 13 3HEKHUPEHOTO HACIHHS) MalOTh
pi3HOMaHITHY 010J70T1UYHY aKTHBHICTh, BKJIIOUAIOUM aHTHMIKpOOHY, IPOTHBIPYCHY,
LUTOTOKCUYHY Ta MPOTUITYXJIUHHY [5, 25].

Ounist 3 HaciHHS rapOy3a TEMHO-3€JIEHOTO KOJIbOPY, MiCTUTh BEIHKY KUIBKICTh
BUTBHHX XUPHUX KHUCIIOT, BKIIOUAIOUYM YOTUPH MAHIBHI KHUPHI KUCIOTH (OJICTHOBY,
JIHOJIEBY, MAJIBMITHUHOBY Ta CTEAPHUHOBY) 3 BiTHOCHUM po3noainom 43,8%, 33,1%,
13,4% Tta 7,8%, BiamoBigHO, 110 cTaHOBUTL 98 + 0,1% Bix 3arajbHOI KiIBLKOCTI
KUPHUX KUCIOT [25]. 3aBIsKku HAsIBHOCTI Y CKJIaAl KOPUCHUX PEYOBHH, 30KpEMa,
BitamiHiB A, C Tta E, xapotunoiniB, ¢guaBoHoiniB, ¢iroctepomis, dpocdomimiais,
XJIOpo(disly, HCHACUYECHUX JKUPHHUX KHUCJIOT, MIKPOEJIEMEHTIB, HAIPUKIIA, [IMHKY 1
celsieHy, rapOy30Ba OJIisi BUKOPHCTOBYETHCSI B KOCMETOJIOT11 1 MenunuHi [22]. Bona
TaKOX TMPOSIBISIE aHTUMIKPOOHI BIACTUBOCTI, SIKI MOXKYTh 3HAHTH MPAaKTUYHE 3a-
CTOCYBaHHS B Xap4oBili Ta (papmManeBTHUHIN POMHUCIOBOCTI.

Kicrouku Bunorpany (Vitis vinifera L., Vitaceae) BAKOPUCTOBYIOTH ISl OT-
pPUMaHHs 0ii K (PyHKIIIOHAIBHOTO XapyOBOTO MPOAYKTY. 3aBISKHA OPTaHOICTITHY-
HUM BIIACTUBOCTSIM, 30KpeMa apoMary Ta MPUEMHOMY CMaky, BOHa BUKOPHCTOBY-
eTbes B KyniHapii [15]. Ilst omist MiCTUTB 3Ha4YHY KUIBKICTh TiAPOQUIBHUX KOMIIO-
HEHTIB, TaKUX K (DEHOJBHI 1 JMMOQIbHI CIOTYKH, HEHACUYEH] KUPHI KUCIOTH 1
¢itocreponu. Cepen (EeHONBHUX CIOMYK y CKIIai OJil 3 KICTOYOK BHHOTPaIy Ha
yBary 3aciyroBYIOTh PECBEparpoi, KBEpPLETHH, MPOIIaHITUHH, SKi MPOSBISIOTH
MPOTH3AMNaibHy, aHTHOKCUIAHTHY, TPOTHUMIKPOOHY, TPOTUIYXJIMHHY, KapAiompo-
TEKTOPHY aKTHBHICTh Ta FAJIbMYIOTh BIKOBI IpoLecH cTapiHHs [9].

Ob6ninuxa (Hippophae rhamnoides L., Elaeagnaceae) BUKIHNKae iHTEpEC y
XapuoBOMY Ta JIKYBaJbHOMY ACHEKTi 3aBISKH BEIHUKIHA KITBKOCTI 010aKTUBHHX
cnonyk [8]. Cepen HUX aHTHOKCUIAHTHY aKTHBHICTh BHSIBJISIFOTh aCKOPOIHOBA KHC-
nora, Tokodeponu, KapoTuHoiau, (raBoHoigu. OcTaHHIME pokamu Oylio TpoBe-
JICHO 0araTo JOCHIPKEHb 3 BUBYCHHS 010J0TIYHOI aKTUBHOCTI C€KCTPAKTIB ILIOMIB
1 TMCTsl OOMIMUXH, SIKI MPOSIBISIIOTH MPOTH3AMAIbHY, IMyHOMO/ICTIOBAIIbHY, pajli-
OTIPOTEKTOPHY, aJalITOTeHHY, MPOTUIYXJIMHHY [Iif0 TOIo. BaXknuBo migkpecinty,
110 B HACiHHI, M SIKOTI, IUIO/IaX 1 COKY OOMinuxu MicTuThes monan 190 cnonyk, y
TOMY YHCJII BOAO- Ta )KUPOPO3YMHHI BITAMIHH, YXUPHI KHCIOTH, OPTaHIYHI KUCIIO-
TH, KAPOTHHOIT!, BYIJICBOAM, aMIHOKHCIIOTH Ta iH. [20].
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Oumii 3 ToaiB OOMINMUXK MPUTAMaHHI PaHO3arorOBaJIbHI BIACTUBOCTI, BOHA
HE TOKCUYHA, HE Ma€ MmoOiyHuX e(deKTiB; 11 MO)KHa BHUKOPUCTOBYBATH SIK MPOTH-
NICOPIaTUYHUN HYTPULIEBTUK. BOTHMIA €KCTPAKT JUCTS OOTIIIXH CIIPHUSIE 3aTOEHHIO
paH, BOJHI Ta BOJHO-CIIUPTOBI €KCTPAKTH JIUCTS Ta IJIOAIB MPOSBISIFOTh IPUTHITY-
BaJIbHUH €EeKT MPOTH OaraThbox MiKpooprauismis [27].

Meroro i€l po6oTu Oylio TOCHITUTH aHTUMIKPOOHY aKTUBHICTh OJii, OTpH-
MaHHMX METOJIOM XOJIOAHOTO MPECYBaHHs 3 HACIHHS rapOy3a 3BUMaifHOTO, KiCTOUOK
BUHOTPAIY Ta TUIOIIB OOJIMTUXH.

Marepiajau i MmeToan

B excriepMeHTi BUKOPUCTAHO TECT-IITAMH 1HIUKATOPHUX MIKPOOPIaHi3MiB,
K1 30epiraroThbes B KOJEKIii kadeapu MikpoOioorii, Bipycosorii Ta 610TeXHOIOT 11
Opnecbkoro HanioHaIEHOTO YHiBepcuTeTy iMeHi I. . MeunukoBa. [lITamu inankaTop-
HUX MIKpOOpTaHi3MiB Oynu mpencTaBieHi rpaMmno3uTuBHUMU (Staphylococcus
aureus ATCC 25923, Micrococcus luteus ATCC 4698, Enterococcus faecalis
ATCC 29212, Bacillus subtilis ATCC 6633, Kocuria rhizophila DSM 3480) Ta
rpamueratuBauMu  (Escherichia coli ATCC 25922, Proteus vulgaris ATCC
6896, Salmonella enterica NCTC 6017, Klebsiella pneumoniae ATCC 10031,
Pseudomonas aeruginosa ATCC 27853, Pseudomonas putida KT 2440) Gakrepi-
saMu 1 npikmprononionum rpudom Candida albicans ATCC 18804. AHTUMIKPOO-
HY JIif0 POCJIIMHHUX OJIid, OTPUMAHUX METOJIOM XOJIOJHOTO MPECYBaHHS 3 HACIHHS
rap0Oy3a, KICTOUOK BUHOTPaJIy Ta IUIOAIB OOMIMKUXH, BU3HAYa N Ha cepenoBuil LB
(LB broth (MILLER) for Microbiology (Merck), Darmstadt, Germany) i3 0,7%
BMICTOM arap-arapy MeTOAOM JYHOK [1].

[tamy iHAMKATOPHUX OaKTEepid MOMEPENHbO KYIHTUBYBAIU Y >KUBUIIBHO-
My Oyabiioni (GranuCult® Nutrient Broth, Merck KGaA, Darmstadt, Germany)
ynponosx 24 rox npu 37 °C. Uram C. albicans —y pinkomy cepenosuii Cady-
po (NutriSelect® Plus Sabouraud-2% Dextrose Broth, Merck KGaA, Darmstadt,
Germany) ynponosx 24 rox mipu 30 °C.

B neHb excriepuMeHTy Ha MOBEPXHI HaMiBpigKoro cepenopuiia LB B yamkax
[Tetpi, monepenuro 3acistHoro 100 Mk 1000BOI KyJIBTYpH 1HIUKATOPHOTO IITAMY
(10° ximiTUH/MIT), CTEPUIIBHUM TPOOIHHUKOM POOHIIH JIYHKH Ha OJJHAKOBIN BiICTaHI
OJTHA BiJ OJTHOI 1 BiJ Kpato yamky. B mynku BHOCHIH 110 150 MK KOMEpUiIHHUX HE-
CTEpUIII30BAaHUX POCIMHHUX OJIil, OTPUMaHUX METOJOM XOJIOIHOTO MPECyBaHHS,
TM «Arpocinenpom». Bukopucrano oiii 3 HaciHHsI rapOy3a 3BUYaHOTO, KICTOUOK
BHHOTPaAyY Ta IUIOAIB oOminuxu, BianosiaHo. Ctepuiabauit 0,9% po3zuun NaCl Bu-
KOPHCTAHO SIK HETaTUBHUN KOHTPOIIb, cTepuiibHuil 10,0% BogHMIA pO3YrH aHTHOI-
OTUKY 1e(pTpIaKCOH — SIK TO3UTUBHUIN KOHTPOJIb.

ExcrniepuMeHT npoBeeHO B TphoX MoBTopax. [lociBu Oakrepiit iHKyOyBaiu
24 ron ipu 37 °C, C. albicans — 48 rox npu 30 °C, micias 40ro BUMIPIOBAIH PO3-
MipH 30H BiZICYTHOCTI POCTY IHAMKATOPHHUX INTaMiB HABKOJO JIyHOK. [lyis aHami-
3y pe3yJbTaTiB MPOBEIECHO OMKHCOBY CTATUCTHKY, SIKY 3/1HCHIOBAIH 32 JOTIOMOTOI0
nporpamu Microsoft Office Exel-2016.
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PesyabraTn gociigxeHHs Ta iX 00roBopeHHs

Hapasi 3pocrae yBara A0 MOLIYKY HaTypajJbHHX IHPOAYKTIB, SIKI MOXYTb
OyTu OL1b1II OE3MEeUHO0 Ta €(h)EKTUBHOIO AIBTEPHATUBO AHTUMIKPOOHUM areHTam
1 JKepeJoM HOBHX CHOJYK AJISl CIPUSHHS OJIarornoyyddro Ta 3J0pPOB IO JFOJUHH.
Cepen uncineHHUX 010J0TIYHUX €(EKTIB, Kl IPOSBISAIOTh POCIMHHI Oii, yBary
IIPUBEPTAIOTH AHTUMIKPOOHI BIIACTUBOCTI.

Pe3ynbraTy BU3HAUCHHS aHTUMIKPOOHOI aKTMBHOCTI TPbOX BHJIIB POCIIMH-
HUX OJIiH 100 TEeCT-IITaMiB IHAUKATOPHUX MIKPOOPraHi3MiB HaBEIECHO Ha PUCYH-
Kax 1, 2.

Cepen IHIUKaTOPHUX ILITaMIB PaMIO3UTUBHUX OAaKTepii HAOLIbITY Yy TIH-
BICTB JI0 yCIX B3SATHX Y JOCHIJ POCIMHHUX oMl nposiBuB mraMm M. luteus ATCC
4698 (po3mipu 30H BIJCYTHOCTI pOCTY BU3Ha4yeH1 y Mexax 16,3 + 0,2 mm). Heuyt-
JIMBUM J10 111 oniit OyB wtam B. subtilis ATCC 6633. Ha Ham nomisia, 1€ NOsICHIO-
€TbCS NMPUPOTHOIO CTIMKICTIO, OJHUM 13 MPUKIA/IB SIKOI € YTBOPEHHS €HAOCIOp
IpeJcTaBHUKaMU poay Bacillus 3a HecipusTauBux ymoB. HalimMeHiry uyTiuBicTh
nposisuB wtam S. aureus ATCC 25923. Po3Mipu 30H BICYTHOCTI POCTY IIbOTO
mramy konuBanucs Bin 12,0 £ 0,1 MM 3a aii omii 3 tuoniB obminuxu ao 14,1 £
0,1 MM mizg BTMBOM oJii 3 HaciHHA rapOy3a 3Bu4aitHoro (puc. 1).

I3 BukopucTaHux ol HalKpalia aHTHOAKTepiajlbHa AKTUBHICTb IPOTH
IpaMIO3UTUBHUX OakTepidl BUSBIEHA B OJii 3 HAaciHHA rapOysa, 10 Iii sSKoi Haii-
Ounbml uyTuBUMU Oynu wtamu K. rhizophila DSM 3480 1 M. luteus ATCC 4698,
pO3MipH 30H BIACYTHOCTI pocTy skux ckjamu 16,5 = 0,1 mm 1 16,3 = 0,2 mm,
BianoBigHO. Halimenmmii antubakTepianbHuil edekT mana oiis 3 KICTOYOK BH-
Horpaay moao S. aureus ATCC 25923 (30Ha BiICYTHOCTI POCTY AOpiBHIOBaJa

S. aureus M. luteus E. faecalis K. rhizophila B. subtilis
H] EH) N3 BK] EK2

30Ha BiJICYTHOCTI POCTY, MM
—- = N W W A
S Lo L S G S LG S

1 — odist 3 HaciHHA rapOy3a 3BUYaHOTO; 2 — OJis 3 KICTOYOK BHHOTPAJLY;
3 — omis 3 wroxiB o6minmuxu; K1 — ¢i3po3unH (HeraTHBHIUA KOHTPOIIB);
K2 — nedrpiakcoH (1o3UTHBHUIT KOHTPOJIb)
Puc. 1. AHTUMIKPOOHA AKTHBHICTH POCIMHHHX 0JIili 010 TPAMNO3UTHBHUX OaKTepii

Fig. 1. Antimicrobial activity of vegetable oils against Gram-positive bacteria
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E.coli P.vulgaris  S. enterica K P. aeruginosa P. putida
pneumoniae
H]E)E3 K] HK2
1 — omist 3 HaciHHSA rapOy3a 3BUYAHOTO; 2 — OJIisl 3 KICTOUOK BHHOTPALY;

3 — onis 3 twroaiB oominuxu; K1 — ¢i3po3ynH (HeraruBHUN KOHTPOJIB);
K2 — nedrpiakcoH (1o3uTHBHUIT KOHTPOJIb)

30Ha BIJICYTHOCTI POCTY, MM
— = NN W W A
(e} [V} (e} (9] S W S (9] S

Puc. 2. AHTUMIKPOOHA AKTUBHICTH POCJMHHUX OJIiii 11010 TPAMHEraTUBHUX OaKTepiii

Fig. 2. Antimicrobial activity of plant oils against Gram-negative bacteria

10,2 £ 0,2 mm). UyTHBICTh 1HIIMX MITAMIB 10 OJIii 3 BUHOTPAIHUX KiCTOYOK Oyia
JIENIO Kpamior, HiK CTadiIOKOKY: pO3MIpH 30H BIIICYTHOCTI POCTY BapiroBaJld
Big 14,2 = 0,1 mm (BusHaueno ans E. faecalis ATCC 29212) no 16,2 + 0,2 Mmm
(BuzHavueno mns M. luteus ATCC 4698). Omist 3 mioaiB oOninuxu HalKpaiie npu-
raiuyBana pict M. luteus ATCC 4698 (Tak camo sk 3a fii omii 3 HaciHHS rapOy3a,
PO3MIp 30HU BIJICYTHOCTI POCTY IHOTO IITaMy MepeBUNIUB 16 Mm). [HII 1HAMKA-
TOpHI Tpamro3uTHBHI Oakrtepii (S. aureus, M. luteus i K. rhizophila) BusBunucs
MEHIII Yy TIAUBUMHU 10 O10JI0T1YHO aKTUBHUX PEYOBHUH ITi€T OJil.

Sk iHAMKATOpPHI IMITaMH TPaMHETaTUBHUX OakTepiil Oynv 3aiisHi MpeacTaB-
HUKM poaunau Entrrobacteriaceae (E. coli, P. vulgaris, S. enterica, K. pneumoniae)
1 Pseudomonadaceae (P. aeruginosa, P. putida). Binpa3y 3ayBaxumo, IO IIITa-
mu P. aeruginosa ATCC 27853 1 P. putida KT 2440 nposiBUIN CTIHKICTB 10 ycCix
omiid. [lomo mTamiB KUIIKOBOI TPYIH, TO HAWYYTIUBIIIMM A0 Iii yCiX ojiii OyB
S. enterica NCTC 6017, naiictiiikimum — E. coli ATCC 25922 (puc. 2). Po3mipu
30H BiacyTHOCTI pocty mtamy S. enterica NCTC 6017 cxnanu 14,6 £ 0,2 mm, 14,0
+ 0,1 mmi 12,1 £ 0,1 MM 3a BIUMBY OJ1ili 3 HaciHHsI TapOy3a, KICTOYOK BUHOTPAIY
1 TUTOIB OOJIMUXH, BiAMOBIMHO. TakoK BiA3HAYMMO YYTIMBICTH JO OJIH IITaMy
P vulgaris ATCC 6896, Ha sikuii HAOLIBII CYTTEBO, 13 AOCITIKEHUX, BIUTMHYJIA
omist 3 HaciHHA rapOys3a. 3a ii Aii 30Ha BiACYTHOCTI pPOCTY LBOTO HITaMy CKJaja
14,4 + 0,1 mm. [Ilogo0 mTamMy KUIIKOBOT MaJTUYKH, TO HAWO1IIIIA 30HA BiJICYTHOCTI
pocty (10,4 £ 0,2 Mmm) criocTepiranacs 3a Jii oiii 3 HaciHHs rapOy3a, MeHi (9,4 +
0,1 Mmm 19,3 +0,1 mm) — 3a ii o71i#f 3 KICTOYOK BUHOTPAIY 1 OOJIMTUXH, BiIITOBIIHO.
3HauHy CTIMKICTB 10 omiii mposiBuB mtaM K. pneumoniae ATCC 10031, HaiimeHmry
30HY BiJICYTHOCTI POCTY SIKOTO BU3HAYEHO 32 BILTUBY OJIii 3 IJIOJiB OOIMHXH.
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Sk 1 y BUNAAKy IpaMIO3UTUBHUX OaKTepii, HalKpalia aKTUBHICTH IIONO
rpaMHeraTuBHUX OakTepil Big3HaueHa B oiii 3 HaciHHS rapOy3a. 3a mii miei omii
PO3MipH 30H BiACYTHOCTI pocTy komuBanucs Big 10,3 + 0,2 mm (y K. pneumoniae
ATCC 10031) mo 14,6 + 0,2 mm (y S. enterica NCTC 6017). MeHnu BupakeHi aH-
TUOAKTEpiabHI BIACTHUBOCTI B Ol 3 KICTOUOK BUHOTPAAy, HAWMEHII €(hEKTUBHOIO
10710 BUKOPUCTAHHUX 1HIAWKATOPHUX LITaMiB OyJia OJis 3 TUIOMIB OOMIMUXH.

[opiBHIOWOYH pe3ynbTaTH MOCIiIKEHb, HABEJICHUX Ha pUCYHKax 1 i 2, 3a-
3HAYMMO, 10 3arajioM IPaMIIO3UTHBHI OakTepii OUTbII YyTIAMBI 0 Iii B3ATHX Y
JOCITIJT POCITMHHMX OJIiil. Y mociimkeHHsx, nposeaeHux Ivanisova E. et al. (2020),
[I0/I0 BU3HAYECHHSI aHTUMIKPOOHOI /il €KCTPAKTiB OONIMUXH, TAKOK BiAMIYAETHCS
Kpaila aHTHOaKTepiadbHa aKTUBHICTh MPOTH TPAMIIO3UTUBHUX, HIK TPaMHETaTHB-
HuX OakTepiid. ABTOPH MOSICHIOIOTH TaKi PE3yIBTaT! PI3HUIEIO Y OyA0BI KIIITHHHUX
CTiHOK. ['pamMHeraTuBHi OakTepii MalOTh 30BHIIIHIO MEMOpPaHy, siIKa CKIaIA€ThCS 3
JNOMPOTETHY Ta JIMOMOIIYKPUIY, 0 pOOUTH ii BUOIPKOBO MPOHHUKHOIO, 1 TOMY
rpaMHeTaTHBHI OakTepii 3araJioM MEHII YyTJIMBI O POCIMHHUX EKCTPAKTIB, HIXK
rpamMno3uTuBHi [12].

Sk 1 mTamu 1ceBIoMOHa I, a0COIOTHY CTIHKICTD J0 JIii OJ1iif BUSIBUB IITaM
eykapioTnuHux Mikpoopranismis C. albicans ATCC 18804.

Cepen IOCHIPKEHUX POCIMHHUX ONii Kpamry aHTHUMIKpOOHY aKTHBHICTBb
MIPOIEMOHCTpPYBAJIa OJIisi 3 HACiHHA rapOy3a. [Ipore, y HOpIiBHIHI 3 KOHTpoOJeM 2
(10,0% po3uuH e TpiakcoOHy) aHTUOIOTUYHA AKTUBHICTDh TECTOBAHUX OJIil BUSBHU-
Jicst OUTBINL, HIX y 2 pa3u MeHIIoK. 3a npunyuieHHsMu Santos J. S. et al. (2018) na
010aKTHBHI BJIaCTUBOCTI OJIiif MOXYTh BILTUBATH CIIOCOOHM BUPOIILYBaHHS POCIIHH,
IPUYOMY OJ1ii, OTpUMaHI 3 HACIHHS OPraHiuHO BUPOIICHUX POCIHH, € OlIbI eek-
TUBHUMH, HIXK OJTii, OTpUMaHIi i3 POCIIMH, BUPOIICHUX TPaAULIIHHIM criocobom [21].
TuMm He MeHIIIe, TPOSIB AaHUMIKPOOHOT aKTUBHOCTI OJIISIMU 3apa30M 3 MPOTU3aNaIIb-
HUMH, TPOTHITYXJTMHHUMH, aHTHOKCUIAHTHUMH BJIACTUBOCTAMHU XapaKTEepHU3ye X
SK TaKi, 110 KOPHUCHI JUIs OpraHi3My JIOIUHH, Ta CBIJYUTH PO NEPCHEKTHBHICTS 1
HEOOXiAHICTh OAATBIINX JOCIIIKEHb ISl BAKOPUCTAHHS y O10MEINYHIi ramy3i.

PocaunHi 071ii, a 0COONMBO IX eCEHIalbHUI KOMIIOHEHT, MiCTITh Bix 20 10
60 OiomoriyHO akTMBHHX cronyk. Lle cymim TepreHiB, TepneHoiniB, kamdopwu,
KapBaKkpoIly, €BraHoOIy, TpOKapOOHiB, KETOHIB, (DEHOIB Ta IHIIUX APOMATUYHUX 1
ani(aTuaHUX PEUOBUH, CEPE]] AKHX € XIMIYHI KOMIIOHEHTH 3 aHTUMIKPOOHOIO JII€I0
[6]. [Tepiu 3a Bce, aHTUMIKPOOHY /1110 POCIMHHUX OJIiH OB’ SI3YIOTh 3 (PEHOTBHIUMHU
CTIOJIyKaMH, a Yy TIIMBICTh OaKTepiil 3aJIeKUTh BiJl apXITEKTOHIKH KIITHHHOI CTIHKH.

VY IOCHiPKEHHSX MO0 BUBYEHHS AHTHOKCHUAAHTHUX Ta AHTHMIKPOOHUX
BJIACTMBOCTEH IIKIPKHU, M SKOTI Ta HaciHHs rapOy3a (Cucurbita maxima), npoBese-
Hux Hussain A. et al. (2021), anTrbakrepianbHa i (EHOTBHUX CHOTYK MOSICHIO-
€TBCS B3a€MOIEI0 IUX CHONYK i3 KJIITHHHUMH KOMIIOHEHTaMH OakTepii, pe3ylb-
TaTOM YOTO € BUTIK HYKJICOTHIB 1 OLTKOBOTO Marepiaiy B MO3aKIITHHHI 001acTi
[11]. Song H. M. & Sun Z. X. (2017) B npoBeneHOMY E€KCIIEPHUMEHTI TOKa3alu,
10, OKpiM (PEHOJILHUX CHONYK, MOMIIyKpuau rapOysa B koHuenrtpaii 200 mr/
MJI BUSIBIISIFOTH @HTHOAKTEpiaNbHy Nit0 MpOTH S. aureus, Listeria monocytogenes
i E. coli [23]. AHTUMIKpOOHI BIaCTUBOCTI MOJIIYKpUAiB BcTaHOBIEeH] Leichtweis
M. G. et al. (2022) mpu gochimkenHi edekTy oiii 3 HaciHHS rapOys3a IIoJ0
E. coli, S. aureus, P. aeruginosa, Aspergillus flavus, Aspergillus fumigatus i
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Aspergillus niger [13]. [Ipo 3Ha4HI MpUTHIYYBaJIbHI eeKTH rapOy30BO1 0Jii TpoTH
HIMPOKOTO CIIEKTPY MIKpOOpPraHi3miB, BKITtouatoun Oakrepii (E. coli, K. pneumonia,
P. putida, P. aeruginosa, B. subtilis, Staphylococcus warneri) i MinieniaiabHi TpUOH
(Botrytis cinerea, Fusarium oxysporum, Mycosphaerella arachidicola), inetbcs y
po6oti Tambe S. et al. (2024). ABTOpH NOSCHIOIOTH AHTUMIKPOOHY aKTHBHICTH 3
HAsBHICTIO y HaCiHHI TapOy3a HU3KU 010JIOTIYHO aKTUBHUX PEUOBHH, 30KpeMa (hia-
BOHOI/IIB, TIIIKO3U/IiB, CAllOHIHIB, a TAKOX OiKa KyKypMmotnuHa. [Ipu oMy BOHH
3a3Ha4ar0Th, U0 IPAMIIO3UTHBHI OaKTepii OUIBIN YyTAUBI O Jii MeTabOMITIB Tap-
Oy3a, HiXK TpPaMHETaTHBHI 1 11e TIOB’s13aHO 13 Oy/I0BOIO KJIITHHHUX CTIHOK: y TPaMHe-
raTUBHUX OaKTepid JIMOMIyKPUIN KIITUHHOI CTIHKH, 3B’ 3yIOUUCH, 3 O10JI0TIYHO
AKTUBHUMH PEUOBHHAMH HACIHHs rapOy3a, OJIOKYIOTh 1X MPOHUKHEHHS Yepe3 IH-
TOIJIa3MaTUYHy MeMOpaHy [26]. Takox Mpo BUCOKUN aKTUMIKpOOHUI MOTEHIIia
010J10TIYHO aKTUBHUX PEYOBHH HaCiHHs rapOy3a Cucurbita pepo var. fastigata npo-
] B. subtilis 1 S. aureus noBinoMiseTbes y podoti Soni R. R. S. & Bali M. (2019).
[Tpu ibOMy aBTOpPHM HE BUSBHIIM MPUTHIYYBaIBHOI Aii mono E. coli, P. aeruginosa,
C. albicans 1 A. niger [24]. Hatomictb, Amin et al. (2020) BcTaHOBUIH BHCOKY
e(heKTUBHICTh HACiHHS rapOy3a MpoTH pi3HUX wTamiB E. coli Ta Shigella sonnei,
a TaKOXK TIOBIJOMWJIM TIPO 3HAYHO BUIILY aHTUOAKTEpiaJIbHy aKTUBHICTH OJIii, OTPH-
MaHoi 3 MicuieBoro renotuny Cucurbita maxima (IPSO), nmopiBHsSHO 3 TiIOpUAOM
Cucurbita maxima (HPSO) [3]. KpiM Toro, y iHIIOMY JOCHIPKEHHI IUX aBTOPIB
OJIist MiCIIEBOTO TapOy30BOT0 HACIHHS MICTHIIA y 2,5 pa3u OUIbIIY KUTbKICTh TOKO-
deporiB, HixK 01 3 TIOPUIHOTO TEHOTHITY TapOy3a, 1 MOXKIIMBO came 3 IIUM TIOB’ si-
3aHa Kpailla aHTuOaKTepiaibHa €)eKTUBHICTS I1i€1 KOHKpeTHOI odii [3].

Outist BUHOTPAJHUX KICTOYOK TAKOX TOKCHUYHO JIi€ Ha JesIKi MATOTeHH, IO
CBIUUTH PO 11 aHTUMIKPOOHI BracTuBocTi. Y nocnimkeHHsx Luchian C. E. et al.
(2019) 1 Mollica A. et al. (2021) omisi, oTpUMaHa 3 BUHOTPAJIHUX KiCTOYOK, Masia
MPUTHIYYBAJILHUN BIUIMB Ha picT S. aureus, Staphylococcus epidermidis, E. coli i
C. albicans [14, 16]. AHTUMIKPOOHY aKTHBHICTb aBTOPU OB S3YIOTh i3 (PEHOIB-
HUMH CITOJTyKaMHU, TAKUMH SIK PECBEPATPOII, SIKUH 1HIYKY€ OKHCHIOBAJIbHE MOIIKO-
JUKCHHSI OakTepiaibHOT MeMOpaHu, 0co0auBO E. coli, He BIUIMBAIOYU HA KIIITUHU
rocrojaps, i 3a3Ha4aroTh, IO 1€ HE €IMHUI YNHHHUK, IKUI BU3HAUYA€ aHTUMIKPOO-
HUH eeKT.

Tak camo 3 ()eHOTBPHUMHU PEUOBHHAMU TTOB’ SI3yIOTh aHTUMIKPOOHI BIAaCTHUBO-
cti obminuxu [12, 20]. IvaniSova E. et al. (2020) y pe3ynbrari NpoBeACHUX TOCITi-
JOKEHB 3a3HAYaI0Th, 10 YCi TOCIIPKEHI HUMU MPOJYKTHU 3 OOJIIUXH, Y TOMY YUCIT
OJIis 3 TUIOJIIB, MPOSIBIISIFOTh AHTUMIKPOOHI BJIACTUBOCTI OO HMIMPOKOTO CIIEKTPY
Mmikpooprani3miB [12]. Ha anTtuGakrepianbHy eQeKTHBHICTh OONIMUXH BKa3ylOTh
pe3ynbTaru, HaBeneHi y pobori Sandulachi E. et al. (2022). Ilpu upomy aBTOpH
HaABOSTH JaHi, IO CBi4aTh MPO BUPAKEHY aHTHUMIKPOOHY Jit0 OOMIMHUXH MO0
rpaMno3UTUBHUX Oaktepiit (S. aureus ta B. subtilis) i MEHIIy aKTUBHICTH IIOJO
rpaMHeraTuBHUX Oaktepiil (Salmonella typhimurium 1 E. coli). Eykapiotnunuii
mikpoopranizm C. albicans, K 1 B HAIIUX JOCHIKSHHSX, BUSIBUB CTIHKICTh [20].
Hapas3i Taka BHOipKOBa Yy TJIUBICTh 1O (EHONBHUX CHOTYK OONIMUXU TOSICHIOETHCS
3HIDKCHOIO MPOHUKHICTIO KJIIITUHHOI CTIHKH TpPaMHETaTUBHUX OaKTepiil yepe3 BU-
cokwii piBeHb (pocdomnimiaiB y Hill Ta 3 TiAPOPIIEHOIO MOBEPXHEIO 1X 30BHINIHBOT
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MeMOpaHH, siKa CKJIAJA€ThCsl 3 MOJIEKYI JINOMOMIIYKPUIIB, 110 € 0ap’epom st
MIPOHUKHEHHS YHCJICHHUX CIIONYK 3 aHTUMIKPOOHMMH BJIIACTHUBOCTSIMHU, MEXaHI3M
T IKUX MOYKe OyTH OB’ I3aHMM 3 X 3/1aTHICTIO IHAKTUBYBATH MIKpOOHI aJre31HH,
(dbepMeHTH Ta TpaHCTIOPTHI OUTKK KIiTHHHOT 00omonkH [ 12, 20].

3aranom, MexaHi3MH Aii 01070T1YHO aKTUBHUX PEUYOBHH POCIUHHUX ONii BU-
3HAYAOTHhCH X CKJIAJIOM Ta HASBHICTIO 1 JOCTYMHICTIO KIITHH-MimieHen [2, 18].
30Kpema, 110 CTOCY€ETHCS MOIi(hEHOIB, TO 323HAYAETHCS TPU OCHOBHHUX MEXaHI3MHU
Ii1 Ha MIKpoOpraHizMu — Moau(iKallis MPOHUKHOCTI MEMOpaHH, 1HAKTHBALlisS BHY-
TPIIIHBOKIITUHHUX (DepMEHTIB Ta 3MiHa Mopdoorii kiiTuH. OKpiM IIHOTO, TOTi-
(heHOoNMH, MPOHUKAIOYH B KIIITHHY, IPU3BOAATH 10 reHepalii AT® Ta npurHidyoTh
cunre3 JIHK mikpoopranizmis [18]. dnaBoHOIAM TaKOK MAIOTh KiJIbKa MEXaHI3MIB
anTuMikpoOHoi nii. Hanmpuknan, kBepuetnn npurniuye [IHK-ripasy, miaBuirye
MIPOHUKHICTh MeMOpaH 1 3anobirae cuutesy AT® y E. coli [10], Tomi sk y S. aureus
BiH PUTHIYYE KIIOUOBi (pepMeHTH, HeOOXiqHI st CHHTE3y Olnka [4].

TakuM YMHOM, IPOTECTOBAHI POCIMHHI OJIi1 BUSBUIM aHTUMIKPOOHY aKTHB-
HICTh 70 OLIBIIOCTI 1HAMKATOPHUX MIKPOOPTaHi3MiB, Cepel SKUX OUIbII YyTIIH-
BUMU OyJIM IITAaMH TPaMIIO3UTUBHUX OakTepilt (S. aureus ATCC 25923, M. luteus
ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM 3480). HaiiGinbury ayT-
JUBICTh JIO yCiX MPOTECTOBAHUX OJIiii MPOSBUB IITaM TPAMIIO3UTUBHUX OaKTEpiid
M. luteus ATCC 4698, po3mipu 30H BiJICYTHOCTI POCTY SIKOTO cTaHOBHIN 16,3 £ 0,2
MM, Haiimenmty — E. coli ATCC 25922, 30HU BiJICYTHOCTI POCTY SIKOTO BH3HA4€HI
y mexkax 10,4 £ 0,2 mwm (3a aii omii 3 HaciHas rapOy3a) — 9,3 + 0,1 mm (3a xii omii
3 wioniB oominuxu). [tamu B. subtilis ATCC 6633, P. aeruginosa ATCC 27853,
P. putida KT 2440 i C. albicans ATCC 18804 BusBUIUCS CTIHKHMH JIO YCIX TPO-
TeCTOBaHMX Oiid. Kpamry eeKTHBHICTb 11010 4y TAMBHUX ILITAMIB MiKpOOPTaHi3MiB
BCTAHOBJICHO JUIs OJIii 13 HaciHHA rapOy3a, 3a Aii sikoi HallO1IbINI 30HHU BiJICYTHOCTI
pocty cnocrepiraim y mramiB K. rhizophila DSM 3480 1 M. luteus ATCC 4698
(16,5 = 0,1 mm i 16,3 £ 0,2 mm, BignmoBiaHo). OTKe, TOCHIHKYBaHI 01 MOXHA
BHUKOPHUCTOBYBAaTH HE TUIBKH Yepe3 IXHIO BUCOKY Xap4yOBY LIHHICTb, ajie i K JIKe-
pelio CHoNyK 3 aHTHUMIKpOOHUM ToTeHImianoM. OfHaK BKpail BayKIMBI MOAAJBIII
JOCITIJKCHHSI, 100 BUSBUTH 1 BU3HAYUTH O10aKTHBHI XIMiYHI CIIOJIYKH Ta JIaTH M
KUTBKICHY OIIIHKY, & TAKOX JTOCIIIUTA MEXaHi3MU iX JIii Ha pi3HI MIKPOOPTraHi3MH.
TakoXx MEepCIeKTUBHUM € CTBOPEHHS Pi3HMX KOMOIHAIll CyMillel i3 3a1y4eHHsIM
OJTi# 1HIIMX O10JIOTIYHO IIHHKUX POCIIUH (HAPUKIIAJ, 3 HACIHHS MOPTYJIAKY, JIbOHY,
mo¢u, coi TOMIO), OCKUIBKH MOXKIIUBI CHHEPTeTUYHI €()EKTH MOXKYTh IMOKPALUTH
3arayibHi 010aKTHBHI BIACTUBOCTI POCIUHHHX OJIM.
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ANTIMICROBIAL ACTIVITY OF OILS FROM PUMKIN
SEEDS, GRAPE SEEDS AND SEA-BUCKTHORN FRUITs

Summary

Currently, the search for new alternative effective sources for obtaining com-

pounds with antimicrobial activity does not lose its relevance. Aim. To investigate
the antimicrobial activity of oils obtained by cold pressing from pumpkin seeds,

grape seeds and sea-buckthorn fruits. Methods. Antimicrobial activity of oils from

pumpkin seeds, grape seeds and sea-buckthorn fruits against strains of indicator
microorganisms Staphylococcus aureus ATCC 25923, Micrococcus luteus ATCC
4698, Enterococcus faecalis ATCC 29212, Bacillus subtilis ATCC 6633, Kocu-

ria rhizophila DSM 3480, Escherichia coli ATCC 25922, Proteus vulgaris ATCC
6896, Salmonella enterica NCTC 6017, Klebsiella pneumoniae ATCC 10031,

Pseudomonas aeruginosa ATCC 27853, Pseudomonas putida KT 2440 and Can-

dida albicans ATCC 18804 was determined on semi-liquid LB medium by the well
method. Results. All tested plant oils showed antimicrobial activity against certain

strains of Gram-positive and Gram-negative bacteria, but were ineffective against
B. subtilis, P. aeruginosa, P. putida and the eukaryotic microorganism C. albicans.

Strains of Gram-positive bacteria were more sensitive to the action of all three
types of plant oils. The most sensitive strain was M. luteus ATCC 4698, the size of
which zones of no growth exceeded 16 mm under the influence of all tested oils.

Pumpkin seeds oil was more effective against sensitive test strains of indicator
microorganisms. Conclusions. Plant oils obtained by cold pressing from pumpkin
seeds, grape seeds and sea-buckthorn fruits showed variable antimicrobial activ-
ity, which was better in pumpkin seeds oil. K. rhizophila DSM 3480 and M. luteus
ATCC 4698 strains were the most sensitive to its influence, the sizes of the zones of
no growth were 16.5 + 0.1 mm and 16.3 £ 0.2 mm, respectively. Further researches
are necessary to determine the chemical composition and quantitative assessment
of the bioactive compounds of these oils, as well as the mechanisms of their action
on the cells of microorganisms.

Key words: antimicrobial activity, plant oils, indicator microorganisms
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BU3HAUYEHHS BUPAYKEHOCTI BILIMBY BAKTEPIA
POAY BACILLUS HA KYJIBTYPY HACIHHA PUCY
TA KYKYPY/I3U B YMOBAX IN VITRO

Memoto pobomu 0yn0 GuUsHAUUMU GUPAdICEHICMb BNAUSY OAKMeEpIl WmMamie
Bacillus megaterium ONUS500, Bacillus velezensis ONU553, Bacillus pumilus
ONUS554, Bacillus subtilis ONU559 na npopocmanns i picm HaciuHia pucy ma Ky-
Kypyo3u 6 cmepuivHux ymosax. Mamepianu i memoou. Bupowysanu mpudodogi
KYIbmypu baxmepitl 4omupbox umamie Ha piokomy HCusuibHomy cepedosuwyi LB
v mepmocmami 3a memnepamypu 28 °C ma cmepunizy8anu HACIHHA MOOeTbHUX
pocaun 3a cmanoapmuoto cxemoio. Tomiwanu nacinna y 1%-06i pozuunu bax-
mepianvrux cycnensii (10° KYO/mn) kooicnozo 3i wimamie ma npogoounu iHoKy-
aayito npomseom 1 2o0unu. Pesynbmamu. Pesynomamu excnepumenny na 060x
MOOENbHUX POCIUHAX C8I0UaMb NPO 3HAYHUU nomenyian baxmepiii B. megaterium
ONUS500, B. velezensis ONUS553, B. pumilus ONU554 ax cmumynamopis pocmy
ma possumky pocaut. B. subtilis ONU559 pexomenoyemscs 00 8u84eHHA 1l ymoy-
HeHHs GNIUBY HA POCIUHU 8 NOOATbUUX 00CHiONceHHsaX. Bucnoeok. Haiibinviu
NOZUMUBHUL, CIMUMYNIOBATbHUL 6NIUE HA NOKASHUKU NPOPOCMANHA, POCHYy ma
PO38UMKY HACIHHA pUcy i KYKYpYO3U YUHUMb IHOKYIAYIA wmamom B. megaterium
ONUS500 (0na pucy: 36invuents 0oexcunu nazona Ha 36,5%, kopens na 29%;
ona Kykypyosu: 50% i 69% eionogiono). /s Kynemypu pucy nepcneKmueHUM €
maxodc nooanvuie susyenns enausy B. velezensis ONU553, a dna Kykypyosu —
B. pumilus ONUS554.

Knwuoei crosa: 6 ymosax in vitro, Bacillus, nacinns pucy ma Kykypyo3u, 6ax-
mepianbHa CyCnen3is

Puc ta Kykypyza3a Hajexarb 10 HalJJaBHIIIKUX 1 HAUIOIIUPEHIIIUX BUCOKO-
BpOXKalHUX KyJBTYp CBITOBOTO 3eMiiepoOCTBa Ta 3aliMaroTh HAHOUIbIII MOCIBHI
IUTOII TicJis nieHuIi. Pucose 1 KyKypya3sHe 3epHO € BaXXJIMBOIO CUPOBUHOO IS
XapuoBO1 IPOMUCIIOBOCTI, a 3€JIeHa Maca — JUIsl TRAPUHHUIITBA Ta O10€HEPreTHYHOT
raity3i. BpaxoByroun cTpiMke 30UIbIIEHHS] HACEJIEHHs IIJIAHETH Ta BTPATH BPOXKAIO
BHACJIIJJOK HECIIPUSATIIMBUX €KOJIOTTYHUX YNHHMKIB, IOMUT HA J1aH1 KyJIbTypH JIUILIE
3poctatume. s YkpaiHM HapollyBaHHsS BHUPOOHUIITBA 3JIAKOBUX KYJIBTYp Mae
CTpaTeriyHe 3Ha4eHHs AJs M1AHOMY HalllOHAJIbHOI €eKOHOMIKM B YMOBAaX BOEHHOTO
cTaHy. AJI’ke yKpaiHChKe 3€pHO, 3aBISIKU CBOIM BHUCOKIH SIKOCTI, Ma€ BU3HAHHS SIK
Ha BITYM3HIHOMY, TaK 1 HA MIXXHAPOJHOMY PUHKaX, Ta KOPUCTYETbCS CTAOLIbHUM
HONIUTOM CepeJl CIIOKHUBaUIB.

© H.I. Tecmrok, K.O. Ulynera, K.1O. HeunTaiino, 2024
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Ha Tenepimmniii yac B YKpaiHi COCTepIraroThbesi pi3Ki KOJIMBAaHHS MOTOIHUX
YMOB Ta MaJOCHIXHI 3UMH, € MPOOJIEMH BHCHAXKEHHS i epo3ii IPYHTIB, 3HIKEH-
Hsl €()eKTUBHOCTI XIMIYHHUX 3ac00iB 3aXUCTy POCIHH 1 JOOPUB MpPU MOCTIHHOMY
MIIBUIICHHI I[IH HA OCTaHHI — BCE II€ MPU3BOAMTH JO 30UIBIICHHS CO0IBapTOCTI
nponykiii. Takuii KOMILJIEKC TPOOIEM MOPOKYE 3aMUT CYCIUILCTBA 10 HAYKOBIIIB
II0/I0 MOIITYKY OLTBII II€BUX, aJie MEHII IIKIUIMBUX ISl TOBKIJUIS T JIFOJAUHU CIIO-
c00iB BUPOIIYBaHHS KYKypY/I3H 1 pUCY, TOLTYKY HOBHX METOIB OOPOTHOU 3 XBOPO-
0am¥ Ta IIKiTHUKAMH, TIOM’ IKIIIEHHS BIUTMBY a010TUYHOTO CTPECY TOIIIO.

OnHUM 13 TEepCHEKTUBHUX HAMPSIMKIB PO3B'sI3aHHS 3raJlaHUX BUIIIE TPOOIeM
MOXKE CTaTH BUKOPHCTaHHS OiompenapariB Ha OCHOBiI Oakrepiii pomy Bacillus
— HaWOUIBII MIMPOKO BUBYEHUX PICTCTHMYJIIOBAIBHUX MIKPOOPTaHi3MIB IS
pociuH. Bigomo, mo i 6akTepii MarOTh MOTEHLIad OIOKOHTPONIIO HAa TEIUIMYHHUX,
MOJLOBUX Ta MiCIAA30MPATBHUX CTAAISIX PO3BUTKY IUIOIB [7]. 3aBASKH YHCICHHUM
OpsIMUM 1 HENPSMUM MeXaHi3MaM BIUTUBY Ha POCIIMHH, OAIlMJIM MOKPAIIYIOTh 1X
PICT, 3aXUINAIOTh BiJ (DITOMATOTEHIB Ta CIPHUIIOTh OTPUMAHHIO OUTBIIMX 00’ €MiB
BpPOKAI0 BHCOKOT SIKOCTI [3]. BueHUMH BCTAHOBIEHO, IO «MEXaHI3MH NPAMOT il
UX MIKPOOPTaHi3MiB Ha POCIIMHU BKJIFOYAIOTh BUPOOHHIITBO ayKCHHIB (HAIPUKIIAI,
iH710:1-3-o1roBoi kuciotu — [OK), ne3aminasu 1-aMiHOIMKIIONPOIIaH- 1 -kKapOOHOBOT
KHCJIOTH, IUTOKIHIHIB, ribepeniHiB, (ikcailito aTMoc(hepHOTo a30Ty (BUPOOHUIITBO
HITpOreHasu), comrobumizanito ¢ochopy Ta CcekBecTpaliro 3amiza (IUIIXOM
BUpOOHMIITBA OakTepianbHuX cuaepodopiB). Henpsmi MexaHi3MH TOB's3aHi
3 BJIACTHBOCTSAMH OakTepidd, SKi MPHUTHIYYIOTh (YHKLUIOHYBaHHS OJHOTO abo
JEeKiTbKOX (hiTonaroreHiB. Lle BUpOOHUIITBO aHTUOI0THKIB (HAPUKIIAT, ITUKIIYHIX
JTnonenTuIiB), GepMeHTiB, SKi PyHHYIOTh KIITUHHY CTiHKY T'pUOiB (BKIIIOYAIOUYH
xitnHaszu i B-1,3 mIrOKaHa3w), a TaKoXX BUPOOHMITBO IIaHICTOrO BOAHIO, IO
BUKITUKAE CTIHKICTh POCIWH (HAPUKJIA/, POTH TPHOKOBUX (iTomaroreHis)» [S].

MeTtoo Hamoi poOoTu Oys10 BU3HAYCHHS BUPAKECHOCT] BIUIMBY OAllWII IIITa-
MiB Bacillus megaterium ONUS00, Bacillus velezensis ONUS53, Bacillus pumilus
ONUS554, Bacillus subtilis ONUS559 Ha mpopocTaHHs Ta picT HACIHHS PUCY 1 KyKY-
pyasu in vitro.

Jlis mMx mTaMiB BXKE BCTAHOBJICHI MEBHI PICTCTUMYIIIOBAJIbHI Ta 3aXUCHI
BJIACTUBOCTI LIO/I0 POCIIWH. € MOBIIOMIICHHS ITPO 3a0e3nedueHus B.megaterium 3a-
XHCTY Bijg mocyxu uuisixom miasumeHHs piBasa IOK ta nponiny y Trifolium. Kpim
TOTO, ICHYIOTh KOMEPLiiHI Oiompenapar Ha OCHOBI IITaMiB I[bOTO BHLY, IO BUKO-
pUCTOBYIOThCS K QyHTinuau [8]. 3okpema, y mramy ONUS00, 1o OyB BUILICHHIMA
13 (hepMEHTOBAHOTO JIMCTS TiPYUIll, BU3HAYCHO 3/1aTHICTh A0 YTBOPEHHS O10TUTIBOK
Ha KOPEHSX POCIHH Ta Mpoaykuii cuaepodopis [2].

s mramie ONUSS53, ONUS54 ta ONUS59, orpuMaHux i3 JOHHUX BiJI-
knazeHs YopHoro mopst y nadopatopii OfechbKoro HaIliOHATBHOTO YHIBEPCHUTETY,
aHaJli3 TeHOMY JI03BOJIMB BUSIBUTH KJIACTEPH, 1[0 WMOBIPHO KOAYIOTH CHHTE3 aH-
tubioTHKIB [10] Ta MpOTUrpUOKOBUX peyoBHH [1], a TaKoXK AEIKHX METAOOMITIB i3
HEBIZJJIOMUMH Ha CHOTOHI QPYyHKIIsIMH [6].

Marepiauamu i meToan

Jljis HAIIOTO €KCIIEPUMEHTY 3 BH3HAYEHHS BIUIMBY Oalliil HA PiCT HACIHHA
pHUCY Ta KYKypyI3u BUPOIIYBaJIXA TPHI00O0BI KYJIBTYpPH YOTUPHOX IITaMiB OakTe-
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piit Bacillus megaterium ONUS500, Bacillus velezensis ONUS53, Bacillus pumilus
ONUS554, Bacillus subtilis ONUS59 Ha pigkoMy >KHBWJIbHOMY cepemoBuiii LB
(menrtoH — 10 r/m, apixmkoBuii ekcTpakT — 5 /1, NaCl — 10 r/m) [9] y Tepmocrari
npu NocTilHil Temnepatypi 28 °C.

3a nanumu Barros B.C. Ta inuii [4] HalBUIII KOHIIEHTpALlii MIKPOOHOTO 1HO-
KyJIsiTa He 000B’SI3KOBO CIIPUSIIOTH OLTBIIOMY MTO3UTUBHOMY €(DEKTy CTUMYITFOBAaH-
HSl POCTY POCIIMH, TOMY HaMu Oys10 BUIpoOyBaHO 1%-0Bi cycreH3ii KylIbTyp, 3 KOH-
nerrparismu 1,3x10° KYO/mi, 1,0x10° KYO/mi, 5,1x10° KYO/mi, 2,8x10° KYO/
mit (mami 1%) BiAMOBIAHO Y IBOX TOBTOPHOCTSIX.

SIK MOJIeNIbHI POCITUHHE BUKOPHUCTOBYBAIIM COPTOCYMIII HACIHHS PHCY JIyIIe-
Horo «Puc yepBonuit» Oryza sativa L. (Bupoonuk Hacinas — TM Trapeza, Ykpa-
iHa) Ta Kykypymsy Zea mays L. copty «Bere» (BupoOHuk Hacinus — TOB BHIC,
VYkpaina). Benmuunna BuOipku JUtst OJHi€T MOBTOPHOCTI €KCIIEPUMEHTY CTaHOBHUIIA
50 mT. HaciHUH pucy Ta 50 IIT. KYKypyA3H.

Hacinns nmomimany y CKIsSIHYy €MHICTh, HAKPHBAJIHU JIBOMA [IApaMH CTEPUITh-
HOI MapJi Ta MPOBOIMIN CTEPHIII3AIlil0 HACIHHS 33 TAKOK CXEMOIO: MPOMHUBAHHS
y MuibHOMY po3uuHi (10 XBUIMH), ekcro3uilis y 9%-oMy po3uuHi TiOXJIOPUTY
Harpito (Oimm3Ha 1:4, 10 XBWIMH), BUTPUMYBaHHS y po3umHi XiHO301y (2 1/1,
5 XBWJIMH), TPOMUBAHHS CTEPUIIBHUM JUCTUISATOM (5 XBWIMH), 00poOka 96% eta-
HosioM (1 xBunmuna). ITicns crepuiizanii HaCIHHS IEPEHOCUIIH Y JIaMiHap-00KC, J1e
ioro o 10 mryk nmomimanu y 1%-oBi po3unHu OaKTepialbHUX CyCIIEH311 KOKHOTO
3 yotupbox mTamiB. llle mo 10 HaCiHMH MOMIIIAIN Y CTEPWILHUN TUCTUIISAT ISt
KOHTPOJTO. [HOKYJISIIIIFO MPOBOIMIINA IPOTATOM | TOAMHU.

Jlaini 3a 10MOMOTOI0 CTEPHIIbHOI MINETKH Y KOKHY vamky [leTpi gomaBanu
10 MJI CTEpUIIBHOTO JAUCTHIIATY. 3a3Aaleriap miarotyBanu 10 mT cTepuibHUX Ya-
mok [letpi 3 inpTpyBaibHUM ManepoM JUIsl O/IHI€T MOBTOPHOCTI, 3 SIKUX 5 IIT.,
BUKOPHCTOBYBAJIU JUIsl TIPOPOLIYBAHHS PUCY, PEITY 5 I KyKypyasu. Dinbrpy-
BaJIbHUH Tartip 1o0pe BOMpae Ta yTpUMye BOJIOTY, TOMY 3a0e31euye ONTHMaTbHAN
BOJTHO-TIOBITPSIHUIA PEXHUM Il TPOPOCTAaHHsT HaciHHs. [licist 4oro crepuibHUM
MIHIIETOM BUKJIQIAJIM Y YalIK{ Ha BITHOCHO OJIHAKOBIM BiJICTaH1 OJIHY BiJI 1HIIIOI 11O
10 mwT. HACIHUH PUCY Ta KyKYpYI3H.

Hacinns y yamrkax moMimiajiu B yMOBHU KYJIBTYPaJIbHOTO OOKCY 3 TeMIepary-
poro 20-23 °C, 3 ocimennsam 1800-2000 jxk, BigHOCHI# Bosorocti mositps 70%,
Ta 3 Goromnepionom 16 rogun Ha 100y. [Iporecu pocty Ta MPUKUBIIOBAHOCTI PUCY
1 KyKypyZI3u KOHTPOJIOBAJIM HA YETBEPTUH, ChOMHIA Ta OJUHAIISATHIA JTHI EKCIIie-
puMeHTy. PoOwin BUMIpH OBKMHHM YTBOPEHHX IMAroHiB (CM), JTOBKUHHU KOPEHIB
MPOPOCTKIB PUCY Ta KYKYpYI3H (CM).

Jiis migpaxyHKy pe3yibTaTiB BAKOPUCTOBYBAIH OIMCOBY CTaTHCTUKY B ITPO-
rpami Microsoft Excel.

Pe3yabTaTH 1ocaixkeHb Ta ix 00roBOpeHHs

Kynemypa pucy.

VY pesynbTari MOCIHiIKEHb Ha KYJIBTYpl PHUCY BCTAHOBIIEHO, IO HANO1b-
Ia KUTBKICTB MPOPOCTKIB CIOCTEpiraiacs y HAaciHHS 1HOKYJIBOBAHOTO IITaMOM
ONUS500 — 90%, 1o Ha 10% OGinblne HiXK B KOHTPOJIBHOMY BapiaHTi, 2 HAWMEHIIA Y
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ONUS553 — 65%, mo Ha 15% MmeHIe BiAMOBIAHO HIXK B KOHTpoJIi (puc. 1a). Pemra
[ITaMiB 3HAYYIIOi PI3HUIII CTOCOBHO KPHUTEPIiB MPOPOCTAHHS 1 MPHIKUBIIOBAHO-
CT1 He moKa3anu i cranoBwIM BiamoBigHo mram ONUS554 — 80% mnpopocTkiB Ta
ONUS559 — 80%, mo Oyn0 Ha piBHI 3 KOHTPOJIEM.

Puc. 1. [IpopocTku pucy (a) Ta KyKkypya3u (0) Ha OAMHAAUSTHI J1eHb CIIOCTEPeKEHHS

Fig. 1. Rice (a) and corn (b) seedlings on the eleventh day of observation

BisyanbHi ciocTepekeHHs MoKa3au, 1o npH iHoKysiuii mramom ONUS00
MIPOPOCTKHU PUCY MaJIK OUIBII 3€J€HHI KOJIip, Oyl OLIBIIOTO PO3MIpYy.

Hlono cepenHboi JOBXKMHM yTBOpeHUX maroHiB: mramu ONUS00, ONUSS53
Ta ONU554 no3uTHBHO BIUIMBAJIM HA PICT MArOHIB BXKE MOYMHAIOUU 3 4 JTHS KyJb-
tuByBaHHs, mWTaM ONUS559 TakuMu BIacTUBOCTAMHU HE XapaKTepH3yBaBCs 1 IO-
Ka3aB TipIi pe3yJabTaTH y NOPIBHSAHHI 3 KOHTPOJILHUM BapiaHToM (puc. 2a). Ha 11
JIeHb KyJIbTUBYBAaHHS CEpeHs JIOBKMHA MAaroHy pUCy CTaHOBHJIA Y CM: KOHTpPOJIb
—1,1; ONU500 — 1,5; ONUS553 — 1,6; ONUS554 — 1,2; ONUS559 - 0,8.

-
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Puc. 2. BB cycnensii 6axrepiii (1%) pi3Hux mramiB Ha 10BKHHY MAaroxy (a)
Ta KopeHs (0) NPOPOCTKiB pucy

Fig. 2. Effect of suspension of bacteria (1%) of different strains on the length of shoot (a)
and root (b) of rice seedlings
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BusnaueHo, 1110 cepeaHs JOBKHHA MMaroHiB IMIC/sA 1HOKYJIALIl HACIHHS PHCY
mramamu ONUS00 Ta ONUS53 Oyna Oinbmioro 3a KOHTpoidb Ha 36,5% 1 45,5%
BiamoBigHO. HaroMicTh 00poOka HacinHs mraMmoM ONUS54 inteHcudikyBaa pict
e Ha 9%, mram ONUSS59 BUKIMKAB HEBEIHMKY 3aTPUMKY POCTY Ta PO3BHUTKY
MaroHiB MOPIBHSHO 3 KOHTPOJIBHUM BapiaHTOM.

HactynHuM JOCHIHUM TIOKa3HUKOM Oyia JOBXKHHA yTBOPEHOTO KOPEHS
(puc.36). BecranosneHo, mo Ha 11 neHb KyJabTUBYBaHHS HACiHHS PHCY CEpeIHs
JIOBKHMHA KOopeHs (CM) CKiajaia BianmoBimHO: koHTpoib — 0,7, ONUS00 — 0,9;
ONUS553 - 0,8; ONU554 — 0,8; ONUS559 — 0,5. ITopiBHSIBHUE aHAII3 JTOCTIIHIX
1 KOHTPOJILHUX BapiaHTIB MMOKa3aB, 0 HalKpamuM OyB BapiaHT 3 BUKOPUCTAHHSIM
mramy ONUS00 — noexuHa KOpiHHA 30iblyBanacs Ha 29%, y BapiaHTax i3 mra-
mamu ONUS53 ta ONUS554 noka3nuk OyB ogHakoBuid i craHoBuB 14,5%, ogHak
Bukopuctanus mramy ONUSS59 npu3Bonuio 10 TUMYacOBOTO TraJIbMyBaHHS MPO-
LECIB POCTY 1 3MEHIIICHHS JOBXHHU KOpiHHA Ha 28%.

3arajoM, HaciHHS Ticis iHOKYJi mramoM ONUS00 xapakTepu3yBaaocs
HaMKpaluM pe3yJIbTaToM 00 €HePTii MPOPOCTaHHS Ta yTBOPEHHS MaroHiB, a Ta-
KO TIPOPOCTKHU MaJju OUIbII PO3BUHEHY KOPEHEBY CHCTEMY 13 3HAUHUM PO3BHUTKOM
JOAATKOBUX KOPEHIB MOPIBHIHO 13 KOHTPOJIEM Ta IHIIMMU ILITAMAMH.

Y npopoctkiB iHOKyaboBaHMX ImTaMamMu ONUSS53 Oynu BigMiveHi Haii10B-
111 TaroHM, ajie Mpu [bOMY HalHW)KYa KUIBKICTh MPOPOCINX HACIHUH. Y TBOPEHHS
KopeHiB Oyino Halikpamum i mramy ONUS554 ta ONUS00, a Hairipmmm — s
koHTpouto Ta mramiB ONUS553 1 ONUS59.

Otxe, 00poOKa OIHOBIJICOTKOBHUM PO3YMHOM TPHUA0O0BOI KYIBETYpH
B. megaterium ONUS500 mo3uTUBHO BILIMBAJa Ha MPOPOCTAHHS HACIHHS PUCY, a
TaKOXX BUKJIMKAJIO HAMOUIBITY KiNBKICTh YTBOPEHHSI KOPEHIB Ta MAaroHiB MPH Mpo-
pOCTaHHi.

Kynomypa xyxypyosu.

VY pesynbrari HOCHIKeHb Ha KYJIBTYpi KYKYpyI3ud BCTAHOBIICHO, IO HaWd-
OiIIbIIa KIJTBKICTH MPOPOCTKIB CIIOCTEPIranacs y HaCiHHsI iHOKYJIbOBAHOTO IITAMOM
ONUS554 — 50%, 10 Ha piBHI 3 KOHTposieM; iHOKYIswis mTamoM ONUS00 cripusiia
npopoctanHio 45% nacinasa, ONUS53 — 40%, a HaliMeHIINi TOKa3HUK OyB OTpH-
MaHwuii y BapianTi i3 mramom ONUSS59 — numie 30%, 110 MeHIIIe HiXK y KOHTPOJT
Ha 5%, 10% 1 20% BignosigHo (puc. 10).

[To moka3HUKY CepeaHbOI JOBKHHHA YTBOPEHHUX MAroHiB KyKypyI3U: ITaMH
ONUS500, ONUS553 ta ONU554 BusiBUIM TO3UTUBHU BILTUB HA PIiCT MAroHiB BXKe
novyrHarouu 3 4 1Hs KyasTuByBaHHs, mraM ONUSS59 maB ripiii pe3ynbrartu y mo-
PIBHSHHI 3 KOHTPOJIBHUM BapianToM (puc. 3a). Ha 11 geHb ciocTepekeHb BCi YOTH-
PH JOCTI/IHI IITaMU IHTeHCU]IKYBaJIH PiCT MaroHiB y AoBKuHy. CepeaHs JOBKHHA
MaroHy craHoBwmia: KOHTpoib —4 cMm; ONUS00 — 6 cm; ONUS53 —4,5 cm; ONUS54
—5,1 cm; ONU5S59 — 4,7 em.

BceranoBneHo, 1m0 Haif0inbla JOBKWHA TAroHiB Oyfa MICHs 1HOKYJSALIi
HaciHHa KyKypyasu mramamu ONUS00 Ta ONUS54 BignosigHo Oinbine Ha 50%
ta 27,5% y NOpiBHSAHHI 3 KOHTPOJIBHUM BapiaHToM, a mramu ONUS53 ta ONUS59
CTHMYJTIOBAJIM PIiCT MaroHy B qoBxuHy Ha 12,5% 1 17,5% (puc. 3a).

AHaJi3 yTBOPEHHSI Ta POCTYy KOPEHIB 1HOKYJIbOBAaHOTO HACIHHS KyKypYI3H
MoKa3aB, M0 B Mepmr 4YoTupH 100u iX JOBXHHA Oyla MEHIIOW, HIK Yy
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[oBHUHA NarcoHy, cm

A-i 7-i 11-@ 4-i 7-# 11-l
OHi eMmiploBaHHA OHi BumiploBaHHA

= ONUS00 = ONU553 = ONUS54 = ONUS59 =K EONUS00 ®mONUSS53 ®ONUS54 mONUSS9 mK

Puc. 3. BniiuB cycnensii 0akrepiii (1%) pi3Hux mramiB Ha 10BKUHY AroHY (a)
Ta KopeHs (0) MPOPOCTKIB KyKypyI3u

Fig. 3. Effect of bacterial suspension (1%) of different strains on shoot (a)
and root (b) length of corn seedlings

KOHTPOJIbHOMY BapiaHTi. A Ha 10—11 qHi KynbTHBYBaHHS CEpEIHS TOBKHHA KOPEHS
y BCIX JIOCIIHHUX 3pa3kax 3HAYHO MEPEBHIIyBaja 1€l MOKa3HUK Y KOHTPOJII, TaK,
BIIMOBIHO: KOHTPOJIb — 3,5 cM; ONUS00 — 5,9 cm; ONUS53 — 4,4 cm; ONUS54 —
4,8 cm; ONUS59 — 3,9 cm (puc. 30).

[TopiBHSUIBHMIA aHATI3 TOCTIIHAX BAapiaHTIB 13 KOHTPOJIEM IIOJ0 CEPEIHBOT
JIOBXKMHU KOPEHs IOKa3aB, 10 HAHKpamuMm OyB BapiaHT BHUKOPHUCTAHHS IITaMy
ONUS500 — nomxuHa kopeHsi 30umpmmnacs Ha 69%. BukopucranHs mTamiB
ONUS553, ONUS554 ta ONUS5S59 intencudixkysano pict kopens Ha 25%, 37% i
11% BiaNOBIIHO IOPIBHSHO 3 KOHTPOJIEM (puc. 30).

3aranom, HaciHHS iHOKynboBaHe Imtamamu Oaumn ONUS00 ta ONUS54
Mayo OUIbII PO3BUHEHY KOPEHEBY CHUCTEMY 3 BEIUKOI KUIBKICTIO JTOJATKOBHX
KOpPEHIB Ta KOPEHEBHMX BOJIOCKIB, c(hOopMOBaHi 3eJieHi JUCTKH. Ha oguHamusaTui
JICHb CIIOCTEPEIKEHHS y JESKUX MPOPOCTKIB KyKypym3u 31 mramom ONUSS53,
ONUS559 Ta KOHTpOJBHOMY BapiaHTi OylM O3HAKM HEKPO3y JIMCTA Ta OIYHHX
kopeHiB. Ilpu mpomy iHokynpoBaHi mramamu ONUS00 i ONUS54 pocnunu
30epirayiv 3J0pOBUN BUIVISIT IO KiHISA criocTepekeHb. ToOTo, Oyla BCTaHOBJIECHA
MO3UTHBHA JIis OJJHOBIJICOTKOBOTO PO34YMHY TPHI000BOI KYIBTYpH B. megaterium
1 B. pumilus Ha mipoliecu pocTy Ta PO3BUTKY MPOPOCTKIB KyKypya3u. Kpim Toro, B
IHOKYJTbOBAHOTO OalMJIaMU HACiHHS HE CITOCTEPIrajaocs KOHTaMiHallii, Ha BiIMiHY
BiJl KOHTPOJIIO, IO JIa€ 3MOTY NPUIYCTUTH AHTArOHICTUYHY aKTHUBHICTH TaHHX
IITaMiB MPOTH (HiTOMATOTEHIB.

VY miacyMKy, pe3yabTaTH €KCIIEPUMEHTY Ha 000X MOJEIbHHUX POCIHMHAX
CBI4aTh MPO 3HAUHUU TOTeHIian Oakrepiit B. megaterium ONUS00, B. velezen-
sis ONUS53, B. pumilus ONUS554 sk cTUMYIATOPIB POCTY Ta PO3BUTKY POCIHH.
Haromicte, mitam B. subtilis ONUSS59 BuABISB mpeBaxkHy A0 Ha MPOPOCTAHHS
MOJICIbHUX KYJIBTYp 1 MOKa3aB ciaOko BUpaXeHHH e(eKT Ha pIiCT MaroHiB Ta
KOPEHIB.

J111s1 060X KyJIBTYp HaiO1Ib1I TO3UTHBHUHN BILTUB HA TOKA3HUKH TPOPOCTAHHS,
POCTY Ta PO3BUTKY YUNHHUTB IHOKYIIALs iTaMoM B. megaterium ONUS00 (aiist pucy:
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301IbIIEHHS JOBXKHHU TlaroHa Ha 36,5%, kopeHst Ha 29%; mis kykypyasu: 50% i
69% BiAMOBIIHO). BU3HaYeHO TaKOXK, MO JJIsl PUCY MEPCIIEKTUBHUM € TOIANIbIIe
BUKOpHUCTaHHS mTamy B. velezensis ONUSS53 (3011bllIeHHs TOBKHWHU TIaroHa Ha
45,5%, xopens Ha 14,5%), a qusa kykypym3u — B. pumilus ONUS554 (30inbiieHHs
JIOBKUHU TlaroHa Ha 27,5%, kopenst Ha 37%).

N.I. Tesliuk, K.O. Shulga, K.Y. Nechitailo

Odesa I. . Mechnikov National University,
2, Dvoryanska str., Odesa, 65082, Ukraine,
e-mail: natalana@onu.edu.ua

STUDY OF THE EFFECT OF BACTERIA
OF THE GENUS BACILLUS
ON THE CULTURE OF RICE AND CORN SEEDS
IN VITRO

Summary

The aim of the study was to investigate the effect of bacteria strains Bacillus me-
gaterium ONUS500, Bacillus velezensis ONU553, Bacillus pumilus ONU554, Ba-
cillus subtilis ONU559 on the germination and growth of rice and corn seeds
under sterile conditions. Materials and methods. Three-day cultures of the four
strains were grown on LB liquid nutrient medium in a thermostat at 28 °C and the
seeds of model plants were sterilized according to the standard scheme. The seeds
were placed in 1% solutions of bacterial suspensions (10° CFU/ml) of each strain
and inoculated for 1 hour. Results. The experiment results on both model plants
indicate significant potential of the bacteria B. megaterium ONUS500, B. velezen-
sis ONU553, B. pumilus ONU554 as growth and development stimulators for
plants. B. subtilis ONU559 is recommended for further study and clarification of
its impact on plants in subsequent research. Conclusion. The most positive, stim-
ulating effect on the indicators of germination, growth, and development of rice
and corn seeds is exerted by inoculation with the strain B. megaterium ONU500
(for rice: increase in shoot length by 36.5%, root by 29%, for corn: 50% and 69%
respectively). Further study of the influence of B. velezensis ONUS553 is promising
for rice cultivation, and for corn — B. pumilus ONUS554.

Key words: invitro conditions, Bacillus, rice and corn seeds, bacterial suspen-
sion
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ANALYSIS OF BIOSYNTHETIC GENE CLUSTERS
OF BACILLUS VELEZENSIS ONU 553 IN SILICO

The aim of the work was to analyse biosynthetic gene clusters (BGC) of Bacillus
velezensis ONU 553 based on bioinformatics approach. Methods. Identification
of species was processed with tools of TYGS server, EzBioCloud was used to
calculate ANI. Analysis of biosynthetic gene, bacteriocin, and antibiotic resistance
gene clusters using antiSMASH, Bagel4, respectively. The results. It is shown that
the results of identification, phylogenetic analysis and DNA-DNA hybridization
(DDH) carried out in silico proved that the strain Bacillus velezensis ONU
553 belongs to the operational group B. amyloliquefaciens (OGBa). Sequences
identified as possible phages and CpG-islands were found in the genome of our
strain. 12 biosynthetic gene clusters (BGC) were identified using antiSMASH. One
new cluster capable of synthesizing a new metabolite was identified (region 11).
The presence of two clusters of bacteriocins in the genome of Bacillus velezensis
ONU 553, which are assigned to uberolysin/carnocyclin and the antimicrobial
peptide LCI based on the identification of the core gene, is shown. Conclusions.
The preliminary identification of the Bacillus velezensis ONU 553 strain as a
representative of the Bacillus velezensis strain of the B. amyloliquefaciens group
(OGBa) was confirmed. The presence of gene clusters of secondary metabolites
responsible for the synthesis of surfactins, polyene antibiotics, antimicrobial
peptides, macrolide antibiotics and bacteriocins was shown. The obtained results
indicate that the Bacillus velezensis ONU 553 strain is promising for use in the
field of "Blue Biotechnology" for the development of new drugs with antimicrobial
and antifungal activity.

Key words: Bacillus velezensis, biosynthetic gene clusters (BGC), bioinformatic
analysis

Bacillus velezensis belongs to the operational group of B. amyloliquefaciens
(OGBa), it is found in different environments, but first of all in soils and marine
bottom sediments [16].

The practical interest to the members of Bacillus velezensis is induced due
to their ability to the major production of secondary metabolites, rapid growth of
strains, as well as their significant resistance to adverse environmental conditions
[2; 21; 25]. The mentioned advantages characterize B. velezensis as a promising
producer of biologically active compounds and an object of pharmaceutical bio-
technology [27].

© H.IO. Bacunbesa, M.O. Kimunnceka, M. /1. HITenikos, 2024
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However, the morphology and physiological properties of the strains show
significant heterogeneity depending on the primary genesis of the isolate. Only
certain strains have a complete set of signs and properties that define them as lead-
ers and promising producers of industrial biotechnology. In this regard, the study
of complete genomes provides a comprehensive characterization of the genes of
the target clusters and reveals the genetically determined potential of the obtained
strains. Within the framework of the actual research, we performed a bioinformat-
ics study of the genome of B. velezensis ONU 553 in order to substantiate its syn-
thetic potential.

Materials and methods

The strain Bacillus velezensis ONU 553 was isolated from the bottom sed-
iments of the Black Sea and deposited in the Collection of marine and practically
useful microorganisms of Odesa National University named after I. I. Mechnikov,
and the genomic sequence was deposited in the GenBank (www.ncbi.nlm.nih.gov)
under inventory number CP043416.

The annotation of the genome was conducted using he PATRIC server (Pa-
thosystems Resource Integration Center) of the BV-BRC network resource (Bacte-
rial and Viral Bioinformatics Resource Center — www.bv-brc.org) [23].

The TYGS service (Type (Strain) Genome Server — https://tygs.dsmz.de/)
was used to reconstruct the phylogenetic tree based on complete genomic sequenc-
es [15]. The correctness of the topology of the tree was based on the average values
of branch support and J statistics [11]. Average nucleotide identity (OrthoANI) was
calculated using the tool ANI (Average Nucleotide Identity Tool) calculator on the
EzBioCloud platform (www.ezbiocloud.net) [13; 26].

Mobile genetic elements, including CpG islands and prophages of B. velezen-
sis ONU 553, were identified using IslandViewer 4 (https://www.pathogenomics.
sfu.ca/islandviewer/browse/) and PHASTER (PHAge Search Tool Enhanced Re-
lease — https://phaster.ca/) [1].

Bioinformatics tools antiSMASH ("antibiotics and secondary metabolite
analysis shell" (https://antismash.secondarymetabolites.org/) version 7.0.0 [4] and
BAGEL4 (http://bagel.molgenrug.nl/) [22]) were used to search for gene clusters
(BGC) involved in the synthesis of polyketides and bacteriocins.

The MEGAX program (Molecular Evolutionary Genetics Analysis version
X) [12], CLUSTAL W multiple alignment and the Neighbor-Joining method were
used to reconstruct the phylogenetic tree of bacteriocins. The ITOL server (https://
itol.embl.de/) was used to visualize the obtained tree.

To compare existing gene clusters in the genomes of the most closely related
representatives of Bacillus, we used the "pheatmap" package implemented in the
R 4.2.2 program.

Results and discussion

General genome annotation of Bacillus velezensis ONU 553

Genomic analysis of Bacillus velezensis ONU 553 using the PATRIC server
(table 1) determined that the genome consisted of a circular chromosome that con-
tains 3,934,563 base pairs (bp) and has an average content GC content of 46.69%.
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Table 1
General characteristics of the Bacillus velezensis ONU 553 genome
Contigs 1
o Genome Length 3934563
Genome Statistics
GC Content 46.688286
Contig L50 1
CDS 3953
) tRNA 86
Genomic Features -
repeat region 39
rRNA 27
Hypothetical proteins 706
Proteins with functional assignments 3247
Proteins with EC number assignments 1003
Proteins with GO assignments 838
Protein Features Proteins with Pathway assignments 744
Proteins with Subsystem assignments 1203
Proteins with PATRIC genus-specific family (PLfam) 3688
assignments
Proteins with PATRIC cross-genus family (PGfam) 3797
assignments
Virulence Factor (PATRIC VF) 3
Virulence Factor (Victors) 2
Transporter (TCDB) 193
) Drug Target (DrugBank) 47
Specialty Genes
Drug Target (TTD) 1
Antibiotic Resistance (PATRIC) 49
Antibiotic Resistance (CARD) 5
Antibiotic Resistance (NDARO) 3

In general, the presence presence of 3953 protein-coding DNA sequences (CDS)
that were distributed along both strands was determined. Also, 86 tRNAs and 27
rRNAs, as well as 4 possible phages [20] and 11 CpG islands were detected (table

2, fig. 1).

Taxonomic status of Bacillus velezensis ONU 553
Clarification of the systematic position of B. velezensis ONU 553 carried out
using a complex of methods, including a search using BLAST+ (version 2.9) and
relevant databases (ref prok rep genomes), calculations of the identity of nucle-
otide sequences (OrthoANI) and dDDH of the complete genome. In general, the
obtained results were agreed among themselves. According to the results of phy-

— ISSN 2076-0558. Mixpobionocis i 6iomexnonoeia. 2024. Ne 1. C 45-63 —— 47




H.IO. BacunbeBa, M.O. Kimuncska, M. 1. lllTenikoB

Table 2
Characterization of CpG islands in the genome of Bacillus velezensis ONU 553
Genomic Islands Island Start Island End Length(bp) Quantity CDS

Island 1 448580 453512 4932 11
Island 2 509084 514818 5734 8
Island 3 596350 611163 14813 26
Island 4 615145 645952 30807 39
Island 5 720638 724799 4161 6
Island 6 1184317 1190581 6264 11
Island 7 1512093 1516228 4135 7
Island 8 1732796 1737962 5166 8
Island 9 1841511 1854017 12506 23
Island 10 3352044 3378255 26211

Island 11 3353982 3375384 21402 4

logenetic clustering which was performed using the TYGS service, B. velezensis
ONU 553 is a close relative of B. amyloliquefaciens FZB42 (CP000560.2) (fig. 2).

According to the recommended threshold values of OrthoANI [13], the ob-
tained results confirm the relatedness of the genomes of Bacillus velezensis ONU
553 and Bacillus amyloliquefaciens FZB42 (98.87%)

Gene clusters of secondary metabolites in the genome of Bacillus velezen-
sis ONU 553

Gene clusters associated with the biosynthesis of secondary metabolites in
the genome of B. velezensis ONU 553 were determined by using the antiSMASH
tool [14]. Among 12 clusters, four non-ribosomal peptide synthetases (NRPS),
polyketide synthases (PKS), hybrid clusters of NRPS/PKS and terpenes were de-
tected (Table 3). The generalized results of the analysis of the organization of the
determined clusters of genes associated with biosynthesis are shown in figure 3.

Further analysis revealed that cluster 11 is a novel NRPS gene cluster that
consists of two genes and has a total size of 59997 bp. In general, the protein prod-
ucts of these genes contained 18 functional domains; four condensation domains
(C), five adenylation domains (A), five peptidyl carrier protein (CP) domains, one
epimerization domain (E), one coenzyme A ligase (CAL) domain, and one special
TIGRO1720 domain with unknown function. This cluster showed no similarity to
any known biosynthesis gene clusters. It was predicted that cluster 11 could biosyn-
thesize a key structure with amino acids (Cys—Ala—X—Asn—D-Asn) (Fig. 4).

Identified secondary metabolites include surfactin (cluster 1, Table 3, Fig. 3),
which is a bacterial cyclic lipopeptide and exhibits such effective characteristics as
antibacterial, antiviral, antifungal, and hemolytic activity [19].

Cluster 5 encodes an atypical polyketide-nonribosomal peptide synthase,
which could be potentially related to the synthesis of a new antibiotic of the bacil-
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laene series. The last is a polyene antibiotic first discovered in B. subtilis and large-
ly uncharacterized due to its notorious instability [5]. It is known that the effect of
bacillaene is to disrupt protein synthesis, the mechanism of which is still unclear.
It is noteworthy that recently an almost identical cluster of genes was described for
B. amyloliquefaciens FZB42 [24] (Table 3, Fig. 3).

The next potential product of the identified genes is the cyclic lipopeptide
fengycin, which specific activity against Fusarium graminearum, Monilinia laxa,
Monilinia fructicola, Verticillium dahliae, Rhizoctonia solani and Pythium apha-
nidermatum [9; 17; 19]. According to the results of bioinformatic clustering, the
corresponding fengycin gene was determined in cluster 6 (table 3, fig. 3).

Another important cluster was the cluster of bacillibactin biosynthesis genes
(cluster 10), which is a catecholamide siderophore that exhibits fungicidal and non-
specific antibacterial effects [5].

Two transAT-PKS clusters united genes potentially encoding derivatives of
macrolactin (cluster 4) and difficidin (cluster 9). The first is a large group of mac-
rolide antibiotics which according to their chemical structure are 24-membered
lactonides of the b-ring type, first found in marine strains B. amyloliquefaciens
[10]. A potential marker product of cluster 9 — difficidin causes suppression of the
expression of genes that are responsible for the virulence of cell division and the
synthesis of proteins and cell walls in representatives of Xanthomonas [24].

Two clusters of biosynthesis of secondary metabolites, combined genes po-
tentially associated with the production of RiPPs (ribosomally synthesized and
post-translationally modified peptides) and (unmodified) bacteriocins, which were
previously found in the genome of B. velezensis ONU 553 using the BAGEL4 web
service. According to our results, the first cluster encodes bacteriocin AOI 1, ho-
mologous to amylocyclin, which is produced by B. velezensis strain FZB42 [24].
The sequence of the gene encoding the specified bacteriocin belongs to cluster 10.
Correspondence to the structure of this cluster is confirmed by data from the MIBig
resource(https://mibig.secondarymetabolites.org/repository/BGC0000616/index.
html#ricl) (fig. 5).

However, while the reconstruction of the phylogenetic tree was held based on
the found bark protein homologues, we obtained results that indicate that bacterio-
cin AOI 1 of B. velezensis ONU 533 strain shows a more pronounced homology to
the "uberolysin/carnocyclin” type (fig. 6).

However, when reconstructing the phylogenetic tree based on the found ho-
mologues of the cortical protein, we obtained results that indicate that bacteriocin
AOI 1 of the strain B. velezensis ONU 533 is closer to the uberolysin/carnocyclin
type (fig. 6).

It should be noted that circular bacteriocins, which make up a group of ribo-
somally synthesized antimicrobial peptides and are interesting as a new promising
class of antibiotics [6; 7]. Circular bacteriocins are synthesized as linear precursor
proteins containing a leader peptide that is excised during maturation. According
to the classification of gram-positive bacteriocins, ring bacteriocins are considered
unmodified class II peptides and often belong to subclasses Ilc and I1d [3; §].

The second sequence of bacteriocin AOI 2 in the genome of B. velezensis
ONU 533 was identified as a cationic antimicrobial peptide LCI whose gene is lo-
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cated in the genome from 290078 nucleotides to 310213 nucleotides. It should be
noted that the antiSMASH tool did not identify this specified bacteriocin isotype.
Also, the corresponding homologues were absent in the MIBig database. However,
blastp confirmed 93.48% sequence identity of bacteriocin AOI 2 with the cationic
antimicrobial peptide LCI from B. subtilis, which exhibits potent antimicrobial ac-
tivity against Xanthomonas campestris and Pseudomonas solanacearum [18].

With the aim to compare the structure and number of BGCs in B. velezensis
ONU 553 with other representatives of the Bacillus family, a heat map was construct-
ed (Fig. 7). For greater reliability of the analysis results, the test group included not
only strains of the first (target) clade (Fig. 2), but also other strains that were deter-
mined to be the most closely related: B. velezensis strain BS-37 (NZ_CP023414.1),
B. cabrialesii strain TE3 (NZ CP096889.1), B. subtilis subsp. subtilis str. 168
(NC 000964.3), B. xiamenensis B. VV3 (NZ_CP017786.1), B. licheniformis strain
SCDB 14 (NZ_CP014842.1), B. amyloliquefaciens UMAF6639 (NZ_CP006058.1),
B. velezensis strain BIM B-439D (NZ_CP032144.1), B. velezensis UCMBS5113
(NC_022081.1), B. amyloliquefaciens strain SH-B74 (NZ_CP030097.1), B. am-
viloliquefaciens strain WF02 (NZ CP053376.1), B. velezensis strain CBMB205
(NZ_CP011937.1), B. nakamurai strain NRRL B-41091 (NZ_LSAZ00000000.1).

Summarizing the results of the analysis of the control group and comparing
the obtained data with the results of the analysis for B. velezensis ONU 533, it
was concluded that for the organization of biosynthesis gene clusters (BGC), the
target strain belongs to a common group with B. amyloliquefaciens strain SH-B74,
B. velezensis strains FZB42, BS-37 and UCMBS5113, as well as B. amyloliquefa-
ciens strains UMAF6639. These species are distinguished by a large number of
NRPS, transAT-PKS and T3PKS (Fig. 7).

Thus, according to the results of bioinformatics analysis, the presence of
gene clusters of secondary metabolites responsible for the synthesis of surfactins,
polyene antibiotics, antimicrobial peptides, macrolide antibiotics and bacteriocins
in the genome of B. velezensis ONU 553 was shown in the genome of Bacillus
velezensis ONU 553, as well as a new cluster of secondary metabolite genes (re-
gion 11) was discovered. The obtained results indicate that B. velezensis strain is a
promising object for further implementation in the field of "Blue Biotechnology"
as a promising producer of new drugs with antimicrobial and antifungal activity.
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AHAJII3 KUIIACTEPIB BIOCUHTETUYHUX I'EHIB
BACILLUS VELEZENSIS ONU 553 IN SILICO

Pedepar

Memoro pobomu 6ye ananiz Kiacmepie 2enie acoyitiosanux 3 OioOCUHMe30M 8Mmo-
punnux memaodonimie (BGC) Bacillus velezensis ONU 553 3 euxopucmanusam 0i-
oinghopmamuynux memoois. Memoou. loenmuixayito udy npooounu 3 8uKo-
pucmannam cepsepa TYGS; ona pospaxyuky ANI (Average Nucleotide Identity)
suxopucmosysanu EzBioCloud. Ananiz nassnocmi xiacmepis eemnis, b6axmepio-
yuHie nposoounu 3a oonomoeoro antiSMASH, Bagel4, sionosiono. Pezynemamu.
IHokasano, wo 3a pesynomamamu idenmugbikayii, ¢pinocenemuunoco ananizy ma
JIHK-JIHK-z2iopuousayii (DDH), nposedenoi in silico wumam Bacillus velezensis
ONU 553 gionocumwvca 0o onepamuenoi epynu B. amyloliquefaciens (OGBa).
B 2enomi docnioscennozo wimamy gusagnieni nociioogHocmi, wo ioeHmugikosami
sk moxcausi pazu ma CpG-ocmpisku. I0enmugpixosaro 12 knacmepis biocunme-
muynux 2enie (BGC) 3 suxopucmannam incmpymenmy antiSMASH. Busnaueno
Knacmep Hogozo memabonimy (pezion 11). Ilokazana Hasenicmv 080X Kidacme-
pis cenie bakmepioyunis  cenomi Bacillus velezensis ONU 553, saki na niocmasi
2omonoeii kopogoeo eena gioHeceri 0o uberolysin/carnocyclin ma anmumikpoo-
Hoeo nenmudy LCI. Bucnosku. Iliomseepoicena nanexcnicms Bacillus velezensis
ONU 553 0o epynu B. amyloliquefaciens (OGBa). Busnaueni knacmepu 2emis,
AKI 8i0n08i0ar0Omyb 3a cunmes Cyp@haxKmumis, NOIEHOBUX AHMUOIOMUKIE, AHMUMI-
KPOOHUX nenmudis, MaKponioHux anmudiomuxie ma 6axmepioyunise. Ompumari
pesynemamu cgiouamn, wo B. velezensis ONU 553 € nepcnexmugnum 05 6UKOpu-
cmanna 6 eanysi « bBrakumnoi 6iomexnonoziiy 04 po3pooKu HOBUX npenapamis 3
AHMUMIKPOOHOI0 Ma anmughyHeiyiOHO AKMUBHICIIO.

Kuwuosi cnoea: Bacillus velezensis, xnacmepu eemis, 0Oioinghopmamuynuii
ananis
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TH®OPMANIMHE MMOBIJJOMJIEHHS JIJISI ABTOPIB

Hayxosuii sorcypnan «Mikpobionoeis i 6iomexnonozia» zanpoutye Bac 0o cni-
6npayi 3 NUMaHb BUCBIMIEHHS Pe3yIbMAamie HAYKOGUX OOCHIONCEHb V' 2any3i Mi-
Kpobionozii i 6iomexHonozii.

IIporpamui uijii BUAAHHSA: BUCBITICHHS PE3yIbTaTIB HAYKOBUX JOCIIHKCHD
y raiy3i Mikpo0OioJorii Ta 610TeXHOJIOr11, 00'eKTaMU SIKUX € POKapioTHI (OaKTepii,
apxebakTepii), eykapioTHi (MiKpOCKOTIYHI TprOH, MIKpPOCKOTIIYHI BOAOPOCTI, HAM-
MPOCTIIlli) MIKPOOPTaHi3MH Ta BipyCH.

TemaTH4YHA CIPSIMOBAHICTH: MIKpOO10JIOTis, BIpyCOJIOTisl, IMyHOJIOT151, MOJIE-
KyJIsipHA O10TEXHOJIOTisl, CTBOPEHHS Ta CEJIEKI[isl HOBUX IITaMiB MiKPOOPTaHi3MiB,
MIKpOOHI1 penapaTH, aHTUMIKpOOHi 3aco0H, 010CEHCOPH, T1arHOCTUKYMH, MIKpPOO-
Hi TEXHOJIOTIi B CIIbCHKOMY T'OCIIOJAPCTBI, MIKpOOHI TEXHOJIOTIi Y Xap4oBiil mpo-
MHCJIOBOCTI; 3aXUCT Ta O30POBJICHHS HABKOJIMIIHBOTO CEPEIOBUINA; OTPHUMAHHS
€HEeproHoCiiB Ta HOBUX MaTepialiiB TOMIO.

MogBa (MOBHM) BHIAHHSI: YKpaiHCbKa, aHIVIIHCHKA.

Pyopuku :kypHaiay: «OmIsgaoBi Ta TCOPETUYHI CTATTI», «EKCIIepuMeHTab-
Hi npani», «Juckycii», «KopoTki nosiioMiaeHH», «XpOHIKa HAyKOBOTO KUTTS,
«Cropinku icTopii», «fOBinei 1 qarny», «Penensii», « KHmkkoBa mommisy.

Jlo cTarTi 10JAa€ThCsl PEKOMEHAllls YCTaHOB, OPraHIi3allii, y SIKUX BUKOHY-
Bajacs po6oTa, 3a IMiIMMCOM KepiBHHUKA Ta MMChMOBA 3rojla KEPIBHHUKIB YCTAHOB,
oprasisallii, Jie mparrOTh aBTOPH.

Bumorn 1o opopmitenHs crareil, siKi NOAAKTHCS 10 PeJaKUil ;KypHaJIy:

Crartst Mae BiAMOBIAATH TEMAaTUYHOMY CIPSIMYBAHHIO JKypHAIY 1, BiIOBII-
HO 70 1. 3 IloctanoBu BAK Vkpainu Bix 15.01.2003 p. Ne7-5/1, Bkiatouaru Taxi
CTPYKTYpHI €JIEMEHTH: TOCTAaHOBKA MPOOJIeMH y 3arallbHOMY BHIJISL Ta 11 3B’ 30K
13 BKJIMBUMHU HAYKOBUMH YU MPAKTUYHUMH 3aBIaHHIMU; aHAJ13 OCTaHHIX JOCIi/I-
JKEHb 1 TyOITiKaIliid, B IKUX 3all09aTKOBAHO BUPIMICHHS IaHOI MPOOIeMH 1 Ha sIKi
OINUPAETHCS ABTOP; BUOKPEMIICHHS PaHillle HE BUPIMICHUX YaCTUH 3arajibHOI MPo-
OJIeMH, KOTPUM TIPUCBSIIYETHCS CTATTS; (POPMYITFOBAaHHS METH CTaTTi (TOCTAaHOBKA
3aBIaHHS); BUKJIAJ OCHOBHOTO MaTepialy JOCTIHKEHHs 3 MMOBHUM OOIPYHTYBaH-
HSIM HAayKOBHX PE3YJbTATiB; BUCHOBKHU 3 JAHOTO JOCITIKEHHS 1 MEPCIEKTHUBH TO-
JaNbIINX MOIIYKiB Y JaHOMY HampsMi.

Jlo nmpyKy mpuiiMaroThCs pyKOTTUCH (2 TpUMIpHUKH) 00csiroM 710 18 cTopiHOK
(3 ypaxyBaHHSIM PUCYHKIB, TaOIWIb 1 MIAMKUCIB 10 HUX, aHOTallii, pedepary, cru-
CKy JiTeparypu), orisiau — 10 30 cTop., penensii — 10 3 cTop., KOPOTKi MOBITOM-
JIeHHS — 710 2 cTop. BinxuieHi pyKonmucH He TOBEPTaIOThCS.

Jlo pykonucy 10Aa€ThCsl €IeKTPOHHUN BapiaHT pykonucy mpudt Times New
Roman, xernp 14, inTepBan aBToMaTHuHUi, He Oibine 30 psAAKiB HA CTOPIHII, OIS
mo 2 cM).

IIpu HanmMcaHHi cTATTI HEOOXiIHO NOTPUMYBATHCS TAKOIO IVIAHY:

* ingexc YK y niBoMy BepXHbOMY KyTKY MEPIIOTO apKylla;

* Pecpepar MmoBoOIO OpHriHaily cTaTTi:

— Ha3Ba CTATTi BETUKUMH JITCPaAMU;

— Tpi3BUIIIA Ta iHILIAJIK aBTOpa (aBTOPIB);

— Mictie poOOTH KOKHOTO aBTOpa; MOBHA TOIITOBA a/peca yCTAaHOBH (32 MiXk-
HApOJTHUMH CTaHIApPTaMu); TenedoH, eJIeKTpOHHA ajpeca (e-mail);
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— Mpi3BHUIIA aBTOPIB Ta HA3BU YCTAHOB, JI€ BOHH MPAIOIOTh, TO3HAYAIOTh OfI-
HUM 1 TUM CaMUM IIU(PPOBUM 1HJEKCOM (Bropi);

— pedepar i3 3a3Ha4CHHIM HOBU3HH JocikeHHs (200-250 coiB);

— KJIFOUOBI CJIOBA (HE OUIbIIE T'SITH).

* Pedpepar anmiiicbkoro MOBOIO:

— Ha3Ba CTAaTTI BEJIMKUMHU JIITEPAMU;

— MpI3BUIIA Ta 1HILIaau aBTOpa (aBTOPIB), TPAHCIITEPALLIS;

— MicIie poOOTH KOJKHOTO aBTOPa; IMMOBHA TIOMITOBA aJpeca YCTaHOBH (32 MikK-
HapOJAHUMHM CTaHJapTaMu); TesedoH, elleKTpoHHa aapeca (e-mail);

— Mpi3BHUIIIA aBTOPIB Ta HA3BU YCTAHOB, JIe BOHH MPAIIOI0Th, TO3HAYAIOTH O~
HUM 1 TUM CaMUM IIU(PPOBUM IHJEKCOM (Bropi);

— pedepar i3 3a3Ha4eHHSIM HOBU3HH HocikeHHs (200-250 coiB);

— KJIIOUOBI CJIOBa (HE OlIbIle M'ATH);

* [ToBHMIA TEKCT CTATTI MOBOIO OPUTIHAITY.

TexeT cTarTi Ma€c BKJIIOYATH TaKi CKJIAA0BI:

BCTYII, MaTepiajy 1 METOMN; pe3yJbTaTh Ta iX 0OTOBOPEHHS; BUCHOBKH; CITH-
COK BHKOPUCTAHOI JITepaTypu MOBOIO OPUTIHAITY IIUTOBAHOI CTAaTTi, CIIMCOK BUKO-
puctanoi niteparypu (Referens) anrmificbkkoro MOBOO (32 BUMOTH MIXKHAPOJTHUX
HAayKOMETPUYHHX 0a3).

J10 KO’KHOTO MPUMIPHHUKA CTATT1 JOAAETHCS pedepar MOBOKO OPUTIHAY CTATTI
Ta YKpaiHCHKOIO/aHTIIIHCHKOI0 MOBOIO.

BpaxoByrouu, 1o pedepar BijjoOpakae OCHOBHHM 3MICT CTATTI 1 BUKOPUCTO-
BYETHCS B iH(HOpMAIIHHUX, B TOMY YUCJII aBTOMAaTH30BAHUX CHCTEMaX ]IS TTOIITYKY
JIOKyMEHTIB Ta 1H(popMallli, He0OX1IHO JOTPUMYBATUCS MEBHUX BUMOI IIPHU HOToO
HaNMCaHHi:

— pedepar mae 6yt iHPOPMATUBHUM (HE MICTUTH 3alBUX CIIB);

— CTPYKTYPOBaHHUM, TOOTO MICTHTH PO3MILUIN: METa; METOJIH, 110 BUKOPUCTAHI

B po0OTi Ta/ab0 METOI0JI0TIsI POBEACHHS J0CIIHKEHb; pe3yJIbTaTh Ta cde-
pa X 3aCTOCyBaHHS; BUCHOBKH;

— aHIiicbKa Bepcis pedepary Mae OyTH HarMcaHa sSIKiCHOIO aHIIIHCHKOIO MO-

BOIO (32 MOTpedU JOUUIBHO KOPUCTYBAaTHUCS MOCIyraMH KBali(iKoBaHHX
CHEUIaTICTIB-TIHIBICTIB 3 IOAAJBIINM HAYKOBUM PEIaryBaHHIM TEKCTY aB-
TOpPOM), 3 BUKOPUCTAHHIM TEPMIHOJIOTI], sIKa BUKOPUCTOBYETHCS B AHIJIO-
MOBHHUX MEIUKOOIOJIOTIYHUX JKypHAJIaX, YHUKATH BUKOPUCTAHHS TEPMIHIB,
K1 € IPSAMOI0 YKPaiHCHKOI/POCIHCHKOIO KaJIbKOIO;

— xomnaktHUM (200-250 ciB);

— KJTIFOYOBI €JI0Ba (He OUIblIIe 5-TH) pO3MIIIYOTHCS 3 a03alty micis pedepary.

V KiHIII TEKCTY CTATTi yKa3aTy Mpi3BHUIIla, IMEHA Ta M0-0aThKOBI yCiX aBTOPIB,
MOIITOBY ajpecy, TenedoH, gakc, e-mail (s KopecnoHACHIIIT).

Crarts Mae OyTH mianucana aBTopoM (ycimMa aBTOpaMu) 3 3a3HAYEHHSIM JaTh
Ha OCTaHHI# CTOPIHIII.

ABTOpY HECYTh MMOBHY BiJIIOBIAAJIbHICTD 32 Oe370raHHE MOBHE O(OPMIICHHS
TEKCTY, 0COOJIMBO 32 MPaBUIIbHY HAyKOBY TepMiHOIOTIO (11 CI1ij1 3BipsATH 3 (haXxoBH-
MU TEPMIHOJIOTITYHUMHU CIIOBHUKAMH).

JlatuHCBHKi 610JI0TTYHI HA3BU BUJIB, POAIB MOJAIOTHCS KYPCUBOM JATUHHIICIO.
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SIKII0 9acTO MOBTOPIOBaHI y TEKCTI CIOBOCIONYYEHHS aBTOP BBAXKa€ 3a IO-
TpiOHE CKOPOTUTH, TO abpeBiaTypu 3a MEpIIOro BXKUBAaHHSI 00YMOBIIIOIOTh Y JTyXK-
kax. Harpuknana: momimepasHa jianimrorosa peakiis (ITJIP).

[Tocunanus Ha niTeparypy MOJAIOThCS y TEKCTI CTATTi, LudpaMu y KBajapar-
HUX JIy’Kax, 3T1HO 3 MOPSIIKOBUM HOMEPOM Y CITUCKY JiTepaTypH.

Po3nin «Marepiaau i MmeTogm»:

— Mertoau nOCTIDKEHHS Ta CXEeMHU eKCIIEPUMEHTY MaroTh OyTH Tpe/CTaBIeHI
TakK, mo0 X MO)KHA OyJIO BIATBOPHUTH.

— JInst BUKOpHCTaHUX PEaKTUBIB Ta MaTepiajiiB BKAa3aTH HA3By KaMIMaHii Ta
KpaiHu-BUpPOOHUKA.

— OuHuLi BUMiprOBaHHS BKa3aT B cuctemi ClL.

— KoHnnenTpartiro po34unHiB npeactaBisatd B M, MM, MkM (MoJIsipHa KOHIICH-
Tpaiis).

— Monekynsapuy macy (Mm) — Jla (nansTonn) abo x/la.

— IIpu BukopucTanHi (pepMEeHTIB HABECTH iX HOMEHKJIATYPHY CUCTEMAaTHUHY
Ha3By Ta WUQD.

— AKXTUBHICTh (DEpPMEHTIB BHPAKatOTh B MKMOJISIX BHKOPHCTAHOTO CyOCTpa-
Ty a00 YTBOPEHOro MpoAyKTy 3a 1 XB Ha 1 Mr mporeiny abo BUKOPUCTATH
cragaaptHy omuHUIO akTUBHOCTI U (IU) 1 karam (CKOpOYeHO Kar), MMHUTO-
Ma aKTUBHICTh €H3UMY BHPa)Ka€ThCsl B MMOJISIX/XB Ha 1 MT mpoteiny abo B
OJ1.aKT/MI, KaT/KT.

— Bkazatu ymoBU mpoBefieHHs (hepMEHTaTUBHOI peakilii (temmeparypa, pH,
KOHIICHTpAIlisl CyOCTparty).

— BkazaTu BUKOpHCTaHI METOIU CTATHCTUYHOTO aHAIi3y, MpOrpamy CTaTH-
CTHKH.

Tabmuii MatoTh OyTH KOMITAKTHUMH, MaTH MOPSAKOBUI HOMEp; Tpadu, Ko-
JIOHKH MaroTh OyTH TOYHO BH3HAUYEHUMH JIOT1YHO 1 rpadiuyHo. Marepian Tabnuip
(sIK 1 pECYHKIB) Mae OyTH 3pO3yMUIHM 1 HE nyOmroBatu TeKcT ctarti. L{udposuit
Mmarepiaj TaOJIMIb CIIiJ] OIPAIFOBATH CTATUCTHYHO.

PrcyHKH BHKOHYIOTHCS y BUTJISIII YITKMX KPECIIEHb (32 JIOMOMOTOI0 KOMIT O-
TepHoro rpadiunoro penakropa y ¢opmari Word, TIF, JPG). Oci koopaunar Ha
rpadikax MarTh OyTH MO3HAYCHI. PUCYHKH PO3MINITYIOTHCS Y TEKCTI CTATTI.

Jlo puCyHKiB MaioTh OyTH MiJIHCH HE 3rpYNOBaHi 3 HUM 1 HE BCTaBJEHI B
00’ €XT pHUCyHKa.

[To3Ha4yeHHs1 HA pUCYHKY MalOTh OyTH IHTETPOBaHi B HHOTO, TOOTO KOMIIOBAaTHU-
Csl pa30M 3 PHUCYHKOM, @ HE OKPEMUMH YaCTHHAMHU.

Beci imrocTpartii MaroTh OyTH po3MilieHi B (paiiii pyKomucy, Takox 000B’sI3K0-
BO JI0ZIaH1 JI0 €JIEKTPOHHOIO BapiaHTy y BUIIIAl QaiiniB popmary JPEG.

[Tignucu, a TakoX MOSICHEHHS, MPUMITKH 10 TaOJIHIIb Ta PUCYHKIB MOAIOTHCS
MOBOIO OpPHUTIHATY Ta aHINIIHCHKOIO MOBOIO.

Poznin «Pe3ynbTaTH 10C1i1ZKeHb Ta IX 00roBOpeHHsD» Mae OyTH HalMCaHUN
KOpPOTKO: HEOOX1THO YITKO BHKJIACTH BHUSBJICHI €()DEKTH, IMOKA3aTH MPUIMHHO-PE-
3yJBTaTUBHI 3B’ SI3KM MK HUIMH, IOPIBHATH OTpUMaHy iH(GOPMAIIiIo 3 TaHUMHU JIiTe-
parypu, AaTy BiIIOBiAb HAa MUTAHHS, TIOCTABIICH] Y BCTYTII.
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Cnucok BUKOPUCTAHOI JIiTepaTypu

1. Criucok BUKOPHUCTAHOI JiTepaTypd B OpHUTiHANI IIUTOBAHOI CTaTTiI CKJIa-
JaeThes 3a al(haBiTHO-XPOHOJIIOTIYHUM MOPSAKOM (CIIOYATKY KHPHIIUIL, TTOTIM Jia-
TUHUI). SIKIIO MepImii aBTop y ACKUTHKOX Mpalsix OIWH 1 TOW caMHid, TO mparli
PO3MIIIYIOTECS Y XPOHOJIOTIYHOMY MOpsAAKY. CIIHCOK MOCHIIaHb Tpeda MpoHyMepy-
BaTH, a y TEKCT1 MOCUJIATUCS Ha BIAMOBIIHUN HOMED JiKepena JiTepatypH (y KBa-
JPATHUX JTyKKaX).

VY nocuiiaHHi MUIIYTh TPi3BUINA YCiX aBTOPiB. B ekCriepuMEHTATBHIX Mparsix
Mae OyTu He Oubie 15 mocunansb JIiTeparypHUX JHKEped.

[TaTeHTHI TOKYMEHTH PO3MIIILYIOTHCS y KIHIII CIIUCKY [TOCUJIaHb.

2. Criucok BUKOPHCTAHOI JiTeparypu aHmiichkoro MoBoro (Referens), 3a Bu-
MOTaMH MDXKHApOJHHX HAYKOMETPHUYHUX 0a3.

Cruns mpudta — NLM (National Library of Medicine).

[Tpi3Buia, iMeHa Ta Mo-0aTbKOBI aBTOPIB, HA3BY IIMTOBAHOTO BHIAHHS (3Kyp-
Haj, MoHorpadisi, 30ipHUK TOINO) HABOIATH IMOCIYTOBYIOUHUCH OE3KOIITOBHUMU
caitframu (http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 1110 103BOJISIOTH 3AIMCHUTH TIEpEKIIAL 3 BU-
KOPUCTaHHSAM OJTHIET 3 MIKHAPOIHUX CHCTEM TPAHCIITEpaIlii.

Ha3Bu crareii HaBOJIATh aHIVIIIICHKOI MOBOIO.

[Topsimox momanHs mocwianb Referens (criucok 2) Mae IOBHICTIO CITiBITJaTH
31 CIIUCKOM BUKOPUCTAHOI JIITepaTypH (CIHUCOK 1).

3pa3ku NOCWJIAHHSA JiTepaTypu
Bumorn mo odopmienns O6iomiorpadiyHUX MOCHIAHb MOBOKO OpPHTIHATY
(B TOMy YHCIIi IUTOBAaHI aHTJIIOMOBHI JIXKepera)

Ha knuzu

Bexipuux K. M. Mikpo06ionorist 3 ocHoBam#u Bipycosorii. — K.: JIu6igs, 2001.
-312c.

Ilamuxa B. I1., Tuxonosuu I. A. MikpoopraHi3MH i aJbTepHATHBHE 3eMJIEPOO-
ctBo. — K.: Ypoxkaii, 1993. — 176 c.

Ipomvrunennaa mukpoduonorus / [lox pen. H. C. Eroposa. — M.: Bsicm.
k., 1989. — 688 c.

Memoowr obweri bakmepuonozuu: B 3 1./ lon pen. @. I'epxapara. — M.: Mup,
1983.-T.1.-536¢c.; T.2.-470 c.; - T. 3. - 263 c.

LInecens I O6mas mukpobuonorus. — M.: Mup, 1987. — 566 c.

Bergey's Manual of Systematic Bacteriology. — 9" ed. — Baltimore; London,
1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 1980. — 364 p.

Ha sicypnanvni cmammi

Tloocopckuii B. C. Cuctemarnyeckoe TMOJOKEHUE, IKOJIOTHUYSCKUE ACTICKThI
1 PU3NOJIOr0-OMOXMMHYECKHUE 0COOCHHOCTH MUKPOOPTIaHU3MOB, UMEIOIIHUX TIPO-
MBIIIUIEHHOE 3HaueHue // Mikpo0ion. xypH. — 1998. — 60, Ne 5. — C. 27-42.

Anoperox E. U., Koznosa U. A., Poxcanckas A. M. Mukpobuonoruueckas
KOPpPO3Usl CTPOUTENILHBIX MaTepHAaIOB // BUOTIOBpEXIeHUS B CTPOUTEILCTBE. — M.
Crpoiinznar, 1984. — C. 209-221.
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Inoba JI. I, Tlooopsan H. I. B10TEXHOIOTIS OYMILEHHS 3a0pyIHEHOT TPHPO/I-
noi Bogu // Bicank OHY. —2001. — 1. 6, B. 4. — C. 65-67.

Eaton R. W., Ribbons D. V. Utilization of phtalate esters by micrococci // Arch.
Microbiol. — 1982. — 132, Ne 2. — P. 185-188.

Ha me3u oonogioeii

Mayeniox B. I1. Po3poOka 6ioTexHomorii onep>kanus nanaoMinuny E // Mixk-
HapojaHa HaykK. KoH}. «MikpoOHi 6iorexHomorii» (Oneca, Bepecers, 2006 p.): Tes.
qor. — O.: «Actponpunt», 2006. — C. 17.

Ha oenonosani naykogi pooomu

1. Jlonamuna H. B., Tepenmves A. H., Hamanuu JI. A., Aneynos Il Y. Ontu-
MU3aLMS THUTATEILHOU CPEbl I KyJbTUBUPOBAHUS BAaKIIMHHOTO IITAMMa YyM-
HOTO MHUKpO0Oa ¢ MpUMEHEHHEM METO/a MaTeMaTHYeCKOTO TUIAHMPOBAHUS IKCIIE-
pumenta / Peaxon. «Mukpoobuon. xypH.» — K., 1991. — 7 c. — len. 8 BUHUTU
03.01.92, Ne 1-B92.

Ha cmanoapmu

I'OCT 20264.4-89. llpenapatsl pepMeHTHbIE. MeTO/IbI ONpeIesIeHUs] aMUIIO-
JTUTUYECKON akTuBHOCTH. — M.: U3n-Bo ctangaptos, 1989. — 17 c.

Ha asmopegepamu oucepmauiii

Onuwenko O. M. TakcoHOMis 1 aHTHO10THYHA aKTHBHICTH Alteromonas-1mo;1io-
HuX Oakrepiit YopHoro Mops: ABroped. muc. ... kaua. 6ion. Hayk. K., 2003. — 21 c.

3pa3ku NOCHJIAHBb JiTepaTypH B POMAHCBKIN adeTui

References
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A.s. 4411066/14 SSSR, MBI G 01 N 33/50. A method of determining
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Cmammi 3 eneKmpoHHUX HCYPHATIB:

Author AA, Author BB, Author CC. Title of article.Title of Journal. 2005; 10
(2):49-53, available at:www.ascusc.org/jcmc/vol5/issue2/

3a nHasBHocTi B crarti DOI (Digital Object Identifier), sika € Mi>kKHapOIHUM
ISO cranpaptom (http://www.doi.org/), B ciucky nureparypu 6akaHo BKaszaru ii
1AeHTU(IKaTOP, HATPUKIIAL:

Author AA, Author BB, Author CC. Title of article.Title of Journal. 2005; 10
(2):49-53. Cited 2 times. doi: 10.1134/S1023193508080077

JlaToro HaJXOMKEHHS CTaTTi BBAXKAIOTh JI€Hb, KOJIH JI0 PEIKOJIEril HaIHIIOB
NepIINI BapiaHT TEKCTY CTaTTI.

[Tics onepskaHHsA KOPEKTYPH CTATTi aBTOP MOBUHEH BUIIPABUTH JIUILIE TTOMUII-
KM 1 TEpMIHOBO BIJICJIAaTH CTATTIO HA aJipecy peaKosierii abo MoBiIOMUTH PO CBOI
IIPABKH 110 TeIePOHY UM €JIEKTPOHHOIO MOIITOO.

V pasi 3aTpuMKHU peaxiis, JoAepKYUuch rpadika, 3aaumniae 3a coooro mnpa-
BO 371aTH KOPEKTYPY 110 ApyKapHi (y BUPOOHHUIITBO) O6€3 aBTOPCHKUX MPABOK.

[Tignmuc aBTOpa y KiHII CTaTTi O3HAYa€, 10 aBTOP MEpeae MpaBa Ha BUIAHHS
CBOE€1 CTATTI pefakiii. ABTOp TapaHTye, 1110 CTATTs OPUTiHAJIbHA; Hi CTATTA, HI PU-
CYHKH J10 Hei He Oy oIyOIiKOBaH1 B IHIIMX BUJAHHSX.
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AJI®ABITHUN MOKAKUYUK CTATEMN,

OIIYBJIIKOBAHUX Y KYPHAJII

«MIKPOBIOJIOI'TA I BIOTEXHOJIT'IS»

¥ 2023 POLUI

ABTOpH Ne gumn. | Ne crop.
Anoprowenxo O.B. nuB. Cmpawnosa 1.B. 2 6
Anoprowenxo O.B., Cmpawnosa I.B.
XapakTepHucTUKa MPeICTaBHUKIB pony Fusarium, 3 37
10 BUKJIMKAIOTh 3aXBOPIOBAHHS 36PHOBUX KYJIBTYP
bypuxina C.1., Yoacescoxa C.I1., [unax H.B.
MeTox oIiHKH HEeMaTOIUAHOI e(heKTUBHOCTI Oiompemnapary 3 14
Ha OCHOBI1 XM)KOTO rprba MpoTH CTeOI0BOT HEMATOI!
KapTOIUTl
Tanxin B.M., ITaokiu T'B., Kupunenxo H.A.
Brnus koMO1HOBaHO1 (papmMakonpodiIakTUKU 1HPEKIIHHUX ) 30
XBOpPOO Ha CTaH IUTYHKOBO-KHUILIKOBOTO TPAKTY
71a00paTOpPHUX LIYPiB
Tanxin M.B. nuB. Mapmunenxo C.A. 3 6
T'anxin M.b. nuB. Tecaox H I 2 17
Thaokiu T.B. muB. anxin b.M. 2 30
Topwrkosa O.I" muB. ['yozenko T.B. 2 40
I'puyesa H.I', Cxisxa JI.M.
[TommmpenicTs 30yaHuKiB KinbieBoi rawti Clavibacter
sepedonicus Ta 9OpHOT HKKH 1 MOKpPOT THHJT 1 6
Pectobacterium atrocepticum B ypoxai kaproruti 2021
POKyY Ha TepuTopii YKpainu
I'yozenko T.B., Cmpawmnosa I.B., [opwkoea O.I,
Hictomin I'B., llImenixos M./{., Cauxoscvka B.1.
Mopdororiyna xapakTepUCTHKA Ta IIATOTOKCHYHA 2 40
AKTHUBHICTh YOPHOMOPCHKOTO IITaMy Streptomyces Sp.
Lim 10
Binuenko O.1O. nus. Tecnrox H.I. 2 17
leanuysa B.O. nuB. Mepniy A.I" 3 26
leanuysa B.O. nuB. Tumapenxo H.B. 1 18
Kupunenxo H.A. nus. I'anxin b.M. 2 30
Kimyporcuni 11, nus. Mepniu A.1" 3 26
Kosanvuyx P.P. nuB. Mepniu A.I' 3 26
JMictomin I'B. muB. I'yozenko T.B. 2 40
Jloban JI.JI. nus. [lunsx H.B. 3 60
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Mapmunenxo C.A., inocenosa M.O., Cemeneys A.C.,
Tanxin M.D.

) : . - . 3 6
[TopiBusiHHS BMicTy cuaepodopiB y OakTepiid, BUIIICHUX
3 YOPHOMOPCBHKHUX Miii
Mepniu A.I', Kimyporcuii 1., Kosanvuyx P.P,
Hlymuno M.B., lIeanuys B.O. 3 26
AHTUMIKOTMYHA aKTUBHICTbH 130JITIB JJAKTOOAKTEPIi
3 BOJM Ta Mifiit YopHoro mopst
Ocmanuyk A.M. nuB. Cy6oma B.B. 2 51
Iunax H.B. nus. bypuxkina C.1. 3 14
Hunax H.B., Jloban JIJI.
Kosek1iist npoMHUCIIOBO IIHHUX KYJIBTYP MIKpOOpPIraHi3MiB 3 60
Jui Gionorisarii 3emiepoocTBa
Caukoscvka B.1. nuB. I'vozenko T.B. 2 40
Cemeneyv A.C. nuB. Mapmunenxo C.A. 3
Cxkiexa JI.M. nus. I puyesa H.I' 1
Cmpawrnosa I.B. nuB. Anoprowenxo O.B. 3 37
Cmpawmnosa I.B. nuB. I'vozenxo T.B. 2 40
Cmpawnosa I.B., Anoprowenxo O.B.
AHTUMIKpOOHA aKTUBHICTb IPYHTOBUX OaLlWII 110710 ) 6
¢iTonaToreHHUX MiKpOOPraHi3MiB, BUALIEHUX
13 ypa)XeHUX 37ITaKOBHX POCIUH
Cyboma B.B., Ocmanuyk A.M., [[Imenixos M.J].
[TormGieHa TeHOMHO-METa00IOMHA XapaKTEPUCTHKA ) 5
OakTepiii poxy Bacillus, BUIIICHUX 3 TTTHOOKOBOTHHX
BiJIKJIa7iIeHh YopHOTO MODS
Tecnoxk H.I. nuB. Tumapenko H.B. 1 18
Tecmiox H.1I., 3inuenxo O.1O., I'anxin M.b., @ininosa T.O.
YockoHaJIeHHS MPOLIECiB MiKPOKJIOHAIBHOTO 5 17
po3mHoxeHHst Chrysanthemum x Koreanum hort.3
BUKOpHUCTaHHAM Bacillus megaterium ONUS500
Tumapenxo H.B., Tecmiox H.1I., Iseanuys B.O.
By aktuHOOGaKTepiil Ha aanTaliio 10 YMOB ex Vitro 1 18
Ta PICT MIKPOKJIOHOBAHUX POCIUH Rubus fruticosus L.
Yorcescvka C.I1. nuB. bypukina C.1. 3 14
@ininosa T.O. nus. Tecniok H.1. 2 17
Dinozenosa M.O. nuB. Mapmunenxo C.A. 3 6
LImenixos M.J]. nus. [ yosenxo T.B. 2 40
LImenixos M./]. nus. Cyb6oma B.B. 2 51
Llymuno M.B. nus. Mepniu A.I" 3 26

— ISSN 2076-0558. Mixpobionoecis i 6iomexnonoeia. 2024. Ne 1. C 70-71 —— 71



VBara: nepeapyk, yci BUH KOIMIIOBaHHS Ta BIATBOPECHHS MaTepiaiB,
1110 Ha/IPyKOBaHi y KypHaii «MikpoOionoris 1 610TeXHOIoTis,
MOYKJIBI JIUIIIE 32 YMOBH ITOCHJIAHHS Ha JHKepero iHpopmartii
Ta 3 JI03BOJIY PEAaKIifHOT KOJIeTii.
VYei npaBa 3aXuILEeH] 3T1THO 3aKOHOJABCTBA YKpaTHH.

Bepcmra C. O. Ocmanenxo

[Migmucano no apyky 23.04.2023 p. @opmar 70x100/16.
YM.-mpyk. apk. 5,85. Hakman 100 mp.
3am. Ne 2793.
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