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ANTIMICROBIAL ACTIVITY OF SOIL BACILLI
AGAINST PHYTOPATHOGENIC MICROORGANISMS
ISOLATED FROM AFFECTED CEREAL PLANTS

Aim of this study was to investigate the antagonistic effect of bacilli isolated from
the surface of plants and the rhizosphere zone of the soil against pathogens of
barley and wheat diseases. Materials and methods. The material for the study
was affected barley and wheat samples used to isolate phytopathogenic micro-
organisms, as well as samples of healthy plants and the rhizosphere soil zone
used to isolate bacteria of the genus Bacillus. Manipulations for the isolation and
investigation the biological properties of both phytopathogens and bacilli were
carried out by traditional microbiological methods. The antagonistic activity of
the isolated strains of bacilli against phytopathogens was studied by the block
method. Results. From samples of affected wheat and barley were isolated micro-
organisms identified on the basis of the studied biological properties as Fusarium
oxysporum, Sclerotinia sclerotiorum, Xanthomonas arboricola and Pectobacteri-
um carotovorum. The largest proportion of strains was represented by the micro-
mycete Fusarium oxysporum — 53.9%. From samples of the rhizosphere soil zone
and leaf-stem mass of healthy wheat and barley plants, 86 strains of bacteria of
the genus Bacillus were isolated by microbiological methods. Antagonistic activity
was inherent in 54 strains of bacilli against 25% of phytopathogens. All pathogen-
ic microorganisms were inhibited with different intensity by 14 strains of bacilli.
Conclusion. The most active bacillus strains (Bacillus spp. 6, 9, 13, 21, 50) were
selected for further research.

Key words: antimicrobial activity, soil bacilli, phytopathogenic microorganisms,
affected cereal plants.

In modern conditions of grain production around the world, there is a ten-
dency to expand the sowing of grain crops as the main source of production of the
most important food for people, feed for farm animals and raw materials for indus-
try. Wheat and barley are leading grain crops that are in great demand [1]. Ukraine
exports more than 30 million tons of grain every year, ranking 4th in the world, and
covers 15% of the world market.

One of the main factors destabilizing grain production is still the affected
of plants by pathogens. At present, often due to changes in weather conditions,
violation of crop cultivation technology and thoughtless use of chemicals, there is
an increase in the development of phytopathogenic organisms, as well as the emer-
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gence of new ones that previously had no economic value, often causing the death
of agricultural crops [2].

The use of chemical fertilizers, plant protection agents and other pesticides
has reached dangerous proportions and disrupts natural biological and physico-
chemical processes. In this regard, microbiological preparations have an advan-
tage and perspective. They increase the resistance of plants to abiotic and biotic
stresses, do not cause the habituation of pests and are environmentally safe [3].
So, the development of biotechnologies for the protection of agricultural crops
with the search for alternative ways of reducing the risk of the emergence and
spread of pathogens of various etiologies, controlling phytophages and obtaining
high-quality plant products is currently a priority and progressive trend [4]. One of
the first steps in this direction is the search for and isolation of promising strains of
microorganisms-antagonists of phytopathogens [5].

For this reason, the aim of this study was to investigate the antagonistic effect
of bacilli isolated from the surface of plants and the rhizosphere zone of the soil
against pathogens of barley and wheat diseases.

Materials and methods

The material for the study was plant samples (wheat and barley) affected by
phytopathogenic microorganisms, samples of healthy plants, as well as samples of
the rhizosphere soil zone.

Samples of affected plants were used to isolate the microorganisms that
caused the infections. From healthy plants, as well as soil samples, bacteria of the
genus Bacillus were isolated.

Taking into account the peculiarities of phytopathogens, using the liter-
ature data, the isolation of phytopathogenic microorganisms was carried out on
Sabouraud, Czapek-Dox and nutrient agar media [6].

Bacteria of thegenus Bacillus were isolated from ther hizosphere zone of the
soil and leaf-stem mass of healthy barley and wheat plants on nutrient agar and
potato-glucose agar [6].

Manipulations for the isolation of both phytopathogens and bacilli were car-
ried out by traditional microbiological methods [6].

The resulting pure cultures of microorganisms were studied by investigating
a complex of biological properties: morphological, cultural, tinctorial, physiologi-
cal and biochemical. The biochemical properties of all pure cultures were studied
using API (BioMerieux) test systems corresponding to each taxon [7]. In particular,
the biochemical properties of bacteria of the genus Bacillus were studied using the
API 50 test system. The results were interpreted visually and deciphered using the
APIWEB database [8]. Isolated strains of microorganisms were identified on the
basis of the studied properties.

The antagonistic activity of the isolated strains of bacilli against phytopatho-
gens was studied by the block method [9]. The results were taken into account
after 24—48 hours when cultivated at 28 °C, measuring the size of the zones of the
absence of growth of phytopathogens.

— ISSN 2076-0558. Mikpobionoeis i 6iomexnonozia. 2023. Ne 2. C 616 —— 7
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All studies were carried out in triplicate. Statistical processing of the results
of the study was carried out using the MS Excel computer program with the defini-
tion of Student's t-criterion. The difference was statistically significant at p < 0.05.

Results

When inoculating on Sabouraud, Czapek-Dox, nutrient agar, 100 pl of
suspensions prepared from affected samples of wheat and barley, in dilutions of
102 — 107, microorganisms were isolated that differ in the nature of growth on
nutrient media. The isolation of pure cultures and the study of their properties:
morphological, cultural, tinctorial, physiological and biochemical made it possible
to carry out species identification. Most of the isolated cultures formed well-de-
fined aerial and substrate mycelia on dense nutrient media, which made it possible
to attribute these isolates to filamentous fungi. It is known that many infectious
diseases of plants arise as a result of affected by micromycetes [10]. The results
of our research confirm this. However, some of the strains grown on nutrient agar
formed colonies whose morphology suggested the bacterial nature of the isolates.

The grown micromycetes differed in their morphological and cultural
properties. Most of the solates differed in the rate of colony growth (dimensions
varied from 4 to 8 cm), structure, and the presence of aerial mycelium (cotton,
flaky, and loose). Color of colonies from white to purple (Fig. 1).

Fig. 1. Colonies morphology of Fusarium oxysporum on Czapek-Dox medium

As arule, the colonies were white, with or without pink inclusions, the aerial
mycelium was high, and the color of the reverse was white or pink. All isolates are
fast-growing, homogeneous; there were dome-shaped and crater-shaped colonies.
On nutrient media, the fungus forms colonies consisting of vegetative mycelium,
macro- and microconidia, and chlamydospores. Branching conidiophores, with
bottle-shaped phialides, pale yellow or light pink, formed on the mycelium, less
often as a mucous layer in sporodochia or pionnots. Chlamydospores are abun-
dant, intermediate or apical on hyphae, usually solitary, sometimes in chains, thick-
walled, with a smooth or rough shell, colorless, one- or two-celled, 3.6—7.0 microns
in diameter. Macroconidia are not numerous, usually with 3, very rarely with 4 or 5
septa, colorless, narrowly fusiform or ellipsoidal in shape, almost straight or slight-

8 ——  ISSN 2076-0558. Mixpobionocis i 6iomexnonoeisn. 2023. Ne 2. C 6-16 —
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ly sickle-shaped. The apical cells are short and slightly curved in some isolates. The
basal cell had the appearance of a cut or in the form of a leg. Sizes of conidia with
3 septa are 2050 x 2.5-5.5 pm, more often 2540 x 3.5-5 um, with 5 septa 20—60
x 3—5 um, more often 30-50 x 3—4 um. Microconidia are always abundant, formed
on aerial mycelium on short monophialides, often in false heads, glued together
with a mucous substance or in groups directly on hyphae, unicellular, sometimes
2- or 3-celled, ellipsoidal or kidney-shaped, colorless, sizes 5-12 x 2—4 um. The
studied morphological and cultural properties made it possible to attribute these
isolates to the genus Fusarium.

Part of the fungal cultures at the beginning of their development formed
a visually poorly expressed mycelium, cobwebbed. Subsequently, abundant
dichotomous branching of the primary hyphae began and a well-defined layer of
dense, white, long-lasting mycelium appeared. On Czapek-Dox it is white (Fig. 2),
on nutrient agar it becomes yellowish-dark over time.

Fig. 2. Colonies morphology of Sclerotinia sclerotiorum on Czapek-Dox medium

When sclerotia matured, a putrefactive odor appeared, on Czapek-Dox it was
weak, on nutrient agar it was strong, intensifying with the formation of sclerotia.
After their full ripening, the smell weakened and was absent in the old culture. On
solid media, the formation of sclerotia was registered by us when the mycelium
reached the edge of the Petri dish, approximately for 4-5 days. At this time, an an-
nular zone of white mycelium was formed along the edge of the colony 1.0-1.5 cm
from the edge of the dish. Here it became thick, then flaky, and on it (at the very
edge of the cup or not reaching it) mycelial clots began to appear, and then loose
white tubercles — the beginnings of sclerotia. These tubercles gradually increased
in size, taking on a more defined shape. The shell of the sclerotium was compacted
and on the 10-14-th day from sowing the sclerotium mycelium was formed. Such
morphological and cultural properties are typical for representatives of micromy-
cetes of the genus Sclerotinia.

Bacteria isolates also differed in their properties. Some of them were straight
sticks, 0.5-0.8 x 1.0-2.0 um in size. They were motile by means of a polar fla-
gellum. Gram-negative, spore-forming aerobic bacteria. On nutrient agar formed
round, shiny, smooth colonies with a smooth edge. The studied colonies of these

— ISSN 2076-0558. Mikpobionoeis i 6iomexnonozia. 2023. Ne 2. C 616 —— 9
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isolates produced a yellow pigment — xanthomonas, which is a unique characteris-
tic of the genus Xanthomonas (Fig. 3).

.

Fig. 3. Colonies morphology of Xanthomonas arboricola on nutrient agar

In addition, the colonies were slimy and oily, which is an essential feature
that distinguishes pathogenic bacteria of the genus Xanthomonas from saprophytes.

One strain of bacteria was short sticks, straight, with rounded edges, their
size is approximately 0.6—1.8 x 1.7-5.1 um. Single, connected in pairs or in short
chains, movable. Flagellation is peritrichous. Bacteria did not form capsules or
spores. Gram negative, facultative anaerobes. They were grown at a temperature
of 30 °C. On nutrient agar, the strain formed grayish-white, shiny, smooth colonies
with smooth edges (Fig. 4).

Fig. 4. Colonies morphology of Pectobacterium carotovorum on nutrient agar

The studied biochemical properties made it possible to carry out species
identification of the isolated strains and establish that 14 of them are representatives
of the Fusarium oxysporum, 7 are Sclerotinia sclerotiorum, 4 are Xanthomonas
arboricola and one is Pectobacterium carotovorum (Fig. 5).

When inoculating on nutrient and potato-glucose agar suspensions prepared
from samples of healthy plants and the rhizosphere zone of the soil, morphologi-
cally similar colonies were visually determined after 24-48 hours: dense, wrinkled
(less often uneven), shiny or matte, convex or flat (Fig. 6).

10 ——  ISSN 2076-0558. Mixpo6ionozin i iomexnonozis. 2023. Ne 2. C 6-16 _—
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Fig. S. Species diversity of strains isolated from affected plants

Fig. 6. Morphology of colonies (a) and cells (b) of the strain Basilus sp. 13

Microscopy of Gram-stained preparations revealed gram-positive rods, the
sizes of which ranged from 5 to 10 microns for different strains, were arranged
in pairs, chains, on the second day of cultivation they formed spores, which were
located in the cells mainly in the center, sometimes at the ends.

The study of biochemical properties showed that the isolated bacteria were
somewhat variable, especially in the catabolism of such substrates as galactose,
xylose and mannitol. The complex of results obtained during the study of biological
properties made it possible to identify the isolated bacteria of the genus Bacillus.
To carry out species identification, unfortunately, the identified properties are not
enough and the use of molecular genetic methods is necessary.

Thus, 54 strains (which accounted for 62.8% of all isolates) and 32 strains
(37.2%) of bacteria of the genus Basillus were isolated from the rhizosphere soil
zone and leaf-stem mass of healthy plants (barley and wheat), respectively (Fig. 7).
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Fig. 7. Proportion of isolated strains of bacteria of the genus Bacillus from different
natural sources

Microbial preparations based on bacilli are widely popular in various fields
of medicine, veterinary medicine and agricultural production. Thanks to the syn-
thesis of various metabolites, bacilli are able to suppress the development of many
pathogenic microorganisms [11].

One of the first stages on the way to creating bacillary preparations is testing
the ability of strains to show antagonistic activity against pathogens. Therefore,
the next stage of the study was the investigation of the ability of isolated strains of
bacteria of the genus Bacillus to prevent the growth of phytopathogenic microor-
ganisms.

The results of the research showed that not all strains of bacilli inhibited the
growth of phytopathogens isolated from the affected organs of wheat and barley.
Of the 86 strains of bacilli isolated, the growth of a 25% of phytopathogens was
inhibited by 54 strains (62.8%), the growth of half of phytopathogens was inhibited
by 35 strains (40.7%), 75% of pathogens — 27 (31.4%) strains of bacilli (Fig. 8).

70
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% of sensitive phytopathogens

Fig. 8. Proportion of isolated strains of bacilli that showed antagonism to various
phytopathogens
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Note that these were phytopathogenic microorganisms of different structure.
Among those studied, 14 strains of bacilli were found, which inhibited the growth
of all phytopathogens with varying intensity, which was manifested in the size of
the zones of absence growth.

The most active, that is, the metabolites of which significantly inhibited the
growth of all isolated phytopathogenic microorganisms were strains of Bacillus
spp. 6,9, 13, 21, 50. Note that all these strains were isolated from samples of the
rhizosphere soil zone. At the same time, the sizes of the absence zones of growth
of phytopathogens were larger than 15 mm. In Fig. 9 is showen as an example, the
antagonistic activity of Bacillus sp. 13 against certain strains of phytopathogenic
microorganisms.

25

15
10
0

F. oxisporum 4 S. selerotiorum 1 X arboricola 3 P. carotovorum 6

[
(=1

10gen growth

Sllppl'ﬂs&iﬂl ones, min

wn

Sizes of phytopat

Fig. 9. Antagonistic activity of Bacillus sp. 13 against phytopathogens

As can be seen from the data shown in Fig. 9, the most sensitive to the action
of Bacillus sp. 13 were Fusarium oxisporum 4 and Xanthomonas arboricola 3 (the
sizes of the absence zones of growthwere 20.42 + 0.03 mm and 17.42 = 0.03 mm,
respectively).

When evaluating the data obtained, it should be noted that the manifestation
of antagonistic activity depends on the specific strains taken in the experiment and
on the conditions of the experiment.

Studies have shown that wheat and barley plants can be affected by phyto-
pathogenic microorganisms of different structures. Microorganisms of fungal and
bacterial nature were isolated from samples of affected plants. The frequency of
their isolation was not the same with the dominance of representatives of filamen-
tous fungi isolated in 80.8% of cases.

From the rhizosphere zone of the soil and leaf-stem mass of healthy barley
and wheat were isolated, respectively, 62.8% and 37.2% of bacteria of the genus
Basillus, which is evidence of the widespread distribution of bacteria of this genus
in nature, due to the peculiarities of the structure, metabolic activity and high adap-
tive capabilities.

Evaluating the antagonistic potential of bacilli against phytopathogens, we
note that more than half of the isolated strains of bacilli inhibited the growth of
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I.B. CrpamnoBa, O.B. AnipiomeHko

25% of strains of phytopathogenic microorganisms. The growth of all pathogens
with different intensity was suppressed by 14 strains isolated exclusively from the
soil. The most active strains (Bacillus spp. 6,9, 13, 21, 50) were selected for further
research on the creation of microbial preparations for agriculture.
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AHTUMIKPOBHA AKTUBHICTb IPYHTOBUX BALIWJI
010 ®ITOHNATOI'EHHUX MIKPOOPI'AHI3MIB,
BUIAIVIEHUX I3 YPA’JKEHUX 3JTAKOBUX POCJIMH

Pedepar

Memoro podoomu 6yn0 00CHiONHCeHH AHMALOHICMUYHOT Ofi bayun, BUOLleHUx
3 NOBEPXHI POCIUH Ma pU30chepHoi 30HU TPYHMY, npomu 30y0HUKIE X80poD Au-
MmeHto ma nuenuyi. Mamepianu ma memoou. Mamepianom 011 00CHiONHCeHHs
OYIU 3PA3KU YPANCEHUX AUMEHI0 MA NUeHUYE, 3 AKUX BUOLTAIU imOoNnamozeHHi
MIKpOOp2anizmMu, a maKodic 3paski 300p0GUX POCIUH i pusocghepHoi 301U TpyH-
my, 3 AKuX euoinaiu 6axkmepii pody Bacillus. Mawninynayii 3 euoinenus ma oocii-
0oicenHs Diono2iuHuX gnacmugocmet AK pimonamoenis, max i Oayui nposoousu
3 GUKOPUCIMAHHAM MPAOUYIIHUX MIKPOOIONO2IUHUX Memodi8. AHMA2oHICIMUYHY
AKMUBHICMb BUOLIEHUX Wmamie dayun wooo ghimonamoeenie O00CaiOHCY8anU
onokosum memooom. Pesynomamu. I3 3paskie ypasicenol nuieHuyi ma saumemnio
BUOIIEHO MIKPOOP2aHizMU, [0eHMUDIKOBAHI HA OCHOBI BUBYEHUX OI0N0SITYHUX
enacmusocmeil sax Fusarium oxysporum, Sclerotinia sclerotiorum, Xanthomonas
arboricola ma Pectobacterium carotovorum. Hatibinsworo uacmroro wimamie 6y8
npedcmasnenuti mikpomiyem Fusarium oxysporum — 53,9%. I3 npob puzocgepnoi
30HU TPYHMY Ma IUCMO-CMedeno8oi Mac 300POGUX POCIUN NUUEHUYT MA AUMEHIO
Mikpobionoeiunumu memooamu eudineno 86 wmamie 6axkmepiti pooy Bacillus.
AHmazoHicmuyHa aKMugHiCcmMb NPUMAMAHHA 54 wmamam 6ayun, aKi npueHivyea-
au picm 25% ¢imonamozenis. Picm ycix namozeHHux Mikpoopeamismie 3 pisHoio
iHmeHcugHicmio npueHivyeanu 14 wmamie dayun, euditenux iz rpynmy. Bucho-
60K. [[na nodanvuiux 00caiodceHs 8i0iOpaHO HANOLNbW AKMUBHI wmamu Oayu
(Bacillus spp. 6, 9, 13, 21, 50).

Knwuosi crnosa: anmumikpodua Ois, IpyHmosi bayunu, gimonamocenti mi-
KPOOP2AHiZMU, YPAaNHCeHI 31aK08L POCIUHU.
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YIOCKOHAJIEHHSI TIPOLIECIB
MIKPOKJIOHAJILHOTO PO3MHOKEHHS
CHRYSANTHEMUM x KOREANUM HORT. 3

BUKOPUCTAHHSIM BACILLUS MEGATERIUM ONU500

Memoto pobomu 6yn0 YOOCKOHANEHHS NPOYeCi6 MIKPOKIOHATbHOZO POZMHO-
JHCEHHs XpUusanmemu 8 Kynomypi in Vitro 3 6UKOPUCMAHHAM OAKmepiti wmamy
B. megaterium ONU500 nio uac nocmacenmuunoi adanmayii. Mamepianu i
memoou. Ha nepsunnux emanax MIKpOKIOHANLHO20 POSMHONCEHHS OY10 Npo-
Mecmosaro 08I cxemu NOBEPXHEBOT cmepunizayii eKCnAaHmie Xpusanmemu 3 6U-
KOpucmauHam Qyneiyuonux npenapamis. Buznauanu eéniue KoHyenmpayii aea-
Py ¥y cepedoguwyi Ha po3eumok ma picm excniaumie. Ha emani adanmayii 0o
VMO8 ex Vitro 30IUCHI08ANU THOKYIAYIIO KOPeHi8 MIKPOKIOHI8 bakmepiimu wma-
my B. megaterium ONUS500. Pesynomamu. Becmanosneno naulbinvu epexmughy
cXeMmy No8epxXHes020 3He3aAPadICeHHs POCIUHHO20 Mamepiany 3 6UKOPUCTHAHHAM
posuuny gyneiyudy Xinoson. Busnaueno, wjo UKOPUCMAHHI HCUBUILHO2O cepe-
odosuwa Mypacice ma Cxyea (MC) 3 0,4% aeapy na emani 66edenns iniyianoHux
eKCNILAHMIB XPU3AHmMeMU 8 KYIbmypy in Vitro niosuugysanio npuniCUSIIO8arHicms Ha
9,3% ma npuckopiosano nponigpepayiio na 1 006y. Busigneno, wjo iHoKyIAYis pu-
30cghepu MIKpOKIOHIE Xpusanmemy NO3UMUBHO GRAUBANA HA PICM A0ANMOBAHUX
MiKpocaodicanyis, niosuwyiouu ix npudicusniosanicmes y pyumi na 20,4-22,2%,
sucomy Hademuoi wacmunu — Ha 1,8—1,9 cm, cepeduto KinbKicme 8y31i6 — Hd
2,0-2,2 gyznu. Bucnoeok. Byno suznaueno Oiesicmv UKOpUCMAHHA (QyHIIYUOI8
0151 06POOKU POCTUHHO20 MAMePIaLy XpuzaHmemu nio 4ac 66e0eHHs 8 KYVIbmypy
in vitro, ma éniue KOHCUCIMeHYil HCUBUTLHO20 Cepedosulyd Ha PO3GUMOK eKCHIAH-
mis, Wo € HOBUM MA AKMYALbHUM OJis NIOBUWEHHS eheKMUBHOCMI MIKPOKIO-
HAIbHO20 PO3MHONCeHH: yiel pocaunu. Taxodxc, enepuie 6ynu 30ilicHeHi ekcnepu-
MeHmu 3 IHOKYIAYIT MIKDOKIOHI8 Xpusanmemu Ha emani aoanmayii ex vitro, ma
NOKA3aHA NO3UMUBHA Oisl MAKOI IHOKYAAYII Ha MOppoMempuyHi Xapakmepucmuxu
caoorcanyis ma ix npusicusirosanicms. Haoano pexomenoayii euxopucmogysamu
@yneiyuo Xinoszon 0ns nosepxneoi cmepunizayii iHiyiarbHUX eKCHIAHMI8 XPU3aH-
memu ma nPoBOOUMU KyIbMu8y8aHHs Ha HANIBPIOKOMY JHCUBUTLHOMY cepedosuiyi
MC i3 0,4% azapy. Ha emani nocmacenmuunoi adanmayii MikpoKioHi6 0oyiibHO
npogooumu IHOKYIAYir0 Kopenie bakmepiamu wmamy B. megaterium ONU500 y
xonyenmpayisx 10°~10° KYO/mn.

Kniouosi cnoea: MIKpoKioHanbHe POSMHOJNCEHHS, eKCHAaHm, IHOKYIAYIA,
Bacillus, adanmayis.

© H.I. Tecmok, O.10. 3inuenko, M.b. T'ankin, T.O. ®ininosa, 2023
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Po3MHOXEHHS IEKOPaTHBHUX POCIIMH Ha ChOTOJIHI € OJTHIEIO 3 IEPCTIEKTUBHUX
Ta IPUOYKOBUX Tamy3ell CUIbChKOrO rocmonapcrsa. HalOinpmumu BUpOOHUKaMU
KBITKOBO-/ICKOPAaTUBHUX KyJbTYp Ha choroaHi € Hinepmanau, [onsma, CILIA, Ita-
nis, Himeuunna, benbris, SInonis ta Kanaga [13]. Y ¢BiTi mOCTiHO 3pocTae MOnuT
Ha HOB1 POCIIMHH JIJISl BAKOPUCTAHHS Y BHYTPIIIHBOMY 1 30BHIITHHOMY O3€JICHECHHI.
ToMy akTyallbHOIO CTa€ MpOOIEeMa MacOBOTO PO3MHOKEHHSI OHOPIYHUX 1 Oararo-
PIYHUX JIEKOPATUBHO-KBITKOBHX KYJBTYp. JleKOpaTWBHI XpU3aHTEMH € OIHUMH 3
NEPUINX MO MOIMYISPHOCTI BUPOIYBaHHS KBITKOBHX KYJIBTYP Ha CBITOBOMY PHHKY
[15]. B nanuii yac tinpku B SAnoHii HamiuyeTbest monax 15 000 copTiB Xxpu3zaHTem
[11]. TpamuuiitHi ciocoOu PO3MHOXKEHHS XPU3aHTEM HE 3310BOJIBHSIOTH MOTPEOH
pHUHKY. Bi0TEeXHOIOT14HI METOIU MIUPOKO 3aCTOCOBYIOTHCS MTPH POZMHOXKEHHI XPH-
3aHTEM B KYJIBTYDI in Vitro, Ipo MO CBiq4aTh OararoyrcieHHi myomikaii [12, 16,
17]. MikpOKJIOHYBaHHS JO3BOJISIE HATATOAUTH MPOIIEC IIIOPIYHOTO OTPUMAHHS BE-
JIUKOi KUTBKOCTI TEHETHYHO OJTHOPITHUX, O3I0OPOBJICHHUX Bij iH(EKIIH caKaHIIIB
HaBiTh 32 HASBHOCTI HEBEJIMKHUX MOTY>KHOCTEH BUPOOHMIITBA, Y TOH Yac SIK Tpaji-
HiliHe BereTaTUBHE YK CTAT€BE PO3ZMHOKEHHS HE MAIOTh TaHUX nepesar [15].

Xpwuzanrema kopeiiceka Chrysanthemum % Koreanum Hort. (Hagami — Xpu-
3aHTEMa) BIIHOCUTHCS JI0 TPyNH 0araropiuHuX APiOHOKBITKOBHX COPTIB XpU3aHTE-
MU CaJI0OBOi TiOpUAHOTO MOXoKeHHs. Lleil Bu BiApi3HAETHCS CTIMKICTIO IO HU3b-
KOi TeMIIepaTypH MOBITPs, YePE3 IO MIUPOKO KYITBTUBYETHCS Y BIIKPUTOMY TPYHTI
Ha TepuTopii Ykpainu [5].

BioTexHOMOTiYHI METOAM KIOHAJIHHOTO MIKPOPO3MHOXKEHHS XPHU3aHTEM aK-
TUBHO PO3BUBAIOTHCS, ajie 0araro €TariB IbOT0 MPOIeCcy MOTPeOyIOTh CYTTEBUX
onrtumizaniil. Tak, akTyalbHOIO POOJIEMOIO € CKOPOYCHHS TEPMiHIB BUPOIILYyBaH-
HSl XpU3aHTEM B KYJIBTYpI in Vitro 10 CTaHAApTy MPOAYKLIi ex vitro. BaxiuBum
ACTIEKTOM € TaKOX 3/ICIICBICHHS BUPOOHMIITBA CAJAMBHOTO Marepiaiy 0e3 3MiHU
foro sikocti. ToMy, /Ui yCHIIITHOTO BUKOPHCTAHHS METONIB MiKPOKJIOHAJILHOTO
PO3MHOXECHHS XpPU3aHTEM Y KOMEPLIiHHIN cdepi muTaHHs nigdopy epeKTUBHUX Ta
HEJIOPOTUX PEYOBHH Ta KUBUIILHUX CEPEIOBHUII MOTPEOYIOTh CYyTTEBOT KOPEKIIii Ta
YIOCKOHAJICHHUX ITiXOIIB.

Jly*e NepCreKTUBHUM € BUKOPUCTAHHS MIKPOOHHX IPETIapariB sIK JOTTOMIXK-
HUX 3ac00iB y OioTexHonorii pocianH. OCOOIMBO 1Ie CTOCYEThCS aanTalii pOCIuH
JI0 HECTEPUIILHUX YMOB CEPEIOBHIIA ITICIIsI MIKPOKJIOHYBaHHSI, OCKUIBKH Y TS Tie-
pioz criocTepiraloThCs 3HaYHI BTPATH CaJUBHOTO MaTepiay.

banmnu € omHUMH 3 HANOLIBII MIMPOKO BUBUEHUX PICTCTUMYITIOBAILHUX
OakTtepiil U1 pOCIIMH, MPOTE HA PUHKY Ol0IMpenapariB MOCTIHHO 3’ IBJISIOTHCS. HOBI
HITaMU 3 1HIIUMHU OCOOTMBOCTSIMU Ta BUPAKEHICTIO [Iii, TOMY JlaHA TeMa 3aJIuIlia-
€ThCS aKTyaJIbHOIO BXKE JOBruil yac. bionpenapaTu Ha OCHOBI Oamui JO3BOJISIOTH
3HHM3HUTHU PiBEHb BUKOPUCTAHHS MECTULUIIB Ta XIMIYHUX JOOPUB, OCKIIBKH SIBIIS-
I0Th COOOIO iX €KOJIOTIUHY Ta EKOHOMIYHO BUTITHIITY 3aMiHy. 3aBIsSKH YHCICHHUM
OpsIMUM Ta HETIPSIMUM MEXaHi3MaM BIUIMBY Ha POCIHMHH, Oaktepil poxny Bacillus
CTHUMYJIOIOTh 1X PICT, 3aXMILAIOTh BiJl ()ITONATOTeHIB Ta CIPHUSIIOTh OTPHUMAHHIO
OinbIMx 00’ €MiB BpOXKaro BHCOKOI sKOCTi [§, 10]. MOXIMBO, IITY4HA IHOKYJISLIIS
KOPHCHMMH MIiKpOOpraHi3MaMu Ha €Talli ajanTalii 37aTHa MOKPAIIUTH MPUKHUB-
JIOBAHICTh MIKPOKJIOHIB Ta 30BHIIIHI XapaKTEePUCTHKH POCIHH, ajie JaHid TeMi
NPUCBSYCHA 0OMEKEHA KUIbKICTh HAyKOBUX ITyOITiKaIlii.
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Meto10 1aHOTO AOCHIHKEHHS OYyJ0 YIOCKOHAJIEHHS MPOIECIB MIKPOKIO-
HAJILHOTO PO3MHOXKEHHSI XpU3aHTEMH B KYJIBTYPI in Vifro 3 BAKOPUCTAHHIM OakTe-
piit mrramy B. megaterium ONUS500 nix yac nocracenTUYHOI afganTariii.

Marepiaaun Ta MmeToaun

MarepianoM st JOCHIJKEHHS CIYTYBajld MOJIOJI IMMaroHU Ta MIKPOKJIOHHU
xpuzaHtemu Kopeickoi Chrysanthemum X< Koreanum Hort., a Takox Oakrepii
mramy B. megaterium ONUS500, sixuii 3a1e11I0OHOBaHO Y KOJEKIIIT MIKPOOPTaHi3MiB
kaeapu MikpoOiosorii, Bipycosorii Ta 6iotexHosorii OfecbKoro HalioHaJIbHOTO
yHiBepcuTery [4, 6].

JIOHOpH1 POCIMHHM XPU3aHTEMH BHUPOIIYBAJIMCS y BIAKPUTOMY IpYyHTI. Sk
IHIIlaJIbHI €KCIUIAHTH BUKOPUCTOBYBAJIM OHOBY3JI0BI BIJIPI3KU IIArOHIB POCIHH 13
na3yXoBUMH a60 BEpPXiBKOBMMH OpYHbKaMH. IX TOMIlaIN y CKJIAHY €MHICTh /I
cTepuli3alii Ta HAKPUBAJIM IBOMA-TPbOMa IIapaMu cTepuiIbHOT Mapii. [lepia exc-
NepUMEHTaJIbHA CXeMa CTepHJIi3allli BKIIFOUaIa Takl eTaru:

[IpomuBanHs MUIbHUM po3unHOM (10 XBHINH);

O06pobxa pozurHOM QyHTrimay XiHo3oma 2 /1 (15 xBunun);

Excno3uuis y 3,5% po3unHi rnoxJIopuTy HaTpito (8 XBUIMH);
Burpumysanns y 70% eranomni (20 cexynn) [3].

Jpyra cxema crepuiizaiii Oyia HaCTyITHOIO:

[IpomuBanHs MuIbHUM po3unHOM (10 XBHINH);

O06pobxa pozunHom Qyurinuay Xopyc 1,4 r/mn. (15 xBunun);

Excnosunis y 3,5% po3unHi rnoxJIopuTy HaTpito (8 XBUIIKH)
Burpumysanns y 70% eranomni (20 cexynn) [3].

ExcrimanTu micins ctepuiizaliii IepeHOCHIIN y JJaMiHap-00Kc, Jie 1 TPOBOAMIN
BBEJICHHS XPU3aHTEMU B KYNIBTYDY in vitro. JIjis 11bOro y OJHOBY3JIOBUX CTEPUIIb-
HUX €KCIUIaHTIB OHOBJIIOBAJIM 3pi3H 1 BUCA/KYBAJIM iX Ha cepefoBuIli Mypacire Ta
Ckyra (MC) [14] 13 1 mr/n 6-6en3zunaminonypuny (6-BAIT).

V¥ HacTynmHOMY ekcniepuMeHTi, cepenoBuie MC i BBeIGHHS TOTYBaJIl Ha-
niBpigkuMm (0,4% arapy) a6o tBepaum (0,8% arapy). Ha TBepnomy cepenoBuili
eKCIIAaHT 3HaXO/MBCs Ha IIOBEPXHI, a HAa HAIIBPIIKOMY — IlepeOyBaB y HaliB3aHy-
pEHOMY CTaHi.

JXKuTTe3narHi eKCIUIAHTH JOpOLIyBaau A0 (GpopMyBaHHS 5—6 By31iB Ta KUB-
L[FOBAJIM 3 METOO OTPUMAaHHsI BEJINKOI KIIBKOCTI 11I€HTUYHUX MIKpOKJIOHIB. Ha npy-
roMy eTari MiKpOKJIOHAJIbHOTO PO3MHOKEHHS XpPU3aHTEMH SIK PETYIIATOP POCTY BH-
kopuctoByBanu 1,5 mr/n 6-BAIl Ta 0,5 Mr/n iHI0I1IONTOBOI KUCIOTH.

KynbTuByBaHHSI MIKpOKJIOHIB XpU3aHTEMH 31HCHIOBAIIN Y KYJIBTYPAJIbHOMY
6okci mpu Temneparypi 22—-24°C, ocsitinenns 1800-2000 nk, BIZHOCHIH BOJIOTOCTI
noBiTpst 70%, Ta 16 rox oTonepioi.

Jiisl BUBYEHHS IPOIIECIB afanTalii poCcIuH 10 YMOB ex vitro Oyio BUIIPOOY-
BaHO cycrensii 0akrepiit mramy B. megaterium ONUS00 y konnentpaitisix 10® Ta
10° KYO/mn. CycnieHsii OTpUMyBajIi IUIIXOM KyJIbTHBYBaHHSI OaKTepiil POTATOM
24 ron y piakomy cepenoBuili LB (Bix anmi. Lysogeny broth), micist yoro nenTpu-
¢yrysanu npu 3000 g, nBiYl BIAMUBAIM y CTEPUIBHOMY JUCTWIATI Ta TOTYBalU
1HOKYJIAT.

el e
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Jisa eramy aganTaiii BiIOMpa v MIKPOKJIOHH XPH3aHTEMH 3 PO3BUHEHOIO
KOPEHEBOIO CHCTEMOIO Ta BHUCOTOIO MAaroHy mpuOiu3Ho 3 cM. Bennunna Bubipku
JUIs OJHI€T MMOBTOPHOCTI eKCrepuMeHTy ctaHoBmia 30 MiKpOKIOHiB, Ha 10 wT. 3
skux tectyBanu 10° KYO/mn Gakrepiit, Ha inmmx 10 mikpoknonax — 108 KYO/mn
Oakrepiii, a ocranHi 10 pocnuH Oynu KOHTPOJIBHUMH.

AgnanTariioo MoYMHAIM 13 MepenaganTaiifHOro eTamy, KOJU MIKpOKJIOHAM
MOCTYTOBO BiIKPUBAJIU TOCTYI JI0 TIOBITPS MPOTSIroM 7 /110, PO3IIUPIOIOYH OTBOPHU
y KpHUIIKaxX JIJAOOPATOPHUX EMHOCTEH 13 KyJIbTUBOBAHUMH pOCIUHAMH [3].

[Ticns naHoro eramy MIKpOKJIOHH OyJO PO3IiIEHO HA TPU TPYIH, Y ABOX 3
SAKUX pu3ocdepy iHoKymoBanu oakrepisimu B. megaterium ONUS00 y koHIIeHTpa-
misix 108 KYO/mn ta 10° KYO/mut npotsirom 30 XBHJIMH, a TPETS IpyIia eKCIIOHY-
BaJIacs TOW CaMHii 4ac i3 CTePHILHOI TUCTUIHOBAHOKO BO10I0. [ToTiM mpoBoamm
BUCAJIKY POCIIHMH Yy MiJrOTOBICHHI CyOCTpar — MPOCTEPUIIIZ0BAHUN Tapsuor0 ma-
poto mig TuckoM 0,5 aT™ IpyHT « YHIBEpCAJIbHUI» Ta arponepIiT y CIiBiqHOIICHH]
10:1.

[TonuB 3ailicHIOBaIM 2 pa3u HA TUXKIEHb CTEPUIBHOIO TUCTHIHLOBAHOKO BO-
JIOI0 TIPOTSIroM mepiux 14 mi0, a micist — 3BU4aiiHOI BOJIOTIPOBITHOKO BOJIOIO.

3a pociMHaMM TicCIs BUCAIKU crioctepiranu npotsrom 30 ni6. Ha 14-ty ta
30-Ty n00M KyJabTUBYBAaHHS BUPaXOBYBAJU MPIKUBIIOBAHICTE — 11 OI[IHIOBAIIU SIK
BIJTHOIICHHSI KUTBKOCTI JKUTTE3IATHUX CA/DKAHINB JIO0 YCiX BUCAKCHUX POCIIHH.
Ha 7-my, 14-1y Ta 30-Ty 100y BUMipioBaiu MOp(OMETPUUHI MOKa3HUKH POCTY Ta
PO3BHUTKY MIKPOKJIOHIB — BUCOTY MAroHiB Ta KUJIbKICTh YTBOPEHHUX BY3JIiB.

Jocniau 3niiCHIOBAIM Y TPhOX MOBTOPHOCTIX. CTaTHCTUYHE ONPAIFOBAHHS
JaHUX TPOBOAMIIM IUISIXOM JHUCIIEPCIHHOTO aHai3y 13 3aCTOCYBaHHSM arocTepi-
OpPHOTO TECTY HaWMEHIIO1 3HAYMMOI Pi3HUII (32 HASBHOCTI OLbIIe, HIXK TBOX TO-
PIBHIOBAaHHX CEPEHIX). 3HAUSHHSI, 1[0 TOCTOBIPHO BIAPI3HAIOTHCS BiJl KOHTPOIIO,
y TaONUIAX Ta PUCYHKaX MO3HAYCHI 3IPOUKOI0 «*». Y BHIAJKY, SKIIO 3HAYCHHS
MOKa3HHUKA JJOCTOBIPHO BiJPi3HSIOTHCA HE TUIBKU BiJl KOHTPOIIIO, a 1 MiXK COOOIO,
TO KUJIBKICTB 3HAKIB «*» y MO3HAYSHHSX BIAPI3HAEThCA. PO3paxyHKy MPOBOAMIH 32
noromororo mporpam Microsoft Excel Ta IBM SPSS Statistics. BusiBiiena pizuuiis
MK CepeHIMH 3HaYCHHSIMU BBakanacs A0cToBipHoo mpu p<0,05.

Pe3yabTaTH 1ocaixkeHb Ta ix 00roBOpeHHs

VYcninHe BBeeHHS 1HIIABPHUX CKCIUIAHTIB XPHU3aHTEMH 3aJIeXkKao Bij Ta-
KUX YMHHHKIB, K €(DeKTUBHICTh MOBEPXHEBOI CTEpUIIi3allii pOCIMHHOTO Marepi-
aiy, TOTPUMAaHHS aCeNTUYHUX YMOB pOOOTH, a TaKOX Bia MiAOOpy ONTHMAaIbHOT
KOHIIEHTPAIIi1 )KETIOBAILHOTO KOMIIOHEHTY Y JKUBWJIBHOMY cepenoBuii (puc. 1).

[Tig yac BBelEeHHS XpU3aHTEMH B KYJBTYpY in Vitro Oyao MPOTECTOBAHO JIBi
pi3HI cCXeMH CTepuIlizaiii pOCIMHHOTO Marepialy 3 METOI BHSBICHHS HAHOLIbII
e(hexkTUBHOI AJist 1aHOTO BUAY pociuH. Ilepima cxema Bkitodansa 0OpoOKy po3dm-
HOM (yHTinuAHOTO Npenapary Xino3odi. Jpyra cxema mictuina 00poOKy po3unHOM
¢byHrinugy Xopyec.

HaiiBuini 3Ha4eHHs NOKa3HUKA TMPUKUBIIOBAHOCTI OYyJIO BiIMIYEHO 3a TpO-
BEJICHHS CTePHIIi3allii 13 BUKOPUCTAHHAM Npenapary XiHo3on (tadm. 1).

3a 0JJHAKOBUX YMOB IMPHKUBIIIOBAHICTh €KCIUIAHTIB Yepe3 J1Ba THKHI KYyJb-
TUBYBaHHS y CX€Mi 13 BUKOPUCTaHHSM Ipernapary Xopyc Oyna Ha 14,7% MeHIow
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Puc. 1. BBegenns iHiniaJbHUX eKCIVIAHTIB XpU3AHTEMU B KYJBTYPY in vitro

Fig. 1. In vitro culture establishment of chrysanthemum initial explants

Tabmm 1
Ipu:kUBIIOBAHICTD iHIIAJBHUX eKCIVIAHTIB XpU3aHTeMH Ha cepenoBuiti MC
3a BUKOPUCTAHHS Pi3HUX CXeM MOBEPXHEBOI CTepUJIi3amii
Table 1
The survival rate of the Chrysanthemum % Koreanum initial explants on the MS
medium under different surface sterilization conditions

IIpwxusmoBanicTsb, %
Tun crepuizauii 3 no6m 7 ni6 14 1i6
Bi/I moyaTky Bi/l moyaTrky Bi/l moyaTrky
KYJbTHBYBAHHA | KYJIbTHBYBAHHH | KYyJbTHBYBaHHS
Cxema crepumizarii [ 65,4+3.2" 62,2+3.3" 60,4+3,7"
Cxema crepuizariii 11 (koHTpoIIB) 55,5+3,6 52,1+4,1 45,7448

[TpumiTka — *pi3HUIISE 3 KOHTPOJIEM € CTATUCTUYHO J0CTOBiIpHOIO 1pu p<0,05
Note — *the difference with the control is statistically significant at p<0,05

MOPIBHSHO J0 CXEMH 13 po3dMHOM XiHO0301Ty. BidyaspHi criocTepekeHHs ToKa3aly,
10 MPU BHUKOPUCTAHHI mpenapary XiHO30J iHiliadbHI eKCIUIaHTH OyJin 3€JIeHOTO
KOJIbOpY, 0€3 03HaK HEKPO3y.

Takox, HaMu OyJI0 BCTAaHOBJICHO, IO ISl KYJTHTUBYBAaHHS €KCIUIAHTIB XPH-
3aHTEMH Ha IEPBUHHUX eTanax e(eKTHUBHIIIUM Oys10 HamiBpiake cepenosuiie MC.
VY 1poMy BUMAJKY, €KCIUTAHTH 3aBUCATH Y TOBII CEPEOBHUINA, IO JOIMOMOTAJI0
CTBOPIOBATH OUIBIITY IUIONLY XHUBJICHHS — a 1€, Y CBOIO Yepry, MOKpPaIlyBaIo Mpu-
KHUBITIOBAHICTh Ta Tpoitihepartito OpyHbOK (Tad. 2).

Buxopucranns HamiBpinkoro cepenosuimia (0,4% arapy) 3abe3medmio mij-
BUIICHHS MPWKUBIIIOBAHOCTI Ha 9,3%, Ta MpHUCKOpEHHs mpoidepartii ma3yxoBoi
OpyHbku Ha 1,0 mo0Ou. 3aBIsKH JAHOMY YIOCKOHAJICHHIO BJAJIOCS 3pOOUTH MPOIEC
MIKpPOKIJIOHAJILHOTO PO3MHOKEHHSI XpPU3aHTEMH OUTBII €KOHOMIYHO €(EKTHBHHM,
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Tabmuws 2
BBeneHHsi Xxpu3aHTeMHu B KYJBTYPY in vitro Ha cepenouiax MC
Pi3HOI KOHCHCTeHIIT
Table 2
In vitro culture establishment of Chrysanthemum %< Koreanum on the MS
medium of different consistency

Konuenrtpauis arapy [pu:KuBIIOBAHICTD, Iponidepanist 6pyHbKH, 1002
% BiJl IOYATKY KyJ1bTHBYBAHHS**
0,4% (HamiBpiaKe CepeIOBHIIE) 65,0+£3,7° 6,2+0,4"
0, -
0,8% (TBepme cepemoBuUILe 55,7443 7,2+0,3
KOHTPOJIB)

[TpumiTka — * pi3HMIE 3 KOHTPOJIEM € CTATUCTUYHO AOCTOBIpHOIO 1pu p<0,05
** KpalliMU BBa)KaJIM MCHIII 3HAYCHHS MOKa3HUKA

Note — * the difference with the control is statistically significant at p<0,05
** the smaller values were considered as better

OCKUTBKH Kpallla MPYKUBIIOBAHICTh 3a0e3MeuyBaia B MOJAIBIIOMY OTPUMAaHHS
OLTBIIOT KUTBKOCTI CaAMBHOTO MaTepiaily, a MpUCKopeHa Mmpomideparis ma3yXoBUX
OpyHBOK JT03BOJIsTIa €KOHOMHUTH MaTepiajbHi Ta YacoBI BUTPATH IIiJ] 9ac BHUPO-
IIYBaHHS MIKPOKJIOHIB Yy KyJIBTYpaJIbHIM KIMHATI 32 paXyHOK CKOPOUYEHHS CTPOKIB
KyJITHBYBaHHs. 3alPOIIOHOBAHE YIOCKOHAJCHHS € pecypco30epirarouum, Mo Ha
ChOTOJTHI € 0COOIMBO aKTyaJIbHUM.

3 METOI0 OIiHIOBAaHHS TIOTCHIIAly BHWKOPHCTAHHS OakKTepiii Imramy
B. megaterium ONUS500 mis amanTarii MIKpOKJIOHIB XpHU3aHTeMH, Ha 14-Ty Ta
30-Ty 100U BiJl MOMEHTY BHUCAIKH BUPAXOBYBAIH ITPHKUBIIOBAHICTD.

Ha 14-ty 100y npmXuBIIIOBaHICTh MIKPOKJIOHIB TIiJ] 9ac ajarnTaiii 10 yMOB
ex vitro, mo Oynmu iHokyasoBaHi 10° KYO/ma ta 108 KYO/mn 6aktepiii, Oynaa BH-
moro Ha 12,4% ta 11,1%, BiamosigHo (Tabm. 3).

Ha 30-ty no0y anmanramii NpWKHBIIOBAHICTh POCIHH, 1HOKYJTHOBAaHUX
10° KYO/ma ta 10 KYO/mn 6akrepiit, Bigmivanu Ha 20,4% Ta 22,2% OibIIOI0,
HIXK y KOHTPOJIBHIN TPy MIKpPOKJIOHIB. ¥ KOHTPOJIHHOMY BapiaHTi 9acTO CIIOCTE-
piraiy o3HaKy TPUOKOBOTO 3apaskeHHS MIKpOCaKaHIIIB.

Takox, MPOTATOM CIIOCTEPEKEHB 3a MPOLIECOM aanTailii OyJI0 BCTAHOBJICHO,
110 1HOKYJIALIS MIKPOKJIOHIB XpHu3anTeMu Oaxrepisimu B. megaterium ONUS00 mo-
3UTHBHO BIUTMBaJIA HA MOPHOMETPUYHI XapaKTEPUCTUKHN CaKAHIIIB: BUCOTY TIaro-
HY Ta KUIBKICTh BY3JIiB.

Ha puc. 2 moka3aHo picT MiKpOKJIOHIB XpHU3aHTEMHU BiJT IIEPIIIOi 10 TPUALSTOT
00w amarrrari.

Byno BcranoBieHO, 1m0 00pobdka B. megaterium ONUS00 B 000X TOCITITHAX
KOHIICHTPAI[ISIX TOKa3aia MO3WTHBHUHN, CTHMYJIIOBAJIbHUN BIUIMB HA TTOKA3HUKH
BHCOTH TIarOHY y TOPIBHSIHHI 3 KOHTpoJieM. JlaHu# epeKT CyTTeBO 301IbITyBaBCS
13 yacoM: sIKIIo Ha 14-Ty moOy amanTariii iHOKYJIbOBaHI POCIWHU OyJIH BUIIMMH 32
KOHTPOJIBHI, B cepeaHboMy, Ha 0,6 cM, TO Ha OCTaHHIO 70Oy MPOBEICHHS TOCITiTY
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Tabmuns 3
CepenHsi NPU/KMBIIOBAHICTH XPU3aHTEMH MPH eKCIO3H T
3 B. megaterium ONUS500
Table 3
The average survival rate of chrysanthemum after the exposition with
B. megaterium ONUS500

10° 85,7+£2,6"

14 108 83,4+3,3"
Konrtpoinp 63,3+6,2

10° 78,6+4,3"

30 1°8 80,0+5,1°
Kontponb 58,2+8.3

[TpumiTka — *pi3HUIISE 3 KOHTPOJIEM € CTATUCTUYHO J0CTOBiIpHOIO mpu p<0,05
Note — *the difference with the control is statistically significant at p<0,05
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Puc. 2. Bucora Hag3eMHOT YaCTHHH POCJIMH XPU3aHTeMU 3a iHOKYIAUil B. megaterium
ONUS500

Fig. 2. Shoot height of the chrysanthemum microclones after inoculation with
B. megaterium ONUS00
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pi3HUIA y BUCOTI ckinafana Bxe 1,8—1,9 cm. Bapro Bi3HaunTH, 1110 BIUTMB 000X J10-
CJIiTHUX KOHIICHTPAIii 3HAXOUBCSI MPUOIU3HO HA OHOMY PiBHI IPOTITOM YChOTO
Hepiofy CIOCTEPEKEHb.

3Ha4eHHs MOKa3HUKA KITBKOCTI BY3JIiB, SIK 1 CTYIIHb IPOSIBY Pi3HHIII MK 1HO-
KyJbOBaHUMH Ta HEIHOKYJIbOBAaHHUMHU POCIMHAMH, TOCTYIIOBO 3pPOCTAIIH 13 TUIMHOM
yacy (puc. 3).

10
9

KuiskicTs By B

ANNNNNNN G

S
.

1 7 14 30

Yac kynIsTHBYBAHHA, noba

N10*KYO/mn & 10° KYO/mn 2 Kourpons

Puc. 3. KinbkicTh By3.1iB y pOCJIMH XpH3aHTeMH 32 iHOKyasuii B. megaterium ONUS00

Fig. 3. The average node number of the chrysanthemum microclones after inoculation
with B. megaterium ONUS00

IHOKYIAMIST HOCTHiMHUME KOHIEHTparisMu B. megaterium ONUS00 3a6e3-
redyBajia CTaTUCTHYHO OMHAKOBHH eekT Ha (hopMyBaHHS BY3JIiB MIKPOKIOHAMHU
XpHU3aHTeMH: Ha 7-My 100y pi3HHI i3 KOHTposieM ckianana 0,6 Bysna, Ha 14-Ty
—0,9-1,0 By31na, a Ha ocTaHHIO 100y 00poOJIeH] OaKkTepisiMu poCITMHA MayH Bif 2,0
110 2,2 By3I1iB OUTBINE Y TIOPIBHSHHI 3 HSIHOKYJTbOBAHUMH.

BinmosigHo, 3a MicsIb MOCTACENTHYHOI aganTarii iHOKYJIbOBaHI POCIUHU
JIEMOHCTPYBAJIA OUTBITY IMMBUIKICTH POCTY Ta PO3BUTKY, HIXK KOHTPOJBHI (puc. 4).

[impHICTH IHOKYIIALIT HE ITOKa3ajia CyTTEBOTO BIUIMBY Ha MPHKUBITIOBAHICTh
Ta MOp(HOMETpUYHI TIOKa3HUKH Ca/DKAHIIB XPU3aHTEMH — OOWIIBI KOHIICHTpAITii
103 KYO/mi ta 10° KYO/Mi1 IO3UTHBHO BIUTHBAIM Ha MIKPOKJIOHOBaHI POCIHHU 3
OJTHAKOBHM CTYTICHEM 1HTCHCHBHOCTI. MOXKITMBO, TII0 1 MEHIITi KOHIICHTpAIlii iHOKY-
JSITYy MaTUMYTh CXOXKHUH e(eKT, aje aHe MPUITYIIeHHs Oyle MpeaMeTOM HaCTyTI-
HUX TOCIIIKEHD.

HasBHI pe3ynbraT MiaATBEPIMIN Ta TOTOBHIIIN BXKE BiZOMI JTaHi TIPO picCT-
CTUMYITIOBAJIBHUN TTOTEHIIIan Oakrepiit mramy B. megaterium ONUS00. ¥V morre-
penHix podorax Oyio MoKa3aHO 3/aTHICTh IIMX MIKPOOPTaHi3MiB JI0 YTBOPEHHS Oi-
OILTIBOK Ha KOPEHSX MOJCIFHUX POCIIMH Ta CTUMYJIIOBAHHS POCTY POCIIHH TOMATiB
1 consmmauKa [ 1, 7, 9]. Takok, Oyino moka3aHo X MOXJIMBICTh CHHTE3yBAaTH CHIIEPO-
(dbopu Ta BCTAHOBIICHO AaHTATOHICTUYHUH MOTEHITIAN MMPOTH AKX (PiTOMATOTCHIB,
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Puc. 4. Mikpoxaonu xpuzantemu Ha 30-Ty 100y aganramii
3 B. megaterium ONUS00:
nisopyu — inoxynvosani 10° KYO/mn baxmepiil, nocepeouni — inoxynvosani 10° KYO/mn
baxmepitl, Npagopyy — HeiHOKYIbOBAHUL KOHMPOb

Fig. 4. Chrysanthemum microclones on the 30th day of adaptation with B. megaterium
ONU500:
on the left — inoculated with 10° CFU/ml of bacteria, in the center — inoculated with 10° CFU/
ml of bacteria, on the right — uninoculated control

10 MOXe OyTH Ba)XJIMBUM €JIEMEHTOM ITiIBUIICHHS TIPUKUBIIOBAHOCTI MIKPOKIIO-
HIB y IPYHTI ij 4ac aganraniiHoro crpecy [2]. [Ipore, MOXyTh iCHYBaTu TaKoxX i
1HIIII MEXaHI3MU B3a€EMOJIii POCIIHH 13 TAaHUMH OaKTepisiMu, 0 MOTpeOy€e OKPEMHX
MOTTUOICHUX JIOCIIIKEHb.

BcranoBneHo, 1mo crepuitizailis pOCIMHHOTO MaTepiany XpU3aHTeMH IS
BBEJICHHS y KYJIBTYPY i1 Vitro 3 BAKOPHCTAHHSIM PO3UMHY Ipenapary XiHO30J Mij-
BHUII[YBaJa MPHKUBIIOBAHICTh €KCIIAHTIB Ha 14,7%. KynbTUBYBaHHS €KCIUIAHTIB
Ha HamiBpiakomy cepenoumii MC 3 1 mr/n 6-BAIl 3a0e3nedyBano miBUIICHHS
NPWKUBIIOBAHOCTI Ha 9,3% Ta mpuckopeHHs npomidepanii va 1,0 modu y mo-
piBHSIHHI 3 TBepAMM cepefoBuiieM. BcraHoBieHo, mo Oaktepii B. megaterium
ONUS500 y xonnenrpanisx 10° KYO/ma ta 10° KYO/min mo3uTHBHO BIUIMBAIK HA
MIKpPOKIJIOHOBaH1 pPOCIMHU XPHU3aHTEMHU IIiJ Yac aJanTailii 10 yMOB ex Vitro, mij-
BUIIYIOYH PYKHUBIIIOBAHICTh Y IpyHTI Ha 20,4-22,2%, cepenHto Bucory — Ha 1,8—
1,9 oM, KinbKicTh By31iB — Ha 2,0—2,2 By371H y HOPIBHSHHI 3 KOHTPOJIEM ITPOTATOM
MICSIIIS TOCTACENTHYHOI a/IanTarlii.

J5is HayKOBHX Ta KOMEPLIWHUX 010TEXHOJIOTIYHHUX Ja0opaTropiii Ta EeHTPIB
PEKOMEHIOBAHO i1 4ac BBEJICHHS POCIMHHOTO MaTepiany XpU3aHTEMH B KYJIbTYpY
in Vvitro peKOMEHJ0BAaHO BUKOPHCTOBYBATH pO3uMHM (yHTinumy XiHO30J Ui MO-
BEPXHEBOI cTepuIizallii, Ta MPOBOAUTH KyJbTUBYBAHHS 1HIIIaJbHUX €KIIJIAHTIB Ha
HaIMiBPiIKOMY >KUBUIIBHOMY cepenosuli i3 0,4% arapy. Ha eramni ex vitro ananranii
PEKOMEHIOBAHO MMPOBOUTH IHOKYIISIIF0 KOPEHIB MIKPOKJIOHIB OAKTEPisSIMU IITAMY
B. megaterium ONU500 y xonnentparisx 10%-10° KYO/m.
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IMPROVEMENT OF THE CHRYSANTHEMUM X
KOREANUM HORT. CLONAL MICROPROPAGATION
PROCESSES USING BACILLUS MEGATERIUM ONUS00

Summary

The aim of this study was to improve the Chrysanthemum > Koreanum microprop-
agation processes using Bacillus megaterium ONUS500 at the post-aseptic adapta-
tion stage. Methods. At the initial stages of clonal micropropagation, two surface
sterilization protocols with different fungicidal preparations were tested. The in-
fluence of the agar concentration in the medium on the development of explants
was determined. At the ex vitro adaptation stage, the roots of the microclones were
inoculated with bacteria of the strain B. megaterium ONUS500. Results. The most
effective protocol for plant material surface disinfection, which included quinozol
and ethanol, was established. It was determined that the use of Murashige and
Skoog (MS) nutrient medium supplemented with 0.4% agar at the stage of in vitro
culture establishment increased the survival of chrysanthemum initial explants by
9.3% and accelerated proliferation by 1 day. It was found that inoculation of the
chrysanthemum microclone rhizosphere with bacteria had a positive effect on the
growth of adapted plantlets, increasing their survival rate by 20.4—22.2%, shoot
height by 1.8—1.9 cm, and average number of nodes by 2.0-2.2 nodes. Conclusion.
The effectiveness of the use of fungicides for the treatment of chrysanthemum plant
material during in vitro culture establishment and the influence of the consistency
of the nutrient medium on the development of explants were determined, which is
new and relevant for increasing the efficiency of clonal micropropagation of this
plant. Also, experiments on the inoculation of chrysanthemum microclones at the
stage of ex vitro adaptation were carried out for the first time, and the positive ef-
fect of such inoculation on the morphometric characteristics of seedlings and their
survival rate was shown. When establishing chrysanthemum explants in vitro, it
is recommended to use the fungicide quinozol for surface sterilization, and carry
out cultivation in a semi-liquid nutrient medium with 0.4% agar. At the postaseptic
adaptation stage of microclones, it is advisable to inoculate the roots with bacteria
of the strain B. megaterium ONU500 at concentrations of 10°~10° CFU/ml.

Key words: clonal micropropagation, explant, inoculation, Bacillus, adapta-
tion.
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BILIMB KOMBIHOBAHOI
®APMAKOIMMPOPLIAKTUKHU IHOEKIIMHUX
XBOPOBb HA CTAH HIVTYHKOBO-KHIIIKOBOI'O
TPAKTY JIABOPATOPHUX LI{YPIB

Memoro pobomu OYI0 OOCHIOHNCEHHA MOHCAUBOCTI KOMOIHOBAHOI hapmaKkonpo-
Qinaxmuxu iH@eKyitiHux 3aX60P108aHb NPU BUKOPUCAHHI AHMUOIOMUKI8 V 1a60-
PAMOPHUX MEAPUH WTAXOM 3ACIMOCYBANHA KOMIAEKCY Npenapamis, 6KI04aiouu
simaminu ma minepany. Memoou. Excnepumenm euxonanuti na 16-mu wypax
sikom 1,5 micaya: 8 — inmaxmui, 8 — ¢papmaxonpoginaxmura (baiimpin Batiep
10 me/xe; ackopbinosa kucioma 2 e/, posuun entokosu 50 2/n; Yikmonix 1mn/a;
baiikoke 3 mn/n) enpodososc 24 ouis. /[na Oioximiunux 0ocaiodxcens 8UOLIAU Ne-
YiHKY, CU308i 0OONIOHKU WIVHKY, MOHKOL i MOBCMOI KUWKY, ) AKUX SUSHAYATU
NOKA3HUKU 3aNnaleHHs (aKmusHicme enacmaszu ma Kucloi gocgamasu), cman
Hecheyugiunoco aHmumikpobHo2o 3axucmy (aKmusHicmy JNi304UMY), NOKAZHUK
MIKpOOHO20 0bCiMeHinHA (akmuenicmb ypeasu). Pesynomamu. @apmaxonpodi-
JIAKMUKA 30 CXEMOI0 Y CIUZ0BUX 0DOIONKAX MPABHO20 MPAKMY WYPI6 npu3eend 00
niosUwjeHHs MapKepie 3ananieHus (akmuenocmi Kucioi gocpamasu ma enacma-
3U), po38umKy oucoiosy (nioguuyents akmueHocmi ypeasu Ha mii 3MeHUueH s aK-
muenocmi nizoyumy). binbw 3nauni 3minu 3apeecmposano y ciu308itl 00010HYI
moecmoi Kuwiku. B neuinyi ugypie 6cmanosieHo 30i1buieHHs akmueHocmi enacma-
3u, Kucioi gocghamazu ma ypeasu nopsao 3i 3HUNCEHHAM AKMUEBHOCMI TI30YUMY,
WO 6KA3YE HA HAABHICMb 3ANANIeHHS A NOPYWEHHA AHMUMOKCUYHOL Ma anmumi-
KpoOHoi (hynryiti nevinku. Bucnoeok. Jfocnioscenns noxasano Heoocmamuicmo
BUKOPUCTANHS GIMAMIHHO-MIHEPAIbHO20 KOMNIEKCY, ackopOinogoi Kuciomu ma
2NIOKO3U SIK 3AXUCHUX KOMNOHEHMI8 MPagHo20 Mpaxkmy 6i0 He2amusHoi Oii anmu-
biomuxie. Lle ouxmye HeoOXiOHiCMb NOULYKY OiNb eeKmUsHUX NPOMEKMOPHUX
3aco0i8, 30amHux 3anobicamu He2aMUSHUM HACTIOKAM NPUIOMY AHMUOIOMUKIE.

Knwuosi crnosa: wypu, apmakonpoghinakmuxa ingexyiu, anmubiomuxu,
MPABHULL MPAKM, 3andaients, oucoios.

Cy4acHi Opoiiepr MIBUAKO POCTYTh 1 JOCATAIOTh TOBAPHOTO BIKYy Y Bimi 5
THXHIB. AHTHOIOTHKH TTMPOKO BUKOPUCTOBYIOTHCS SIK KOPMOBI T0OOABKH IS Tij-
TPUMaHHS ONTHMAIBHOI IPOAYKTHBHOCTI, SIK CTUMYJISITOPU POCTY Ta JUisi poi-
JaKTUKU 3aXBOPIOBaHb. 332 CTATUCTUKOIO, CIIOKMBAHHS aHTHOIOTUKIB y TBApUHHU-
1TBi ctaHoBwIO B 2010 porti 148 mr/kr st nrwri [11].

3 iHmoro 60Ky aHTHOI0THKHA MOXYTh MaTH SIK IPSIMHUIA HETaTUBHUH BIUIUB Ha
KJIITUHY, TaK 1 OTIOCEPEAKOBAaHUHN — Yepe3 MPUTHIYEHHS HOPMaJIbHOT MiKpOOioTH,
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10 CIIPUYUHSIE PO3BUTOK TUCO103y, SIKUH XapaKTepU3y€EThCS MOPYIICHHIM B3a€MO-
Ii1 IMyHHHX CHCTEM MaKpOOpraHi3My Ta ioro MikpoOHoi cuctemu. bananc kuri-
KOBO1 MiKp0OOi0TH Ma€ BUpIIIaJibHE 3HAUEHHS JUIsI BACOKOTO PiBHS MPOAYKTUBHOCTI
TBapuH, 0COOIMBO B yMOBaxX caHiTapHux mpooiem [10].

BupouryBaHHs ClIBCHKOTOCMOAAPCHKUX TBAPHH B CyYacHUX yMOBaX He-
MOXJIMBE 0€3 BUKOPUCTaHHS aHTHOIOTHKIB. Y BEeTepUHApIi sSIK aHTHOAKTepiaTbHUAN
3aci0 muUpoKo BUKOpUCTOBYeThCs baittpin baiiep (empodmokcamun). Lle cnomyka
3 Tpynu (TOPXIHOJNOHIB, SIKa BUSBISAE CHJIbHY aHTUOIOTHUHY aKTHUBHICTH MPOTH
IPaMIO3UTUBHUX 1 TPAMHETaTUBHUX OAKTEPiil, TOJIOBHUM YMHOM 3aBJISIKU TIPUTHI-
YeHHI0 (hepMeHTaTUBHOI Nii OakTepianbHOI ripa3u Ta Tonoizomepasu V. Bucoka
e(eKTUBHICTh IILOTO Tpenapary Oyjia MpoJEeMOHCTPOBAHA Y JIIKyBaHHI iH(eKiii-
HUX XBOPOO pi3HHMX TBapuH [7].

SIK KOKIUAIOCTaTUK BUKOPHUCTAIOTH 2,5% Tontpaszypun (baiikokc), criektp
JIi1 SIKOTO OXOIUTIOE BC1 BHYTPIIIHBOKIITUHHI CTa/1ii pO3BUTKY, 32 BUHSATKOM OOIIKCT,
st pony Eimeria (E. acervulina, E. brunetti, E. necatrix, E. mitis, E. adenoides,
E. meleagrimitis, E. anceris, E. truncata) i Ma€e CUIbHY aHTUKOKIIMJIHY JTiFO 70 BCIX
BUIIB KOKLIUAI03y Y Kypeid, KpoIiB, TOy0iB, TEIAT Ta STHAT [9].

Haiinommpenimi mo6iuHi edextn eHpodIoKcaay i TONTpasypuity moB’ si-
3aHi 3 KICTKOBOIO, PENPOAYKTUBHOIO, HEPBOBOIO, IMyHHOIO CHUCTEMOIO Ta IILTyH-
KOBO-KHUIIKOBUM TpakToM [12]. Tomy mopsi 3 aHTHOAKTEpiaIbHUMH Tpenapara-
MU TP BUPOILYBAaHHI CLIBCHKOTOCIIOJAPCHKUX TBAPHH BUKOPUCTOBYIOThH BiTa-
MIHHO-MiHEepaibHI KOMIUIEKCH, SKi MOKPAILYIOTh aleTUT, CIPUIIOTh CTIMKOCTI 10
cTpeciB Ta iHPEKIIHHUX 3aXBOPIOBaHb, 3/IHCHIOIOTh ITO3UTUBHUN BIUIMB HAa CTaH
HIKiPHO-BOJIOCSTHOTO TIOKPHUBY Ta OTIEPEHHS y MTaxiB [S].

Kpaie po3ymiHHS MOXKIUBUX 3MiH B IIUTYHKOBO-KHUIITKOBOMY TPAaKTi, IOB'SI-
3aHUX 13 3aCTOCYBaHHSIM aHTHMOAKTEpIiaJIbHUX MpPENapariB, HE JHIIE CIPUITHME
palioHaJIbHOMY BUKOPHCTAHHIO aHTHOIOTHKIB y NMTaxXiBHHIITBI, aje i JOMOMOXKE
y po3po0ii MOTEHIIHHUX NPOQIIAKTUIHUX 3aC001B, TAKUX SIK MPOOIOTUKH, TPedi-
OTHUKH, OpraHiuHi KUCIOTH, edipHi omii, hepMeHTH, iIMyHOCTHMYIsITOPH [6, 8], AIst
BiJTHOBJICHHSI MOYUIMBUX MOPYIIEHb IMiCIsI IXHBOTO 3aCTOCYBaHHSI.

OCKinbKH B JiTEparypi € BiJOMOCTI PO PO3BUTOK 3amasieHHs 1 quc0io3y y
TPaBHOMY TPaKTi TBAPUH IicCIs 3aCTOCYBaHHS aHTUO10THKIB [1, 2, 4], MU BBaXxasu
3a JIOUIJIbHE MEPEBIPUTH EKCIIEPUMEHTAILHO MPOTH3AMAIbHY Ta aHTUAUCOIOTHY-
HY €()EeKTHBHICTh BiZIOMOi y MTaxiBHUITBI KOMOIHOBaHOI (apMakonpoQilakTUKN
1H(pEKIIHHIX 3aXBOPIOBaHb (AHTUOIOTUKHY Y IOEAHAHHI 3 BITaMiHHO-MiHEpaJIbHUM
KoMILIeKcoM). JIJist MOCIiDKeHHST 00pajii IIypiB TOMY, III0 BOHH € JTyXKe J0OpPOI0
MOJICIUTIO JUISl €KCTIEPUMEHTAIbHOT pOOOTH, a 3arajdbHUNl OOMIH PEYOBUH CYTTEBO
HE BIIPI3HSAETHCS BiJl TAKOTO y MTaXiB.

Metow pobGotu Oyno TOCIIIPKEHHS MOMJIHMBOCTI KOMOiHOBaHOI (hapma-
KOMPO(DITAKTHKK 1HQEKIIIHHUX 3aXBOPIOBaHb MPU BUKOPHCTAHHI aHTHOIOTHKIB Y
n1a00paTOPHUX TBAPUH IIJISIXOM 3aCTOCYBaHHS KOMILUIEKCY MTPENapariB, BKIIOYAI0YH
BiTaMiHU Ta MiHEpaJIH.

Marepiayin Ta MmeToaun

Excnepument Bukonanuii y BiBapii OHY imeni I. . MeunukoBa Ha 16-Tn
Oinmux nmabopartopHux mypax 1,5 MicsuHoro Biky macoro 60—85 r. TBapun yTpu-
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MYBaJli B CTaHAAPTHUX YMOBAX CBITJIOBOTO PEKUMY 1 XapuOBOMY PalliOHi BiBapito
yHiBepcutety. Lllypu Oynu BUMagkoBUM 4YMHOM po3AlUIeH] Ha 2 rpynu: 1-a rpymna:
iHTaKTHI TBapuHH (n = 8); 2-a rpyna: Kypc KoMOiHOBaHOI (apMakonpoQiiakTuKu
(n=28).

dapmaxonpodinakTUKy 1HPEKIIHHUX XBOPOO TBapuHAM 2-01 TPy MPOBO-
JIATA BIIPOJIOBXK 24 JTHIB TIO CXEMi, 110 BUKOPUCTYIOTh B ITaXiBHULITBI [S]:

— 7 ni6 Baiirpin Baiiep (enpodnokcamun, TOB «Bayer», Himeuunna) 10 mr/kr;

— 6 ni6 ackop6inoBa kucnora (TOB «YkpBerdiohapm», Ykpaina) 2 1/1 i po3-
yuH oko3u  (ITAT «Dapmak», Ykpaina) 50 r/n nmutHOT Bonu;

— 5 ni6 YikroHik (BiTamiHHO-MiHepanbHuil mpenapar; TOB «IuBecay, [canis)

I M7/ TUTHOT BOAM;

— 6 ni6 Baiikokc 2,5% (xoxmumioctaruk TOB «Bayer», Himeuunna) 3 mu/n

MMATHOI BOAM.

YTpuMaHHS Ta BUBEICHHS TBAPUH 3 €KCIIEPUMEHTY 3/11CHIOBAIOCS Y BiIIO-
BIJTHOCTI JI0 MOJIOXKEHb, BCTAHOBJICHUX J{MPEKTHBOIO €BPOINEHCHKOTO MapIaMeHTy
ta Pagu (2010/63/EU) [Hartung, 2010] Ta Hakazom MiHicTepcTBa OCBITH 1 HayKH,
modoai Ta ciopry Ykpaiau Big 01.03.2012 p. Ne 249 [IIpo 3arBepmkenns [lopsaky
MPOBE/ICHHS HAYKOBHMH yCTaHOBAMU JIOCII/IIB, eKCIIEPUMEHTIB Ha TBapHHAX .

TBapuH BUBOAMIIM 3 €KCIIEPUMEHTY Ha 35 mo0y, To0To yepe3 10 qHiB micis
3aKiHueHHS (hapMakonpo(iTaKTHKH, HUISTXOM TOTaJIbHOTO KPOBOIYCKAHHS 3 CEpILIs
Ii]] TIOTICHTAJIOBUM HapKko30M (40 mr/kr). i1 TOCTiKEeHb BUIIISIIHA TICYIHKY, CITH-
30Bi OOOJIOHKH MUTYHKY, TOHKOI 1 TOBCTOI KUIIKH, Y SIKUX IMPOBOJWINA BH3HAYCHHS
AKTUBHOCTI JIi301MMY (BigOMBa€ CTaH HecTieU(piYHOTO AHTUMIKPOOHOTO 3aXHCTY),
AKTUBHOCTI ypeasu (MOKa3HUK MIKpOOHOTO OOCIMEHIHHS), @ TAKOXK BU3HAYAIIU T10-
Ka3HUKH 3alaJeHHs] — aKTUBHICTh eactas3u Ta kucioi gocdarasu [3]. Cratuctuy-
Hy 0OpOOKy OTpMMaHHMX pe3yJbTaTiB MPOBOAWIN 3 BHKOPHUCTAHHIM t-KPUTEPIIO
CrprofieHTa.

Pe3ysabTaTH Ta iX 00roBOpeHHs

B Tabmuui 1 mpencramieHi pe3ynbTaTd BU3HAYSHHS y CIM30BiH 0OOJIOHII
IUTYHKY TBapuH, 10 OTPUMYBAIH (apMakonpoQuIaKTUKy O CXeMi, MapKepiB 3a-
naJieHHs, MIKpOOHOTO OOCIMEHIHHS Ta MOKa3HUKA aHTUMIKPOOHOTO 3axHcTy. BBe-
JICHHS KOMIUIEKCY BUINE3TaJaHuX MperapaTiB CHPUSIIO 3POCTAHHIO aKTUBHOCTI
emacrtasu Ha 63,6% (p < 0,001) Ta aktuBHOCTI kucnoi gocdarazu — Ha 26,9%
(p <0,05). Crymisb enacTa3Hoi aKTHBHOCTI B1I0OpaXka€ iIHTEHCUBHICTD 3aIlajCHHS
Ta JIECTPYKTUBHUX 3MiH B CiM30Biii o0ononui. Kucna gocdaraza — nizocomanbauii
(bepMeHT, SIKUi MY 3analbHOMY MPOLEC] 1 pyHYBaHHI JTi30COM, BUBLIBHSETHCS Ta
MOIIKO/KY€E KITITUHY. 30UIbIICHHS aKTUBHOCTI KUCIO1 Gocdarazu po3nisgaeTbes
K HecrenuQiuHa 03HaKa 3arajeHHs, 0 CBIIYUTh PO yPaKEHHS IaHOTO OpraHy.
OTtpuMaHi pe3ysbTaT TOBOPATH MPO aKTHBALIIO 3alAJIbHUX MPOIECIB y CIIM30BIN
00OJIOHIII NUTYHKY HIypiB MICJsl MEPOPaIbHOTO 3aCTOCYBaHHS €HPOQIOKCALUHY,
acKOpOiHOBOI KHCJIOTH, TJIFOKO3H, BITAMiHHO-MIHEPAJIILHOTO Tperapary, KOKIU/Ii-
ocraruky (tadm. 1).

Kpim TOro, y cinm3oBiii 00OJOHII WITYHKY EKCIIEPHMEHTAIBHUX TBAapHH
BCTaHOBJICHO 3MCHIICHHS aKTUBHOCTI Ji3ouumy Ha 41,6% (p < 0,005). Lle Bka-
3y€ Ha 3HW)KEHHS PiBHS Hecnenn(iyHOTO aHTUMIKPOOHOTO 3aXUCTY CIIM30BOI 000-
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JIOHKH NUTYHKY MiCJISl MPOBEIEHOr0 JO0CIIAY 1 MOXE CTaTH MPUYMHOK PO3MHO-

KCHHSI YMOBHO-IIaTOT€HHUX OakTepiil. 301IbIICHHsT aKTUBHOCTI ypeas3u Ha 58,1%

(p < 0,05) y cnu3oBiif 000JOHII HUTYHKY HIypiB, SIKI OTPUMYBaIl KOMOIHOBaHY

(dapmakonpodiIaKTUKY, MIATBEPAUIO TOCUICHY KOHTaMIHAIII0 YMOBHO-TIATOT€H-
HOIO MikpoOioToro (Tadm. 1).

Tabmums 1

Moka3znuku 3anajaeHHs Ta AUc0io3y y cau30Biil 000JI0HII ITYHKY 1IYpPiB
nicys koM0iHoBaHOI papmakonpodinakTuxku (M £ m)
Table 1
Indicators of inflammation and dysbiosis in the gastric mucosa of rats
after combined pharmacoprophylaxis (M = m)

I'pynu TBapun
Hoxasmmicu KombinoBana
InTakTHA .
(apmaxonpodisakTuka
AXTHBHICTb €J1aCTa3H, 174,03 £ 11,76
MKKAT/KT 89.87+5,34 p <0,001
AKTUBHICTH KHUCIIOT 51,37 £4,48
¢docdarazn, MKKaT/Kr 40,47+ 1,83 p<0,05
AKTHUBHICTb ypeasH, 0,555 + 0,071 0,872 + 0,052
MKKAT/KT p <0,05
AKTHUBHICTB J1i301IUMY, 0,007 £+ 0,001
o/ 0,012 £ 0,001 p < 0,005

[Tpumitka: p — TOCTOBIPHICTH MO BIHOIIEHHIO J0 MOKAa3HUKIB IHTAKTHOI TPYIIH.
Note: p — the reliability of the discrepancy of indicators compared to the intact group.

3a pesynbTaraMM BU3HAUYCHHS ITOKA3HHWKIB Yy CIH30Bil OOOJIOHIII TOHKOT
KHIIIKH [TypiB, 1[0 HABEJCHO y TaOnwiIi 2, 3apeecTpoBaHO 301IbIIIEHHS aKTUBHOCTI
enacta3u Ha 85,7% (p < 0,001) y mrypsr, ssKUM IpoBOAMIN (hapMakorpopiIaKTu-
Ky. Crioctepiraiocsi TakoX JOCTOBIpHE 30UIBIICHHS JIPYTOro MapKepa 3armajieHHs
— kucnoi ¢ocdarazu, akTUBHICTH K01 3pocna Ha 54,8% ( p < 0,002), mo nopsia
3 aKTUBAIIIEIO €JTACTa3M CBIAYUTH MPO HASBHICTh 3aMaJICHHS B CIM30BiH 00OJIOHIII
TOHKOT KHIITKY TIyPSAT MiCIIsi 3aCTOCYBaHHS KOMOiIHOBaHO1 (papmMakonpodilakTHKH.

AKTHUBHICTh J30ITUMY Y CIIM30Bil OOOJIOHIII TOHKOi KHIIKH HIypsAT 2-01
rpynu 3au3miaacs Ha 61,1% (p < 0,005), 1o Bka3ye Ha CyTTEBE 3HM)KEHHS HECIe-
M(}IYHOTO AaHTUMIKPOOHOTO 3aXUCTy Y IIbOMY O1OTOMI Tij] BIUTMBOM IpenapariB
(tabmn. 2). Haciinkom goro OyIto miJIBUIIIEHHS] aKTUBHOCTI ypeasu Ha 69,0% (Tabu. 2,
p <0,05). Orpumani naHi CBiq49aTh Mpo MOCUIICHHSI MIKPOOHOTO 0OCIMEHIHHS CITH-
30BO1 OOOJIOHKM TOHKOi KHIIIKM TBApWH TICJIS MPOBEIEHHST KOMOiHOBaHOI (hapma-
KOTIPO(1ITaKTHKH, @ caMe 3aCTOCYBaHHS €HPO(IIOKCAIIMHY, aCKOPOIHOBOI KHCIIOTH,
IJTIOKO3H, BITaAMiHHO-MiHEpaJIBHOTO TIperapary, KOKIIUII0CTaTHKY.

B romorenarax cin30Boi 000JIOHKH TOBCTOT KHIIKH LIyPST IICIS 3aCTOCY-
BaHHs KOMOiHOBaHO1 (papmakonpodimakTuku (Tadin. 3) crocrepiraiu 301UIbIIEHHS
MPOTEOJITUIHOT aKTUBHOCTI enacta3u y 2,9 paszu (p < 0,001) Ta akTHBHOCTI KUCIIOT
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Tabmuws 2
Iokxa3Hnku 3anajieHHs Ta AUc0io3y y c1u30Bii 000JI0HI TOHKOI KMIIIKH IIypiB
nicJs1 koMOiHOBaHOI papmakonpodinakTuxu (M £ m)
Table 2
Indicators of inflammation and dysbiosis in the mucous membrane of the small
intestine of rats after combined pharmacoprophylaxis (M + m)

I'pynu TBapun

Hoxasuuicu I Komo6inoBana
HraKTha dapmakonpodinakruka
AKTHUBHICTG €JIacTa3H, 899.82 + 93,20 1670, 80 + 136,50

MKKaT/KT p <0,001

AKTHBHICTb KHCIIOT 43,80 = 3,50
(hocdarasn, MKKaT/Kr 28,30+2.33 p <0,002

AKTUBHICTP ypeasu, 0.100 = 0.012 0,169 + 0,017
MKKaT/KT > ’ p <0,05

. . 0,077 £ 0,013
AKTHUBHICTB Ji301UMY, OfI/T 0,198 +£0,032 p < 0,005

IIprmiTKa: p — JOCTOBIPHICT TIO BiJHOIICHHIO /IO TOKA3HUKIB iHTAKTHOI TPYITH.
Note: p — the reliability of the discrepancy of indicators compared to the intact group.

docdarazu —na 43,4% (p < 0,005). AKTUBHICTb ypeas3u y CIU30Bii 000JIOHIII TOB-
CTOI KHUIIKHM €KCIIEpUMEHTAJIbHOI TPy TBapuH 30uibmiacs Ha 60,9% (tabm. 3,
p <0,001) momo 3HaYeHb iHTAKTHUX TBapHH. Lle Moke OyTH HACTIAKOM CYyTTEBOTO
3HIDKEHHST aKTUBHOCTI JII30LUMY Y ITYPST MICJISI BBEICHHS MPenapaTiB KOMILJIEKCY.
[Toka3HUK aHTUMIKPOOHOTO 3aXUCTY 3HU3MBCS y 5,8 pa3iB BIIHOCHO 3HAYEHb Y iH-
TakTHii rpyni TBapuH (p < 0,001).

Pesynbratn Bu3HaueHHs O10XIMIYHMX MapKepiB Yy MEYiHIN IIypiB MICis 3a-
CTOCyBaHHSI KOMOiHOBaHOi (hapMakonpoiJakTUKA HaBeneHi y Ttabmuii 4. Sk
BUJTHO 3 JAHUX ITi€1 TaOIHII, y IIypAT, Ki OTPUMYBAIH KOMILJIEKC aHTHOIOTHKIB,
BiTaMiHIB Ta MiHepasiB, OyB JTOCTOBIPHO MiJABHINECHUN PiBEHH 000X MapKepiB 3a-
najeHas. Tak, B MeUiHIl 3pocia aKTHBHICTH enactasu — Ha 21,6% (p < 0,02), a
aKTUBHICTh KHCIO1 ocdarasu nmepeBulyBaia MOKa3HUK y IHTAKTHUX TBAapUH Ha
24,5% (p < 0,001), mo Bka3ye Ha yIIKOMKEHHS Ta PyHHYBaHHS I'€lIaTOLUTIB TBA-
PUH Ha TJ1i 3aCTOCYBaHHs KOMOIHOBaHOI cxeMu papMakonpo(iTakTHKU. 30UTbIICH-
Hs1 aKTUBHOCTI ypea3u y 2,1 pasu (p < 0,001) y medinti mrypiB miciist 3aCTOCYBaHHS
KOMOIHOBaHOI (papMakompOPiIAKTHKN CBITIUTH TIPO MOPYIICHHS aHTUTOKCHYHOT
¢byHkii newinku. [Tops i3 po3BUTKOM 3aNaIbHUX 1 TOKCHYHUX MPOIIECIB Y MEYiHIT
IIypiB BUKOpUCTaHHS (papmakorpodilakTUKK 1HYKYBaJlo 3HIKEHHS Hecrienudid-
HOTO aHTUMIKPOOHOTO 3aXHMCTY, PO IO TOBOPUTH MAMIHHS aKTUBHOCTI JII30LUMY
Ha 51,7% (p <0,001) y nedinui TBapuH Mmicis NPUHOMY IpenapaTiB KOMILIEKCY.

Takum yuHOM, B pe3yibTaTi MpoBeNeHHs 010XIMIYHUX AOCIIIPKEHb TediH-
KU Ta CIM30BUX OOOJIOHOK IITYHKOBO-KHIIKOBOTO TPAKTy OYyIIO BCTAHOBICHO, IO
nepopasibHe BBEJCHH KOMOiIHOBaHOT cxeMu (papmakonpoditakTuku (€eHpodiokca-
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Tabmuns 3
Ioxa3Hnku 3anajieHHs Ta AUc0io3y y cJIHU30Bii 000JI0HII TOBCTOI KHIIKH IYPiB

nicys koM0iHoBaHOI papmakonpodinakTuxku (M £ m)
Table 3

Indicators of inflammation and dysbiosis in the mucous membrane of the large
intestine of rats after combined pharmacoprophylaxis (M = m)

I'pynu TBapun
Hoxasnukn KombinoBana
InrakTHA R
(apmaxonpodinakTuka
AKTHUBHICTb €J1acTasu, 531,27 £ 32,89
HKaT/KT 185,27+ 13,40 p <0,001
AKTHUBHICTb KHCIIOT 48,40 £ 0,90
¢docdarasu, MKKaT/Kr 33,76 +4,34 p < 0,005
AKTUBHICTP ypeasH, 3,91+0,23
MKKaT/KT 1,53+0,13 p <0,001
AKTHUBHICTB Ji301IUMY, 0,009 £ 0,001
on/r 0,052 £ 0,008 p < 0,001

[IpumiTka: p — ZOCTOBIPHICTH pO301KHOCTI TOKA3HUKIB MOPIBHAHO 3 IHTAKTHOIO TPYIIOIO.
Note: p — the reliability of the discrepancy of indicators compared to the intact group.

Tabmuws 4

Ioxa3HnKkH 3anmajieHHs Ta TOKCHKO3Y Yy MeviHLi mypiB micjisi KoOMOiHOBaHOI
(papmaxonpoginaktuxu (M + m)
Table 4

Indicators of inflammation and toxicosis in the liver of rats after combined
pharmacoprophylaxis (M £+ m)

I'pynu TBapun
Hoxasnukn Komo6inoBana
InTakTHA .
dhapmaxonpoditakruka
AKTHUBHICTb €J1acTasu, 363,20 + 26,02 441,53+ 19,17
MKKAT/KT p <0,02
AKTUBHICTb KHCIIOT 212,40+ 7,78
(docdarazn, MKKaT/KT 170,58 +7.66 p <0,001
AKTUBHICTB ypeasH, 0,332 £ 0,024
MKKAT/KT 0,158 £0,013 p <0,001
AKTHUBHICTB JTi301IUMY, 0,029 £ 0,001
on/r 0,060 +0,003 p < 0,001

[TpumiTka. p — OCTOBIPHICTH PO301KHOCTI MMOKA3HUKIB IIOPIBHIHO 3 IHTAKTHOIO TPYTIO0.
Note: p — the reliability of the discrepancy of indicators compared to the intact group.
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IIMH, aCKOPOIHOBA KKCIIOTA, IIIOK03a, KOMIICKCHUI BiTaMIHHO-MiHEpaIbHUI TIpe-
napar, KOKIHII0CTaTHK ) IPOBOKYE TN Psiji HOPYIICHD Y IITYHKOBO-KHITKOBOMY
TPAKTi JOCIIIHUX TBAPHUH — PyHHYBaHHS KIITHHHUX MEMOpaH, PO3BUTOK 3aralieH-
Hs 1 11c0103y, 10 BiI0OYBAETHCSA BHACIIIOK 3HIKEHHS aHTUMIKPOOHOTO 3aXHUCTY.

BusiBneni mopyuieHHs B IIUTYHKOBO-KHIIIKOBOMY TPAKTi TBAPHH, SIKI OTPUMY-
BaJIM aHTUOIOTHKH B TIOEJHAHHI 3 BITAMIHAMU 1 MIKpOEJIEMEHTaMH, HE MOXKYTh HE
BIUTMHYTH Ha 3J]aTHICTh CIU30BUX OOOJOHOK TPABHOTO TPAKTy MOBHOIIHHO 3iHC-
HIOBATH MEPETPaBIICHHS, TiJPOJIi3 1 BCMOKTYBaHHS HyTpieHTiB. OTpUMaHi pe3yib-
TaTH TIOKa3aJli HEJIOCTATHICTh BUKOPUCTAHHS BITAMIHHO-MiHEPAJIbHOTO KOMILIEK-
CY, aCKOPOIHOBOT KMCJIOTH Ta TNIFOKO3H SIK 3aXMCHUX KOMIIOHEHTIB IITyHKOBO-KHIII-
KOBOTO TPaKTy BiJ HeraTuBHOI Aii aHTHOIOTHKIB. ToMy, pe3yabTaTH HAIIOTO J0-
CJIIJKEHHS! TUKTYIOTh HEOOXiTHICTh MOUIYKY OuIbII €(heKTUBHUX MPOTEKTOPHHUX
3ac00iB, 31aTHHX 3ar100iraTy HETAaTUBHUM HACIIIKaM IIPUIOMY aHTUO10THKIB: pO3-
JaiaM y TpaBHOMY TPaKTi Ta MOPYLICHHIO (DYHKIIIT EUiHKH.

BBenenns koMOiHOBaHOI (papMakonpoIaKTUKKA MOJIOIUM IypaM IMpH3Be-
JI0 0 TMiJBUIICHHS MapKepiB 3alajeHHs y CIM30BHX OOOJIOHKAX TPAaBHOTO TPAK-
Ty: aKTUBHOCTI Kucoi pocdarazu — Ha 26,9-54,8%, enacrazu — Ha 63,6—186,8%.
Binbi 3Ha4HI 3MiHU 3apEECTPOBAHO Y CIU30Bii 000JIOHIII TOBCTOI KHUIITKH.

[lepopanbHe 3acTOCyBaHHS €HPOQIOKCALNHY, ACKOPOIHOBOI KHCIIOTH, TIIHO-
KO3H, BITaMiHHO-MIHEPAJILHOTO Iperapary, KOKIUAI0CTaTUKY BUKIUKAIO Y CIH-
30BUX OOOJIOHKaX MUTYHKOBO-KHIIKOBOTO TPAKTy ILIYPiB IiJBUIICHHS aKTUBHOC-
Ti ypea3u y cepeHboMy Ha 62,7% Ha T 3MEHIIEHHS aKTMBHOCTI JIi30IIMMY Ha
41,6-82,7% (0co0auBO B CIIM30BIM 00OJIOHIII TOBCTOI KHIIKH), III0 TOBOPUTH PO
PO3BUTOK THUCOI03Y.

B neuinmi nrypiB mpoBeACHHST KOMIUIEKCHOT apMakonpodilakTuKu iH}eK-
il CrpHsuTo 30UTBIIEHHIO aKTHMBHOCTI enacTtasu Ha 21,6%, kucnoi ¢ocdarazu —
Ha 24,5% Ta ypeaszu — Ha 110,1% mopsn 31 3HIKEHHSIM aKTHBHOCTI JI30IIMMY Ha
51,7%, 1m0 BKa3ye Ha HAsSBHICTh 3allaJICHHS Ta MOPYIICHHS! aHTUTOKCHMYHOI Ta aH-
TUMIKPOOHOT (PYHKIIIH MEYIHKH.

B.M. Galkin, T.V. Hladkii, N.A. Kyrylenko

Odesa L.I. Mechnikov National University,
2, Dvoryanska Str., Odesa, 65082, Ukraine
e-mail: bgalkin@ukr.net, hladky@onu.edu.ua, kiril-ko@ukr.net

INFLUENCE OF COMBINED
PHARMACOPROPHYLAXIS OF INFECTIOUS
DISEASES ON THE CONDITION OF THE
GASTROINTESTINAL TRACT OF LABORATORY RATS

Summary

The aim of the work was studying the possibility of combined pharmacoprophy-
laxis of infectious diseases during the use of antibiotics in laboratory animals
by applying a complex of medicines, including vitamins and minerals. Methods.
The experiment was performed on 16 rats aged 1.5 months: 8 — intact, 8 — phar-
macoprophylaxis (Baytril Bayer 10 mg/kg, ascorbic acid 2 g/l; glucose solution
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50 g/l; Chiktonic 1 ml/l; Baycox 3 ml/l) within 24 days. For biochemical studies,
the liver, mucous membranes of the stomach, small and large intestine were iso-
lated, in which indicators of inflammation (activity of elastase and acid phos-
phatase), the state of non-specific antimicrobial protection (activity of lysozyme),
indicator of microbial insemination (activity of urease) were determined. Results.
Pharmacoprophylaxis according to the scheme in the mucous membranes of the
digestive tract of rats led to an increase in markers of inflammation (activity of
acid phosphatase and elastase), development of dysbiosis (increase in urease ac-
tivity against the background of decrease in lysozyme activity). More significant
changes were registered in the mucous membrane of the large intestine. In the
liver of rats, an increase in the activity of elastase, acid phosphatase and urease
was established along with decrease in the activity of lysozyme, which indicates
the presence of inflammation and a violation of the antitoxic and antimicrobial
functions of the liver. Conclusion. The study showed the insufficiency of the use
of vitamin-mineral complex, ascorbic acid and glucose as protective components
of the digestive tract against the negative effects of antibiotics. This dictates the
need to find more effective protective agents, capable of preventing the negative
effects of antibiotics.

Key words: rats, pharmacoprevention of infections, antibiotics, digestive tract,
inflammation, dysbiosis.
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MORPHOLOGICAL CHARACTERISTICS
AND CYTOTOXIC ACTIVITY OF THE BLACK SEA
STRAIN STREPTOMYCES SP. LIM 10

Aim. The aim of the work was to study the morphological characteristics and
cytotoxic activity of the strain of actinobacteria Streptomyces sp. Lim 10 isolated
from natural fouling of shell rock in the Odesa Bay of the Black Sea. Materi-
als and methods. The object of the study was a strain of marine actinobacteria
Streptomyces sp. Lim 10. The morphology and growth patterns were studied on
the media of Gauze 2, Czapek, Eshbi, TSB and on the media of ISP (ISP-1-ISP-
7). SG medium was used to accumulate secondary metabolites of actinobacteria.
Extraction of exometabolites from the culture liquid was carried out with ethyl ac-
etate followed by dissolution in dimethyl sulfoxide (DMSO). The cytotoxic activity
of exometabolites of actinobacteria strain Streptomyces sp. Lim 10 was studied on
the model of cultures cells human - rhabdomyosarcoma (RD,) and of the laryngeal
adenocarcinoma (Hep-2). The cytotoxic effect of exometabolites of the actinobac-
teria strain Streptomyces sp. Lim 10 was determined after 24 hours of incubation
by microscopy. The degree of destruction of the monolayer was assessed by the
number of viable cells in terms of optical density, which was measured using a
spectrophotometer at a wavelength of 630 nm. The exometabolites of actinobac-
teria strain Streptomyces sp. Lim 10 were identified using LC-ESIMS. Results.
Study of the morphological properties of the Black Sea strain of actinobacteria
Lim 10 showed that it is characterized by pleomorphism. A high cytotoxic activity
of exometabolites of the marine strain of actinobacteria Streptomyces sp. Lim 10
was established. The level of cytotoxic effect of metabolites of the strain of actino-
bacteria Streptomyces sp. Lim 10 on Hep-2 cell culture depended on their concen-
tration. RD cell culture was more sensitive to the cytotoxic effect of exometabolites
of Streptomyces sp. Lim 10 — at all tested concentrations of exometabolites (from
2.5 to 500.0 ug/ml), the number of viable cells in the RD monolayer decreased to
51.3+3.0—63.7 + 5.4%, compared to the control. This can be at least partially
explained by action of apoptosis-inducing agent staurosporine, which is produced
by strain Streptomyces sp. Lim 10 along with itsstructural homologs. Conclusion.
Strain Streptomyces sp. Lim 10 is a promising producer of antitumor compounds
and can be recommended for further more in-depth studies.

Key words: Streptomyces, Black Sea, morphological characteristics, exome-
tabolites, cytotoxic activity.
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Introduction. Actinobacteria are a widespread group of microorganisms in
natural ecosystems that have been used as a source of material to search for useful
secondary metabolites with antibiotic activity [2, 8].

Actinobacteria inhabit soils, and fresh and seawater bodies. Marine actino-
bacteria were first discovered in 1984. Since then, many representative species of
marine actinobacteria have been found in aquatic systems around the world, and
some species are very common in the world's oceans.

Today, marine actinobacteria are of active academic and commercial interest,
as they live in a unique environment that facilitates the synthesis of new biological-
ly active metabolites [3, 4, 12].

Actinobacteria are considered as one of the most important sources of biolog-
ically active compounds for the pharmaceutical industry, currently more than 5000
secondary metabolites with antibiotic activity have been identified.

According to some predictions, actinobacteria can produce up to 150000 dif-
ferent chemical antimicrobial agents [11, 13].

Secondary metabolites of actinobacteria differ in their various biological ac-
tivities. Among actinobacteria, the genus Streptomyces deserves special attention,
since this genus is the main source of bioactive molecules, bacteria of each strain
are potentially able to produce up to 20 secondary metabolites with antimicrobial,
antitumor, or anti-inflammatory activity [7, 9].

They are producers of biologically active substances that are actively used in
the pharmaceutical industry, including antibiotics, exopolysaccharides, surfactants,
antiviral, cytotoxic agents and enzyme inhibitors.

Marine strains of the genus Streptomyces are characterized as the most im-
portant producers of bioactive microbial metabolites with antitumor activity. For
example, two rare steroidal alkaloids, anandin A and B, were identified in the ma-
rine actinobacteria Streptomyces anandii H41-59. Anandin A exhibited an inhibito-
ry effect against the human mammary ductal adenocarcinoma cell line MCF-7, the
human glioblastoma cell line SF-268, and the human lung epithelial carcinoma cell
line NCI-H460 with IC50 values of 7.5, 7.9, 7.8 ug/mL, respectively [14].

Four new sesquiterpenoid naphthoquinones, marfuraquinocins A-D (1-4),
and two new geranylated phenazines, phenaziterpenes A (5) and B (6), were isolat-
ed from the fermentation broth of Streptomyces niveus SCSIO 3406, which origi-
nated from a South China Sea sediment sample obtained from a depth of 3536 m.
In a panel of cytotoxicity and antibacterial assays, 1 and 3 were found to inhibit a
NCI-H460 cancer cell line with IC50 values of 3.7 and 4.4 uM, respectively.

Compounds 1, 3, and 4 exhibited antibacterial activities against Staphylo-
coccus aureus ATCC 29213 with equivalent MIC values of 8.0 pg/mL; compounds
3 and 4 each showed antibacterial activity against methicillin-resistant (MRSE)
Staphylococcus epidermidis shhs-E1 with MIC values of 8.0 pg/mL [15].

Thus, marine strains of bacteria of the genus Streptomyces are characterized
as major producers of bioactive microbial metabolites with antitumor activity.

The aim of the work was to study the morphological characteristics and cyto-
toxic activity of the strain of actinobacteria Streptomyces sp. Lim 10 isolated from
natural fouling of shell rock in the Odesa Bay of the Black Sea.
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Materials and methods. The object of the study was a strain of marine bac-
teria Streptomyces sp. Lim 10, which is stored in the collection of microorgan-
isms of the Department of Microbiology, Virology and Biotechnology of Odesa
L. I. Mechnikov National University. Isolated from the fouling of natural shell rock
collected at a depth of 0.2—1.0 m in the Odesa Bay of the Black Sea near the Hyd-
robiological Station of Odesa I. I. Mechnikov National University (Odesa, Ukraine,
46°27°01 N 30°46 14 E).

Nutrient media such as Gausse 2, Chapek, and Eshby were used to isolate
actinobacteria [ 1]. The morphology and growth patterns were studied on the media
of Gauze 2, Czapek, Eshbi, TSB, and on the media of ISP (ISP-1-ISP-7), according
to the International Project of Streptomyces (ISP), during 14-21 days at 28 °C.

Synthesis of melanoid pigments was studied on ISP-6 and ISP-7 media by
cultivating Streptomyces sp. Lim 10 for 14-21 days at 28 °C. Cell morphology
was studied by microscopy of fixed preparations stained with a water solution of
Pfeiffer's fuchsin (light microscope, x1500).

To obtain exometabolites, the studied strain of actinobacteria were grown in
500 ml flasks with glass balls on SG medium (Soy Glucose Broth: glucose — 20.0;
yeast extract — 5.0; soy peptone — 10.0; calcium carbonate — 2.0 g/L) at 28 °C by
culturing on a rotary shaker for 7 days at 180 rpm.

The cell mass of actinobacteria was separated by centrifugation at 10,000 g
for 10 minutes. Exometabolites were extracted from the culture liquid with ethyl
acetate in an equal ratio on a horizontal shaker with gentle agitation for 2 hours at
room temperature [11].

The extract was taken using a 250 ml separatory funnel and ethyl acetate was
evaporated at 40 °C in a stream of gaseous nitrogen. The mass of the dried extract
was determined on an analytical balance and dissolved in an appropriate volume of
dimethyl sulfoxide (DMSO). Working solutions of exometabolites were prepared
with the applied nutrient medium for cell cultures.

The cytotoxic activity of exometabolites a strain of marine bacteria Strepto-
myces sp. Lim 10 was studied on the model of a monolayer of cultures of malignant
cells of human — human rhabdomyosarcoma (RD) and of the human laryngeal ad-
enocarcinoma (Hep-2), maintained in the museum collection of the Department of
Microbiology, Virology and Biotechnology of the Odesa I. I. Mechnikov National
University.

Cultures of Hep-2 and RD cells were seeded in 96-well plates with 100 pl of
DMEM medium (BioWest, France) with the addition of antibiotics penicillin and
streptomycin at a concentration of 100 U/ml, fetal bovine serum (FBS Premium)
(BioWest, France) in the amount 10%. The seed concentration of cells is 4x10*
cells/ml. Cell cultures were incubated at 36 °C in a CCL-050T-8 CO, incubator for
24 hours [5].

Then exometabolites of strain Streptomyces sp. Lim 10 were added to each
well at a concentration of: 2.5; 25.0; 50.0; 100.0; 250.0; 500.0 pug/ml of dried native
extract. Controls were intact cell cultures in DMEM medium and cell cultures in
DMEM medium with the addition of DMSO in the following concentrations of 0.5;
0.25; 0.1; 0.05; 0.025; 0.0025%.
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After 24 h the cells were fixed by adding 100 ul of 70% ethanol to the wells.
Incubated for 15 min at a temperature of 20 °C. Then the ethanol was removed from
the plates and added 100 pl of methylene blue dye. Incubated for 15 min at room
temperature. Then the plates were washed three times with tap water to remove the
dye, incubated for 2 h at 37 °C.

The dye was eluted from the cells of the monolayer by adding 100 pl of
0.1 mol/L HCI to each plate well, and incubated for 5 min at room temperature [5].

The cytotoxic effect of exometabolites of the strain of marine actinobacteria
Lim 10 was determined after 24 hours of incubation. Morphological changes of
cells were determined by microscopy of the cell monolayer. The degree of destruc-
tion of the monolayer was assessed by the number of viable cells in terms of optical
density (OD), which was measured using a spectrophotometer for microplates at a
wavelength of 630 nm.

The composition of exometabolites of the marine strain Lim 10 was deter-
mined on a ThermoFischer Dionex UltiMate™ 3000 BioRS UPLC system con-
nected to a Bruker Daltonics maXis II mass spectrometer (4G hr-ToF) A Waters
BEH C18 column (100 mm x 2.1 mm, 1.7 um) was used ) at a temperature of 45 °C
and a flow rate of 0,5 ml/min.

The following solvents were used: A — formic acid at a concentration of 0.1%;
B — 100:20 acetonitrile + formic acid at 0.1%.

Detection took place in the range of 150-2000 m/z and 200—600 nm.

The exometabolites of strain Streptomyces sp. Lim 10 were identified using
the electronic version of the Dictionary of Natural Products [6].

Mathematical processing of the results was carried out using Microsoft Of-
fice Excel-2016. The significance of differences between the mean values was de-
termined by Student's t-test at a significance level of 95% (p<0.05).

Results. When actinobacteria strain Streptomyces sp. Lim 10 were inoculat-
ed on the dense medium of Gauze 2, Eshby, individual large colonies grew after 5
days.

On Gauze 2 medium, after 5 days of cultivation, the bacteria of this strain
formed colonies with developed white aerial mycelium. It was well removable with

Fig. 1. Morphology of Streptomyces sp. Lim 10 strain colonies on Gauze
2 nutrient medium. Exposure for 5 days
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Similar colonies of bacteria of the strain were formed on Eshby's medium; on
this medium, the aerial mycelium was cream-colored.

Strain Streptomyces sp. Lim 10 on agarized nutrient media (Gauze 2, Eshby,
Chapek) produced a dark brown water-soluble pigment that diffused into the me-
dium.

During the cultivation of actinobacteria strain Streptomyces sp. Lim 10 on
TSB liquid nutrient medium, the most active production of water-soluble dark
brown pigment was observed (Fig. 2).

[

Fig. 2. Accumulation of water-soluble dark brown pigment during cultivation of strain
Streptomyces sp. Lim 10 on liquid TSB nutrient medium. Exposure 10 days

At the same time, the bacteria of the strain did not synthesize melanoid pig-
ments, the ability to synthesize which was determined on media ISP-6 and ISP-7.

The bacteria of the strain grew well on all ISP media, which differ in the
composition of nutrients and trace elements.

Various forms of actinobacteria Streptomyces sp. were observed in the prepa-
rations. Lim 10: from filiform to cocci (Fig. 3).
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Fig. 3. Cell morphology of actinobacteria strain Streptomyces sp. Lim 10. A — filamentous
cells; B — rods and cocci. Bright-field microscopy, Pfeiffer magenta stain (x1500)
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Cells were mostly represented by short rods of small size, which were ar-
ranged singly, in pairs in chains, V-shaped, chaotic. Long filamentous cells were
also detected, and some cells had a fragmented coccoid shape.

The marine strain of actinobacteria Streptomyces sp. Lim 10 is characterized
by pleomorphism and intraspecific variability that are characteristic of actinobac-
teria. Based on the study of biological properties, the marine strain Lim 10 was
confirmed to belong to the genus Streptomyces.

On the model of cultures of human malignant cells — connective tissue - hu-
man rhabdomyosarcoma RD and glandular epithelium cells — adenocarcinoma of
the human larynx Hep-2, a high cytotoxic activity of exometabolites of the marine
strain of Streptomyces sp. Lim 10 in a concentration from 250.0 to 500.0 pg/ml

(Fig. 4).
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Fig. 4. Cytotoxic effect of exometabolites of actinobacteria Streptomyces sp. Lim 10 on the
viability of cells in a monolayer of Hep-2 and RD cultures according to the OD indicator,
%* (exposure for 24 hours)

Note: *in percentage of viable cells to control with DMSO

After 24 hours of exposure, morphological changes were detected in tumor
cultures of human Hep-2 and RD cells - rounding of cells, vacuolization of the cy-
toplasm, shrinkage and pyknosis of the nucleus, and destruction of the monolayer
(Fig. 5).

The level of cytotoxic effect on Hep-2 cell cultures depended on the con-
centration of exometabolites of Streptomyces sp. Lim 10. There was a high level
of cytotoxicity at concentrations of exometabolites from 50.0 to 500.0 pg/ml — the
number of viable cells in the Hep-2 monolayer decreased to 56.5 + 3.3 — 60.5 +
1.9%, compared to the control DMSO. A weak cytotoxic effect in the culture of
Hep-2 cells was registered for the concentration of exometabolites of Streptomyces
sp. Lim 10. In concentration range from 2.5 to 25.0 pg/ml — the number of viable
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cells in the monolayer decreased to 89.7 + 2.4 — 77.4 + 3.0%, compared to the
DMSO control.

RD cell culture was more sensitive to the cytotoxic effect of exometabolites
of Streptomyces sp. Lim 10 — at all tested concentrations of exometabolites (from
2.5 to 500.0 pg/ml), the number of viable cells in the RD culture monolayer de-
creased to 51.3 £ 3.0 — 63.7 + 5.4%, compared to the control DMSO.

In the metabolome of strain Streptomyces sp. Lim10, the only anticancer
compound revealed was N- formylstaurosporine, and in the second - in addition
to staurosporine itself, its derivatives: staurosporinone, 4'-demethylamino-4',5'-di-
hydroxystaurosporine, TAN 1030A 4'-De(hydroxyimino) 4'-oxo (or its 3'-epimer),
and N13-glycosylated staurosporine derivative with an unidentified hydrocarbon
radical (possibly a-L-rhamnopyranose) (Fig. 6).

¢ 7

¥ ' CL 2
@&éfﬁ%&lh

Hep-2 cell culture, control
(with the DMSO at a concentration
of 0.1%)

The influence of exametabolites of
Streptomyces sp. Lim 10 at a concentration
0f 500.0 pg/ml on Hep-2 cell culture

Fig. 5. Morphological changes of cells and destruction of a monolayer of transplantable
culture of Hep-2 human laryngeal adenocarcinoma cells under the influence
of exometabolites of Streptomyces sp. Lim 10 in concentration 500.0 pg/ml. Exposure
24 hours. (10x10, Zeiss AxioScope A1, Zeiss Axiocam 503; Zen 2.0)

72101 4583710
5_BAS_01.21975.d e 5_BAS_01_21975.d 45253602
467.2101 m/z T T 4581710 m/z
2503679 cnts 5_3A5_01_2!!. 9754 1101741 cnts % BAS 01 21975.d |
10000 % A121120 e 10000 % 521602 iz
338.1278 445959 cnts 7
100.00 % 406384 cnts
100.00 %
296.2221
i |
500 L 450 500 | sn.lms
A 300 350 C 400 500 600

Fig. 6. Chosen ESI-MS mass-spectra for staurosporine and its homologs in positive
ionization mode: A — staurosporine (retention time — 6.6 min), B — staurosporinone
(retention time — 8.11 min), C — staurosporine N13- a-L-rhamnopyranosyl (retention
time 8.01 min); D — TAN 1030A 4'- de(hydroxyimino)
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These complex indolocarbazoles are powerful inhibitors of protein kinases
and because of that, they have antitumor activity, stimulating malignant cells to
apoptosis [10].

Most of the detected by LC-HRESIMS compounds (97 in positive mode and
134 in negative, respectively) were unidentified.

Thus, the results of our research indicate that the strain Streptomyces sp. Lim
10 is a promising producer of antitumor compounds and can be recommended for
further more in-depth studies.

The Black Sea strain of actinobacteria Streptomyces sp. Lim 10, isolated
from the fouling of shell rock, was characterized by high morphological variability,
forming different colony morphotypes during growth.

Based on the study of biological properties of the Black Sea of actinobacteria
strain Lim 10 can be attributed to the genus Streptomyces.

Cytotoxic activity of exometabolites of the marine strain Streptomyces sp
Lim 10 was established on the RD (rhabdomyosarcoma) and Hep-2 (larynge-
al adenocarcinoma) culture models in concentrations from 250.0 to 500.0 pg/ml.
Dose-dependent cytotoxic effect of the exometabolite was found in Hep-2 culture.
RD culture was more sensitive to exometabolites of Streptomyces sp. Lim 10 — at
concentrations of exometabolites from 2.5 to 500.0 pg/ml, the number of viable
cells in the monolayer decreased by 1.5-2 times compared to the control.

The strain Streptomyces sp. Lim 10 is a promising producer of antitumor
compounds and can be recommended for more in-depth further studies in vivo.

T.B. I'yn3enko, I.B. Ctpamuosa, O.I. I'opmkoBa,
I'.B. Jlicrotin, M.JI. IllTenikoB, B.I. CaukoBcbka
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MOP®OJIOI'TYHA XAPAKTEPUCTHUKA TA
HUTOTOKCUYHA AKTUBHICTH YOPHOMOPCBKO-
'O IHITAMY STREPTOMYCES SP. LIM 10

Mema. Memoio pobomu Oyn0 usuumU MOPGONIOSTUHI XAPAKMEPUCUKY MA YU~
MOMOKCUYHY AKMUBHICMb Wmamy akmunobaxmepiu Streptomyces sp. Lim 10 6u-
0i1eH020 3 NPUpooHo2o oopocmanis yepenawnuxy 6 Odecwkiti 3amoyi Yoproco
Mmops. Mamepianu ma memoou. O0’ckmom 00CaiodiceHHs: 6Y8 Wmam MOPCbKUX
axkmunobaxmepiu Streptomyces sp. Lim 10. Mopgonozito ma ocobaugocmi poc-
my gusuanu Ha cepedosuujax Iayze 2, Yanexa, Ewb6i, TSB ma na cepedosuwax
ICII (ICII-1-ICII-7). [[ns naxonudenHs 6MOPUHHUX Memaboaimie akmuHoOax-
mepitl suxopucmosysaiu cepedoguuje SG. Excmpazysanms ek3omemaoonimis 3
KVIbMYypanbHol pioutu npogoowiu emuiayemamom 3 ROOAIbUWUM POZYUHEHHSIM Y
oumemuncyivporcudi (IMCO). Lumomoxcuuny axmusHicmes eK30Memadonimie
akmunobaxmepit wmamy Streptomyces sp. Lim 10 eusuanu na mooeni Kyivmyp
Kaimun a100unu — paboomiocapxomu (RD) ma adenokapyunomu copmani (Hep-2).
Lumomoxcuuny Oito exzomemabonimie axmunobaxmepit wmamy Streptomyces
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sp. Lim 10 eusnauanu niciss 24 200un inkyoayii memooom mikpockonii. Cmy-
NiHb PYUHYBAHHS MOHOWLAPY OYIHIOBANU 34 KINLKICMIO HCUMMEIOAMHUX KATMUH
3a ONMUYHOIO WITLHICMIO, SIKY GUMIPIOBANU 3d OONOMO20I0 CHEeKMpOdomome-
mpa npu dosacuni xeuni 630 nm. Exzomemadonimu axmunobaxmepii wmamy
Streptomyces sp. Lim 10 ioenmucghikosano 3a LC-ESIMS. Pezynomamu. Busuen-
Hsl MOPOLOSTUHUX 81ACMUBOCHIEL YOPHOMOPCHKO20 WIMAMY AKMUHOOakmepii
Streptomyces sp. Lim 10 nokazano, wo 0is Hb020 XapaKmepHutl nieomopgizm.
Bcmanoseneno 6ucoky yumomoxcudHy aKmueHicms eK30Memadoninie MopcbKo2o
wmamy akmunobaxmepii Streptomyces sp. Lim 10. Pisens yumomokcuunoi Oii
Memabonimie wmamy axmunobaxmepit Streptomyces sp. Lim 10 na xynomypy
xnimun Hep-2 3anexncas 6i0 ix konyenmpayii. Kynemypa xaimun RD Oyna wym-
JUBTULO0TO 00 YUMOMOKCUYHOI Oii ek3omemabdonimie wmamy Streptomyces sp. Lim
10— 3a 6cix docniddicenux konyenmpayiu exzomemaoonimie (6io 2,5 oo 500,0 mxe/
M) KITbKICMb JHcumme30amuux Kuimun y monowapi RD 3menwysanacsi 00
51,3 = 3,0 — 63,7 £ 5,4%, nopisenano 3 koumponem. Lle npunatimui 4acmroso
MOXCHA NOACHUMU OI€I0 ANONMO3-IHOYKYBANbHO20 A2EeHN) CIMAYPOCNOPUHY, AKUL
npooykyemucs wimamom Streptomyces sp. Lim 10 pazom i3 cmpykmypHumu 2omo-
noeamu. Bucnoeok. lImam Streptomyces sp. Lim 10 ¢ nepcnekmugnum npooy-
YeHMOoM NPOMUNYXAUHHUX CIOAYK T MOdice Oymu peKoMeHO08aHUll 05l NOOATLUUUX
OinbuL no2nubIeHUxX 00CTIONHCEHD.

Kniouosi crnoea: Streptomyces, Yopne mope, mopghonoeiuni xapaxmepucmuxii,
ex3omMemabonimu, YumomoKCUUHA AKMUBHICIb.
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DEEPENED GENOMICS-METABOLOMICS
CHARACTERISTICS OF THE BACTERIA OF THE
BACILLUS GENUS ISOLATED FROM DEEP-SEA

Marine bacteria from the genus Bacillus are attracting increasing attention as a
source of large amounts of bioactive metabolites. The biosynthetic potential of
marine bacteria from the genus Bacillus is not sufficiently studied. The previous
study of authors could not give a complete result, so it was decided to reanalyze
the metabolites not identified at that time, taking into account the development of
existing databases. Therefore, the work aimed to reanalyze the metabolome al-
ready performed on Bacillus velezensis ONU 553, Bacillus pumilus ONU 554, and
Bacillus subtilis ONU 559 strains isolated from the Black Sea sediments. Meth-
ods. The general genome identification was performed using the online version of
the Dictionary of Natural Products database, and search for biosynthetic clusters
in genome of Bacillus velezensis ONU 553 - with antiSMASH 7.0. Results and
Conclusion. Genomic-metabolic profiling of strains led to the identification of
several new biological compounds — 7 and 1 metabolites in Bacillus velezensis
ONU 553 and Bacillus pumilus ONU 554 strains, respectively, and to identify
biosynthetic clusters of iturin- and helipeptin-like peptides in Bacillus velezensis
ONU 553 strain for the first time. A new biosynthetic cluster was found in the Ba-
cillus velezensis ONU 553 strain

Key words: Bacillus, Spergualin, Bacillomycin, Helipeptin, deepwater sedi-
ments.

Until recently, soil microorganisms were the most productive sources of new
antibiotics and anticancer compounds. However, the gradual decrease in the fre-
quency of discovery of new biologically active compounds from representatives of
this biotope pushes researchers to less studied ones. An example of such a biotope
can be the sea, as an environment inhabited by life from the earliest times [8]. This
study is aimed at deepening our knowledge of the biosynthetic potential of marine
bacteria from the genus Bacillus.

It is known that the oceans occupy 70% of the world's surface, 95% of which
have depths of more than 1000 m [2]. In the course of adaptation to conditions of
high pressure, high salinity, lack of light and low oxygen concentration, metabo-
lism, we can assume the formation of a special genetic pool of determinants of sec-
ondary metabolites, which distinguishes marine prokaryotes from their terrestrial
relatives. This increases the probability of discovering structurally unique natural
products in them.

© B.B. Cybora, A.M. Ocramuyk, M./l. LllTenikos, 2023
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Marine environments are already known as sources of strains with specific
biosynthetic potential. For 50 years from 1948 to 1998 the number of new marine
natural compounds exceeded 20 000, 2% of which were isolated from deepwater
organisms [15]. However, due to the limitations of sample collection technologies,
fewer microorganisms have been isolated from deep-sea environments than from
coast and land.

Representatives of the genus Bacillus are promising for research to identify
new metabolites. Examples of antibiotics produced by Bacillus spp include the
lipopeptide bacitracin of B. licheniformis or B. subtilis, cyclic peptides polymyxin
of Paenibacillus polymyxa and gramicidin of Brevibacillus brevis, as well as anti-
biotics of such groups as amicoumacins, polyketides and their derivatives [16]. In
recent years, several lipopeptide antibiotics have received FDA approval for the
treatment of infections caused by multidrug-resistant bacteria, (e.g., daptomycin),
and others are at various stages of clinical and preclinical trials [13]. Bacillus pro-
duces several of well-known examples of these compounds, including surfactins
and fengycins. In addition to these better-known examples, these organisms gen-
erate a number of other classes of lipopeptides with potent antimicrobial activity.

Lipopeptides from Bacillus and Paenibacillus spp. are secondary metabolites
produced by non-ribosomal peptide synthetases (NRPS) [3]. They usually contain
amino acids of both L and D configurations, which leads to increased stability in
the presence of proteolytic enzymes of target organisms, including human plasma
proteases. This can potentially be used for patient treatment by oral administration
and intravenous injection. The N-termini of lipopeptides of these species are usu-
ally acylated with branched-chain fatty acids, which often contain a B-hydroxyl
functionality (usually in the R-configuration) [10]. In most, but not all cases, lipo-
peptides are cyclized by an ester or amide bond between a heteroatom on the side
chain of an amino acid or lipid tail and the C-terminus, which limits the product's
configurational flexibility. Nonproteinogenic amino acids are regularly incorporat-
ed into the peptide chain and provide additional diversity to this class of antibiotics.
The mechanism of action of many lipopeptides involves membrane disruption, and
due to the reorganization hurdle of membrane reorganization by target cells, rela-
tively few resistant strains develop [3, 7].

This work aims to re-annotate the metabolite spectrum, of the genus Bacillus
strains isolated from the Black Sea sediments. The metabolome obtained by au-
thor in 2018 [11] contains compounds that were not identified or had questionable
identification due to the limitations of the database, and therefore it is of interest to
reanalyze them, given the additions to the database in last years. Therefore, it was
decided to re-annotate the metabolomes to supplement the knowledge about the
biosynthetic potential of Black Sea bacteria from the genus Bacillus.

Materials and methods

Previously studied strains of Bacillus velezensis ONU 553, Bacillus pumilus
ONU 554 and Bacillus subtilis ONU 559 were used, which were at one time select-
ed for their antagonistic activity from more than 240 strains of endospore-forming
facultative anaerobic bacteria isolated from deep-sea sediments of the Black Sea

[11].
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Exometabolite spectra of the strains obtained in the course of work [11] were
used as the main material for this study.

Reannotation was performed using the Dictionary of Natural Products data-
base. The 2019 version of the program was used for identification of exometabo-
lome components in work [11]. Currently, all unidentified or questionably identi-
fied compounds have been re-identified using the current online version.

The identification and analysis of biosynthetic clusters were performed using
the antiSMASH 7.0 server. Comparison of the predicted product for biosynthetic
clusters of NRPS was performed using the NORINE database [5].

Results and discussion

In the exometabolomic data of Bacillus velezensis ONU 553, 7 metabolites
were additionally identified, Bacillus pumilus ONU 554 — 1, and Bacillus subtilis
ONU 559 — 0, respectively. The integrated data obtained during the analysis of the
samples are presented in Table 1.

Previously, variants of the most studied class of non-ribosomal peptides, sur-
factins, were identified among the secondary metabolites of the studied strains [3,
11]. The newly found metabolites are presented in Table 1. From this result, we
were interested in iturin-like peptides: Bacillopeptin and Bacillomycin.

Bacillomycin Lc, a new antifungal antibiotic of the iturin class, was isolated
from the Bacillus subtilis strain in a set of two structural analogs - Bacillomycin
L, and Bacillomycin L ,. The biosynthetic cluster of bacillomycin contains a set
of A-domains with the following specificities: Asn, D-Tyr, D-Asn, Ser, Glu, D-Ser,
Thr. It is known from a previous study [13] that a number of clusters were found
in the genome of Bacillus velezensis ONU 553, but no such cluster was found to
correspond to Bacillomycin at that time. Using antiSMASH, genome of ONU 553
was checked out and we found that the bacillomycin cluster was not separately
represented in its output, and it was a cluster in the same region as fungycin (Table
2). The region of fungycin is 1.884.833 — 1,.940.000, and the bacillomycin cluster
with the region 1.965.000 — 2.021.950.

In the case of bacillomycin L, the carboxylic acid is at position 1 (L-aspartic
acid) and the amide is at position 5 (L-glutamine). Alternatively, the structure can
be interpreted as a substitution of L-serine for L-proline in bacillomycin D [4].

Some Bacillus species can produce cyclic lipopeptides, and these lipopep-
tides are promising agents that contribute to the biocontrol of plant diseases. The
cyclic lipopeptide plipastatin variant Bacillopeptin was isolated from the fermenta-
tion broth of Bacillus amyloliquefaciens, which originates from marine sediments.

In 1981, the water-soluble peptide Spergualin was isolated from the culture
filtrate of Brevibacillus latersporus and studied as a new anticancer or antibiotic
substance [1].

Spergualin  (1-amino-19-guanitido-11,15-dihydroxy-4,9,12-triazathiopri-
non-adecane-10,13-dione) has a synthetic derivative 15-deoxyspergualine. It’s an-
alog, 15-deoxyspergualine, later became widely known as a promising new immu-
nosuppressant.

The exact mechanism of action of 15-deoxyspergualine is precisely un-
known. It specifically binds to the heat shock protein Hsp 70 [1] and is believed to
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have its main effect by inhibiting the activation of the transcription factor NFxB in
antigen-presenting cells and monocytes [6].

The antibiotic Agrastatin was found in B. subtilis AQ713 and has a broad
fungicidal spectrum in vitro. Agrastatin is a powerful tool for controlling the gray
leaf rot of beans and geraniums, as well as the early blight of tomato seedlings
caused by Alternaria solani. Downy mildew of grapes caused by Plasmopara
viticola 1s also effectively controlled by Agrastatin, and its effectiveness in this
regard is comparable to that of the synthetic fungicide metalaxyl [6].

Using the antiSMASH 7.0 program, an unidentified NRPS cluster was de-
tected in the genome (Fig. 1). When analyzing this cluster using NORINE nonri-
bosomal peptides database, the sequence of the A-domains was found to be similar
to a metabolite from marine sponges, namely the antimicrobial peptide helipeptine.

[ FaE2s 16465 3

M1 M2 M3 M4 M 5
Cys Ala X Asn D-Asn

%

Fig.1. The domain structure of the products of the cluster NRPS from the genome
of Bacillus velezensis ONU 553 identified by antiSMASH

Bacillamidin F found in Bacillus pumilus ONU 554 is a hydrolysis product of
an undetected amicoumacin. In a previous study [11], a cluster that may be respon-
sible for the synthesis of amicoumacin AI-77A, as well as this amicoumacin itself,
was already found in the strain under investigation.

As aresult of the repeated metabolomic analysis, it was found that all studied
strains of Black Sea bacteria of the genus Bacillus synthesize compounds whose
structure fits into a small number of known structural categories. It should be noted
that even though 4 years have passed since the last identification, there are still a
number of compounds in the metabolomes that cannot be surely identified.

All the identified clusters of additional metabolites of the studied bacillus
strains — Agrastatin, Bacillopeptin, Bacillomycin, and Spergualin, isolated from the
Black Sea sediments, are interesting from a biological point of view and may be
useful for future biotechnological research. A new biosynthetic cluster was found
in the Bacillus velezensis ONU 553 strain, which was not known in this strain be-
fore — Bacillomycin. In the genome of Bacillus velezensis ONU 553 was detected a
biosynthetic cluster of NRPS, whose product is similar to the metabolite of marine
sponges, the antimicrobial peptide helipeptine. That together with the detection of
unidentified biosynthetic clusters in the genome of ONU 553 indicates the pros-
pects for the detection of previously unknown compounds.
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MOITUBJIEHA TEHOMHO-METABOJIOMHA

XAPAKTEPMCTHUKA BAKTEPII POIY BACILLUS,

BUJILTEHMX 3 NIMBOKOBOJIHUX BIIKJIAJIEHD
YOPHOI'O MOPS

Pedepar

Mopcuki baxmepii npusabnioroms 8ce Oinvule y8azu AK 0Hcepeno BenuKoi KilbKi-
cmi bioakmuenux memabdonimis. biocunmemuunuii nomenyian MopcoKux odayun
He € docmamHbo euguenum. Ilonepedne 00CniONHCeHHA a8MOpi6 He Mo2io Oamu
NOBHO20 pe3yibmamy, momy 0y10 NPUHAMO PIeHHs NPo8ecmu nepeananiz He
ioenmughikosanux mooi memabonimie, 3 ypaxy8aHHAM 0ONOBHEHHS ICHYIOYUX 0a3
Odanux. Memoto pobomu 6y10 npogecmu Nepeananiz yice HaA8HUX MemaboioMHUX
Oanux onsa wmamise Bacillus velezensis ONU 553, Bacillus pumilus ONU 554, ma
Bacillus subtilis ONU 559, sudinenux i3 0onnux sioxknadens Yoprozo mops. Me-
moou. [oenmuixayito cnoayk nposoousu 3a 00NOMO2010 BUKOPUCTNAHHS OHIAUH
eepcii npoepamu Dictionary of Natural Products, a noutyk 0iocunmemuyHux
Kknacmepig y cenomi Bacillus velezensis ONU 553 — 3 sukopucmanuam antiSMASH
7.0. Pesynbmamu ma eucnogku. Ienomno-memabdonomme npoiniosanis wma-
Mmie npuzseno 0o idenmughikayii 0eKiibKox paniuie He 8usagieHux cnoayk — 7 ma 1
memabonimis y wmamie Bacillus velezensis ONU 553 ma Bacillus pumilus ONU
554, 6ionogiono. Buseneno paniuie He 8us61eHT OioCUHMemuyHi Kiacmepu — imy-
PpUH-nodioHux nenmuodie ma 2eninenmud-nodionux nenmuois y Bacillus velezensis
ONU 553.

Kuwuoei crnosa: Bacillus, cnepeyanin, bayunomiyuH, eeninenmut, 21iuboKo800-
Hi OOHHI BIOKIAOEHHS.
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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 BUKOPUCTAHOI JiTepaTypd B OpHUTiHAII 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. Ciucok BUKOPHCTAHOI JiTeparypu aHmiichkor0 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 // Bicunk 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-
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